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Swallowing: initial process of  digestion understood by a 
simple word. This act performed countless times a day is ex-
tremely complex and indispensable to our survival.  Voluntary 
process, sometimes did as reflex, has its learning initiated at three 
months of gestation. The neural integration of several muscular 
complexes, supported by cartilaginous and bony structures, 
determines the proper physicochemical preparation to trigger 
a refined sequence of events that culminate with the ingestion 
of the bolus. This mechanism combines the pleasure of feeding, 
flavor and satiety, primordial facts to maintain the quality of life.

Over the past 20 years, the Archives of Gastroenterology 
have followed and encouraged the publications where the key 
words predominate: dysphagia, swallowing, videofluoroscopy of 
swallowing and other related. The magazine regularly receives 
original contributions and review articles in the area. Tradi-
tionally, the journal supports and encourages physicians and 
speech therapists who venture into the field of Dysphagia and 
who today form a considerable contingent of professionals not 
only investigating the swallowing phenomena but putting into 
practice the knowledge acquired for the benefit of patients. In 
these last 25 years, I personally follow the evolution of these 
experts and through this exchange of  experiences I am sure 
that Brazil is one of the countries with the highest degree of 
specialization in the treatment of patients with dysphagia, both 
in the hospital, outpatient and in the field of research.

As a natural consequence of the intensity of information 
exchange and the integration of people interested in dysphagia, 
an important step has been taken in our history: the founda-
tion of a professional association that will seal the interests of 
this collectivity: the Brazilian Academy of Dysphagia (ABD).

This meeting of physicians, speech therapists, nurses, physi-
otherapists, nutrologists in an association, reproduces what hap-
pens in our professional daily life. The multidisciplinary activity 
in acting on dysphagia is the domain of all these professionals 
who work in consonance to refer patients to the best solution 
or control of their disorders.

Swallowing was legated to a second plan for many years by 
the scientific community but is currently no longer observed as a 
simple phenomenon and its field of interest for clinical research 
is enormous. Some researchers have stood out in the last two 
decades because they are pioneers and insistent to publish their 
results into the Archives of Gastroenterology. Their names are 
listed in the references section(1-24).

As associate editors, for many years our periodic have been 
relying on assistance from Dr. Ana Maria Furkim, Dr. Roberta 
Gonçalves, Dr. Milton Costa, Dr. Roberto Dantas and Dr. 
Evaldo Ducheaux de Melo, whose contribution is invaluable to 
science, to his disciples and consequently to dysphagic patients.

Crowding this interaction of  many years, the Archives of 
Gastroenterology will be included as official organ of the Brazil-
ian Academy of Dysphagia from 2020 ahead. The position of 
associate Editor for one of its members is opened, strengthening 
this partnership, making the periodical a way of disseminating 
and promoting the academic and scientific activity of  those 
involved with dysphagia.

Wellcome ABD!

Ricardo Guilherme VIEBIG*

* Hospital IGESP, Motilidade Digestiva e Neurogastroenterologia (MoDiNe), São Paulo, SP, Brasil. ORCID: 0000-0002-6541-0401.

Viebig RG. Uma consequência inevitável. Arq Gastroenterol. 2019;56(4):331-2.



Viebig RG.
An inevitable consequence

332 • Arq Gastroenterol • 2019. v. 56 nº 4 out/dez

REFERENCES

1. Dantas RO, Miranda AL. Sequential swallows have no influence on esopha-
geal contractions of  patients with iron deficiency anemia. Arq Gastroenterol. 
2004;41:27-32.

2. Yamada EK, Siqueira KO, Xerez D, Koch HA, Costa MMB. [The influence of 
oral and pharyngeal phases on the swallowing dynamic]. [Article in Portuguese]. 
Arq Gastroenterol. 2004;41:18-23. ISSN 0004-2803

3. Suzuki HS, Nasi A, Ajzen S, Bilton T, Sanches EP. [Clinical and radiological 
study of  swallowing in patients with deglutition disorders, classified into two 
age groups: adults and older people]. [Article in Portuguese]. Arq Gastroenterol. 
2006;43:201-5.

4. Alvite MFL, Lopes RLC, Costa MMB. [Mechanical-thermal stimulation of 
the palatoglossus pillars]. [Article in Portuguese]. Arq Gastroenterol. 2007;44: 
221-6.

5. Costa MM, Almeida JT, Sant’Anna E, Pinheiro GM. Viscosities reproductive 
patterns for use in videofluoroscopy and rehabilitation therapy of  dysphagic 
patients. Arq Gastroenterol. 2007;44:297-303.

6. Simão Mde A, Alacid CA, Rodrigues KA, Albuquerque C, Furkim AM. Incidence 
of tracheal aspiration in tracheotomized patients in use of mechanical ventilation. 
Arq Gastroenterol. 2009;46:311-4.

7. Costa MM, Lemme EM. Coordination of respiration and swallowing: functional 
pattern and relevance of vocal folds closure. Arq Gastroenterol. 2010;47:42-8.

8. Costa MMB. Videofluoroscopy: the gold standard exam for studying swallowing 
and its dysfunction. Arq Gastroenterol. 2010;47:327-8.

9. Cola PC, Gatto AR, Silva RG, Spadotto AA, Schelp AO, Henry MA. The 
influence of sour taste and cold temperature in pharyngeal transit duration in 
patients with stroke. Arq Gastroenterol. 2010;47:18-21.

10. Dantas RO, Alves LM, Santos CM, Cassiani R de A. Possible interaction of  
gender and age on human swallowing behavior. Arq Gastroenterol. 2011;48:195-8.

11. Baroni AF, Fábio SR, Dantas RO. Risk factors for swallowing dysfunction in 
stroke patients. Arq Gastroenterol. 2012;49:118-24.

12. Dalmazo J, Aprile LR, Dantas RO. Esophageal contractions, bolus transit and 
perception of transit after swallows of liquid and solid boluses in normal subjects. 
Arq Gastroenterol. 2012;49:250-4.

13. Nicaretta DH, Rosso AL, Mattos JP, Maliska C, Costa MM. Dysphagia and 
sialorrhea: the relationship to Parkinson’s disease. Arq Gastroenterol. 2013;50:42-9.

14. Bonadiman A, Teixeira AC, Goldenberg A, Farah JF. Dysphagia after laparo-
scopic total fundoplication: anterior or posterior gastric wall fundoplication? 
Arq Gastroenterol. 2014;51:113-7.

15. Alves LM, Secaf M, Dantas RO. Effect of a bitter bolus on oral, pharyngeal and 
esophageal transit of healthy subjects. Arq Gastroenterol. 2013;50:31-4.

16. Scheeren B, Maciel AC, Barros SG. Videofluoroscopic swallowing study: 
esophageal alterations in patients with dysphagia. Arq Gastroenterol. 2014; 
51:221-5.

17. Nascimento WV, Santos CM, Cassiani RA, Dantas RO. Influence of  age on 
swallows of a highly viscous liquid bolus. Arq Gastroenterol. 2015;52:32-6.

18. Silva AC, Aprile LR, Dantas RO. Effect of gum chewing on air swallowing, saliva 
swallowing and belching. Arq Gastroenterol. 2015;52:190-4.

19. Dantas RO, Santos CM, Cassiani RA, Alves LM, Nascimento WV. Postfundo-
plication dysphagia causes similar water ingestion dynamics as achalasia. Arq 
Gastroenterol. 2016;53:98-102.

20. Santos CM, Cassiani RA, Dantas RO. Videofluoroscopic evaluation of swallows 
in anorexia nervosa. Arq Gastroenterol. 2016;53:136-40.

21. Pontes ÉS, Amaral AK, Rêgo FL, Azevedo EH, Silva PO. Quality of life in swal-
lowing of the elderly patients affected by stroke. Arq Gastroenterol. 2017;54:27-32.

22. Moda I, Ricz HMA, Aguiar-Ricz LN, Dantas RO. Swallowing in patients with 
laryngitis. Arq Gastroenterol. 2018;55:50-4.

23. Costa MMB. Neural control of  swallowing. Arq Gastroenterol. 2018;55  
(Suppl 1):61-75.

24. Costa TV, Dantas RO. Altered esophageal motility during perception of bolus 
transit in healthy volunteers. Arq Gastroenterol. 2019;56:386-9.



AHEAD OF PRINTORIGINAL ARTICLE

 Arq Gastroenterol • 2019. v. 56 nº 4 out/dez • 333

INTRODUCTION

The liver plays an important role in maintaining metabolic 
homeostasis and biotransformation of  chemicals in the body(1). 
Hepatic diseases are a worldwide health problem, and are triggered 
mainly by viruses, metabolic diseases or chemical compounds(2-4).

The treatment of such diseases is carried out conventionally 
using synthetic pharmaceuticals, or, secondarily, by using isolated 
compounds or parts of medicinal plants used in popular medicine(5,6).

However, there are still few drugs used to treat liver diseases 
with significant effects on humans(7). Thus, medicinal plants with 
hepatoprotective or curative activity used for the treatment of he-
patic disorders become important subjects of studies to elucidate 
their mechanism of action and characterize compounds that can 
be used for the development of new hepatoprotective drugs(8).

Some experimental models are used to demonstrate the 
hepatoprotective action of  certain plants, especially against 
paracetamol-induced liver damage(9). Paracetamol may promote 
hepatocellular injury through three mechanisms, independently 
or in association. The first and most common mechanism is inges-
tion of doses higher than 10 g by adults and up to 150 mg/kg by 
children, popularly known as “overdose”. The second mechanism 
is the cytochrome P450 (CYP) over activation, resulting from the 
use of enzyme-inducing drugs and chronic alcohol abuse. Finally, 
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the third mechanism occurs with glucagon depletion in hepatocytes 
through alcohol intake or malnutrition(10). Indigofera suffruticosa 
Mill (Fabaceae) is abundant in the northeastern Brazil, and has 
intense popular use for treatment of  infections, inflammations 
and other processes, without reports of  harmful side effects to 
humans. The phytochemical investigation of  leaf  extracts of  
I. suffruticosa revealed the presence of alkaloids, flavonoids, ster-
oids, proteins, carbohydrate, triterpenes and indigo coumarin(11,12) 
and, the chemical properties of  two compounds isolated from  
I. suffruticosa leaves (indigo and indirubin) were identified, isolated 
and purified by Vieira et al.(13). Later, the bis-indolic alkaloid frac-
tion of leaves of I. suffruticosa was investigated and proved to be a 
phytotherapeutic agent of liver(14). Pharmacological studies showed 
aqueous extracts of leaves of I. suffuticosa have anti-inflammatory, 
antimicrobial and embryotoxic properties, besides being used as 
alternative anticancer and antitumor therapy(12,15-18). The aqueous 
leaf extract of I. suffruticosa has been shown to inhibit egg hatching, 
larval ecdyse and to have detergent effects on oviposition of Aedes 
aegypti mosquitoes(19). Mice carrying sarcoma 180 had positive 
hepatic response to subchronic treatment with methanolic extract 
of I. suffruticosa leaves(20). The structural organization of the renal 
tubules and hepatocyte nuclei of mice were preserved after treat-
ment with I. suffruticosa(21,22). The aqueous extract of I. suffruticosa 
leaves has low toxicity, with 98% viability of larvae(19). 

AG-2019-46
dx.doi.org/10.1590/S0004-2803.201900000-62
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Due to the anti-inflammatory, anticancer and antitumor pro-
perties, and because it is a liver protective agent with previously 
reported low toxicity, we hypothesize the plant can be used as a 
hepatoprotective phytotherapic agent. This study investigated the 
effect of I. suffruticosa on the hepatoprotective activity as well as its 
antioxidant effect through an experimental model of paracetamol-
induced hepatic lesion in Swiss albino mice.

METHODS

Chemicals
Methanol, distilled water, 10% formalin, sodium chloride (0.9% 

NaCl), hematoxylin, eosin, silymarin and acetaminophen were 
supplied by Merck (Germany).

Plant material and extraction
Leaves of I. suffruticosa were collected in the city of Recife, state 

of Pernambuco, Brazil, in July 2014. The sample was certified by 
the biologist Marlene Barbosa from the Department of Botany at 
the Federal University of Pernambuco (UFPE) and it is deposited 
under the n. 43694 in the Herbarium of the Center for Biological 
Sciences – (UFPE). Leaves of I. suffruticosa (1.3 kg) were washed 
in running water, pulverized and extracted with methanol (MeOH) 
at room temperature for 48 hours. Then, the solvent was filtered 
and evaporated at 35°C under reduced pressure. The methanolic 
extract of I. suffruticosa leaves (MEIS) yielded 54.5 g. Fresh dilu-
tion of dried extract in saline solution (0.9% NaCl) was prepared 
on the day of experiments.

Experimental animals
Eighteen healthy male Swiss albino mice, aged 40 days, 

weighing on average 35 to 45 g were acquired from the Aggeu 
Magalhães Research Center (Pernambuco, Brazil). Animals had 
free access to water and feed. They were kept under standard en-
vironmental conditions of temperature, humidity 12:12 light-dark 
cycle. The Committee on Animal Research and Ethics of UFPE 
approved the experiments under opinion n. 500/12, process n. 
23076.025195/2012-64 of 2012. 

Experimental design and treatment arrangement
Swiss albino mice were randomly divided into three groups 

(n=6 animals/group) and orally pre-treated during seven days be-
fore paracetamol–induced liver damage, according their respective 
group: G1 – treated with saline (15 mL/kg; p.o.), G2 – treated with 
Silymarin (25 mg/kg; v.o.) and G3 – treated with MEIS (50 mg/kg; 
v.o.). The I. suffuticosa extract dose was based on LD50(19). In the 
eighth day, after fasting for 12 h, the mice were administered with 
paracetamol (300 mg/kg; v.o.). Twenty four hours later, blood was 
gained through cardiac puncture, and serum was separated for 
later determination of  alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST) and bilirubin. Following they were 
euthanized cervical dislocation for collection of  liver samples.

Levels of transaminases
Serum enzyme levels (alanine aminotransferase (ALT), aspar-

tate aminotransferase (AST) and bilirubin of groups G1, G2 and 
G3 of Swiss albino mice submitted to pretreatment with IS extract 
prior to paracetamol-induced hepatic injury were analyzed using 
commercial kits according to the manufacturer’s protocols. 

Histopathological and histomorphometric analysis of liver
The liver of control groups (G1 and G2) and treatment group 

(G3) were fixed in 2.5% formaldehyde and stained with hematoxy-
lin and eosin (HE)(23). Thirty histological sections were analyzed 
through four random fields. The histological sections were digitized 
using a digital video camera (Leica DFC 280, Wentzler, Germany) 
coupled to a light microscope (Leica Microscopy & Systems GmbH, 
Wentzler, Germany) under 40x final magnification. Morphometric 
evaluation, the perimeter of  hepatocyte nuclei and the diameter 
of  sinusoidal capillaries were determined using the Scion Image 
software (Scion Corporation, New York, USA).

In vitro antioxidant assay – DPPH radical scavenging 
activity

The antioxidant activity of MEIS was determined by using a 
1,1-diphenyl-2-picrylhydrazyl (DPPH) assay. Briefly, different con-
centrations of MEIS (1,000, 500, 250 and 125 μg/mL) and DPPH 
(0.4mM) were prepared in ethanol. For determination of MEIS 
antioxidant activity, sample were mixed with DPPH solution (1:1; 
v/v) for 40 minutes at room temperature. After incubation period, 
the absorbance of the solution was measured at 517 nm using a 
microplate reader and related to the negative control (DPPH and 
ethanol). All tests were carried out in triplicate, and the ability to 
eliminate DPPH (% of antioxidant activity) was calculated using 
the following equation:

Statistical analysis
The results for levels of transaminases, as well as histopatho-

logical and histomorphometric parameters of hepatocytes nuclei = 
were expressed as mean ± SEM (standard error of the mean) and 
analyzed by Kruskal-Wallis test at P<0.001. The antioxidant 
activity was analyzed by Tukey test (P≤0.05) using the Assistat 
software – version 7.6 beta. 

RESULTS

Levels of transaminases
TABLE 1 shows the serum levels of alanine aminotransferase 

(ALT), aspartate aminotransferase (AST) and bilirubin of Swiss al-
bino mice treated with MEIS prior to paracetamol-induced hepatic 
injury (PCM). The animals of the group (G1) showed high levels of 

TABLE 1. Serum levels of alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and bilirubin in Swiss albino mice treated with 
MEIS prior to paracetamol-induced hepatic injury (PCM).

Group Dose  
(mg/kg) ALT (IU/L) AST (IU/L) Bilirubin 

(mg/L)

G1 15 mL/kg 94.48±6.89** 120.98±13.67** 7.9±3.5**

G2 25 mg/kg 31.36±4.78 36.65±5.35 1.4±0.5

G3 50 mg/kg 37.78±4.56* 39.24±5.78* 2.1±1.2*

Results are expressed as mean ± SEM. * Statistically significant compared to animals treated 
with saline solution (P<0.05). ** Statistically significant for animals treated with silymarin 
and Indigofera suffruticosa extract (P<0.05).

Elimination [DPPH] % =
 (Abs sample - Abs control)   ________________________ 

  X 100
                                                  Abs control
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ALT (94.48±6.89), AST (120.98±13) and bilirubin (7.9±3.5) com-
pared to animals treated with silymarin (G2): ALT (31.36±4.78), 
AST (36.65±5.35) and bilirubin (1.4±0.5), which reduced serum 
enzyme levels. Results of G2 were close to those treated with MEIS 
(G3): ALT (37.78±4.56), AST (39.24±5.78) and bilirubin (2.1±1.2). 
The reduction in serum levels of these important markers related to 
liver integrity suggests a hepatoprotective activity of MEIS against 
paracetamol-induced hepatic injury.

Histopathological and histomorphometric analysis of liver
Hepatic tissue samples collected from each group on the eighth 

day were evaluated at 400x magnification. A photomicrograph 
of  each group is shown in FIGURE 1. Histological analysis of 
hepatic tissue after pretreatment with MEIS (50 mg/kg; p.o.) (G3) 
and the positive control (G2) receiving silymarin (25 mg/kg) prior 
to paracetamol-induced hepatic injury showed normal hepatic 
tissue. Lobular central vein (CV) radiating out of the vein, well-
reorganized hepatocyte cords (HC) in the structural units of cells 
among which are the well-arranged sinusoidal capillaries (S), sug-
gesting a possible angiogenic action compared to the negative saline 
control (G1). The G1 showed structural differences in the hepatic 
tissue whose hepatocyte cords (HC) showed no organized cellular 
structural units, congested sinusoidal capillaries (S) and areas of 
necrosis with discrete leukocyte infiltration (LI).

FIGURE 1. Photomicrograph of hepatic tissue of Swiss albino mice 
(Magnification 400x). G1: hepatic tissue/administered saline solution; G2: 
hepatic tissue/administered Silymarin; G3: hepatic tissue/administered 
MEIS Formalin-fixed, HE - stained. Leukocyte Infiltration (LI), sinusoid 
capillaries (S), central veins (CV), hepatocytes cords (CH).

FIGURE 2. Histomorphometry of the area of hepatocyte nuclei of mice: 
G1: hepatic tissue/administered saline solution; G2: hepatic tissue/admi-
nistered Silymarin; G3: hepatic tissue/administered MEIS. The data were 
analyzed by analysis of variance using the Tukey test (P<0.001). N- 240 
hepatocyte nuclei.

FIGURE 3. Histomorphometry of the perimeter of hepatocyte nuclei of 
mice: G1: hepatic tissue/administered saline solution; G2: hepatic tissue/
administered Silymarin; G3: hepatic tissue/administered MEIS. The data 
were analyzed by analysis of variance using the Tukey test (P<0.001). 
N- 240 hepatocyte nuclei.

Area and perimeter of hepatocyte nuclei
The areas and perimeters of  hepatocyte nuclei of  the three 

groups were randomly compared and are shown in FIGURES 
2 and 3. The areas and perimeters of  G3 (0.106±0.025 and 
1.145±0.140) showed no significant difference compared to those 
of  G2 (0.094±0.027 and 1.082±0.150). However, the areas and 
perimeters of G1 (0.434±0.127 and 1.650±0.669) showed signifi-
cant difference when compared to those of G2 (0.094±0.027 and 
1.082±0.150) and G3 (0.106±0.025 and 1.145±0.140) (P<0.001).

Diameter of hepatic sinusoidal capillaries
Sinusoidal capillaries of G3, subjected to subchronic pretreat-

ment MEIS (50 mg/kg; p.o.), G2 positive control/silymarin and 
G1negative/saline solution, were randomly compared and are 
shown in FIGURE 4. The hepatic sinusoidal capillaries of G3 mice 
(28±11.86) showed no significant difference when compared to G2 
(30.85±7.81). However, G1 (59±14) showed significant difference 
when compared to G2 (30.85±7.81) and G3 (28±11.86) (P<0.001).

In vitro antioxidant activity of MEIS by DPPH free-radical 
scanning method

The MEIS antioxidant potential is shown in FIGURE 5: 
73.79% ±1.5915 of antioxidant activity at 1,000 μg/mL; 79.58% 
±1.0231 at 500 μg/mL; 67.25% ±2.6531 at 250 μg/mL and 57.12% 
±0.4641 at 125 μg/mL. Results suggest MEIS have great antioxi-
dant potential at 1,000 and 500 μg/mL and may contain substances 
capable of donating electrons; thus reducing free radicals. 
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and bilirubin, reduced hepatic tissue damage and increased organ 
regeneration rate. MEIS (50 mg/kg; p.o.) restored serum enzyme 
levels and results were close to those of positive control (silymarin) 
when compared to the negative control. This effect was similar to 
the group treated with silymarin. Possibly, this effect is associated 
with the extract antioxidant activity. On the other hand, the negative 
control presented increasing ALT, AST and bilirrubine serum levels. 
The serum enzyme levels using Caralluma umbellate, a perennial and 
succulent herb, were investigated. Pretreatment with ethanolic extract 
followed by paracetamol administration led to reduced levels of total 
bilirubin, cholesterol, ALT, AST, and alkaline phosphatase. The 
extract showed hepatoprotective activity for restoring serum enzyme 
levels and preventing oxitive stress(31). Similar data were described for 
Melia azedarach L. (cinnamon) used for treatment of leprosy and 
inflammatory processes. The methanolic extract of Melia azedarach 
(500 mg/kg) administered in rats for seven days, followed by the par-
acetamol administration on the 5th day showed a hepatoprotective 
activity, reducing levels of  AST, ALT and alkaline phosphatase 
and increasing enzyme activity(27). The hepatoprotective potential 
in our study was due to the MEIS pretreatment at 50 mg/kg, which 
showed restoration of normal physiology of serum enzyme levels. 
These data can be corroborated by histological analysis of liver. 
Histological analysis is an important tool for detection of morpho-
logical changes in the liver caused by bioactive compounds. The 
results of histological analysis showed structural organization in 
the hepatic tissue of mice subjected to paracetamol-induced injury 
after subchronic pretreatment with MEIS, similarly to the positive 
control/silymarin. However, hepatic tissue changes observed for 
the negative/saline solution control included: congested sinusoids, 
changes in hepatocyte cords and areas of necrosis and hemorrhage, 
characterizing leukocyte infiltration. Our data corroborate the 
results found by Silva et al.(21) who demonstrated that the aqueous 
extract of  I. suffriticosa leaves preserved the liver architecture, 
suggesting its use as alternative hepatoprotective agent(21). In this 
study, there was reorganization of hepatocyte structural units and 
s inusoidal capillary cells, suggesting a possible angiogenic action 
in the liver of  mice treated with MEIS and corroborating the 
pharmacological, anti-inflammatory, anticancer and antitumor 
properties of the extract(15,17,18). 

The histomorphometric analysis of the area and perimeter of 
hepatocyte nuclei and diameter of sinusoidal capillaries of mice 
subjected to paracetamol-induced injury after subchronic treatment 
with MEIS were similar when compared to silymarin. The groups 
pretreated with MEIS or silymarin showed no significant statistical 
differences. These data corroborate histological and morphomet-
ric analyses of experiments performed by Lima et al. (2014) who 
showed the absence of a structural change in the hepatic epithelium 
of mice carrying sarcoma 180 after treatment with Indican isolated 
of methanol extract from I. suffruticosa leaves. However, significant 
changes were observed in the control group with sarcoma 180(14).

The nuclei and sinusoidal capillaries of  hepatocytes after 
subchronic treatment with extract and silymarin showed protec-
tive effect on the hepatic tissue of mice compared to the negative 
control. The results of  this study suggest a possible angiogenic 
action due to a structural reorganization of glandular epithelial 
tissue, cells, nuclei and sinusoidal capillaries of hepatocytes after 
subchronic treatment with MEIS. This may also be due to its in-
terference with DNA synthesis. The same mechanisms of aqueous 
extract of I. suffruticosa may be involved in the embryo develop-
ment in mice(16). Biological activities of  compounds detected in 

FIGURE 5. Comparison of the antioxidant activity of the MEIS at diffe-
rent concentrations. The data were analyzed by analysis of variance using 
the Tukey test (P<0.001).

FIGURE 4. Histomorphometry of the diameter of hepatic sinusoids 
capillaries of mice: G1: hepatic tissue/administered saline solution; G2: 
hepatic tissue/administered silymarin; G3: hepatic tissue/administered 
MEIS. The data were analyzed by analysis of variance using the Tukey 
test (P<0.001). N- 240 hepatic capillaries.

DISCUSSION

Liver diseases are a worldwide health problem mainly trig-
gered by viruses, metabolic diseases or chemical compounds(2-4). 
The hepatoprotective activity of  plant extracts and compounds 
has been verified through the model of  paracetamol-induced 
intoxication (PCM)(9,24-27). The increase in serum enzyme levels 
is among the evidence of  PCM-induced hepatic injury(28). Serum 
enzymes levels act as markers reflecting both hepatocellular 
necrosis and their release into the blood after damage to cell 
membrane(29,30).

I. suffruticosa has been used in traditional medicine for the 
treatment of infections and inflammation without reports of side 
effects to humans. These data were demonstrated by its proper-
ties: anti-inflammatory, embryotoxic, antimicrobial, anticancer, 
antitumor, hepatoprotective and low toxicity(12,15-18,20). This study 
investigated the effects of  MEIS on paracetamol-induced liver 
injury and its in vitro antioxidative action on Swiss albino mice.

Mice pretreated with MEIS prior to paracetamol – induced he-
patic injury showed restoration of serum enzyme levels of ALT, AST 
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the methanolic extract of  I. suffruticosa leaves may be related 
to the antitumor activity found by Vieira et al.(18). Other studies 
have reported the preservation of structural organization of renal 
tubules and hepatocyte nuclei of  mice following treatment with  
I. suffruticosa(20, 22).

Muthulingam et al., using paracetamol as acute hepatotoxicity 
model, reported that the treatment of animals with aqueous extract 
of  Indigofera tinctoria showed marked reduction of  necrosis and 
liver tissue degeneration(30). The efficacy of  any hepatoprotective 
drug is essentially dependent on its ability to reduce harmful ef-
fects or maintain the normal hepatic physiology that has been 
disrupted by a hepatotoxin(31,32). Silymarin extracted from seeds of 
Marian thistle (Silybum marianum) consists of many polyphenolic 
flavonoids, including silibinin (the main one), isosilybine, silycristin 
and silydianin(33). Silymarin has been used for centuries because 
of  its known hepatoprotective effects and several pharmacologi-
cal properties(32).

Lipid peroxidation is a chain reaction of  polyunsaturated 
fatty acids of cell membranes generating free radicals that change 
their permeability, fluidity and integrity(33). Antioxidant activity 
provides health benefits by inhibiting lipid peroxidation(34). The 
percentage of antioxidant activity is proportional to the amount 
of DPPH consumed by the sample(35,36). Thus, the higher the DPPH 
consumption per sample, the lower its absorbance and the higher 
its antioxidant activity.

Our study on the antioxidant activity of MEIS (1,000 µg/mL 
and 500 µg/mL) suggests the presence of  substances capable of 
donating electrons and thus reducing free radicals. These results 
suggest that MEIS have a great antioxidant potential directly related 
to the concentration increase. These results are similar to those 
found by Renukadevi et al. for methanolic extracts of Indigofera 
tinctoria, which showed significant antioxidant activity at the con-
centrations tested(37). The hepatoprotective activity of MEIS found 

in this study is probably related to chemical compounds capable of 
donating electrons and reducing free radicals(38); a fact confirmed 
by the antioxidant activity of this plant that induces the inhibition 
of the tissue injury according to studies reported in the pertinent 
literature(39). Also, other studies are recommended to evaluate the 
curative efficacy on hepatic tissue of mice in experimental models 
of paracetamol-induced hepatic injury subjected to post-treatment 
with MEIS. In conclusion, this study suggests that hepatic tissue 
of mice in experimental models of paracetamol-induced hepatic 
injury subjected to pretreatment with MEIS showed restoration of 
hepatic physiology at serum enzyme levels, reorganization of tissue 
structural units, hepatic sinusoidal cells and capillaries, besides 
antioxidant potential, indicating reduced damage to the hepatic 
tissue and increased organ regeneration rate. These data suggest 
that MEIS has hepatoprotective activity.
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Lima IR, Silva IB, Lima RML, Silva TMS, Maia MBS, Leite SP. Eficácia hepatoprotetora do extrato metanólico de Indigofera suffruticosa (Mill) em lesão 
hepática induzido por paracetamol em camundongos. Arq Gastroenterol. 2019;56(4):333-8.
RESUMO – Contexto – Indigofera suffruticosa Mill (Fabaceae) é abundante no nordeste do Brasil e popularmente utilizada no tratamento de processos 

infecciosos e inflamatórios. Várias propriedades biológicas, como anti-inflamatório, anticâncer, antitumoral, hepatoprotetor e baixa toxicidade, são 
relatadas para esta planta. Objetivo – Este estudo investigou a atividade hepatoprotetora e o efeito antioxidante do extrato metanólico de folhas de  
I. suffruticosa (MEIS) em camundongos albinos suíços submetidos a modelos experimentais de lesão hepática induzida por paracetamol. Métodos – 
O MEIS na dose de 50 mg/kg (via oral) foi padronizado de acordo com a LD50 e sua propriedade hepatoprotetora em camundongos albinos Swiss 
avaliados durante um período de sete dias. No oitavo dia, a lesão hepática foi induzida por paracetamol em todos grupos pre-tratados. Foram medidos 
os níveis sericos enzimaticos, alanina aminotransferase, aspartato aminotransferase e bilirrubina, análise histomorfométrica do tecido hepático e ati-
vidade antioxidante. Resultados – O MEIS restaurou os níveis séricos de enzimas e os resultados foram próximos aos do controle positivo (silimarina) 
quando comparados ao controle negativo. As análises histopatológicas e histomorfométricas confirmaram a atividade hepatoprotetora do MEIS, 
mostrando reorganização das unidades estruturais das células, núcleos e capilares sinusoidais dos hepatócitos, reduzindo os danos no tecido hepático 
e aumentando a taxa de regeneração de órgãos. O MEIS apresentou alto potencial antioxidante nas concentrações de 1000 e 500 µg/mL. Conclusão – 
Este estudo sugere que I. suffruticosa tem atividade hepatoprotetora e alto potencial antioxidante.

DESCRITORES – Doença hepática induzida por substâncias e drogas. Indigofera, efeitos dos fármacos. Antioxidantes. Acetaminofen. Camundongos. 



Lima IR, Silva IB, Lima RML, Silva TMS, Maia MBS, Leite SP.
Hepatoprotective efficacy of methanolic extract of Indigofera suffruticosa (Mill) on paracetamol–induced liver damage in mice

338 • Arq Gastroenterol • 2019. v. 56 nº 4 out/dez

REFERENCES

1. Brasileiro Filho, G. Patologia. 6 eds. Rio de Janeiro: Guanabara Koogan. 2000.
2. Negi AS, Kumar JK, Luqman S, Shanker K, Gupta MM, Khanuja SP Recent 

advances in plant hepatoprotectives: A cheminal and biological prolife of some 
important leads. Medicinal Research Reviews. 2008;28:746-72.

3. Graier W, Malli R, Kostner GM. Mitochondrial protein phostorrylation instigator 
or target of lipotoxicity? Trends Endocrinol Metab. 2009;20:186-93.

4. Lens S, Crespo G, Carrión JA, Miquel R, Navasa MCrespo G, Carrión JA, Miquel 
R, Navasa M. Severe acute hepatitis in the dress syndrome: Report of two cases. 
Annals of Hepatology. 2010;9:198-201.

5. Aktay G, Deliorman D, Ergun E, Ergun F, Yesilada E, Cevik C. Hepatoprotective 
effects of Turkish folk remedies on experimental liver injury. J Ethnopharmacol. 
2000;73:121-9.

6. Dhiman, Chawla D. Herbal Medicines for Liver Diseases Digestive. Dig Dis Sci. 
2005;50:1807.

7. Muriel P, Rivera-Espinoza Y. Beneficial drugs for liver diseases. J Appl Toxicol. 
2008;28:93-103.

8. Girish C, Koner BC, Jayanthi S, Ramachandra Rao K, Rajesh B, Pradhan SC 
Hepatoprotective activity of  picroliv, curcumin and ellagic acid compared to 
silymarin on paracetamol induced liver toxicity in mice. Fundam Clin Pharmacol. 
2009;23:735-45.

9. Kumar G, Banu GS, Pappa PV, Sundararajan M, Pandian MR. Hepatoprotective 
activity of Trianthema portulacastrum L.against paracetamol and thioacetamide 
intoxication in albino rats. J Ethnopharmacol. 2004;92:37-40.

10. Lopes J, Matheus ME. Risk of hepatotoxicity with Acetaminophen. Rev. Bras. 
Farm. 1012;93:411-4.

11. Leite SP. Indigofera Suffruticosa Mill: ensaio fitoquímico e ações biológicas. 
Tese (Doutorado em produtos naturais). João Pessoa: Universidade Federal da 
Paraíba. 2003. 01-90.

12. Leite SP, Vieira JRC, Medeiros PL, Leite RMP, Li.ma VLM, Xavier SH, Lima 
EO. Antimicrobial activity of Indigofera suffruticosa. Evid Based Complement 
Alternat Med. 2006;3:261-5. 

13. Vieira JRC. Investigação farmacognóstica e biológica de folhas de Indigofera 
suffruticosa Mill sobre Aedes aegypti. Tese (Doutorado em Ciências Farmacêu-
ticas) – Departamento de Ciências Farmacêuticas. Recife: Universidade Federal 
de Pernambuco, 2011.

14. Lima IR, Vieira JR, Silva IB, Leite RM, Maia MB, Leite SP. Indican from Anil 
(Indigofera suffruticosa Miller): An herbal protective agent in liver. Analytical 
and Quantitative Cytology and Histology. 2014;36:41-5.

15. Leite SP, Silva LLS, Catanho MTJA, Lima EO, Lima VLM. Anti-inflammatory 
Activity of Indigofera suffruticosa extract. REBRASA. 2003;7:47-52.

16. Leite SP, Medeiros PL, Silva, EC, Maia MBS, Lima VLM, Saul DE, Embryo-
toxicity in vitro with extract of Indigofera suffruticosa leaves. Birth Defects Res 
B Dev Reprod Toxicol. 2004;701-5.

17. Vieira JRC, Souza IA, Nascimento SC, Leite SP. Indigofera suffruticosa: an 
alternative anticancer therapy. Evidence-Based Complementary and Alternative 
Medicine. 2007;1-5.

18. Vieira JRC, Souza IA, Nascimento SC, Leite SP. Antitumoral ctivity of indigofera 
suffruticosa. - An. Fac. Med. Univ. Fed. Pernambuco. 2007; 52:12-4.

19. Vieira JRC, Leite RMP, Lima IR. Navarro DAF, Bianco EM, Nascimento SC, 
Leite SP. Oviposition and Embryotoxicity of Indigofera suffruticosa on Early 
Developmentof Aedes aegypti (Diptera: Culicidae). Evid Based Complement 
Alternat Med. 2012;741638:1-6.

20. Lima IR. Investigação da Indigofera suffruticosa sobre atividade antitumoral 
e aspectos histológicos e morfométricos do tecido hepático de camundongos 
portadores de sarcoma 180. Dissertação (Mestrado - Programa de Pós-graduação 

em Inovação Terapêutica. Universidade Federal de Pernambuco), Recife. 2012.
21. Silva IB, Lima IR, Santana MAN, Leite RMP, Leite SP. Indigofera suffruticosa 

Mill (fabaceae): hepatic responses on mice bearing Sarcoma 180. Int. J. Morphol. 
2014;32:1228-33.

22. Santana MAN, Silva IB, Lima IR, Vieira JRC, Leite RMP, Leite SP. Histomor-
phometric analysis in kidney tissue of mice treated with Indigofera suffruticosa 
Mill. J Pharm Pharm Sci. 2015;7:12-8.

23. Masson P. Tumors Humanism: Histologic. Diagnostics et Techniques. 2a ed. 
Paris, Libraire Maloine. 1956;106-48.

24. Singh SS, Handa. Hepatoprotective activity of Apium graveolens and Hygrophila 
auriculata against paracetamol and thioacetamide intoxication in rats. J Ethno-
pharmacol. 195;49:119-26.

25. Ahmed MF, Rao AS, Thayyll H, Ahemad SR. Role of  Melia azedarach leaf 
extract in Paracetamol Induced Hepatic damage in rats. Pharmacognosy Journal. 
2011;3:60-4.

26. Kaplowitz N. Drug-induced liver disorders: implications for drug development 
and regulation. Drug Safety. 2001;24:483-90. 

27. Choi JS, Yoon TJ, Kang KR, Lee KH, Kim WH, Suh YH, Song J, Jung MH. 
Glycoprotein Isolated from Acanthopanax senticosus Protects against Hepato-
toxicity Induced by Acute and Chronic Alcohol Treatment. Biol Pharm Bull. 
2006;29:306-14.

28. Janbaz KH, Gilani AH. Studies on preventive and curative effects of berberine 
on chemical-induced hepatotoxicity in rodents. Fitoterapia. 2000;71:25-33.

29. Shanmugam G, Ayyavu M, Rao DM, Devarajan T, Subramanim G. Hepatopro-
tective effect of Caralluma umbellate against acetaminophen induced oxidative 
stress and liver damage in rat. J Pharm Res. 2013;6:342-5.

30. Renteria IB, Corona MRC, Rosales PC, Garza HGL, Nava DC, Mendosa FJA, 
Cantú EMT. Hepatoprotective effect of  Leucophyllum frutescens on Wistar 
albino rats intoxicated with carbon tetrachloride. Ann Hepatol. 2007;4:251-4.

31. Kuppuswamy R, Govindaraju A, Velusamy G, Balasubramanian R, Balasund-
arm J, Sellamuthu M. Effect of Dried Fruits of Solanum nigrum LINN against 
CCl4-Induced Hepatic Damage in Rats. Biol Pharm Bull. 2003;11:1618-9.

32. Muthuligam FAF, Antihepatotoxic Efficacy of Methanolic Extract of Indigofera 
tinctoria (Linn.) on Paracetamol – Induced Liver Damage in Rats. J Nat Prod 
Plant Resour. 2012;2:244-50.

33. My, G, Balasubramanian R, Balasundarm J, Sellamuthu M. Effect of Dried Fruits 
of Solanum nigrum LINN against CCl4-Induced Hepatic Damage in Rats. Biol 
Pharm Bull. 2003;11:1618-9.

34. Jia JD, Bauer M, Cho JJ, Ruehl M, Milani S, Boigk G, Riecken EO, Schuppan 
D. Antifibrotic effect of silymarin in rat secondary biliary fibrosis is mediated by 
downregulation of procollagen alpha1(I) and TIMP-1. J Hepatol. 2001;3:392-8.

35. Stahl W, Aust O, Sies H MC. Polidori Analysis of lipophilic antioxidants in human 
serum and tissues: Tocopherols and carotenoids. J Chromatogr. 2001;936:83-93.

36. Shobana S, Naidu KA. Antioxidant activity of selected Indian spices. Prosta-
glandins Leukot Essent Fatty Acids. 2000;62:107-10.

37. Renukadevi KP, Sultana SS. Determination of  antibacterial, antioxidant and 
cytotoxicity effect of Indigofera tinctoria on lung cancer cell line NCI- h69. Int 
J. Pharmacol. 2011;7:356-62.

38. Alves CQ, Brandão HN, David JM, David JP, Lima LS. Avaliação da atividade 
antioxidante de flavonóides. Diálogos e ciência – Revista da rede ensino FTC. 
2007;5:7-8.

39. Devasagayam TPA, Devasagayam KB. Sainis. Immune system and antioxidants, 
especially those derived from Indian medicinal plants, Indian. J Exp Biol. 
2002;6:639-55.



AHEAD OF PRINTORIGINAL ARTICLE

 Arq Gastroenterol • 2019. v. 56 nº 4 out/dez • 339

INTRODUCTION

Liver transplantation is the main therapeutic alternative for 
patients with chronic advanced liver disease(1). The solid organ is a 
limited resource since the number of potential transplant recipients 
and the available donors are scarce, which results in a long wait. 
In this context, patients “most likely to succeed” must be carefully 
selected. The literature demonstrates high prevalence of psychiat-
ric comorbidities on the waiting list for liver transplantation(2-5). 
It is observed that 40% or more of the individuals enrolled in the 
liver transplant list have comorbid psychiatric disorders, which may 
negatively affect the outcome of the procedure and consequently the 
quality of life(6). However, it is not clear in the literature if different 
causes of liver transplantation present distinct prevalence of mental 
disorder(7). Hepatitis C virus (HCV), alcoholic liver disease (ALD) 
and non-alcoholic steatohepatitis (NASH) are clinical conditions 
which are most associated with indication for liver transplantation(8). 
Individuals with HCV often experience a six-fold increased risk of 
suicide and the onset of depressive symptoms and anxiety that result 
in decreased quality of life compared to the general population(9). 
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ABSTRACT – Background – Liver transplantation is the main therapeutic alternative for patients with advanced liver disease. These patients have high 
prevalence of psychiatric comorbidities that may negatively interfere in clinical outcomes and quality of life. It is not clear in the literature whether the 
different etiologies of hepatic disease have the same prevalence of psychiatric disorders. Objective – The aim of this study was to investigate whether 
patients in the liver transplant list showed differences in psychiatric characteristics, medical variables and quality of life among different etiological 
groups. Methods – This is a cross-sectional study that evaluates quality of life, psychiatric and clinical comorbidities through the application of vali-
dated questionnaires and instruments in 248 patients who were on transplant waiting list from 2010 to 2014, assisted in a University Hospital and in 
a Private Hospital in Salvador/Bahia, Brazil. The patients were evaluated through the Mini International Neuropsychiatric Interview (M.I.N.I. PLUS 
5.0) and Medical Outcomes Short-Form Health Survey (SF-36). Results – The etiology of the most prevalent liver disease was hepatitis C virus. A 
prevalence of 50.8% of at least one mental disorder was identified. When alcohol abuse/dependence was excluded, the prevalence was 25.8%. Mental 
health did not show a statistically significant difference in the diverse etiological groups, but a higher prevalence of psychiatric comorbidities was 
detected among women and younger than 40 years. No cases of psychotic disorders were detected, possibly by exclusion prior to listing. There was 
no difference in the quality of life domains in the different liver etiological groups. Conclusion – A high-prevalence of psychiatric disorders was found 
among all clinical conditions most associated with indication for liver transplantation. Attention is drawn to the absence of patients with psychotic 
disorders, which suggests that transplantation may not have been indicated for this group of patients. For these reasons, professionals caring for liver 
transplant candidates should be highly vigilant for the presence of mental disorders, regardless of the etiology of liver disease. Specialized care is 
recommended to minimize the early exclusion of patients with no other therapeutic possibilities, as well as care of all people with mental disorders.
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ALD is one of the leading causes of chronic liver disease worldwide 
and has become a public health problem. This disease may range from 
simple steatosis, alcoholic hepatitis or steatohepatitis, progressive 
fibrosis, and eventually cirrhosis and/or hepatocellular carcinoma(10). 
Alcohol consumption corresponds to 3.8% of overall mortality(11). 

This study aims to investigate whether patients in the liver trans-
plant list showed differences in psychiatric characteristics, medical 
variables and quality of life according to the different liver diseases.

METHODS

This was a cross-sectional study which included patients, aged 
over 18 years, eligible for liver transplantation, enrolled in the 
Hepatology Service of Professor Edgar Santos University Hospital 
and Portuguese Hospital between 2010 and 2014. This study was 
approved by the local Institutional Review Board (MCO-UFBA 
– process number 14/2002) in accordance with the guidelines and 
norms of both the Brazilian Resolution 466/2012 and the Declara-
tion of Helsinki of 2013 on research involving human beings. All 
participants provided written informed consent.

AG-2019-58
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Patients eligible for liver transplantation were analyzed in four 
different groups according to the clinical indication for transplanta-
tion. The first group – HCV – was formed by individuals infected 
with hepatitis C, including individuals with hepatitis B coinfection. 
The second – ALD – had individuals with alcoholic liver cirrhosis. 
The third – HCV and ALD – included patients with both diag-
noses and the fourth one – other indications – were composed of 
individuals nominated for transplantation due to other diseases, 
such as autoimmune hepatitis, NASH, Wilson’s disease, hepatitis 
B and liver cancer.

Patients admitted to the hepatic transplant outpatient clinic 
were evaluated after insertion in the transplant list, submitted to 
the analysis of clinical and instrumental data for the diagnosis of 
psychiatric disorders and quality of life (QOL).

QOL was evaluated by the SF-36 self-assessment scale, which 
has eight quality of life domains: physical functioning, limitation 
of roles due to physical aspects, pain, general health, vitality, social 
functioning, emotional aspects and mental health. Each domain 
ranges from 0 to 100(12).

The Mini International Neuropsychiatric Interview in its ex-
tended version – M.I.N.I. PLUS 5.0(13) was used to standardize the 
diagnostic method during the research. It is based on the DSM-IV 
criteria, the 4th version of the American Psychiatric Association 
Handbook on Mental Disorders, and the ICD-10 (World Health 
Organization, 1997). The structural organization of  M.I.N.I. is 
composed of modules represented by letters of the alphabet which 
correspond to each category of diagnosis. There are key issues at 
the beginning of each module that represent the required criterion/
criteria for each diagnosis. The questions were answered with a 
simple “yes” or “no” and the questionnaire was applied by the 
trained researchers.

In accordance with the distribution of  continuous variables 
data, they were compared by using Student’s t-test, Mann-Whitney 
test and ANOVA. The categorical variables were compared using 
the chi-square test and Fisher’s exact test (when necessary) and the 
powers of association between the independent variables as well 
as the outcomes studied were evaluated. Statistical analyses were 
performed using the Statistical Package for the Social Sciences soft-
ware (version 21.0). Significance was defined as a value of P<0.05.

RESULTS

A total of 248 patients were included in the study: 193 (77.8%) 
patients were male and 55 (22.2%) female. Two hundred and seven 
patients were older than or equal to 40 years (83.5%). One hundred 
and seventy-six patients were married or had a stable relation-
ship, 38 were divorced or widowed and 32 were unmarried. With 
regard to the occupation, 170 patients were active professionals, 14 
unemployed, 45 retired by age and 16 away by illness (TABLE 1). 

Regarding the etiological diagnosis, 69 patients had hepatitis 
C, 64 presented alcoholic etiology, 36 had hepatitis C associated 
with alcoholic etiology and in 43 of them it was related toother 
etiologies (TABLE 2).

TABLE 2 also indicates the association of psychiatric comor-
bidities with demographic data, showing a higher prevalence of 
comorbidities among women (40%) and in those under 40 years 
(48.6%) P<0.05.

TABLE 3 shows that, although there is no statistically signifi-
cant difference, patients with hepatitis C present a higher prevalence 
of five out of nine psychiatric comorbidities: current major depres-

sive episode, prior major depressive episode, anxiety disorders, 
illicit drug abuse and post-traumatic stress disorder. Patients with 
alcoholic etiology had a higher prevalence of alcohol abuse and/
or dependence throughout life. No patient was diagnosed with 
psychotic disorders. 

Concerning the clinical data, we did not detect any statistically 
significant difference regarding the prevalence of diabetes mellitus 
and arterial hypertension in the different etiological groups.

No statistically significant difference was detected among the 
four etiological groups of liver disease in any of the eight domains 
studied regarding quality of life (TABLE 4).

TABLE 1. Socio-demographic characteristics.

Variables N (%)

Gender

   Female 55 (22.18)

   Male 193 (77.82)

Age

   <40 41 (16.53)

   ≥40 207 (83.47)

Marital status

   Single 32 (12.90)

   Married/Stable relationship 176 (70.97)

   Divorced/Widowed 38 (15.33)

Occupation

   Unemployed 14 (5.65)

   Professionally active 170 (68.55)

   Retired by age 45 (18.14)

   Retired due to illness 16 (6.45)

TABLE 2. Distribution of psychiatric comorbidities.

Variables Total

Psychiatric 
comorbidities

P value
Absence  

N (%)
Presence  

N (%)

Gender 0.001*

   Female 55 33 (60.0) 22 (40.0)

   Male 193 160 (82.9) 33 (17.1)

Age 0.00*

   <40 37 19 (51.4) 18 (48.6)

   ≥40 207 170 (82.1) 37 (17.9)

Diagnosis etiology 0.170**

   HCV 69 53 (76.8) 16 (23.2)

   ALD 64 53 (82.8) 11 (17.2)

   HCV and ALD 36 31 (86.1) 5 (13.9)

   Others 43 28 (65.1) 15 (34.1)

HCV: hepatitis C virus. ALD: alcoholic liver disease. *Exact Fisher. **Analyzed through 
pearson chi-square. 
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DISCUSSION

The present study demonstrates high prevalence of  mental 
disorders in individuals with indication for liver transplanta-
tion(3). Nevertheless, we did not find any difference for psychiatric 
comorbidity prevalence among the four different groups related to 
the clinical indication for transplantation. According to the data 
obtained, 126 (50.8%) patients on the transplant waiting list had 
diagnosis of at least one current or lifelong mental disorder. When 
alcohol abuse/dependence was excluded, the prevalence was 25.8%. 
These data are considered high when compared to the prevalence 
of mental disorders in the world population. A study conducted 
with both systematic review and meta-analysis revealed that 17.6% 
of 650.000 people in 59 countries experienced mental disorder dur-
ing the past 12 months and 29.2% of 450.000 in 38 countries had 
experience of at least one episode of lifelong mental disorder(14).

It is demonstrated that the hepatitis C transmission in Brazil is 
less associated with the use of injectable drugs in comparison with 
other countries(15). Consequently, the rate of substance abuse and 
dependence in hepatitis C subjects was not significant with only 
five (4.8%) patients of the patients in the group. 

There was no diagnosis of psychotic disorders in the sample 

studied. We believe that this occurs due to selection bias coming 
from a widespread belief  among health professionals, especially 
the non-trained in mental health, that this group of patients are 
worse adherents to the treatment. This is an important point that 
should be evaluated and discussed among transplant teams and also 
mental health teams for proper assessment and judgment whether 
or not psychotic disorder is a factor for treatment exclusion. It is 
possible that the low number of drug users in the study group is 
also explained by early exclusion.

Previous studies have evaluated the association between the 
etiology of liver disease and psychiatric comorbidities. Saracino 
et al.(16) studied 120 patients with advanced liver disease (52% with 
HCV, 15% with ALD and 9.2% with NASH) and detected preva-
lence of 51.3% of psychiatric comorbidities (anxiety, depression 
and post-traumatic stress disorder). 

Madan et al.(17) evaluated 108 patients: 36.1% HCV, 11.1% ALD, 
46.3% HCV and ALD and 6.5% NASH and reported that 40% of 
the patients underwent psychiatric follow-up. Rogal et al.(4) evaluated 
179 patients, 32.9% HCV, 13.4% ALD, 14.5% HCV and ALD, and 
103 (57%) individuals were detected with depression and/or anxiety. 
Some studies have indicated that individuals with HCV tend not 
only to have a lower quality of life than the general population but 

TABLE 4. Liver disease etiology and quality of life.

SF-36 Domains Total
HCV ALD HCV and ALD Others

P value*
Mean (95% confidence interval for mean)

Physical 
functioning 68.66 (64.58-72.74) 69.42 (62.59-76.25) 66.71 (58.64-74.78) 69.72 (55.91-83.54) 69.90 (62.27-77.54) 0.930

Physical role 
functioning 34.57 (29.00-40.14) 40.58 (29.01-52.15) 28.93 (20.40-37.46) 31.94 (14.46-49.43) 35.10 (24.40-45.80) 0.408

Bodily pain 67.78 (64.15-71.40) 66.75 (60.66-72.85) 69.01 (62.46-75.56) 65.28 (50.90-79.66) 68.33 (60.87-75.78) 0.934
General health 59.49 (56.62-62.37) 62.87 (58.13-67.61) 60.50 (55.90-65.10) 62.22 (51.86-72.58) 52.71 (46.03-59.40) 0.053
Vitality 64.32 (59.62-69.03) 66.91 (55.11-78.71) 63.77 (58.46-69.08) 71.11 (58.02-84.20) 59.33 (51.97-66.68) 0.532
Social role 
functioning 70.93 (66.98-74.88) 70.11 (63.01-77.21) 69.29 (62.39-76.18) 76.39 (62.92-89.85) 72.36 (64.16-80.55) 0.793

Emotional role 
functioning 80.86 (72.72-89.00) 83.09 (75.49-90.69) 82.86 (61.18-104.54) 83.33 (66.04-100.63) 74.36 (63.39-85.33) 0.846

Mental health 81.76 (77.69-85.83) 79.88 (75.21-84.56) 84.00 (74.99-93.01) 86.89 (79.61-94.17) 79.69 (70.06-89.33) 0.694
HCV: hepatitis C virus; ALD: alcoholic liver disease. *ANOVA.

TABLE 3. Liver disease etiology and psychiatric and clinical comorbidity according to DSM-IV-TR through mini international neuropsychiatric interview.

Psychiatric comorbidity Total
Diagnosis etiology N (%)

P value
HCV ALD HCV and ALD Others

Current major depressive episode 15 4 (26.67) 3 (20.0) 3 (20.0) 5 (33.3) 0.058*
Past major depressive episode 19 9 (47.4) 5 (26.3) 0 (0.0) 5 (26.3) 0.425*
Bipolar disorder 2 1 (50.0) 0 (0.0) 0 (0.0) 1 (50.0) 0.529*
Risk of suicide (moderate/high) 8 1 (12.5) 1 (12.5) 1 (12.5) 5 (62.5) 0.058*
Anxiety disorders 12 4 (33.3) 3 (20.0) 1 (8.3) 4 (33.3) 0.356*
Alcohol abuse/dependence 90 1 (1.1) 54 (60.0) 35 (38.9) 0 (0.0) 0.00*
Other substance abuse/dependence 8 2 (25.0) 2 (25.0) 3 (37.5) 1 (12.5) 0.532**
Adjustment disorder 25 5 (20.0) 5 (20.0) 4 (16.0) 11 (44.0) 0.258*
Post traumatic stress disorder 19 5(26.3) 4 (21.1) 5 (26.3) 5 (26.3) 0.791*
Diabetes mellitus 55 21 (30.4) 16 (25) 8 (22.2) 10 (18.6) 0.865*
Arterial hypertension 47 16 (23.2) 15 (23.4) 7 (19.4) 9 (20.9) 0.839*

HCV: hepatitis C virus; ALD: alcoholic liver disease. *Exact Fisher. **Analyzed through pearson chi-square.
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also to have a high presence of psychiatric symptoms associated 
with their own course(9,15,18,19,20). According to the present data, the 
patients assessed presented different serious liver conditions but with 
no statistically significant difference in relation to quality of life.

The main limitation of this study is the limited sample size, once 
it was divided into four groups. Another limitation is the absence 
of assessment for personality disorders. Finally, a possible critical 
limitation in this study is that the most severe psychiatric patients 
are not even able to get on the waiting list for liver transplantation, 
thus promoting interpretation bias. 

CONCLUSION

A high prevalence of psychiatric disorders was found among 
all clinical conditions most associated with the indication of liver 
transplantation. Detailed evaluation of mental health by specialized 
team is required, minimizing the exclusion of patients with pos-
sibility of adherence and therapeutic success. It is noteworthy that 
transplantation is the only therapeutic possibility for patients with 
advanced hepatic insufficiency, being, therefore, fundamental the 
implantation of psychiatric/psychological support, guaranteeing 
to the patient adequate evaluation of his mental health condition 
before the decision to exclude this possibility of treatment.
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Guerreiro-Costa LNF, Araújo-Filho JEO, Marback RF, Jesus-Nunes AP, Morais-de-Jesus M, Quarantini LC. Desordens mentais e qualidade de vida em 
pacientes em lista de espera para realização de transplante de fígado. Arq Gastroenterol. 2019;56(4):339-43.
RESUMO – Contexto – O transplante hepático é a principal alternativa terapêutica para pacientes com doença hepática avançada. Esses pacientes apre-

sentam alta prevalência de comorbidades psiquiátricas que podem interferir negativamente nos desfechos clínicos e qualidade de vida. Não está claro 
na literatura se as diferentes etiologias de doença hepática têm a mesma prevalência de transtornos psiquiátricos. Objetivo – O objetivo deste estudo 
foi investigar se os pacientes na lista de transplante hepático apresentavam diferenças nas variáveis psiquiátricas, variáveis clínicas e qualidade de vida 
em diferentes grupos etiológicos. Métodos – Estudo transversal que avalia as comorbidades psiquiátricas e clínicas e as variáveis de qualidade de vida 
por meio da aplicação de questionários e instrumentos validados em 248 pacientes inseridos em lista de espera para transplante hepático no período 
de 2010 a 2014, acompanhados no Hospital Universitário Professor Edgard Santos e Hospital Português (Salvador, BA). Os pacientes foram avaliados 
através da aplicação do Mini International Neuropsychiatric Interview (M.I.N.I. PLUS 5.0) e Medical Outcomes Short-Form Health Survey (SF-36). 
Resultados – A etiologia da doença hepática mais prevalente foi o vírus da hepatite C. Prevalência de 50,8% de pelo menos um transtorno mental foi 
identificada. Quando o abuso/dependência de álcool foi excluído, a prevalência foi de 25,8%. A saúde mental não apresentou diferença estatisticamente 
significante nos diversos grupos etiológicos. Maior prevalência de comorbidades psiquiátricas foi detectada entre mulheres e menores de 40 anos. Não 
foram detectados casos de transtornos psicóticos, possivelmente pela não inclusão destes pacientes na lista. Não houve diferença nos domínios de 
qualidade de vida nos diferentes grupos etiológicos. Conclusão – Uma alta prevalência de transtornos psiquiátricos foi encontrada nos pacientes com 
todas as condições clínicas mais associadas à indicação de transplante hepático. Chama a atenção a ausência de pacientes com transtornos psicóticos, 
o que sugere que possivelmente o transplante não tem sido indicado para esse grupo de pacientes. Por esses motivos, os profissionais que cuidam 
de candidatos ao transplante de fígado devem ser altamente vigilantes para a presença de transtornos mentais, independentemente da etiologia da 
doença hepática. A atenção especializada é recomendada para os pacientes com transtornos mentais, com minimização de exclusão precoce da lista 
de pacientes sem outras possibilidades terapêuticas. 

DESCRITORES – Transplante de fígado. Hepatopatias. Transtornos mentais. Qualidade de vida.



Guerreiro-Costa LNF, Araújo-Filho JEO, Marback RF, Jesus-Nunes AP, Morais-de-Jesus M, Quarantini LC.
Mental disorders and quality of life in patients awaiting liver transplantation

 Arq Gastroenterol • 2019. v. 56 nº 4 out/dez • 343

REFERENCES

1. Mies S. Transplante de Fígado. Revista da Associação Médica Brasilei-
ra.1998;44:127-34.

2. Maldonado JR, Sher Y, Lolak S, Swendsen H, Skibola D, Neri E, et al. The 
Stanford Integrated Psychosocial Assessment for Transplantation: A Prospective 
Study of Medical and Psychosocial Outcomes. Psychosom Med. 2015;77:1018-30.

3. Grover S, Sarkar S. Liver transplant-psychiatric and psychosocial aspects. J Clin 
Exp Hepatol. 2012;2:382-92.

4. Rogal SS, Landsittel D, Surman, Chung RT, Rutherford A. Pretransplant de-
pression, antidepressant use, and outcomes of orthotopic liver transplantation. 
Liver Transp. 2011;17:251-60.

5. Martins PD, Sankarankutty AK, Silva Ode C, Gorayeb R. Psychological distress 
in patients listed for liver transplantation. Acta Cir Bras. 2006;21:40-3.

6. Schneekloth TD, Jowsey SG, Biernacka JM, Burton MC, Vasquez AR, Bergquist 
T, et al. Pretransplant psychiatric and substance use comorbidity in patients 
with cholangiocarcinoma who received a liver transplant. Psychosomatics. 
2012;53:116-22

7. Heinrich TW, Marcangelo M. Psychiatric issues in solid organ transplantation. 
Harv Rev Psychiatry. 2009;17:398-406.

8. Stilley CS, DiMartini AF, Tarter RE, DeVera M, Sereika S, Dew MA, et al. 
Liver transplant recipients: individual, social, and environmental resources. Prog 
Transplant. 2010;20:68-74.

9. Golden J, O’Dwyer AM, Conroy RM. Depression and anxiety in patients with 
hepatitis C: prevalence, detection rates and risk factors. Gen Hosp Psychiatry. 
2005;27:431-8.

10. O’Shea RS, Dasarathy S, McCullough AJ; Alcoholic liver disease. Hepatology. 
2010;51:307-28.

11. Rehm J, Mathers C, Popova S, Thavorncharoensap M, Teerawattananon Y, Patra 
J. Global burden of disease and injury and economic cost attributable to alcohol 
use and alcohol-use disorders. Lancet. 2009;373:2223-33.

12. Ciconelli R, F.M., Santos W, Meinão I, Quaresma M. Tradução para a língua 
portuguesa e validação do questionário genérico de avaliação de qualidade de 
vida SF-36 (Brasil SF-36). Rev Bras Reumatol. 1999;39(3).

13. Amorim, P., Mini International Neuropsychiatric Interview (MINI): validação 
de entrevista breve para diagnóstico de transtornos mentais. Revista Brasileira 
de Psiquiatria. 2000;22:106-15.

14. Steel Z, Marnane C, Iranpour C, Chey T, Jackson JW, Patel V, Silove D. The global 
prevalence of common mental disorders: a systematic review and meta-analysis 
1980-2013. Int J Epidemiol. 2014;43:476-93. 

15.  Batista-Neves SC, Quarantini LC, de Almeida AG, Bressan RA, Lacerda AL, de-
Oli veira IR, et al. High frequency of unrecognized mental disorders in HCV-infected 
patients. Gen Hosp Psychiatry. 2008;30:80-2. (era 10 passou a ser 15)

16. Saracino RM, Jutagir DR, Cunningham A, Foran-Tuller KA, Driscoll MA, 
Sledge WH, Emre SH, Fehon DC. Psychiatric Comorbidity, Health-Related 
Quality of Life, and Mental Health Service Utilization Among Patients Awaiting 
Liver Transplant. J Pain Symptom Manage. 2018;56:44-52.

17. Madan A Borckardt JJ, Balliet WE, Barth KS, Delustro LM, Malcolm RM, 
Koch D, Willner I, Baliga P, Reuben A. Neurocognitive status is associated with 
all-cause mortality among psychiatric, high-risk liver transplant candidates and 
recipients. Int J Psychiatry Med. 2015;49:279-95.

18.  Kristiansen MG, Lochen ML, Gutteberg TJ, Mortensen L, Eriksen BO, Flor-
holmen J. Total and cause-specific mortality rates in a prospective study of com-
munity-acquired hepatitis C virus infection in northern Norway. J Viral Hepat. 
2011;18:237-44. Era 11 passou a 18

19. Johnson ME, Fisher DG, Fenaughty A, Theno SA. Hepatitis C virus and de-
pression in drug users. Am J Gastroenterol. 1998;93:785-9.

20. Rifai MA, Gleason OC, Sabouni D. Psychiatric care of  the patient with hep-
atitis C: a review of  the literature. PrimCare Companion J ClinPsychiatry. 
2010;12:PCC.09r00877.



AHEAD OF PRINTORIGINAL ARTICLE

344 •  Arq Gastroenterol • 2019. v. 56 nº 4 out/dez

INTRODUCTION

Globally, it has been estimated that 257, 71, and 36.7 million 
people are infected with chronic hepatitis B virus (HBV), hepatitis 
C virus (HCV), and human immunodeficiency virus (HIV), respec-
tively(1,2). HIV, HBV, and HCV share similar forms of transmission, 
and thus, it has been estimated that 2.7 and 2.3 million people are 
living with HIV-HBV and HIV-HCV coinfections, respectively(1).

Infections by these viruses present a dynamic interaction, 
thereby amplifying each other and leading to increased morbidity 
in HIV coinfected patients(3). Among HIV-HBV coinfected patients, 
liver-related complications were increased, and immune recovery 
is attenuated(4). For HIV-HCV coinfections, several studies have 
shown effects of coinfection on the CD4+ T-cell count(5-8). How-
ever, despite evidence of the impact of HIV-HCV coinfection on 
CD4+ T-cell counts, it is unclear whether this effect was related to 
the different HCV genotypes.

HCV is currently classified in seven genotypes (HCV-1 to HCV-
7) and multiple subtypes according to their genetic sequence(9). 
Globally, the occurrence of the HCV genotype is variable. HCV-1 
is predominant in Australia, Europe, Latin America, and North 
America (53%–71% of  all cases), whereas HCV-3 occurs pre-
dominantly in Asian countries (40% of all infections)(10). In Brazil, 
there is a predominance of HCV-1 (64.9%), followed by HCV-3 
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(30.2%)(11). However, there is little information about the frequency 
of HCV genotypes among HIV-coinfected populations in Brazil.

Among HIV-coinfected patients, the presence of a hepatotropic 
virus can lead to an overload of the host’s immune system, which 
may lead to the emergence of specific HIV variants(12). However, 
there is little information on the genetic variability of  HIV in 
HBV- and/or HCV-coinfected patients. Thus, we investigated the 
frequency of  HIV subtypes and HCV genotypes/subtypes, and 
their relationship to the nadir CD4+ T-cell count among HIV-
coinfected patients.

METHODS

Study area
This study was carried out into two reference centers for the 

diagnosis, treatment, and follow-up of patients with HIV and viral 
hepatitis: Specialized Center for Infectious and Parasitic Diseases 
(Centro Especializado de Doenças Infecto Parasitárias) in Cascavel 
city, and the Specialized Service of Sexually Transmitted Infections 
(Serviço Especializado de Infecções Sexualmente Transmissíveis) in 
Maringá city, both in Paraná State, Southern Brazil. These two 
centers serve 25 and 30 municipalities, respectively, with a total 
population of 1,189,062(13), and are part of Unified Health System 
(Sistema Único de Saúde). 

AG-2019-69
dx.doi.org/10.1590/S0004-2803.201900000-68
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Study design
We developed a cross-sectional and retrospective study between 

April and December 2017. HIV-coinfected patients and who tested 
positive for HBV and/or HCV between January 1, 2002 and June 
30, 2016 were included in the study. However, for HIV subtyping, 
only HIV-coinfected patients who had HIV viral loads between 
January 2014 and December 2016, regardless of whether they were 
treatment-naive or not were included. For calculations of the nadir 
CD4+ T-cell count and HIV viral load, only HIV-infected patients 
with a positive test for HBV or HCV at baseline were considered. 
Sociodemographic information of the enrolled participants were 
collected by trained nurses and physicians, using a structured and 
pre-tested questionnaire. The following variables were collected: 
date of  birth, sex, ethnicity, use of  antiretroviral drugs, level of 
educational attainment, sexual preference, fibrosis levels, time du-
ration of HIV infection diagnosis and coinfection, use of injected 
drugs, and region. The classification of liver biopsies followed the 
METAVIR scale(14).

Laboratory measurements
HIV infection status was based on positive test results from two 

peripheral blood samples, performed using an HIV Enzyme-linked 
Immunosorbent Assay (Abbott Diagnostics, Chicago, USA) and 
confirmed by western blotting (Bio-Rad, Marnes La Coquette, 
France). HBsAg, anti-HBs, anti-HBc, and anti-HCV were tested 
by commercially available enzyme immunoassay (Abbott Diagnos-
tics). Positive results for anti-HCV were confirmed by amplification 
of  HCV RNA using Reverse Transcription Polymerase Chain 
Reaction (RT-PCR) by COBAS Ampliprep/Cobas TaqMan48 
real-time RT-PCR (Roche Diagnostics, Pleasanton, USA), as 
described elsewhere(15). Anti-HIV, anti-HCV, HBV markers, and 
HCV-RNA data were entered into the patients’ medical records 
and subsequently collected.

The CD4+ T-cell count was performed by flow cytometry (BD 
TrucountTM Tubes) using the FACSCalibur apparatus (Becton-
Dickinson, New Jersey, USA). HIV viral load was determined by 
PCR using Abbott Real Time HIV-1 (Abbott Diagnostics), and 
the results were presented as base 10 logarithms. The minimum 
detection value for the HIV viral load was 50 copies/mL. Data of 
CD4 cell count and HIV viral load were stored and subsequently 
obtained for tabulation of  data from the national network of 
the Sistema de Controle de Exames Laboratoriais (SISCEL; the 
Laboratory Test Control System), at the virology laboratory of 
the State University of Maringá. All information from SISCEL is 
stored using data encryption in its central database, which is located 
in the Department of Chronic Diseases and Sexually Transmitted 
Infections.

The Abbott Real Time HCV Genotype II system (Abbott Di-
agnostics) was used for routine diagnostics to determine the HCV 
genotype based on dual-target real-time PCR: a 5’ UTR target 
region was used to discriminate between HCV genotypes, and the 
NS5B gene was the target for 1a and 1b subtyping, using previ-
ously described methods(16). The viral genotype was determined 
after phylogenetic analysis of the sequences obtained, along with 
established GenBank reference sequences(17).

Proviral HIV-1 RNA was extracted from serum samples 
using the QIAamp Viral RNA mini Kit® (Qiagen, Hilden, Ger-
many) following the manufacturer’s instructions, and the cDNA 
was sequentially obtained using the Superscript III RT-PCR kit 
(Invitrogen, CA). Fragments of  the pol gene were generated by 

PCR according to a previously reported(18,19). Strict laboratory 
precautions were taken to avoid cross contamination. The genes 
for protease (PR) and transcriptase (RT) were amplified, and the 
purified PCR products were sequenced with the ABI Prism® Big-
Dye™ Terminator version 3.1 cycle sequencing kit ready reaction 
(Applied Biosystems, Foster City, CA) following the manufacturer’s 
instructions in the automatic sequencer AB 3500 Genetic Analyzer 
(Applied Biosystems, Foster City, CA). 

The HIV-1 PT and RT gene sequences were concatenated and 
submitted to Maximum Likelihood Phylogenetic analysis by col-
lecting reference sequences from the HIV-1 group M subtype of the 
Los Alamos database (https://www.hiv.lanl.gov/content/sequence/
HIV/mainpage.html) and BioAfrica (http://www.bioafrica.net/rega-
genotype/html/subtypinghiv.html). In addition, the HIV mutation 
profile associated with resistance to antiretroviral therapy (ART) 
was analyzed by subjecting the sequences obtained from PT and 
RT to the Stanford University HIV Drug Resistance Database 
(https://hivdb.stanford.edu/hivdb/by-sequences/).

Statistical analysis
Pearson’s chi-square test or Fisher’s exact test were adopted 

for categorical variables, and the Mann–Whitney test was used in 
terms of quantitative variables. The level of  significance was set 
at P<0.05. Statistical analysis was performed using Stata (version 
12.0)(20). This study was reviewed and approved by the Research 
Ethical Committee of  University Center of  Assis Gurgacz 
Foundation (Report n. 1.397.212 of 28/01/2016). The norms for 
ethical research were followed by the researchers according to the 
requirements of  the country, guaranteeing total confidentiality, 
and anonymity of the data. 

RESULTS

During the study period, 3340 patients with HIV were diag-
nosed at both referral centers, of  which 4.97% (166/3340) had 
HBV and/or HCV coinfection. Among them, 37.4% (62/166) were 
HIV-HBV, 58.4% (97/166) were HIV-HCV, and 4.2% (7/166) were 
HIV-HBV-HCV coinfected. Among all HIV-coinfected patients, 
63.3% (105/166) were men (median age: 42 years, IQR 42–53 
years) and 36.7% (61/166) were women (median age: 45 years, 
IQR 37–53 years). 

Regarding HBV serological markers, 39.0% (30/77) and 37.5% 
(30/80) of  HIV-HCV patients were positive for anti-HBc and 
anti-HBs, respectively; and 14.3%% (11/77) were positive for both 
anti-HBc and anti-HBs. The presence of HBeAg was detected in 
50% (10/20) of HBV-coinfected patients. With regard to the risk 
factors for HCV coinfection acquisition, 31.6% (36/104) patients 
were illicit drug users, 21.2% (22/104) of which were people who 
inject drugs (PWID). 

Of all patients, 91.6% (151/166) of  HIV-coinfected patients 
had laboratory tests of  CD4+ T-cell counts and HIV viral load 
determined, with a median nadir CD4+ T-cell count of 327 cells/
mm3 (IQR 225-494), and log10 HIV viral load of 4.5 (IQR 4-6) at 
the time of HIV diagnosis. In addition, there were no significant 
differences between HIV-HBV and HIV-HCV coinfection patients 
for median log HIV viral load, sex, ethnicity, education level, sexual 
preference, and number of sexual partners in last 12 months. How-
ever, compared to HIV-HBV patients, HIV-HCV patients had a 
lower median nadir CD4+ T-cell count, higher numbers of Illicit 
user drugs and PWID, and longer duration of HIV diagnosis and 
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coinfection compared to the HBV-coinfected patients, all with 
statistical significance (TABLE 1).

Of all the HCV-coinfected patients (HIV-HCV and HIV-HBV-
HCV), 40.4% (42/104) had liver biopsies. Of these, 26.2% (11/42) 
presented some type of hepatic alteration: 9.1% (1/11) A1F0, 18.2% 
(2/11) A1F1, 9.1% (1/11) A2F1, 18.2% (2/11) A2F2, 18.2% (2/11) 
A2F3, 9.1% (1/11) A2F4, 9.1% (1/11) A3F2, and 9.1% (1/11) A3F3. 

Of all HCV-coinfected patients, 76.9% (80/104) were submitted 
to HCV genotyping. Of these, 81.3% (65/80) had minimal viral load 
that allowed genotyping of HCV. HCV-1, 2, 3, and 4 were detected 
in 73.8% (48/65), 1.6% (1/65), 21.4% (14/65), and 1.6% (1/65) of 
HIV-infected patients, respectively; 1.6% (1/65) of  patients were 
infected by both HCV-1 and 2. In relation to HCV-1, 79.3% (23/29) 
and 20.1% (6/29) of patients had subtypes 1a and 1b, respectively. 

Patients coinfected with HIV-HCV-1b had lower nadir CD4+ 
T-cell counts (median, 111 cells/mm3; IQR: 107–424) when com-
pared to those with HIV-HCV-1a (median, 309 cells/mm3; IQR, 
197–528), but without significant difference (P=0.25). Patients 
coinfected with HIV-HCV-1a had a higher median log HIV viral 
load (median, 5.5; IQR, 4–6) compared to those with HIV-HCV-1b 
(median, 4.5; IQR, 3.5–5.5), but also with no statistical difference 
(P=0.87). There was also no significant difference in HCV-RNA 
levels between the genotypes of HCV-coinfected patients for HIV-
HCV-1a (median, 6; IQR, 5–6) and HIV-HCV-1b (median, 6; IQR, 
5–6), but also with no statistical difference (P=0.35). HIV-HCV-1 
patients had a higher median nadir CD4+ T-cell count and lower 
levels of HIV viral load when compared to those with HIV-HCV-3, 
but both had no significant difference (P=0.47). Regarding the other 
characteristics, there were also no significant differences between 
HCV-1 and 3 (TABLE 2). 

Among the all HIV-coinfected patients, 23.5% (39/166) 
were subjected to HIV subtyping. Of these, 43.6% (17/39) HIV-
coinfected patients had sufficient HIV viral load for subtyping. 
Subtype B was found in 47.1% (8/17) of  the HIV-coinfected pa-
tients, subtype C in 11.8% (2/17) of  the HIV-coinfected patients, 
and subtype F in 17.6% (3/17) of  the of  the HIV-coinfected pa-
tients. The other strains (23.5%) presented recombinant structure 
and were classified as BC (11.7%), BDF1 (5.9%) and circulating 
recombinant forms (CRFs) 29-BF (5,9%). When patients were 
grouped by type of  coinfection, those that were HBV-coinfected 
had the following HIV subtypes: 66.7% (4/6) were of  the HIV 
subtype B, 16.7% (1/6) of  the subtype F, and 16.7% (1/6) unique 
recombinant forms (URF) type 31-BC. However, the group of 
HCV-coinfected patients showed the following profile: 40% (4/10) 
were of  subtype B, 10% (1/10) was of  subtype C, 20% (2/10) were 
of  subtype F1, 20% (2/10) were URFs (31-BC and BDF1), and 
10% (1/10) was CRF (29-BF). One patient with triple infection 
(HIV-HBV-HCV) had subtype C.

There was no significant difference (P=0.82) in the nadir CD4+ 
T-cell count between subtype B (median, 424 cell/mm3; IQR, 
242–608) and non-B groups (median, 325 cell/mm3; IQR, 242–826) 
of HIV. Correspondingly, there was also no significant difference 
(P=0.85) in the log10 HIV viral load levels between subtype B (me-
dian, 4; IQR, 3–6) and non-B (median, 3.5; IQR, 3–4). In the ART 
resistance analysis, 29.4% (5/17) HIV-coinfected patients showed 
resistance-related mutations, with 40% (2/5) nucleoside reverse 
transcriptase inhibitors (NRTIs) resistance; 20% (1/5) presented 
mutations related to non-NRTI resistance; 10% (1/5) presented 
mutations related to resistance to NRTI and non-NRTI; and 10% 
(1/5) for NRTIs, non-NRTI, and protease inhibitors were found.

TABLE 1. Characteristics of the study patients and association with HIV-
HBV and HIV-HCV coinfection.

Variables
HIV-HBV HIV-HCV

P-value
n (%) n (%)

n 62 (100.0) 97 (100.0)

Sex 

   Male 37 (59.7) 62 (63.9)
0.59

   Female 25 (40.3) 35 (36.1)

Ethnicity

   White 42 (67.7) 72 (77.4)

0.36   Black 4 (6.5) 3 (3.2)

   Brown 16 (25.8) 18 (19.4)

Education

   ≤ 8 years 42 (68.8) 63 (67.7)
0.88

   > 8 years 19 (31.2) 30 (32.3)

Sexual preference

   Heterosexual 47 (78.3) 71 (85.5)
0.26

   Homosexual/Bisexual 13 (21.7) 12 (14.5)

Time diagnostic HIV 
(years)

   ≤ 5 33 (53.2) 26 (26.8)
<0.001

   > 5 29 (47.8) 71 (73.2)

Time diagnostic HBV 
or HCV (years)

   ≤ 5 38 (61.3) 32 (33.0)
<0.001

   > 5 24 (38.7) 65 (67.0)

Number of sexual partners in last 12 
months

   ≤ 1 30 (57.7) 38 (57.6)

0.92   2-5 3 (5.8) 5 (7.6)

   > 5 19 (36.5) 23 (34.8)

Illicit drugs user

   Yes 8 (12.9) 30 (30.9)
0.01

   No 54 (87.1) 67 (69.1)

People who inject drugs

   Yes 2 (3.2) 17 (17.5)
0.01

   No 60 (96.8) 80 (82.5)

Reference center

   10th Regional Health 37 (59.7) 49 (50.5)
0.26

   15th Regional Health 25 (40.3) 48 (49.5)

Age (median; IQR) 45 (38-54) 47 (41-53) 0.17

Nadir CD4+ T-cell 
(median/mm3; IQR) 390 (287-559) 307 (197-443) 0.01

HIV viral load (log10 
median; IQR) 5 (4-6) 5 (4-6) 0.96

n: number of patients; IQR: interquartile range; HIV: human immunodeficiency virus; HBV: 
hepatitis B virus; HCV: hepatitis C virus.
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DISCUSSION

The genetic diversity of  HCV has been linked to treatment 
responses. Direct-acting antivirals (DAAs) have been successfully 
used in the treatment of  HCV, all of  which have been strictly cor-
related with the genotype(10). In 2015, the Brazilian Ministry of 
Health incorporated the first DAAs for the treatment of  hepatitis 
C. The current guidelines in Brazil recommend that HIV-HCV-
coinfected patients must be treated using the approach that non–
HIV-infected individuals follow because the efficacy of  the cur-
rently licensed DAA regimens does not appear to differ between 
HCV-monoinfected and coinfected individuals(21). The treatment 
for hepatitis C and coinfections currently indicated in Brazil has 
two new therapeutic options that joins the scheme comprising 
the association of  sofosbuvir/daclatasvir, pan-genotypic already 
offered since 2015. In addition to these options, the Brazilian 
Ministry of  Health maintained the indications for ledipasvir/
sofosbuvir (genotype 1), elbasvir/pibrentasvir (genotypes 1 and 
4), ribavirin and alfapeginterferon (for some pediatric situa-
tions)(21). Treatment schedules are defined based on genotype and 
sub genotype of  HCV, and knowledge of  HCV genotypes helps 
to predict therapeutic responses and determines the durations of 
drug treatments(22).

The geographic distribution of  HCV genotypes is complex; 
the epidemic subtypes – especially, 1a, 1b, 2a, and 3a – are widely 
distributed around the world and account for a significant share 
of HCV cases(23). In this study, HCV-1 presented the highest fre-
quency (73.8%), followed by HCV-3 (21.4%) among HIV-coinfected 
patients. The frequency of  HCV genotypes reported here was 
similar to that found by other authors among HIV-coinfected and 
HCV-monoinfected patients in Brazil(24-26) as well as in Greece(27), 
Northern and Central Asia, and in Central and Western Europe(23). 
We did not detect HCV-5 or 6, which was in agreement with other 
studies(28-30). More studies are needed to add data on the genetic 
diversity of HCV among HIV-infected patients and may provide 
important evidence for the understanding of the origin and spread 
of HCV infections in Southern Brazil.

The high frequency of  HCV-1 has been associated with the 
transmission of HCV by PWID, which is responsible for increasing 
the risk of acquiring HCV(31,32). In our study, PWID were the most 
infected with HCV-1 among the HIV-coinfected patients. These 
results suggest that HCV-1 was introduced into PWID and spread 
among HIV-infected patients. Considering that the administrative 
route of the drug was the only difference between PWID and non-
PWID, these data emphasize the importance of not sharing needles 
to prevent the spread of  HCV-1 among HIV-infected patients. 
However, the origins of  HCV-1 have not yet been specified and 
further investigations are required.

HIV is characterized by high genetic diversity and extensive 
heterogeneity. This characteristic is due to multiple factors, includ-
ing multiple human populations, high rates of  viral evolution/
recombination, selective pressure of  the host immune system 
and/or antiretroviral therapy(12,33). Although subtype B has been 
showing a declining trend in sexual transmission, it still accounts 
for a large proportion. In the United States and Western Europe, 
HIV-1 subtype B is the most common variant. In Brazil, HIV 
subtypes C, F1, and recombinants BC and BF are generally 
observed at low frequencies as previously described(34). However, 
there have been a few studies showing the genetic variability of 
HIV-1 among patients with HIV-hepatitis coinfections. A study 

TABLE 2. Characteristics of HCV-coinfected patients and association 
with HCV-1 and 3.

Variables
Genotype 1 Genotype 3

P-value
n (%) n (%)

n 48 (100.0) 14 (100.0)

Sex

   Male 28 (58.3) 10 (71.4)
0.38

   Female 20 (41.7) 4 (28.6)

Ethnicity

   White 38 (82.6) 10 (71.4)

0.66   Black 2 (4.3) 1 (7.2)

   Brown 6 (13.1) 3 (21.4)

Education

   ≤ 8 years 29 (63.1) 8 (57.1)
0.69

   > 8 years 17 (36.9) 6 (42.9)

Sexual preference

   Heterosexual 33 (82.5) 9 (75.0)
0.56

   Homosexual/Bisexual 7 (17.5) 3 (25.0)

Time diagnostic HIV 
(years)

   ≤ 5 9 (18.8) 4 (28.6)
0.43

   > 5 39 (81.2) 10 (71.4)

Time diagnosis HCV 
(years)

   ≤ 5 11 (22.9) 5 (35.7)
0.34

   > 5 37 (77.1) 9 (64.3)

Number of sexual partners in last 12 months

   ≤ 1 19 (55.9) 2 (20.0)

0.13   2-5 3 (8.8) 2 (20.0)

   > 5 12 (35.3) 6 (60.0)

Illicit drugs user

   Yes 15 (31.3) 4 (28.6)
0.85

   No 33 (68.7) 10 (71.4)

People who inject 
drugs

   Yes 10 (20.4) 1 (7.1)
0.24

   No 38 (79.6) 13 (92.9)

Reference center

10th Regional 
Health 14 (29.2) 5 (35.7)

0.64
15th Regional 
Health 34 (70.8) 9 (64.3)

Age (median; IQR) 50 (42.5-54.5) 49 (45-54) 0.88

Nadir CD4+ T-cell 
(median/mm3; IQR) 304 (190-424) 234 (129-317) 0.29

HIV viral load (log 
median; IQR) 5.5 (4.2-6) 6 (5.5-6) 0.73

HCV viral load (log 
median; IQR) 6.2 (5.9-6.5) 6.2 (5.7-6.3) 0.70

n: number of patients; IQR: interquartile range; HIV: human immunodeficiency virus; HCV: 
hepatitis C virus. Pearson’s chi-square test for comparison between groups.
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in HIV-coinfected patients in Brazil reported that HIV-1 subtype 
C and B were present in 47.4% and 31.6% of  HIV-coinfected 
patients, respectively(35); another Brazilian study reported that 
HIV-1 subtype B was the most prevalent(12). Our study corrobo-
rates the results of  these studies. In addition, the results of  the 
present study were in accordance with previous investigations, 
which report that B recombinant and CRFs of  HIV-1 circulate 
among HIV-coinfected patients(12,35). The detailed dynamics of 
HIV subtypes viral propagation in the study region is not well 
understood, although two phylogeographic studies have demon-
strated possible routes for the origin and spread of subtype C in 
the Southern region of the country(36,37).

Studies on HIV-HBV coinfection have focused on the screening 
of HBsAg as a marker of HBV infections. However, information 
on other markers remains unclear(38). In Brazil, studies among 
HIV-infected individuals have found positive rates for anti-HBc 
ranging from 38.6% to 55.1%(39-42). These differences likely reflect 
the percentage of risk factors in the groups studied and the pattern 
of endemicity of HBV in different regions. Our study reported that 
39.0% of  HIV-HCV-coinfected people had anti-HBc reactivity. 
Anti-HBc alone in the HIV population can be interpreted as a 
marker of occult hepatitis B(43), a phenomenon that may be caused 
by either a resolved HBV infection(44), or loss of  anti-HBs over 
time(45); other studies have reinforced these findings(43,46). In addition, 
in our study, we found a high frequency of patients with HBeAg 
(50%) among HIV-HBV-coinfected patients. The AIDS-related im-
munosuppression increases the frequency of reactivation of HBV, 
with the recurrence of HBeAg and reversion to the immunoactive 
phase among HIV-HBV-coinfected patients(47).

Assessing the severity and predicting the course of HIV infec-
tions with both CD4 + T cell counts and HIV viral load levels are 
essential for estimating the severity of HIV-related immunodefi-
ciency. The present study showed a lack of statistical association 
between HCV-1 and HCV-3 for nadir CD4+ T-cell count and HIV 
viral loads. Few studies have systematically investigated the CD4+ 
T-cell count among HCV genotypes in HIV-infected patients. In a 
study carried out in Brazil, no significant differences were observed 
in the CD4+ T-cell count for HCV genotypes 1 and 3(48); our data 
corroborate this finding. Our study was also in line with data 
already published in the EuroSIDA study(49). The authors of this 
study report that they found no significant differences in the CD4+ 
T-cell count and HIV viral load in relation to the HCV genotype. 

HCV infection could impact the course of HIV infections via 
chronic immune activation and cytokine production in coinfected 
individuals(50,51), which may result in diminished CD4+ T-cell 
counts(52). In our study, patients with HIV-HCV had a signifi-
cantly lower median nadir CD4+ cell count when compared with 
those with HIV-HBV; this result is supported by the biology of 
the coinfection(52). Thus, HCV in HIV patients can cause damage 
to their immune system, which could subsequently increase viral 
replication of HIV and HCV, further contributing to an impaired 
immune system and consequently lower CD4+ T-cell count(53,54). 
However, caution should be taken in the interpretation of CD4+ 
T-cell counts since it may not truly reflect the immunological status 
of HIV-infected patients. Factors such as medications, advanced 

liver disease, splenomegaly, and viral infections such as Epstein 
Barr Virus, cytomegalovirus, and HTLV-1, as well as bacterial 
infections such as tuberculosis may cause the absolute CD4+ T-cell 
count to decrease(55). In addition, the lymphoid tissue fibrosis and 
liver fibrosis contributes to CD4+ T-cell depletion(56-58), and a low 
CD4+ T-cell count was associated with advanced and major liver 
disease histological index(59). In this sense, our reports showed that 
patients HCV coinfected and with Fibrosis F3 had a higher median 
nadir T CD4 + when compared to individuals HCV coinfected 
with Fibrosis F4. However, due to the low amount individuals, we 
cannot position ourselves on this finding.

Our study presents some limitations. First, convenience sam-
pling for HIV-1 subtyping among HIV-coinfected patients was 
the main limitation of  our study. A more systematic sampling, 
spanning all coinfected patients, would certainly provide a more 
accurate picture for the diversity of HIV-1 in our region. Secondly, 
because of a few patients with HCV-3, the power of the study may 
be insufficient to compare HCV-1 and 3 in HIV-infected patients 
who may be masked by potential confounding factors and to allow 
for more precise conclusions. Thirdly, information on epidemiology 
was collected from questionnaires administered during individual 
interviews, all of which may not have been completed with the same 
level of detail, potentially generating biases.

CONCLUSION

HCV-1 was the most prevalent among HIV-HCV-coinfected 
patients, followed by HCV-3, as well as subtype B of HIV-1 among 
HIV-coinfected patients. Significantly lower values for nadir CD4+ 
T-cell counts in the HIV-HCV group were found when compared 
to those with HIV-HBV. There was no statistically significant as-
sociation between nadir CD4+ T-cell counts and HIV viral load 
among HCV-1 and HCV-3 among HIV-infected patients. Prospec-
tive studies should be conducted to better understand the effect of 
HCV genotypes in HIV-infected patients.
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INTRODUCTION

Crohn’s disease (CD) is an idiopathic chronic inflammatory 
disorder of  the gastrointestinal tract with a relapsing-remitting 
course(1). Although its etiology is not completely known, it is believed 
that a combination of environmental factors, intestinal microbiota 
modifications, and dysfunction of the mucosal immune system are 
involved in its development in genetically susceptible individuals(1). 
Over the past 50 years, the incidence of CD and its prevalence rates 
have been increasing in countries that have adapted a ‘‘westernized’’ 
lifestyle(2,3). It is speculated that this phenomenon can be explained, 
at least in part, by the impact of modifications in dietary habits 
and sedentary lifestyle on the composition of the gut microbiota(4).

Physical activity has been associated with the pathogenesis of 
CD(3). The benefits of physical activity to patients with CD may 
be due to modulation of immune function, with suppression of 
pro-inflammatory factors and an increase of  anti-inflammatory 
mechanisms(5). These benefits are associated with clinical improve-
ment, as demonstrated by Jones et al., in a prospective study, in 
which level inflammatory bowel disease (IBD) patients in remission 
with high exercise levels presented a lower risk of flare up, compared 
to patients with lower exercise levels(6). Moreover, regular exercise 
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has other positive impacts such as improvement of nutritional and 
mood status, improvement of  body composition and reduction 
of bone mineral loss, reduction of fatigue levels, and increase of 
quality of life (QoL)(7).

Diarrhea, abdominal pain, anorexia, and weight loss are the 
main symptoms of CD, and altogether, they result in malnutrition, 
fatigue, sarcopenia, osteopenia, and osteoporosis(8,9), and a higher 
risk of fractures(10,11). The patients with patients encounter difficul-
ties in exercising and frequently present a sedentary lifestyle, which 
may impair the control of the disease, inducing a vicious cycle(3,7).

The use of anti-tumor necrosis factor-alpha (TNF-α) agents, 
such as infliximab, has markedly changed the treatment of the pa-
tients with CD. It has been demonstrated that they not only elicit 
and maintain remission of the disease, but also reverse some of its 
deleterious consequences, including muscle wasting and sarcopenia 
that arise from chronic inflammation(12). We hypothesized that the 
patients with CD on infliximab-induced remission have similar levels 
of exercise capacity and physical activity in daily life as the healthy 
controls. We conducted this study to assess physical activity in daily 
life, exercise capacity, QoL and mood disorders in outpatients with 
infliximab-induced remission of moderate-to-severe CD. We also 
investigated variables associated with physical activity in daily life.

AG-2019-81
dx.doi.org/10.1590/S0004-2803.201900000-65
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METHODS

Study design
This cross-sectional preliminary study was conducted between 

December 2014 and November 2016 at the University Hospital of 
the Federal University of Juiz de Fora, Brazil.

Participants
Volunteers were recruited from patients of the Inflammatory 

Bowel Disease Outpatients Clinic (CD group) and the General Gas-
troenterology Outpatients Clinic (control group) of the hospital. 
In both cases, patients who presented at the clinics for scheduled 
medical appointments were assessed regarding study eligibility 
and invited to participate. We recruited control group subjects 
with functional dyspepsia since these are comparators of the same 
socioeconomic status as users of a University Hospital.

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of  the 
institutional and/or national research committee and with the 1964 
Helsinki declaration and its later amendments, or comparable ethi-
cal standards. The Ethics Review Board of the institution approved 
the study under nº 95.125and informed consent was obtained from 
all individual participants in the study.

The patients with CD were included if they were 18 years of age 
or older and presented moderate-to-severe disease in infliximab-
induced clinical remission over for at least six months. The diagnosis 
of  CD was based on clinical, radiologic, endoscopic, and histo-
pathological criteria(13), and its severity was defined based on the 
CD activity index score and symptomology, according to European 
Crohn’s and Colitis Organization guidelines on the diagnosis and 
management of CD(13). Clinical remission was defined by a Harvey-
Bradshaw Index (HBI) of  less than 5(14). The control group was 
recruited from asymptomatic patients with diagnosis of functional 
dyspepsia, defined by the ROME IV diagnostic criteria(15).

We excluded patients who have presented active CD (HBI ≥5) 
during the last six months despite infliximab therapy, those who 
had mild CD, those who had articular, neurologic or neuromuscular 
disease, short-bowel syndrome; and those with a stoma. In both 
groups, we excluded participants who had severe comorbidities, 
such as cardiopulmonary disease, hepatic disease, end-stage renal 
disease and active malignancy (except cutaneous), and obesity 
grade II. Pregnant or nursing women, and those who wanted to 
become pregnant during the study were not selected.

Measurements and outcomes
After obtaining written informed consent, patients’ anthropo-

metric, medical and socio-demographic data were collected. We also 
obtained disease-associated variables, including duration of disease, 
location and phenotype of CD according to the Montreal classifica-
tion, and activity of the disease measured according to the HBI(16).

Physical activity in daily life
Physical activity in daily life was monitored by a DynaPort 

activity monitor (McRoberts BV, The Hague, Netherlands), a tri 
axial accelerometer that measures the time spent in different activi-
ties and positions (standing, walking, lying down and sitting), and 
the number of  steps taken. Patients were instructed to place the 
accelerometer at the waistline and to wear it during the waking 
periods (12-hour periods) of  four consecutive days, including one 
day of  the weekend, except during showers and water activities. 

Patients were instructed to maintain normal activity behavior 
while using the device(17).

The modified Baecke questionnaire, validated for the Brazilian 
population, was applied to measure self-reported physical activity. 
It includes questions about household activities, sports, and leisure 
time during the last 12 months, as previously described(18). The 
sum of the results of  the three separated domains yields a final 
score that classifies the patients into: sedentary (<9); active (9–16) 
or athletic (>16).

Exercise capacity
Exercise capacity was evaluated by the shuttle walking test 

(SWT)(19). In SWT the patient is instructed to walk up and down a 
10 m course separated by cones. An audio sign dictates the speed 
of which the patient is supposed to walk. Every minute the walking 
speed increased by a small increment. The test was stopped when 
the patient was unable to maintain the required speed or showed 
any symptoms. The total distance indicated the exercise capacity. 
Vital signs, such as heart rate, blood pressure, and peripheral oxygen 
saturation were recorded. The modified Borg scale score for evalua-
tion of dyspnea and fatigue was measured before and after SWT(20).

Peripheral muscle strength
Handgrip strength (HS) is a simple and objective test that 

evaluates the function of skeletal muscle. HS was performed with 
a hydraulic dynamometer (SAEHAN, Korea), according to Ameri-
can Society of Hand Therapists recommendations(21). Three values 
were obtained with the dominant hand, and the highest value was 
compared to the normality table based on sex and age(22).

Quality of life
The QoL was assessed both by the Short Form 36 Healthy 

Survey (SF-36) and the Inflammatory Bowel Disease Question-
naire (IBDQ), which were previously translated and validated in 
Brazil(23,24). SF-36 is comprised of 36 questions that gather data on: 
physical health, such as physical functioning, role-physical, bodily 
pain, and general health; and components related to mental health, 
specifically, vitality, social functioning, role-emotional and mental 
health in general. The answers to these questions in each domain are 
assigned a numerical score, which is coded and classified on a scale 
from 0 to 100, with 100 being the highest QoL(23). IBDQ is a specifi-
cally designed questionnaire that evaluates the QoLof patients with 
IBD. It is made up of 32 questions that evaluates different aspects 
of health quality gathered into four domains: intestinal symptoms, 
systemic symptoms, social and emotional functions. The score is 
based on the Likert scale that ranges from 1 to 7, with 1 being the 
worst state and 7 the best QoL. All the domains are grouped and 
summed up giving the global score(24).

Anxiety and depression
Anxiety and depression levels were assessed using the Hospital 

Anxiety and Depression Scale (HADS), validated for the Brazil-
ian population(25). It screens for clinically significant anxiety and 
depressive symptoms in medically ill patients. HADS is composed 
of 14 items, equally divided into anxiety and depression-related 
questions. Each item is rated on a 4-point scale, ranging from 0 
(no impairment) to 3 (highest impairment). Anxiety and depression 
scores are considered as the sum of the respective items, ranging 
from 0 to 21. According to the validated translations of HADS, 
the cutoff  value for depressive or anxiety symptoms is 8.
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Statistical analysis
Statistical analysis was performed using SPSS 20.0 (SPSS, Chi-

cago, IL, USA). Initially, normal distribution was validated using a 
Kolmogorov-Smirnov test. Data were expressed as mean ± standard 
deviation or median (interquartile range) for symmetrically and 
asymmetrically distributed data, respectively. Comparisons of 
frequencies were done by using the χ-squared statistic with Yates’ 
correction. Mean values between two groups were compared using 
an unpaired Student’s t-test or Mann-Whitney U test, for normally 
and non-normally distributed variables, respectively. Pearson or 
Spearman correlation coefficients, were used to analyze the re-
lationship between the number of  steps/day and other variables 
of interest. The level of statistical significance was set at P<0.05.

RESULTS

Of the 45 patients screened in the CD group, 26 were included. 
In the control group, of  40 patients screened, 20 were included 
(FIGURE 1). Both groups had similar characteristics, except for 
a lower body mass index in the CD group (TABLE 1).

The most common location of resection was ileocolic (53.8%) 
and most patients with CD did not have a history of intestinal resec-
tion (73.1%). Perineal disease was observed in only 5 (19%) patients. 

FIGURE 2 shows the time spent per day in different activi-
ties for both groups. The patients with CD spent more time lying 
down than the control subjects [116.3±107.3 vs 63.7±55.7 min; the 
median values and quartiles were as follows: 95.8 (68.8) vs 60.9 
(74.7); P=0.046 and P=0.010, respectively]. 

There were no significant differences between the groups re-
garding the time spent walking, standing, or sitting. In addition, 
the number of steps/day values were similar between the groups 
(CD group vs control group 7446±3081 vs 7898±2487; P=0.63).

The self-reported physical activity was measured by the modi-
fied Baecke questionnaire and did not differ between the groups 
of CD and controls with respect to all domains and the total score 
[7.24 (4.62) vs 7.13 (4.37), respectively; P=0.19]. 

There was no difference in the distance walked in the SWT be-
tween the groups [median values and quartiles: CD group vs control 
group 665 (405) vs 710 (409) m; P=0.77]. The HS test results were 
similar between the groups CD and controls [median values and 
quartiles: 31 (15) vs 29 (20) kgf; 79.6±17.9 vs 79±24% pred of kgf, 
respectively; P=0.54 compared to absolute values and P=0.90 to 
predicted values of normality]. Data are presented in median and 
on average according to the distribution of the variables.

26 patients included

11 did not consent to 
participate

8 excluded because 
presented active CD 

despite therapy
20 controls included

20 did not consent to 
participate

40 controls subjects45 CD patients

FIGURE 1. Flow diagram of participants in the study.

TABLE 1. Demographic and clinical characteristics of Crohn’s disease 
(CD) patients and controls.

CD (n=26) Control 
(n=20) P values

Gender
   Female 14 (53.8) 12 (60.0)

0.68
   Male 12 (46.2) 8 (40.0)

Race
   Caucasian 25 (96.2) 17 (85.0)

0.19
   Non-white 1 (3.8) 3 (15.0)

Age (years) 40.4 ± 12.7 38.6 ± 14.3 0.66
Body mass index (kg/m²) 23.5 ± 2.8 27.6 ± 4.9 0.001
Smokers (n, %) 8 (30.7) 4 (20) 0.19
Formal work (n, %) 12 (46.1) 11 (55.0) 0.56
HBI 1 (4.0) – –

IBDQ domains
   Intestinal symptom 64.0 (44.0) – –
   Systemic symptom 29.5 (20.0) – –
   Social function 33.0 (22.0) – –
   Emotional function 70.0 (39.0) – –
   Total 198.5 (113.0) – –

Phenotype of CD
   B1 (n, %) 11 (42.3) – –
   B2 (n, %) 7 (26.9) – –
   B3 (n, %) 8 (30.7) – –

Disease location
   L1 (n, %) 6 (23.1) – –
   L2 (n, %) 4 (15.4) – –
   L3 (n, %) 14 (53.8) – –
   L4 (n, %) 2 (7.7) – –
   Disease duration (years) 4 (21.5) – –

Perianal disease (n, %) 5 (19.2) – –
Previous intestinal resection 
(n, %) 7 (26.9) – –

Data expressed as absolute and relative values and mean ± SD or median (interquartile range) 
for symmetrically and asymmetrically distributed data, respectively.
HBI: Harvey-Brashaw index; L1: ileal; L2: colonic; L3: ileocolonic; L4: isolated upper digestive; 
B1: non-stricturing, non-penetrating; B2: stricturing; B3: penetrating; IBDQ: inflammatory 
bowel disease questionnaire.

FIGURE 2. Comparison of time spent per day in different positions and 
functional activities in Crohn’s disease (CD) and control groups. *CD patients 
spent more time lying down compared with control subjects (P=0.04).
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The control patients showed lower SF-36 scores in the pain, 
vitality, social aspects, and mental health domains compared to 
the patients with CD (P<0.05). There were no significant differ-
ences regarding anxiety and depression scores measured by HADS 
(TABLE 2).

with CD might be the effects of the anti-TNF-αtherapy on factors 
of the disease that could impact exercise capacity. High levels of 
TNF-α have been associated with muscular cell death, sarcopenia, 
and cachexia in the patients with CD(12). In contrast, anti-TNF-α 
therapy with infliximab has been shown to reverse some of these 
dysfunctions, with improved nutritional status(29) and reversion 
of inflammatory sarcopenia(2). In accordance with these studies, 
our patients, who were in remission, presented normal nutritional 
status, based on their body mass index; and normal peripheral 
muscle strength, based on their HF results. Moreover, their exercise 
capacity was similar to the control group, as observed in SWT; 
and therefore, was not a limitation to physical activity among the 
patients with CD in remission.

Anti-TNF-α therapy also can have a positive effect on QoL in 
patients with CD. It is well known that QoL in patients with IBD, a 
majority of which have CD, is impaired, but this was not observed in 
our current study. However, randomized clinical trials have shown 
that treatment with biological therapy can significantly improve the 
QoL of patients only after a few months of treatment and lasting 
for a long period of time(30-34). For instance, Feagan et al.(30). found 
that baseline scores for a pooled patient population (335 patients) 
indicated substantial impairment in QoL and after a short period 
of infliximab therapy, there was significant improvement in IBDQ 
and SF-36 scores. The authors also showed that scores higher 
than 170 points in IBDQ corresponded to symptomatic remission 
of CD. The findings of the current study are in accordance with 
these findings, since patients with CD showed higher scores in some 
domains of the SF-36 questionnaire compared to the control group. 
We hypothesized that the occurrence of lower QoL in the control 
group could be explained by the visceral hypersensitivity present 
in functional dyspepsia patients(35). This control group most likely 
became more responsive to symptoms than patients with CD that 
recently to achieved remission.

From a clinical point-of-view, patients with CD should be 
motivated to increase their level of physical activity in daily life. 
Even though most patients with CD in this study were classified 
as somewhat active based on steps/day, 53.8% of  these patients 
did not reach the minimum 7500 steps/day to be characterized as 
active. It is noteworthy that exercise programs for IBD patients 
are well tolerated with decreases of disease activity, and functional 
gains leading to an increased QoL and improved mood(35). Regular 
physical activity also improves body composition and decreases 
fatigue in these patients(35). Furthermore, several epidemiological 
studies have linked physical activity during the pre-illness period 
with reduced risk of IBD onset(36-41), and during the illness phase as 
a possible preventive factor for CD flare ups(36). It is conceivable that 
regular moderate aerobic and/or resistance exercises may improve 
the health status of patients with IBD both by modulating immune 
function and by improving physical function(35).

There are a few limitations that should be taken into considera-
tion to adequately qualify our results. Firstly, we did not evaluate 
the direct effect of infliximab therapy on physical activity in daily 
life and exercise capacity since a cross-sectional study design was 
used. Longitudinal studies are required to draw better conclu-
sions on this issue. Secondly, we conducted a single center study 
with a small sample size, which does not allow for the findings to 
be generalized for all patients with CD. Thirdly, the selection of 
patients with functional dyspepsia for the control group could have 
impacted some points of the analysis since they are not a completely 
healthy population.

TABLE 2. Quality of life and psychological scores in Crohn’s disease 
patients (CD) and controls.

CD Group 
(n=26)

Control Group 
(n=20) P values

SF-36 domains

   Functional capacity 95 (50.0) 95 (85.0) 0.82

   Physical aspects 100 (100.0) 100 (100.0) 0.30

   Pain 78 (80.0) 46 (100.0) 0.003

   General health status 67 (70.0) 58.5 (52.0) 0.32

   Vitality 70 (80.0) 60 (70.0) 0.03

   Social aspects 93.7 (75.0) 56.2 (100.0) 0.03

   Emotional aspects 100 (100.0) 100 (100.0) 0.23

   Mental health 76 (68.0) 68 (80.0) 0.04

HADS

   Anxiety 6 (14.0) 7 (17.0) 0.07

   Depression 3 (9.0) 5 (15.0) 0.09

Data are expressed as median (interquartile range). 
SF-36,:Short Form 36 Healthy Survey; HADS: Hospital Anxiety and Depression Scale.

No correlation was observed between the level of physical activ-
ity and the IBDQ QoL (r=-0.25; P=0.21), anxiety scores (r=0.24; 
P=0.23), or depression scores of the HADS (r=-0.48 P=0.21).

DISCUSSION

This study evaluated the physical activity in daily life, exercise 
capacity, QoL and mood disorders in patients with CD during 
infliximab-induced remission compared to control subjects. We 
found that patients with CD present the same level of physical ac-
tivity in daily life and exercise capacity when compared to controls, 
but higher scores in the pain, vitality, social aspects and mental 
health domains of the SF-36 questionnaire.

An explanation for the same level of physical activity in daily 
life shown by the patients with CD as the controls is that they were 
evaluated during the quiescent phase of the disease, in which the 
symptoms that could lead to a sedentary lifestyle, such as fatigue, 
muscular and joint pain, and fecal incontinence, are usually ab-
sent(26).

Studies objectively evaluating the level of physical activity in 
patients with CD are still scarce. Only one of  them used an ac-
celerometer in the evaluation of physical activity and showed that 
patients with CD have sub-optimal physical activity compared 
to a healthy control group(27). However, this was a cross-sectional 
study with a small sample size, with many patients not in clinical 
or infliximab-induced remission.

A recent article from our group showed muscle functional im-
pairment and poorer quality of life in patients with CD compared 
to healthy controls(28). However, the control group consisted of 
healthy volunteers and the CD group was formed by patients in the 
active phase of the disease, different from the present study. Another 
explanation for the physical activity in daily life among the patients 



Cabalzar AL, Azevedo FM, Lucca FA, Reboredo MM, Malaguti C, Chebli JMF. 
Physical activity in daily life, exercise capacity and quality of life in patients with Crohn’s disease on infliximab-induced remission: a preliminary study

 Arq Gastroenterol • 2019. v. 56 nº 4 out/dez • 355

CONCLUSION

Patients with moderate-severe CD on infliximab-induced clini-
cal remission have the same level of physical activity in daily life, 
and exercise capacity compared to controls subjects, although they 
spend more time resting. QoL was impaired in domains of pain, 
vitality, social aspects and mental health in the control patients 
with functional dyspepsia, probably due to the visceral hypersen-
sitivity of these subjects. However, because asymptomatic patients 
with quiescent CD have a similar low level of physical activity and 
more time lying down, it is important for strategies that promote 
physical activity be a component of regular care for the patients 
with CD, so that patients may obtain optimal health benefits from 
exercise. Nonetheless, the real long-term effect of  infliximab on 
physical activity in daily life is not known and further longitudinal 
studies are needed.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is found in 73% 
to 90% of individuals with obesity(1). NAFLD comprises a broad 
spectrum of  diseases, such as simple steatosis, steatohepatitis 
and cirrhosis, which can progress to hepatocellular carcinoma(2). 
NAFLD is defined as the deposition of lipids in the hepatic pa-
renchyma exceeding 5% of  liver weight in the absence of  viral, 
alcoholic or metabolic etiologies. Several classes of  lipids can 
accumulate in the liver, but triglycerides are the most frequently 
found in fatty infiltration(3).

NAFLD is the most common form of  chronic liver disease 
in several countries(4). In industrialized nations, the prevalence 
of NAFLD determined by ultrasonography ranges from 20% to 
40%(5). The male sex, aging, systemic arterial hypertension and type 
II diabetes mellitus are associated factors; moreover, diet and life-
style play a fundamental role in the pathogenesis of this disease(6).

Besides the hepatic complications arising from NAFLD, in 2014, 
the Korean Sarcopenic Obesity Study published, for the first time, 
the possible relation between the loss of muscle mass, also known as 
sarcopenia, and the increasing prevalence of NAFLD unrelated to 
obesity and metabolic syndrome(7). Defined by The European Work-
ing Group on Sarcopenia in Older People, sarcopenia is a syndrome 
characterized by the progressive, widespread loss of skeletal muscle 
tissue and strength, increasing the risk of adverse outcomes, such as 
physical disability, poor quality of life and even death(8).

Sarcopenia and severity of non-alcoholic  
fatty liver disease
Josilda Ferreira CRUZ1, Yasmim Anayr Costa FERRARI1, Carla Perez MACHADO2,  
Nathalia Nascimento SANTANA1, Allan Victor Hora MOTA1 and Sonia Oliveira LIMA1

Received 11/6/2019
Accepted 14/8/2019
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The term sarcopenic obesity was first defined by Baumgartner 
in the year 2000 and regards the co-presence of obesity and sar-
copenia. The complex interaction of common pathophysiological 
mechanisms, such as increased proinflammatory cytokines, oxida-
tive stress, insulin resistance and hormonal changes, mark the close 
relation between these two conditions(9). To elucidate the metabolic 
axis among the liver, adipose tissue and muscle, studies have shown 
that myostatin, which is a member of the TGF-beta protein super-
family, is a muscle growth limiting factor and blocking this protein 
results in an increase in muscle mass as well as protection against 
hepatic steatosis and insulin resistance(10).

The myostatin receptor activin IIBR was found in hepatic 
stellate cells, which synthesize collagen in the presence of chronic 
inflammation, promoting hepatic fibrosis. This raised questions 
in the scientific community as to whether fat in the liver promotes 
the activation of myostatin, resulting in the loss of muscle tissue, 
or whether sarcopenia, through the action of myostatin, promotes 
the fibrogenic effect of hepatic stellate cells(7,10).

Therefore, the aim of the present study was to determine the 
association between sarcopenia and the severity of non-alcoholic 
hepatic steatosis diagnosed by abdominal ultrasonography. 

METHODS

A clinical, cross-sectional study was conducted using data 
collected from November 2018 to January 2019 at an ultrasound 
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service in the city of  Aracaju, Brazil, after receiving approval 
by the local Ethics Committee (certificate number: 2.996.430). 
The study population was a convenience sample of patients who 
sought the ultrasound service either spontaneously or by medical 
indication and signed a statement of informed consent. Abdominal 
ultrasonography was performed using a good imaging resolution 
apparatus with a dynamic, convex transducer (with continuous, 
automatic image formation) operating at 3.75 MHz. 

Male and female adults (age range: 18 to 70 years) evaluated 
by the same physician were included in the study. The exclusion 
criteria were alcohol consumption ≥140 g/week for men and ≥70 
g/week for women, malignant liver tumor, previous liver disease, 
manifestations of a stroke and physical or cognitive impairment.

The preparation for abdominal ultrasonography was fasting 
for at least six hours and the use of an anti-gas agent. The hepatic 
parenchyma was analyzed and hepatic steatosis was classified as 
follows: Grade 0 – normal echogenicity; Grade 1– mild steatosis, 
with visualization of fine echoes in the hepatic parenchyma, nor-
mal visualization of diaphragm and intrahepatic vessels; Grade 2 
– moderate steatosis, with diffuse increase in fine echoes, impaired 
visualization of  intrahepatic vessels and diaphragm; Grade 3 – 
accentuated steatosis, with considerable increase in fine echoes, 
impaired visualization or absence of intrahepatic vessels(11).

After the ultrasound procedure, the patients were submit-
ted to strength evaluations at the same service by a specialized 
physiotherapist. The body mass index (BMI) was calculated from 
weight and height. Knee extensor and elbow flexor strength tests 
were performed with the dominant limb. A LAFAYETTE manual 
dynamometer was used to record maximum strength, providing 
reliable, accurate, stable muscle strength readings. After a trial run 
to become familiarized with the procedure, three trials of each test 
were performed with maximum effort with a one-minute interval 
between readings. The mean of the three readings was recorded 
in Newtons. The tests were performed with the patient sitting in a 
chair with adjustable straight back: knee extension strength – meas-
urement of force applied to the ankle with the leg not supported 
and the knee bent at 90º; elbow flexion strength – measurement of 
force applied to the anterior region of the forearm with the arm 
extended at 180º.

The sarcopenic index were calculated by the ratio of the forces 
of the elbow flexors and knee extensors by the BMI. 

After correction for sex and age, the data were analyzed using 
SPSS version 22.0. ANCOVA was used to test the association be-
tween the sarcopenic index and non-alcoholic hepatic steatosis. The 
Bonferroni post-test was used to compare each grade separately and 
a P-value <0.05 was considered indicative of statistical significance.

RESULTS

One hundred six patients were recruited and four were excluded. 
Thus, the final sample was composed of 102 patients (mean age: 
45.3±13.1 years; range: 21 to 70 years). The female sex accounted 
for the majority of the sample (n=65; 63.7%). Regarding the degree 
of fatty infiltration, 43 were classified with Grade 0 (42.1%) and 
only five were classified with Grade 3 (4.9%) (TABLE 1).

Mean BMI was 28.7±5.1 kg/m2 (range: 17.7 to 40.8 kg/m2). 
Mean waist circumference was 92.7±14.9 cm (range: 46 to 127 cm). 
Regarding the biochemical variables, mean blood sugar concentra-
tion was 103.1±61.8 mg/dL (range: 61 to 474 mg/dL); mean HDL 
was 57.5±31.2 mg/dL (range: 25 to 219 mg/dL); mean triglyceride 

concentration was 146.0±74.1 mg/dL (range: 34 to 369 mg/dL); 
mean total cholesterol was 209.3±48.5 (range: 123 to 301); and 
mean LDL was 127.5±43.8 (range: 50 to 216). Mean elbow flexor 
strength was 68.6±16.3 (range: 35.3 to 115) and mean knee extensor 
strength was 98.7±28.9 (range: 34 to 156) (TABLE 2).

TABLE 1. Socio-demographic and clinical data of patients submitted 
to abdominal ultrasonography and muscle strength evaluations between 
November 2018 and January 2019 in Aracaju, Brazil. 

Variables / 
categories Mean SD Minimum Maximum

Age 45.3 13.1 21 70

Absolute 
frequency Percentage

Sex

   Male 37 36.2

   Female 65 63.7

Grade of steatosis

   0 43 42.1

   1 25 24.5

   2 29 28.4

   3 5 4.9

SD: standard deviation.

TABLE 2. Anthropometric and biochemical characteristics of patients 
submitted to abdominal ultrasonography and muscle strength evaluations 
between November 2018 and January 2019 in Aracaju, Brazil.

Variable Mean SD Minimum Maximum

Waist circumference 
(cm) 92.7 14.9 46.0 127.0

BMI 28.7 5.1 17.7 40.8

Blood sugar (mg/dL) 103.1 61.8 61.0 474.0

HDL (mg/dL) 57.5 31.2 25.0 219.0

TG (mg/dL) 146.0 74.1 34.0 369.0

Total cholesterol 209.3 48.5 123.0 301.0

LDL 127.2 43.8 50.0 216.0

Elbow flexor  
strength 68.6 16.3 35.3 115

Knee extensor 
strength 98.7 28.9 34 156.2

SD: standard deviation; BMI: body mass index; HDL: high density lipoprotein; TG: high 
triglyceride; LDL: Low-density lipoprotein.

TABLES 3 and 4 show the sarcopenic index of the upper and 
lower limbs according to sex and degree of non-alcoholic hepatic 
steatosis evaluated by abdominal ultrasonography. The association 
between the sarcopenic index and non-alcoholic fatty liver disease 
was statistically significant for the upper and lower limbs after cor-
recting for sex and age (P=0.009 and P=0.006, respectively), with 
the statistically significant post-test results (P=0.028 and P=0.013, 
respectively) (TABLE 5).
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has restrictions in terms of space and body size(14,15). Thus, there 
has been increasing support for dynamometry due to the greater 
accessibility related to its low cost, availability and ease of use(16,17). 
The Lafayette manual muscle testing dynamometer, which was used 
in the present study, is a handheld ergonomic device used for the 
objective quantification of muscle strength and is considered an 
accessible alternative for the clinical setting(18,19).

Liver biopsy is considered the gold standard for the diagno-
sis of  NAFLD. However, due to its invasive nature and risk of 
complications, it should not be performed as screening tool for 
the population. In contrast, ultrasound is the most frequently in-
dicated for the diagnosis and evaluation of non-alcoholic hepatic 
steatosis due to the fact that it is a non-invasive, low-cost modality 
that is widely available(20). A bright liver image, which is due to the 
hyperechogenicity of hepatic parenchyma with thin and compact 
echoes on the ultrasound exam, is considered characteristic of 
hepatic steatosis. Studies have documented sensitivity of 83% to 
94% and specificity of 84% to 100% for this examination in rela-
tion to liver biopsy(21).

In the present study, non-alcoholic hepatic steatosis was signifi-
cantly associated with the sarcopenic index of the upper and lower 
limbs. The results of the Korean Sarcopenic Obesity Study, which 
was the first work to demonstrate the association between NAFLD 
and sarcopenia, also showed a significant increase in hepatic fatty 
infiltration when sarcopenia was found in obese and non-obese 
patients. In a cohort study of 124 young adults, Hong et al. (2014) 
demonstrated a greater possibility of developing NAFLD in indi-
viduals with lower muscle mass and sarcopenia was related to an 
increased risk of advanced liver fibrosis(7). Guichelaar and Charlton 
(2014) report that physiological changes that result in NAFLD are 
capable of simultaneously generating sarcopenia(22). The complex 
interaction of common pathophysiological mechanisms, such as 
the increase of proinflammatory cytokines, oxidative stress, insulin 
resistance and hormonal changes, mark the close relation between 
these two conditions(23).

In the present study, a statistically significant association was 
found between higher grades of steatosis and sarcopenia, as evi-
denced by the lower sarcopenic indexes of  the upper and lower 
limbs. Lee et al. (2016) found a weak association between simple 
steatosis, which has a good long-term prognosis, and the loss of 
muscle mass. However, the small proportion of these individuals 
who progressed to necroinflammatory manifestations and signifi-
cant fibrosis had true sarcopenia(12). Physiological changes result in 
the progression of NAFLD, with production of interleukin 6 and 
TNF-alpha. These cytokines are responsible for greater proteolysis 
and consequent muscle degradation, with the release of myostatin, 
which, in a vicious cycle, contributes to the greater progression of 
hepatic steatosis and the formation of fibrosis(7,10).

A limitation of the present study was the use of ultrasound as 
the only method for diagnosing NAFLD. However, it is a noninva-
sive method that, according to criteria established in the pertinent 
literature, enables diagnosing and scoring hepatic fatty infiltration.

CONCLUSION

In the present study, an association was found between the sar-
copenic index and non-alcoholic hepatic steatosis, with an inversely 
proportional relation between this index and the severity of fatty 
infiltration. This finding offers further evidence of the metabolic 
interaction of the liver, adipose tissue and muscle. 

TABLE 3. Upper limb sarcopenic index X grade of non-alcoholic he-
patic steatosis diagnosed by abdominal ultrasonography in male and 
female patients evaluated between November 2018 and January 2019 
in Aracaju, Brazil.

Sex Grade Mean SD

Male

0 3.08 0.82

1 2.70 0.55

2 2.59 0.62

3 2.12 0.25

Female

0 2.48 0.59

1 3.12 0.80

2 2.20 0.60

3 1.67 0.46
SD: standard deviation.

TABLE 4. Lower limb sarcopenic index X grade of non-alcoholic 
hepatic steatosis diagnosed by abdominal ultrasonography in male and 
female patients evaluated between November 2018 and January 2019 in 
Aracaju, Brazil.

Sex Grade Mean SD

Male

0 4.46 1.39

1 3.93 1.05

2 4.01 0.91

3 2.29 0.63

Female

0 3.74 1.09

1 3.06 1.44

2 2.90 1.10

3 2.30 0.77
SD: standard deviation.

TABLE 5. Association between sarcopenic index and non-alcoholic hepatic 
steatosis diagnosed by abdominal ultrasonography in patients evaluated 
between November 2018 and January 2019 in Aracaju, Brazil. 

Upper limbs Lower limbs

P=0.009 P=0.006

Hepatic Post-test

Steatosis P=0.028 P=0.013

DISCUSSION

According to Lee et al. (2016), NAFLD is one of  the main 
conditions affecting the liver and is the most common of type of 
liver disease in the United States(12) Yu et al. (2018) demonstrated 
an increase in the prevalence of NAFLD related to the increase 
in sedentary lifestyle and obesity rates as well as the aging of the 
population. The convergence of  these factors results in the pro-
gressive loss of muscular mass and, consequently, sarcopenia(13).

The present study used muscle strength tests (dynamometry) 
to evaluate sarcopenia, although dual emission X-ray absorpti-
ometry (DXA) is the most widely used method for this evalua-
tion. Although DXA is an efficient technique for measuring body 
composition and muscle mass, it is not applicable to daily clinical 
practice, because it is expensive, involves ionizing radiation and 
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INTRODUCTION

Chronic Helicobacter pylori infection is causally related to 
benign and serious malignant upper gastrointestinal diseases, 
including peptic ulcer, gastric mucosa-associated lymphoid tissue 
lymphoma, and gastric cancer. Conversely, eradication of H. pylori 
is associated with ulcer healing, regression of mucosa-associated 
lymphoid tissue lymphoma, and decreased cancer risk(1). Chile has 
one of the highest rates of H. pylori infection in the world(2,3) and 
different studies have shown a prevalence of infection ranging from 
60% to 79%, according to socio-economic, educational and health 
conditions of the population studied(4). In addition, Merino et al.(5) 
suggested that in Chile exists an increased risk of infection by H. 
pylori during the first year of life (up to 23.9 %). Moreover, gastric 
adenocarcinoma and the high prevalence of H. pylori at younger 
ages are a major cause of cancer-related mortality(2).
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ABSTRACT – Background – Helicobacter pylori infection in Chile remains as a public and private health-care system’s challenge, with a prevalence of the 
infection over 70%. Nowadays, antibiotic treatment of the infection is mandatory to prevent the arising of severe associated diseases but failures in the 
eradication therapy mainly due to clarithromycin resistance has been observed worldwide and first line eradication therapy seems to be not effective 
anymore in several geographical areas. Thus, health-care systems are committed to maintain an epidemiological surveillance upon the evolution of 
the antibiotic resistance of this priority 2 pathogen. Objective – This work reports a 10 years surveillance of the primary antibiotic resistance of H. 
pylori clinical isolates at the Biobío region-Chile, and the evolution of resistance toward amoxicillin, clarithromycin, levofloxacin, metronidazole, and 
tetracycline among the species. Methods – H. pylori strains were investigated during the periods 2005-2007 (1435 patients analysed) and 2015-2017 
(220 patients analysed) by inoculating a saline homogenate biopsy onto the surface of Columbia agar (Oxoid, Basingstoke, UK) – supplemented with 
7% horse red blood cells plus DENT inhibitor (Oxoid, Basingstoke, UK) – following by incubation at 37ºC under 10% CO2 atmosphere for five days. 
Antibiotic resistance pattern of the isolates was assessed using the disk diffusion test in Müeller-Hinton agar supplemented with 7% horse red blood 
cells followed by incubation for further three days under 10% CO2 atmosphere. Statistical analysis was done using the SPSS v22 software and P values 
<0.05 were considered statistically significant. Results – A total of 41% of 1435 patients were detected to be infected with H. pylori by bacteriological 
culture in 2005-2007 period, meanwhile 32.7% from 220 patients were also infected in 2015-2017 period. The clinical isolates of H. pylori are mostly 
susceptible to amoxicillin and tetracycline (both over 98% of strains), but less susceptible to levofloxacin in both periods analysed (over 79% of the 
strains). On the other hand, metronidazole continuous showing the highest score of resistant isolates (over 40% of resistant strains), although an 18% 
fewer resistant strains were observed in 2015-2017 period. Clarithromycin, the key antibiotic in eradication therapies, has an increased frequency of 
resistant strain isolated in the decade (22.5% in 2005-2007 and 29.2% in 2015-2017). Multidrug resistant strains (two, three and four antibiotics) were 
also detected in both periods with the highest scores for simultaneous resistance to clarithromycin-metronidazole (18%) and clarithromycin-metroni-
dazole-levofloxacin (12.5%) resistant strains. According to gender, the isolates resistant to amoxicillin, clarithromycin and metronidazole were more 
frequent in female, with a specific increment in amoxicillin and clarithromycin resistance. Conclusion – The frequency of clarithromycin resistance 
(29.2%) detected in 2015-2017 suggests that conventional triple therapy is no longer effective in this region.

HEADINGS – Helicobacter pylori, drug effects. Helicobacter infections. Anti-bacterial agents. Bacterial drug resistance. Clarithromycin. Men. Women. Chile. 
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Successful treatment for H. pylori infection requires multidrug 
regimens, which are frequently based on clarithromycin as the 
central component, and the first-line therapy for eradicating this 
pathogen includes a widespread regime, which involves the ad-
ministration of a combination of a proton pump inhibitor (PPI) 
plus clarithromycin and metronidazole or amoxicillin(6). However, 
eradication rates vary with the level of antibiotic resistance preva-
lence in a particular geographical area and the use of  clarithro-
mycin without previous susceptibility testing is not recommended 
in populations with more than 15%–20% prevalence of resistant 
isolates(1). In addition, the Maastricht V Consensus recommended 
that susceptibility tests should be performed too in these areas at 
least after a treatment failure(7,8).

Special attention is conceited by clarithromycin-resistant iso-
lates of H. pylori – recognized by the World Health Organisation 
as a high priority species (priority 2) in clinical issues – for which 
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new antibiotics are needed(9). In Chile, Serrano et al.(10) pointed out 
the high prevalence of mutation A2143G in clinical isolates from 
paediatric patients as the main responsible of H. pylori clarithro-
mycin resistance and that it is concomitantly associated to failure 
in eradicating this infection. On the other hand, the last Florence 
Consensus Report (Maastricht V) also established that all individu-
als which have gastritis produced by H. pylori should be treated to 
avoid progression of associated diseases(7). Hence, the antibiotic 
resistance prevalence of H. pylori in geographical areas with high 
rate of infection and the antibiotic treatment scheme to be used are 
critical for the successful eradication therapy. Moreover, antibiotic 
resistance surveillance is also mandatory, especially for detecting 
clarithromycin resistance among clinical isolates. In this work we 
inform a 10 years evolution of the antibiotic primary resistance 
to amoxicillin, clarithromycin, metronidazole, tetracycline, and 
levofloxacin among clinical isolates of H. pylori at the Biobío-Chile 
geographic region. 

METHODS

Patients and inclusion criteria
Gastric biopsies from 1655 patients submitted to upper gas-

tric endoscopy (UGE) procedure in two periods – first period 
2005-2007 (1435 individuals) and second period 2015-2017 (220 
individuals) – were analysed for isolating H. pylori. The inclusion 
criteria were patients that did not receive previously an H. pylori 
eradication therapy and did not consume antibiotics or proton 
pump inhibitor in the previous month before the UGE procedure. 
For the antibiotic resistance study, only those patients whose 
biopsies were positive for H. pylori bacteriological culture were 
finally considered in the analyses.

Isolation and identification of H. pylori
Gastric biopsies samples (ca. 2 mm diameter) were processed 

at the laboratory of  Bacterial Pathogenicity, University of 
Concepcion-Chile. Briefly, each biopsy was grounded in 0.5 mL 
of  saline solution and spread onto the surface of  Columbia agar 
(Oxoid, Basingstoke, UK) supplemented with 7% horse red blood 
cells plus DENT inhibitor (Oxoid, Basingstoke, UK). Cultures 
were incubated at 37ºC during 72 h under microaerophilic condi-
tions (10% CO

2; Campygen – Oxoid, Basingstoke, UK). Negative 
cultures were further incubated for seven additional days prior 
to be considered negative for H. pylori presence. Bacterial iden-
tification was done by Gram stain followed by urease, catalase 
and oxidase tests(11).

Antibiotics
Amoxicillin, clarithromycin, levofloxacin, metronidazole and 

tetracycline were investigated. All antibiotics were obtained from 
Oxoid (Basingstoke, UK). The total number of  clinical isolates 
assayed per antibiotic during the period 2005-2007 were 299 
strains for amoxicillin, 333 strains for clarithromycin, 321 strains 
for levofloxacin, 364 strains for metronidazole, and 311 strains for 
tetracycline. In the second period, years 2015-2017, a total of 72 
clinical isolates were assayed per antibiotic.

Susceptibility test
The disk diffusion test was done according to Lang and 

García(12). Antibiotics disk concentration used and their breakpoint 
criteria for resistance per each antibiotic were as follow: amoxicillin 

(10 µg disk), diameter of inhibition zone ≤25 mm; clarithromycin 
(15 µg disk), diameter of inhibition zone ≤21 mm; tetracycline (30 µg 
disk), diameter of inhibition zone ≤25 mm. The breakpoint criteria 
for metronidazole (5 µg disk) was: resistant, diameter of inhibition 
zone <16 mm; intermediate, diameter of inhibition zone 16-21 mm, 
and susceptible, diameter of inhibition zone >21 mm(13,14). 

Because no criteria was established for levofloxacin in disk dif-
fusion test upon H. pylori until 2011, in the first period of analysis 
the criteria proposed for Gram-negative bacteria was used(15), with 
5 µg disk potency. The breakpoint criterium for resistance was, 
diameter of inhibition zone ≤12 mm(16).

Statistical analysis
The analyses of the data base were done using SPSS v22 soft-

ware. The categorical variables were represented by the frequency 
and percentage of  each one of  their classes. The chi square test 
was used to determine differences in percentages and the Mann-
Whitney U test was used to compare numerical variables. Level of 
significance used was 0.05.

RESULTS

Five hundred and seventy-five patients (40.1%) were positive 
for H. pylori infection in period 2005-2007, as determined by bac-
teriological culture, and 72 patients (32.7%) were positive in period 
2015-2017 (TABLE 1). This decrease of  infected patients in the 
second period of analysis was mostly due to a lower infection frac-
tion of the female group (56.7% to 52.8%), meanwhile the infected 
men fraction increased during the 10 years period considered in 
the analysis (43.3% to 47.2%). The age average of infection in the 
two periods (TABLE 1) was similar, and the minor differences (47 
and 50.6 years old) were not statistically significant (P=0.063). 
On the other hand, analyses by age among each gender (TABLE 
2) showed that female infection has a peak in the 41-50 years old 
group (45.2%) in 2005-2007, while men showed the peak in the 
group of 51–60 years old in the same period (46.9%). In contrast, 
during period 2015-2017 male group showed the highest score of 
infected individuals between age 21 and 40 years old (TABLE 2). 
Interestingly, during 2005-2007 both a 47.2% of male individuals 
under 20 years old and 50% of female individuals over 80 years 
old were also infected. 

TABLE 1. Demographic data of patients included in the analyses.

Data
Number of patients

2005-07 2015-17

Patients analyzed 1435 (100 %) 220 (100 %)

Age range (average) 11-89  
(47.0 years old)

14-88  
(50.6 years old)

Infected patients 575 (40.1 %) 72 (32.7 %)

Female infected fraction 326 (56.7 %) 38 (52.8 %)

Male infected fraction 249 (43.3 %) 34 (47.2 %)
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Amoxicillin resistant strains isolated in both periods were of 
low frequency (2% and 4.2%, respectively) (TABLE 3). A similar 
behaviour with tetracycline resistance was observed, because only 
1% and 1.4% of the strains showed to be resistant, respectively. On 
the other hand, a mild increase (6.7%) in the frequency of clarithro-
mycin resistant strains was observed, with frequencies of 22.5% and 
29.2% per period, respectively. Regarding levofloxacin, an increase 
(5.5%) of resistant strains isolated was detected, with a frequency 
of 15.3 and 20.8% per period. Unexpectedly, a significant decrease 
(18%, P=0.005) in the frequency for metronidazole resistant strains 
isolated (55.5% to 37.5%) was observed too.

The frequency of isolation of H. pylori resistant strains among 
genders also varied in both periods. Thus, among female an increase 
of 1.8% of amoxicillin resistant strains and 5.3% of clarithromycin 
resistant strains were observed meanwhile a decrease of 6.6% in the 
frequency of metronidazole resistant strains isolated was detected 
too. Levofloxacin resistant strains also showed a mild decrease in 
female (0.9%). On the other hand, among male both amoxicillin 
and clarithromycin resistant strains did not vary significantly their 
frequency of isolation during the two periods analysed. However, a 
significant increase of 6.4% of levofloxacin resistant strains isolated 
(P=0.020) and a significant decrease (P=0.019) of metronidazole 
resistant strains (11.4%) were observed among male group in 
2015-2017 period. Tetracycline resistant strains did not vary their 
frequency of isolation in the two periods studied, independently 
of the gender (TABLE 5).

TABLE 2. Percentage of individuals infected with Helicobacter pylori per age group according to gender.

Age group
Percentage of infected individuals among gender

Female + Male Female Male

Years old 2005-07 2015-17 2005-07 2015-17 2005-07 2015-17

11–20 40.7 (35/86) 0 (0/4) 36.0 (18/50) 0 (0/3) 47.2 (17/36) 0 (0/1)

21–30 36.4 (55/151) 40.0 (8/20) 32.5 (26/80) 25.0 (3/12) 40.8 (29/71) 62.5 (5/8)

31–40 39.7 (72/181) 44.1 (15/34) 37.9 (33/87) 26.7 (4/15) 41.5 (39/94) 57.9 (11/19)

41–50 43.3 (191/441) 28.6 (10/35) 45.2 (112/248) 25.0 (6/24) 40.9 (79/193) 36.4 (4/11)

51–60 42.4 (125/295) 40.8 (29/71) 39.6 (72/182) 39.6 (19/48) 46.9 (53/113) 43.5 (10/23)

61–70 35.2 (57/162) 19.0 (8/42) 40.0 (38/95) 15.4 (4/26) 28.4 (19/67) 25.0 (4/16)

71–80 30.7 (26/85) 7.7 (1/13) 35.5 (16/45) 12.5 (1/8) 25.0 (10/40) 0 (0/5)

81–90 41.2 (14/34) 100 (1/1) 50.0 (11/22) 100 (1/1) 25.0 (3/12) 0 (0)

Total 40.1 (575/1435) 32.7 (72/220) 40.3 (326/809) 27.7 (38/137) 39.7 (249/626) 40.9 (34/83)

TABLE 3. Susceptible and resistant strains to antibiotics used in the 
eradication therapy of Helicobacter pylori.

Antibiotic

Percentage of strains (number)

Susceptible Resistant

2005-07 2015-17 2005-7 2015-17

Amoxicillin 98.0 (293) 95.8 (69) 2 (6) 4.2 (3)

Clarithromycin 77.5 (258) 70.8 (51) 22.5 (75) 29.2 (21)

Levofloxacin 84.7 (272) 79.1 (57) 15.3 (49) 20.8 (15)

Metronidazole 44.5 (162) 62.5 (45) 55.5 (202) 37.5 (27)

Tetracycline 99.0 (377) 98.6 (71) 1.0 (4) 1.4 (1)

Simultaneous resistance to two antibiotics was observed among 
clinical isolates during the 2005-2007 period (TABLE 4), with 
increased prevalence of clarithromycin-metronidazole resistance 
(5.8%), levofloxacin-metronidazole (5.5%) and clarithromycin-
levofloxacin (9.2%) for the 2015-2017 period. Moreover, in this 
period three and four antibiotic resistant strains were also iso-
lated, with the highest frequency of  isolation for the phenotype 
clarithromycin-levofloxacin-metronidazole resistance (2.2%). Also, 
resistance frequency of  18% for clarithromycin-metronidazole 
and 12.5% for both levofloxacin-metronidazole resistance and 
clarithromycin-levofloxacin were detected too. In addition, isolates 
resistant to three and four antibiotics were also detected, with 
the highest score for clarithromycin-levofloxacin-metronidazole 
isolates (12.5%). 

TABLE 4. Isolation frequency of multi-resistant Helicobacter pylori strains 
in the decade.

Phenotype of 
resistance

Percentage of strains in 
periods Increase in 

isolation 
frequency2005-07 

[n=271]
2015-17 
[n=72]

AMX-CLR 0.7 (2) 2.8 (2) 2.1

AMX-LEV 1.5 (4) 4.2 (3) 2.7

AMX-MTZ 2.2 (6) 4.2 (3) 2.0

CLA-LEV 3.3 (9) 12.5 (9) 9.2

CLA-MTZ 12.2 (33) 18 (13) 5.8

LEV-MTZ 7 (19) 12.5 (9) 5.5

AMX-CLA-LEV 0.4 (1) 2.8 (2) 2.4

AMX-CLA-MTZ 1.1 (3) 2.8 (2) 1.7

CLA-LEV-MTZ 2.2 (6) 12.5 (9) 10.3

AMX-CLA-LEV-MTZ 0.4 (1) 2.8 (2) 2.4
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DISCUSSION

The results show that clinical isolates of  H. pylori remain 
susceptible to amoxicillin, with mild increase in the frequency of 
isolation of amoxicillin resistant H. pylori strains from 0% among 
91 clinical isolates observed during 1999-2000(17) to 2% in 2005-2007 
(this work, n=299), 3.3% in 2008-2009 (27, n=30), and 5.6% in pe-
riod 2015-2017 (this work, n=72). This continuous increase in the 
frequency of amoxicillin resistance strains among clinical H. pylori 
could be the consequence of the wide use of this antibiotic among 
the Chilean population. On the other hand, since we informed the 
first two strains of  clarithromycin resistant phenotype isolated 
among 91 clinical isolates (2.2%) at the Biobío-Chile region in the 
period 1999-2000, an increase of this resistance in clinical isolates 
was observed with values of 22.5% and 29.2% for the periods 2005-
2007 and 2015-2017, respectively. The results were not a surprise, 
as suggested by Vásquez et al.(18) and Ott et al.(19), because when a 
resistance to macrolide appears for any specific pathogen in a par-
ticular geographic area, this resistance is rapidly spread and cross 
resistance to all macrolides is observed too. In addition, Alba et al.(8) 
pointed out that patients with a history of macrolide consumption 
are more likely to be carriers of clarithromycin resistant strains. In 
addition, increasing of clarithromycin resistance could be expected 
due to its use in the treatment of extra-digestive infections(19). 
Recently, Gonzalez-Hormazabal et al.(20) estimated a 31.8% preva-
lence of clarithromycin resistance in H. pylori at Santiago-Chile 
by real-time PCR directly from gastric mucosa. These results are 
higher than the results presented in this work, but it is known that 
bacteriological cultures underestimate the prevalence of H. pylori 
as compared to other methods, especially as compared to PCR 
detection for clarithromycin. Also, Serrano et al.(10) found infected 
paediatric patients at Santiago-Chile, with high prevalence of the 
A2143G mutation, responsible for clarithromycin resistance which 
is indicative of an increased prevalence of this resistance among 
H. pylori early in childhood. Regarding metronidazole resistance, 
a frequency of 41.8% was observed among 91 clinical strains in 
1999-2000(17), which increased to 55.5% in the 2005-2007, but this 
frequency decreased to 37.5% during in period 2015-2017. This 
lower frequency of metronidazole resistant has been observed by 
others, too(21). The result obtained in 2015-2017 is similar to the 
frequency of metronidazole resistant strains informed previously 
by using agar dilution assay(22). Thus, the differences in percentage 
of resistant strains isolated observed with metronidazole could be 
consequence of  the method used in the assay(23). Although disk 
diffusion test is not the gold standard method for determining 
H. pylori we used it, since minor variations in detecting primary 
resistance to clarithromycin has been observed(1,23,24). In addition, 
the recommended agar dilution test – included it modified version(25) 
– or the more flexible E-test(26) assays are both time consuming 

or more expensive than the disk diffusion method to be used for 
routinely large-scale patient cohorts’ analyses, especially in low 
resources laboratories(27).

With respect to levofloxacin resistance, an increase of  5.5% 
in the frequency of  isolation in period 2015-2017 was detected.  
However, the resistance frequency (20.8%) is similar to that in-
formed in a previous work in Argentina(23). Thus, this antibiotic 
could be used in triple therapies among adult Chilean patients 
in areas of increased eradication failures with more conventional 
therapies as suggested by Fallone et al.(28), in spite of the adverse 
effect known to be present in long-term treatment(29). Moreover, 
this substitution in the triple therapy should also be considered in 
geographical areas where the resistance to clarithromycin is over 
20% of the clinical isolates and MET resistance frequency among 
clinical isolates is higher too. In those cases the recommended rescue 
quadruple therapy(7) will also fail. 

Our results showed the arise of  simultaneous antibiotic re-
sistant strains among clinical isolates of  H. pylori, with increas-
ing prevalence of  resistance to clarithromycin-levofloxacin and 
clarithromycin-levofloxacin-metronidazole. A similar study done 
in Valdivia (Chile) by Ott et al.(19) reported only five strains of H. 
pylori with resistance to clarithromycin-metronidazole and only 
one strain showing simultaneous resistance to three antibiotics 
(amoxicillin-clarithromycin-metronidazole). On the other hand, 
Pereira et al.(23) informed two clinical isolates with resistance 
to metronidazole-clarithromycin and three to metronidazole-
clarithromycin-ciprofloxacin simultaneously. The increased 
frequency in the isolation of multiple resistant strains including 
amoxicillin-clarithromycin-metronidazole resistance could be the 
result of  the frequent use of  these antibiotics in the therapy of 
gastric H. pylori infection in Chile(19).

When gender was considered in the analyses, we found the exist-
ence of a relationship between the increment in the frequency of 
isolation of amoxicillin, clarithromycin and levofloxacin resistant 
H. pylori and female condition in 2015-2017, concomitant with a 
decrease of metronidazole resistant strains. On the other hand, male 
showed only a decrease of the metronidazole resistant isolates. Lang 
and García(12) found that differences in the clinical prevalence of 
antibiotic resistant strains between gender at Costa Rica were not 
significant. Although, the authors suggested, that the difference in 
the level of frequency of metronidazole resistant strains isolated 
could be a consequence of the use of this antibiotic in gynaecologi-
cal treatments. Also, the massive use of this antimicrobial agent 
for the treatment of other infections, such as gynaecologic, dental, 
gastrointestinal, giardiasis, and amoebiasis could be responsible 
for the development of metronidazole resistant strains among H. 
pylori isolated from females(19). Besides, Lang and García(12) also 
mentioned the existence of regional differences in the frequency 
of metronidazole resistance among female in Latin-America. In 

TABLE 5. Antibiotic resistant Helicobacter pylori strains isolated during a decade among female and male patients.

Percentage of resistant strains to

Amoxicillin Clarithromycin Levofloxacin Metronidazole Tetracycline

2005-07 
(n=299)

2015-17 
(n=72)

2005-07 
(n=333)

2015-17 
(n=72)

2005-07 
(n=321)

2015-17 
(n= 72)

2005-07 
(n=364)

2015-17 
(n= 72)

2005-07 
(n=381)

2015-17 
(n= 72)

Female 1.0 [3] 2.8 [2] 11.4 [38] 16.7 [12] 10.6 [34] 9.7 [7] 30.2 [110] 23.6 [17] 0.5 [2] 1.4 [1]

Male 1.0 [3] 1.4 [1] 11.1 [37] 12.5 [9] 4.7 [15] 11.1 [8] 25.3 [92] 13.9 [10] 0.5 [2] 0 [0]

Total 2.0 [6] 4.2 [3] 22.5 [75] 29.2 [21] 15.3[49] 20.8 [15] 55.5 [202] 37.5 [27] 1.0 [4] 1.4 [1]
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addition, the worldwide use of antibiotics increased 15% in the last 
15 years, being quinolones and macrolides the most consumed(30), 
exerting pressure on H. pylori favouring the emergence of resist-
ant strains. This can, in part, explain the increase of amoxicillin, 
clarithromycin and metronidazole resistant strains in women 
because they are consuming more antibiotics(31,32), therefore the 
likelihood of selecting resistant strains.

The results obtained in this work showed that the epidemio-
logical patterns of the infection caused by H. pylori have changed 
within the last 10 years. Presently, the infection in men has increased 
when compared to the previous monitoring and that the associated 
diagnoses are mainly gastritis and intestinal metaplasia. Despite 
males continue to be the mostly affected gender; women are the 
group showing higher rates of resistance to antibiotics, which could 
be partly explained by the larger intake of  them. On the other 
hand, to continue the regional eradication strategy, the search 
for alternatives to the use of clarithromycin and metronidazole is 
recommended because, even though the resistance to the latter is 
decreasing, it continues to be worryingly high. Finally, it is clear 
that the triple therapy in Chile, as in many other countries of the 
world, has become obsolete and it is being not advised in all recent 
revisions of the consensus, as indicated by Molina-Infante et al.(33).

CONCLUSION

The frequency of  clarithromycin resistant strains in clinical 
practice detected in 2015-2017 (29.2%) suggests that conventional 
triple therapy is no longer effective in the Biobío-Chile region. 

In addition, keeping in mind the increased resistance observed 
among the clinical isolates toward antibiotics most commonly 
used in eradication therapies in the decade, including simultane-
ous resistance to three and four antibiotics, we call the attention to 
maintain an epidemiological surveillance upon the evolution of the 
resistance of this highly prevent pathogen. The searching for new 
therapeutic alternatives and prophylactic strategies – i.e. probiotic 
foods, new active molecules against H. pylori from natural origin 
or the expected vaccine – are mandatory, too. 

The use of  levofloxacin in the triple therapy should also be 
considered in geographical areas, like Chile, where the resistance 
to clarithromycin and metronidazole is high, with increased failure 
of conventional eradication therapies. 
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Parra-Sepúlveda C, Merino JS, Sáez-Carrillo K, González C, García-Cancino A. Vigilância da resistência a antibióticos contra o Helicobacter pylori na 
região do Biobío (Chile) em uma década. Arq Gastroenterol. 2019;56(4):361-6.
RESUMO – Contexto – A infecção por Helicobacter pylori no Chile permanece como um desafio do sistema de saúde público e privado, com prevalência 

da infecção acima de 70%. Hoje em dia, o tratamento antibiótico da infecção é obrigatório para prevenir o surgimento de graves doenças associadas, 
mas falhas na terapia de erradicação, principalmente devido à resistência à claritromicina, têm sido observadas em todo o mundo, e a terapia de 
erradicação de primeira linha parece não ser mais eficaz em várias áreas geográficas. Assim, os sistemas de saúde estão comprometidos em manter 
uma vigilância epidemiológica sobre a evolução da resistência aos antibióticos deste patógeno prioritário tipo 2. Objetivo – Este trabalho relata uma 
vigilância de 10 anos da resistência antibiótica primária de isolados clínicos de H. pylori na região do Biobío-Chile, e a evolução da resistência em 
relação à amoxicilina, claritromicina, levofloxacina, metronidazol e tetraciclina entre as espécies. Métodos – As cepas de H. pylori foram investigadas 
durante os períodos 2005-2007 (1435 pacientes analisados) e 2015-2017 (220 pacientes analisados) inoculando uma biópsia de homogeneizado fisi-
ológico na superfície do agar Columbia (Oxoid, Basingstoke, Reino Unido) – suplementado com 7% de glóbulos vermelhos do cavalo mais o inibidor 
de DENTE (Oxoid, Basingstoke, Reino Unido) – seguindo pela incubação em 37ºC a atmosfera de 10% de CO

2 por cinco dias. O padrão de resistên-
cia aos antibióticos dos isolados foi avaliado utilizando-se o teste de difusão em disco em agar Müeller-Hinton suplementado com 7% de glóbulos 
vermelhos de cavalo seguidos de incubação por mais três dias a atmosfera de 10% de CO2. A análise estatística foi realizada utilizando-se o software 
SPSS V22 e os valores de P<0,5 foram considerados estatisticamente significantes. Resultados – Um total de 41% dos 1435 pacientes foram detectados 
como contaminados por H. pylori pela cultura bacteriológica no período 2005-2007, ao mesmo tempo 32,7% de 220 pacientes foram contaminados 
igualmente no período 2015-2017. Os isolados clínicos de H. pylori são principalmente suscetíveis à amoxicilina e tetraciclina (tanto mais de 98% das 
cepas), mas menos suscetíveis à levofloxacina em ambos os períodos analisados (mais de 79% das cepas). Por outro lado, o metronidazol permaneceu 
mostrando a maior pontuação de resistentes isolados (mais de 40% de cepas resistentes), embora tenham sido observados 18% menos cepas resistentes 
no período de 2015-2017. A claritromicina, o antibiótico-chave em terapias de erradicação, tem uma frequência aumentada de cepa resistente isolada 
na década (22,5% em 2005-2007 e 29,2% em 2015-2017). Cepas multirresistentes (dois, três e quatro antibióticos) também foram detectadas em ambos 
os períodos com os maiores escores de resistência simultânea à claritromicina-metronidazol (18%) e claritromicina-metronidazol-levofloxacina (12,5%) 
cepas resistentes. De acordo com o sexo, os isolados resistentes à amoxicilina, claritromicina e metronidazol foram mais frequentes no sexo feminino, 
com incremento específico em amoxicilina e resistência à claritromicina. Conclusão – A frequência de resistência à claritromicina (29,2%) detectada 
em 2015-2017 sugere que a terapia tripla convencional não é mais efetiva nesta região.

DESCRITORES – Helicobacter pylori, efeitos dos fármacos. Infecções por Helicobacter. Antibacterianos. Farmacorresistência bacteriana. Claritromicina. 
Homens. Mulheres. Chile.
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INTRODUCTION

Gastric cancer is the fourth most common cause of mortality 
due to malignancies around the world. Despite many advances 
in treatment, the survival rate of  those who underwent surgical 
procedures is less than five years(1,2). It is suggested that genetic 
sensitivity plays an important role in the progression of the gastric 
cancer(3,4). Gastric cancer has an epithelial source that is caused by 
genetic and environmental factors (eg exposure to chronic exposure 
to metals)(5-7).

Metallothioneins (MTs) are members of the family of low mo-
lecular weight cysteine proteins (molecular weights ranging from 
500 to 14,000 daltons)(8). Metallothionein proteins have the ability 
to bind to the physiological heavy metals (zinc, cooper, selenium) 
and non-physiological heavy ions (cadmium, mercury, silver, ar-
senic), using the thiol group of the cysteine amino acids (Cystine 
amino acid consist about 30% of the amino acid content of the 
metallothionein proteins)(9). They exist in all living organisms and 
accumulate in the membrane of the golgi apparatus(10).

MTs have multiple cellular functions including the protection 
against the heavy metal toxicity, adjustment and absorption of 
physiological heavy fluorides, aid in the transport and disposal of 
heavy metals, metabolism of  essential metals, immune response 
and protection against oxidative stress(6,11). The four main groups 
of MTs are expressed in humans, which include MT4, MT3, MT2, 
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MT1, each of which contains several subgroups(12,13). The levels of 
MTs vary in different tissues. MT3 is expressed mainly in neural, 
heart, renal, gastric, and tongue cells(2,14,15). MT4 is seen only in 
some epithelial cells(16). MT1, MT2A is extensively expressed in 
the tissues, and MT2A seems to be more expressed than MT1(17).

The expression of MTs can be c by several stimuli factors such 
as exposure to flask, oxidative stress, glucocytocoids and gene poly-
morphism(18). The response to these stimuli also depends on the MT 
gene. Since MTs play important roles in regulating over-the-counter 
factors, toxicity related to heavy metals, etc., then malfunctioning 
or disturbances in the expression of  MTs results in the lack of 
controlling the cells and eventually cancer(19-21).

Previous studies have been shown to increase or decrease the 
expression and polymorphism of MTs in some cancers, such as the 
kidney, liver, lung, prostate, mouth and skin. The most common 
form of human genetic differences is single nucleoid polymorphisms 
(SNPs), and they may play an important role in individual aller-
gies(22). Single-nucleotide polymorphism is a change in just one 
base of DNA. These single-nucleotide variations cause different 
phenotypes, predisposing to or susceptibility to certain diseases(23). 
Regarding the high prevalence of non-surgical advanced gastric 
adenocarcinomas and the low response of patients to conventional 
treatments (surgery, radiotherapy chemotherapy) in Mazandaran 
and also due to the role of MT-2A subtype (MT2A) polymorphism 
in the development of cancer we decide to evaluate this issue.

AG-2019-90
dx.doi.org/10.1590/S0004-2803.201900000-69
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In this study, the polymorphism of the C>T region of the nu-
cleotide position 609 of the MT-2A gene induced the transfer of 
C-to-T into codon 187, the exon of six proline amino acids to the 
serine(24-26), and also the region G>A polymorphism in rs28366003 
the nucleotide G mutant has been replaced by an ancestral nucleo-
tide A, in which the genomic DNA extracted from peripheral blood 
leucocytes in patients with gastric cancer and healthy subjects was 
investigated. Identifying genetic polymorphisms in people with 
gastric cancer, in addition to helping to recognize the mechanism 
of the disease, is effective in identifying and screening people who 
are prone to illness and as a result of their prevention.

METHODS

This case-control study was performed on 95 patients with gas-
tric cancer who referred to the Toba Clinic, Mazandaran University 
of Medical Sciences, (Informed consent was taken for testing) who 
had no family history of  gastric cancer and identified by expert 
physician based on the results of endoscopic and pathologic stud-
ies. Also, 90 healthy individuals matched according to age, sex, and 
living area of Mazandaran province were studied as control group. 
The genomic DNA was extracted using DynaBio extraction kit, a 
biochemical assay, and extracted from peripheral blood leukocytes. 
A spectrophotometer was used to determine the quality and amount 
of the extracted DNA. After examining the quality of the DNA 
extracted from the control and the patient samples, in the follow-
ing, we mixed 2 μL of the sample with 12.5 μL of mastermix and 
0.8 μL of the relevant primers, and eventually Distilled water was 
dispersed in a volume of 25 μL in order to to prepare the required 
samples for PCR (TABLE 1). 

Then the polymerase chain reaction was performed using a 
Bio-Rad apparatus according to the initial annealing temperature 
program at 94°C for 5 minutes, secondary annealing was done at 
94°C for 30 seconds, the primer binding temperature (rs1610216 
(58) and (rs28366003) 60°C for 30 seconds, initial amplification 
of the product at 37°C for 30 seconds to 36 cycles, and finally the 
reproduction temperature of  the secondary product at 72°C for 
10 minutes (TABLE 2). After polymerase chain reaction to ensure 
reproduction, the product was applied to 1% agarose gel using TBE 
solution at test temperature The apparent and 100 mV voltage cre-
ated using the power lab Bio-Rad device was electrophoresed in 
the vicinity of the marker, then, they were stained using ethidium 
bromide, and identified using a dye gel device.

After observing the desired fragment, 8 μL of PCR product 
(rs1610216) C>T and (rs28366003) G>A were mixed with 1 μL of 
the enzyme x10 buffer and 0.2 μL of the enzyme SmaI and BsgI, 
respectively for enzymatic digestion of each SNP, and were finally 
distilled into 10 μL distilled water and placed at 37°C for 2 hours. 
After the adjuvant time with the product enzyme, electrophoresis 
of 1.5% agarose gel was performed, then electrophoresis bands were 
detected and the polymorphism was detected by Doc gel method. 
Statistical analysis was performed using Medcalc software, the 
results are presented below.

Statistical analysis
The association between cases and controls were examined 

by chi-square test with medcalc software. Value of  P<0.05 was 
considered to be significant. Also the genotype frequencies were 
checked for consistency among groups.

RESULTS

This case-control study was performed on 95 patients with 
gastric cancer and 90 healthy individual age range of 22–90 years 
(TABLE 3).

TABLE 1. Primer feature.

PCR product sequence PCR product Restriction Enzyme Primer Sequence Location

56608619 to 56608263 T: 396bp
C: 268+128bp SmaI Forward: GCTAGAGTCGGGACAGGTTG

Reverse: CAGGTTCGAGTACAGGACAGG
C>T

(rs1610216)

56608522 to 56608650 A: 39+107bp
G: 146bp BsgI Forward: GGGGCTTTTGCACTCGTC

Reverse: GTTGGGATCCATGGCGAG
(rs28366003)

G>A

TABLE 2. Temperature protocol for ThermoCycler device.

Denaturing at a temperature of 94°C for 5 
minutes A single cycle

Denaturing at 94°C for 30 seconds

Annealing
rs1610216 at a temperature of 

58° for 30 s 35 cycles

rs28366003 at 60° for 30 s
Extension at 72°C for 30 seconds
Extension temperature of 72°C for 10 minutes A single cycle

TABLE 3. Questionnaire information for people with gastric cancer.

City (number) Man (number) Woman (number)

Sari (42 people) 28 14

Ghaemshahr (14 people) 10 4

Behshahr (7 people) 5 2

Neka (15 people) 11 4

Juybar (6 people) 4 2

Mahmoud Abad (3 people) 2 1

Galoogah (2 people) 1 1

Surk (3 people) 2 1

Savadkuh (3 people) 2 1

Total (95 people) 65 30

The two groups were examined for single-nucleotide poly-
morphism (rs1610216) C>T and (rs28366003) G>A in the MT-
2A gene, and a significant difference was observed between the 
polymorphism of the MT-2A gene in control and control groups 
[OR: 3.8533; 95% CI, 1.3155-11.2869; P=0.0139] rs1610216 and 
rs28366003 [OR: 4.0978; 95% CI, 1.2521-13.4108; P=0.0197] The 
distribution of genotypic and allotropic abnormalities in patients 
with gastric cancer and control group is summarized in sections 
4 and 5.

In genotypic study conducted in this study between two groups 
of patients and control in polymorphism (rs28366003) MT-2, the 
comparison of homozygote genotype (AA) with mutant homozy-
gous genotype (GG) increased the risk of increase of population 
to patient by four times Find (P=0.0197). (TABLE 4)
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In the genotypic study conducted in this study between the 
two groups of patients and control in polymorphism (rs1610216) 
of MT-2, the comparison of normal homozygote genotype (TT) 
with homozygous mutant genotype (CC) showed that the risk of 
population increased to 3.8 folds (P=0.0139). (TABLE 5)

Studying the prevalence of MT-2A allele gene based on chi-
square test in rs28366003 (P=0.1564, x2=2.009), also in rs1610216 
(P=0.2233 = x2=1.483), since P-value isn’t less than 0.05, then 
there is no significant difference in the distribution of  MT-2A 
allele polymorphism between the two patient and control groups.

demonstrated that the down-regulation of  MT constrained cell 
growth and induced apoptosis in MCF-7 cells. This effect was 
related with the induction of  p53 and c-fos expression, while c-
myc and bcl-2 transcripts were down-regulated. Further evidence 
for an antiapoptotic effect for MT was originated from studies 
exhibiting a certain contact between MT and the p50 subunit of 
NF-κB in MCF-7 cells, which leads to the transactivation of this 
transcription factor by MT, so supporting the theory that NF-κB 
may mediate the antiapoptotic effects of MT(29,30). Together, these 
findings support the hypothesis that MT is a growth-promoting 
and antiapoptotic intracellular protein that may contribute to the 
pathogenesis of human malignancies(14).

Epidemiological examination has exposed that individuals 
with a family history of  gastric cancer have a 3-fold increased 
risk of developing gastric cancer as compared with the unaffected 
population. Also, it has recently been shown that cell proliferation 
in the gastric mucosa of these individuals increases independent 
of H. pylori infection. 

The mechanisms leading to overexpression of  MT in tumor 
tissues are mainly unknown. It has been established by numerous 
groups that MT expression is induced by growth factors, cytokines, 
and UV irradiation. Overexpression of  MT resulting from MT 
gene amplification has been demonstrated in cell lines chronically 
exposed to cadmium. Furthermore, Ha-ras mutation may also lead 
to enhanced MT transcription(14,31). Clonal overexpression of MT in 
the colon of mice treated with the mutagen dimethylhydrazine was 
linked to somatic mutations in the morphologically normal mucosa. 
In this model, it has been proposed that MT overexpression may 
be the consequence of cis-activating mutations of the MT gene or 
trans-activating mutations of regulatory genes(31).

Considering the high prevalence of gastric cancer in the north 
of Iran (Mazandaran) and even behind the patients even after sur-
gery, this study was designed to investigate the association between 
MT-2A promoter polymorphism and gastric cancer awareness. 
However, genetic polymorphism can have a widespread effect in 
the sensitivity and spread of gastric cancer. As stated, in a study by 
Dong-Wang Yan (2012) on cancer cell lines using real time-PCR 
and immunohistochemistry, to detect multiple metallothionein 
isoforms, they observed that the MT1F, MT1G isoforms, MT1X 
and MT2A have been reduced(32). In another study conducted by 
Starska et al. In Poland (2014), using a PCR-RFLP method for 
throat cancer, they observed that metallothionein polymorphism is 
involved in the development of this cancer, and they separate DNA 
from blood cells and then, the polymorphisms rs28366003, rs1610216 
were examined for the promoter region and rs10636 for the 3’UTR 
region(8). In another report by Krześlak et al. in Poland (2014) on 
prostate cancer using the PCR-RFLP method, they observed that 
rs28366003 polymorphism is associated with the metallothionein 
promoter region in the expression of the gene in metallothionein(33), 
These studies are consistent with our research, which shows that fac-
tors that are involved in the development of gastric cancer such as 
race and people, geographical location and type of nutrition among 
different communities should be evaluated. So Metallothionein-2A 
(rs1610216&rs28366003) gene polymorphisms can consider as a valid 
method for diagnosis of gastric cancer in feature. 

It is suggested that in order to be more certain about the rela-
tionship between this polymorphism and gastric cancer, more SNPs 
of this gene and other genes should be involved and in different 
individuals in terms of  race, geographical areas and with more 
people. As well as on different genetic treasures.

TABLE 4. Genotypic and Allelic Polymorphism Frequency (2836600 rs) 
MT-2G>A.

Genotype /
Allele

Case 
(n=95)

Control 
(n=90) OR (95% CI) *P- value

AA 44 52 Ref 1.00 –

GA 39 34 1.3604(0/7564-2.4468) 0.3041

GG 12 4 4.0978(1.2521-13.4108) 0.0197

AG+GG 51 38 1.6211(0.927-2.8394) 0.0902

AA+GG 56 56 Ref 1.00 –

AG 39 34 1.1338(0.6429-1.9995) 0.6644
OR: odds ratio; CI: confidence interval. * Significant differences between cases and controls.

TABLE 5. Genotypic and Allelic Polymorphism Frequency (rs1610216) 
MT-2C> T.

Genotype /
Allele

Case 
(n=95)

Control 
(n=90) OR (95% CI) *P- value

TT 43 46 Ref 1.00 –
TC 36 40 0.9788(0.5421-1.7672) 0.0711
CC 16 4 3.8533(1.3155-11.2869) 0.0139
TC+CC 52 44 1.2721(0.7297-2.2178) 0.3961
CC+TT 59 50 Ref 1.00 –
CT 36 40 0.7801(0.4435-1.3722) 0.3887

OR: odds ratio; CI: confidence interval. * Significant differences between cases and controls.

DISCUSSION

Gastric cancer is currently one of the most common cancers 
and the fourth leading cause of cancer deaths in the world. Due to 
poor prognosis, this cancer is diagnosed in advanced stages, and 
because of the inadequacy of conventional treatments in advanced 
stages, most patients, even after surgery, survive only for five years 
and then die. The causes of the difference in the incidence of gastric 
cancer are geographical differences, genetic features, individual 
lifestyle and associated illness. The number of deaths from stom-
ach cancer is much lower than in previous years, but this number 
is still high in countries such as Japan, China, and Chile(27,28). The 
cause of gastric cancer is not clear, and so many factors have been 
reported. Factors such as Helicobacter pylori infection, genetics, 
environmental factors, nutrition, alcohol, terrestrial diseases such 
as benign stomach polyps and chronic ulcers have been identified. 
The best method for identifying gastric cancer is endoscopic and 
pathologic studies. 

Generally, normal tissues usually do not show MT expression. 
However, following treatment with cytokines, metal ions, or UV 
irradiation, expression of MT is stimulated. Besides its potential 
favorable effect via detoxification of  metal ions, MT may also 
apply an antiapoptotic and mitogenic effect. New reports have 
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INTRODUCTION

Gastric cancer is believed to be the fourth most common type 
of  cancer; it is also the second leading cause of  cancer-related 
death globally. Unfortunately, the survival rate of  the gastric can-
cer patients who underwent chemotherapy following surgery has 
remarkably been less than a half(1). Furthermore, chemotherapy 
has many side effects(2). Current evidence suggests that some 
antidepressants have growth-inhibiting effects against a number 
of  cancer cell lines and they are now reported to have potent 
anti-cancer properties against a wide variety of  malignancies in 
addition to their antipsychotic effects(3,4). Today, duloxetine is a 
widely used antidepressant worldwide with the advent of  drug 
therapy and the emergence of  new antidepressant drugs by the 
various recent research(5,6). The neuronal reuptake of  serotonin 
5-Hydroxytryptamine, 5-HT) and norepinephrine are usually 
inhibited by duloxetine ((+) – (S) -N-Methyl-γ- (1-naphthyloxy) 
-2-thiophenylpropylamine), so in order to manage diabetic 
peripheral neuropathic pain, fibromyalgia, and chronic muscu-
loskeletal pain, duloxetine is prescribed in the United States(7). 
While, it is noticeable that in recent years, duloxetine has shown 
dose-dependent cytotoxicity on some cancer cell lines such as 
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MCF-7 and HepG2 and it was suggested that this agent should 
be further evaluated for potential use(3,8,9). MTT assay is one of 
the most widely used methods for cytotoxicity screening(10). On 
the other hand, due to the limited data on the genotoxicity of 
drugs, the number of  drugs that can actually be safely used has 
been decreased. Thus, in vitro genotoxicity tests are used to detect 
materials that damage genetic material and lead to DNA break, 
mutations, chromosomal breaks, or impaired ability to repair 
DNA, which is an important indicator of  carcinogenesis(9,11-13). 
One of the genotoxic assays which is widely applicable in different 
cell types, is internationally validated, has potential for automa-
tion and is predictive for cancer is micronucleus(MN) assay(14,15). 
Due to the fact that common anticancer drugs such as cisplatin, 
doxorubicin, docetaxel, and etc. have many side effects, it is now 
highly desirable to build and use new drugs that have less toxic-
ity to normal cells and high toxicity to malignant cells(2,16-19). The 
anticancer effects of duloxetine on some cancer cell lines have been 
investigated, but in gastric cancer MKN45 cancer cell line has not 
yet been studied(20-25). Therefore, the purpose of  this study is to ex-
amine the effects of  duloxetine on metastatic cells. In this regard, 
its cytotoxicity and genotoxicity was investigated in MKN45 and 
NIH3T3 cell lines and on peripheral blood lymphocytes.
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METHODS

Cell culture
NIH3T3 and MKN45 Cell lines (Pasteur Institute, Tehran, 

Iran) were cultured in Dulbecco’s Modified Eagle Medium 
(DMEM) (GIBCO, Berlin, Germany) with 10% fetal bovine se-
rum (FBS) (Gibco-BRL, Germany) and 100 μg/mL streptomycin 
(Gibco-BRL, Germany) and 100 IU/mL penicillin (Gibco-BRL, 
Germany). Cell cultures were adjusted to allow for exponential 
growth.

Cell viability assay (MTT assay)
NIH3T3 and MKN45 cell lines (104 cells) were cultured in 

200 μL DMEM/F12 medium containing 10% bovine serum in 
96 wells plate and incubated at 37°C for 24h. Stock solutions of 
duloxetine and cisplatin (a platinum coordination complex with 
potent anti-neoplastic activity induces apoptosis in cancer cells, 
possibly via caspase-3 activation) were prepared in 1% DMSO 
and phosphate buffered saline (PBS), respectively. Twenty-μL of 
MTT solution (5 mg/mL) was added to each well following 48h 
incubation with different concentrations of  duloxetine (1, 10, 25, 
50, 100 and 200 μL). The optical density (OD) of  the MTT reac-
tion was measured on a microplate ELISA reader at 570 nm. All 
experiments were repeated two times and each treatment was run 
in triplicate. The percentage of  cell viability was calculated using 
the equation: [mean (OD) of  treated cells/mean OD of  control 
cells (1%DMSO)] ×100(26).

Micronucleus assay
Fresh blood was collected from 10 healthy, no smoking, no 

alcoholic, male donors aged between 25–35 years by venipuncture 
in heparinized falcons. 0.5 mL of whole blood was added to 4.5 mL 
of Roswell Park Memorial Institute (RPMI) culture medium 1640 
supplemented with 10% fetal bovine serum containing L-glutamine, 
antibiotics, and phytohemagglutinin (PHA), and different doses 
of  duloxetine (1, 10, 25, 50, 100 and 200 μL). The binucleated 
lymphocytes were harvested 28h after adding Cytochalasin B 
(Cyt-B) (Sigma, Missouri, USA); they were treated by hypotonic 
KCl (0.075M) to red blood cell (RBC) lysis. Then fixative solution 
(methanol: acetic acid =6:1) was added to the cells prior to slide 
preparation and staining. For slide preparation, 2–3 drops of cell 
suspension were thrown on a clean slide. The slides were stained 
with Giemsa solution (4%) for 7–10 mins. They were observed at 
40× and 100× magnifications using a light microscope to estimate 
mitotic index (the cells with 2 or more nuclei per 1000 observed 
cells) and micronuclei frequency (the number of  micronuclei in 
1000 binucleated cells) are lymphocytes that were once divided by 
mitosis. The experiment was performed two times. Mitotic Index 
has a direct relation with cells’ proliferative activity(27).

Statistical analysis
One way analysis of variance and Tukey’s honestly significant 

differences (HSD) test were used for multiple comparisons of 
data. P value less than 0.05 was considered as significant. The IC50 
(half  maximal inhibitory concentration) values were calculated by 
PRISM software using nonlinear regression. Standard deviations 
represent average results of  double experiments. The IC50 values 
were compared using the Student’s t-test measuring the effective-
ness of  a substance to cause cell death or inhibit cell growth. 
Therefore, the lower amount of IC50 represents a higher toxicity 
of a compound, which leads to death or inhibition of cell growth.

RESULTS

MTT assay
The IC50 of duloxetine on MKN45 and NIH3T3 cell lines were 

examined using MTT assay. The IC50 of  duloxetine on MKN45 
cancer cell line was 40.41 μg/mL and on NIH3T3 cell line was 
15.79 μg/mL, which implies that the IC50 of duloxetine related to 
the NIH3T3 cell line was lower than the MKN45 cell line. The 
evaluated IC50 of cisplatin on MKN45 cell line was 12.49 μg/mL 
and on NIH3T3 cell line was 24.9 μg/mL. A lower IC50 value is 
representative of  the higher ability of  a cytotoxic compound to 
cause cell death or inhibit cell growth(28). It means that the inhibitory 
effect of growth and the most cytotoxicity of the drug are on the 
normal cell line in comparison with the cancer cell line. The results 
of the MKN45 cell line (TABLE 1 and FIGURE 1) demonstrated 
that duloxetine compared to the negative control group had more 
cytotoxic effects at 25, 50, 100, 200 μM and no significant differ-
ence at 1 and 10 μM concentrations. Compared to the positive 

TABLE1. Effect of duloxetine on MKN45 and NIH3T3 cell viability.

Mean ± SD Control 1 10 25 50 100 200 Cisplatin

Effect of duloxetine 
on MKN45 cell 
viability

100.0±1.860 95.73±3.889 92.98±6.905 78.44±3.628 59.71±6.628 36.98±2.235 27.89±2.893 38.57±2.996

Effect of duloxetine 
on NIH3T3 cell 
viability

100.0±2.214 95.81±1.069 78.30±1.131 50.77±1.324 47.13±1.117 44.41±1.390 39.34±0.5759 41.56±1.467

FIGURE 1. Effects of duloxetine on NIH3T3 cell viability {a: significant 
difference compared to the negative control group; b: significant difference 
compared to the positive control group (P<0.05)}.
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control group (cisplatin), it had less cytotoxic effects at 1, 10, 25, 
50 μM and no significant difference at 100 and 200 μM (P<0.05). 
In addition, the results of  the NIH3T3 cell line (TABLE 1 and 
FIGURE 2) showed that duloxetine in comparison with the nega-
tive control group was significantly different in all concentrations; 
it means that it had more cytotoxic effects in every data. Moreover, 
in comparison with the positive control group, it had less cytotoxic 
effects at 1, 10, 25, 50 μM and no significant difference at 100 and 
200 μM concentrations (P<0.05).

caused by this drug was also evaluated using MN assay. The 
IC50 of  duloxetine on MKN45 cancer cell line and NIH3T3 cell 
line was calculated 40.41 μg/mL and 15.79 μg/mL respectively. 
However, the IC50 of  cisplatin on MKN45 is 12.49 μg/mL and on 
NIH3T3 cell line is 24.9 μg/mL. The lower IC50 value is representa-
tive of  the higher ability of  a cytotoxic compound to cause cell 
death or inhibit cell growth. As reported here, the dose-dependent 
cytotoxicity of  duloxetine on MKN45 cancer cell line is consist-
ent with some other researches(3,8). The cytotoxic effects of  the 
seven most commonly prescribed antidepressants was evaluated 
on MCF-7 breast cancer cell line(13,29). Their results showed that 
Sertraline was the most potent drug in growth inhibition and had 
to be further analyzed(3). The anti-tumor effects of  four SSRIs 
and two SNRIs on HepG2 cells were compared as well, and the 
IC50 reduced relatively in the order of  sertraline, paroxetine, du-
loxetine, fluvoxamine, escitalopram, and milnacipran(8,30). Besides, 
the anti-viability effects of  some drugs were fully proved on the 
proliferation of  MKN45 cell line(20-24). Nonetheless, by compar-
ing the cytotoxic effects and the IC50 of  duloxetine on MKN45 
and NIH3T3 cell lines it was shown that the cytotoxic effects of 
duloxetine on NIH3T3 normal cell line was higher than MKN45 
cancer cell line. Taken together, it seems that duloxetine in the 
concentrations presented in this research could not be considered 
as a better choice for MKN45 gastric cancer therapy. Additionally, 
we used lymphocytes in our in vitro studies to assess the potential 
genotoxic effect of  duloxetine. Results from the micronucleus as-
say confirmed the ability of  duloxetine to induce the formation 
of  micronuclei. The induction of  micronuclei is commonly used 
to evaluate the chromosomal damage. The cellular and tissue 

FIGURE 2. Effects of duloxetine on NIH3T3 cell viability {a: significant 
difference compared to the negative control group; b: significant difference 
compared to the positive control group (P<0.05)}.

Micronucleus assay
The genotoxic effects of  duloxetine were studied based on 

the number of  MN produced in peripheral blood lymphocytes 
following treatment with different concentrations of  duloxetine 
(TABLE 2 and FIGURE 3). Results showed that the MN number 
was relatively increased based on the increase in the duloxetine 
concentration. Fifty-μM concentration of  duloxetine did not 
produce any significant difference in MN number relative to the 
control group. While, 100 and 200 μM concentrations of duloxetine 
significantly increased the number of MN. Comparison of different 
concentrations of duloxetine and cisplatin showed that treatment 
of  lymphocytes with 50 and 100 μM of duloxetine significantly 
decreased the number of  MN. Two hundred-μM concentration 
of  duloxetine did not produce any significant difference in MN 
number relative to the cisplatin (P<0.05).

DISCUSSION

In this study, the cytotoxic effect of  duloxetine on MKN45 
gastric cancer cell line was investigated and compared to NIH3T3 
normal cell line by MTT assay. The NIH3T3 cell line used in this 
study is the murine embryonic fibroblast, which is a standard and 
reliable source for these studies. Moreover, the genetic damage 

TABLE2. Micronuclei frequency in different concentrations of duloxetine.

Control Duloxetine 50 Duloxetine 100 Duloxetine 200 Cisplatin

Mean ± SD 0.6667±0.5774 4.667±2.082 11.00±1.000 16.67±2.082 17.67±3.055

FIGURE 3. Micronuclei frequency in different concentrations of dulo-
xetine {a: significant difference compared to the negative control group;  
b: significant difference compared to the positive control group (P<0.05)}.
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toxicity was observed in the increased therapeutic concentrations 
of duloxetine. duloxetine and its metabolites can bind DNA, caus-
ing damage that can result in chromosome breaks, micronucleus 
formation, and cell death. As evident, duloxetine induced DNA 
damage to human lymphocytes compared to the negative control 
group except at 50 μM concentration. In addition, this drug had 
no significant difference with cisplatin at 200 μM concentration, 
but it had a low genotoxicity at 100 and 50 μM concentrations 
(P<0.05). It confirmed that this drug is safe to be used at these 
concentrations. A recent report in mouse bone marrow was made 
to evaluate the capacity of three doses of duloxetine (2, 20, and 200 
mg/kg). Their results indicated a moderate but significant increase 
of  SCE (sister chromatid exchanges) with three concentrations 
tested, no effect regarding the mitotic index and a small reduction in 
the proliferation kinetics(5,31). Also the possible genotoxic potential 
of duloxetine was explored by evaluating structural chromosomal 
aberrations, mitotic index, nuclear division index, index binuclea-
tion, number of cells (with one, two, three and four micronuclei) 
and the number of cells with nucleoplasmic bridges. As the positive 
control, Cyclophosphamide (6 μg/mL) and different concentrations 
of duloxetine (10–150 ng/mL) were applied on primary cultures of 
blood lymphocytes. Their results showed that the cultures incubated 
with duloxetine indices had lower scores suggesting a degree of the 
drug cytotoxicity. However, a significant increase in the presence 
of chromosomal aberrations and micronuclei was observed only 
by the concentrations of 100 and 150 ng/mL. It should be noted 
these concentrations were close to the upper limit of the therapeutic 
range of the drug used in humans (Araújo, 2014). Our genotoxic 
studies were in line with the past studies earlier mentioned.

CONCLUSION

In conclusion, given that, this is the first time that cytogenetic 
study of duloxetine was evaluated and compared in MKN45 and 
NIH3T3 cell lines, based on the results of  this study and com-
parisons with cisplatin in these concentrations, its value is low. 
Because the higher IC50 shows less power of sample in killing cells 
or inhibiting their growth. In addition, the genetic damage caused 
by duloxetine in blood lymphocytes had no significant difference 
with cisplatin at higher concentrations.
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Hassani M, Ghassemi-Barghi N, Modanloo M, Mohammadpour A, Shokrzadeh M. Efeitos citotóxicos da duloxetina nas linhagens celulares MKN45 e 
NIH3T3 e efeitos genotóxicos em linfócitos sanguíneos periféricos humanos. Arq Gastroenterol. 2019;56(4):372-6.
RESUMO – Contexto –  O câncer gástrico é a segunda principal causa de morte relacionada ao câncer globalmente. Infelizmente, a taxa de sobrevivência 

dos pacientes com câncer gástrico que se submeteram à quimioterapia após a cirurgia, tem sido inferior à metade. Além disso, a quimioterapia tem 
muitos efeitos colaterais. Evidências atuais sugerem que alguns antidepressivos como a duloxetina têm efeitos inibidores de crescimento contra um 
número de linhas de células cancerosas. Objetivo – Assim, o objetivo deste estudo foi determinar os efeitos citotóxicos e genotóxicos da duloxetina 
sobre o câncer gástrico. Métodos – A este respeito, a citotoxicidade e a genotoxicidade da duloxetina foram investigadas em linhas celulares MKN45 
e NIH3T3 por ensaio de MTT e por ensaio de MN em linfócitos periféricos de sangue. Para este efeito, as células foram cultivadas em 96 placas. 
Soluções de estoque de duloxetina e cisplatina foram preparadas. Após incubação celular com diferentes concentrações de duloxetina (1, 10, 25, 50, 
100 e 200 μL), a solução de MTT foi adicionada. Para o teste do micronúcleo o sangue fresco foi adicionado ao meio de cultura RPMI 1640 suple-
mentado, e as concentrações diferentes de duloxetina (1, 10, 25, 50, 100 e 200 μL) foram adicionadas. Resultados – A citotoxicidade da duloxetina 
na linha celular cancerosa MKN45 e NIH3T3 linha celular normal foram estudadas e seguidas pelo ensaio de MTT. A duloxetina exibiu maior IC

50 

nas células MKN45 em comparação com as células NIH3T3. Além disso, o efeito genotóxico da duloxetina foi avaliado pelo ensaio de micronúcleos. 
Os resultados revelaram que a duloxetina induziu mais dano de DNA em 100 e 200 μM e não houve diferença significativa em 200 μM em relação 
à cisplatina, mas teve menos efeitos genotóxicos nas concentrações de 100 e 50 μM. Conclusão – Embora, neste estudo, a duloxetina tenha menos 
genotoxicidade do que a cisplatina em concentrações inferiores a 200 μm e também tenha mostrado efeitos citotóxicos, devido ao seu IC50, não pode 
ser considerada como uma escolha terapêutica melhor para o câncer gástrico no que diz respeito à cisplatina como uma droga anticâncer comum.

DESCRITORES – Neoplasias gástricas, tratamento farmacológico. Antineoplásicos. Antipsicóticos. Cloridrato de duloxetina, toxicidade. Cisplatino.
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INTRODUCTION

Esophageal cancer treatment is based on neoadjuvant chemo-
radiotherapy followed by surgery in most potentially curable 
esophageal cancer(1,2). Esophagectomy usually presents high post-
operative morbidity and mortality, and certain complications may 
even influence long-term survival(3).

Accumulating evidence shows that preoperative hematologi-
cal biomarkers from routine complete blood count, such as red 
cell distribution width (RDW), neutrophil-to-lymphocyte ratio 
(NLR), platelet-to-lymphocyte ratio (PLR), and mean corpuscular 
volume (MCV) may predict long-term outcomes in cancer(4-14). For 
esophageal cancer, preoperative NLR before surgery predicts over-
all survival (OS) and disease-free survival (DFS)(15). Postoperative 
NLR elevation after surgery may also predict early postoperative 
outcomes in esophageal cancer(16).

The value of cellular blood components prior to neoadjuvant 
therapy and prior to surgery in the setting of trimodal therapy for 
esophageal cancer in predicting early postoperative complications 
and mortality has not been reported, and is the aim of this study.
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For this outcome, multivariate joint model could not identify independent risk variables of cellular components of blood. The 30-day mortality rate 
was 7.4%. On univariate analysis, platelet count in period B was associated to higher risk for mortality. The multivariate joint model could not accu-
rately predict mortality due to the few number of patients in the mortality group. Conclusion – This is the first study to assess the relationship between 
peripheral blood count variables changes during neoadjuvant chemoradiotherapy using a platinum- and taxane-based regimen followed by curative 
intent esophagectomy for cancer in predicting postoperative complications. The platelet volume prior to surgery is related to postoperative complications 
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METHODS

A retrospective cohort was performed, assessing the correla-
tion of  cellular components of  blood and their changes during 
trimodal therapy for esophageal carcinoma with postoperative 
mortality and postoperative complications. Consecutive patients 
of  a single institute with completion of  neoadjuvant chemoradio-
therapy using platinum- and taxane-based regimens, followed by 
curative intent esophagectomy, were selected. Peripheral blood 
was obtained in two different moments: before neoadjuvant 
therapy (A); and before surgery (1-7 days) (B). Blood test was not 
collected during acute infectious disease, neither during targeted 
antitumor therapy.

Recruitment included 2009 to 2019 period. Patients were 
staged with endoscopy, CT-scan, and PET-scan prior to neoad-
juvant therapy and classified accordingly to the 8th edition of 
UICC staging(17). Patients were followed with clinical evaluation, 
peripheral blood analysis, CT-scan and endoscopy. Complications 
were classified accordingly to the international consensus on 
standardization of  data collection for complications associated 
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with esophagectomy(18) and Clavien-Dindo classification(19). Patho-
logical response to neoadjuvant therapy was graded accordingly 
to Ryan score(20). The local ethics committee approved the study.

Statistical analysis
For absolute and relative variable, chi-square test, Fisher test or 

likelihood-ratio test were used for each outcome. Multivariate Cox 
proportional hazard analysis was performed to determine independ-
ent risk factors for the outcomes. Only variables that were significant 
(P<0.1) on univariate analysis were included as co-variables in the 
multivariable analyses. Data were assessed with IBM-SPSS software 
version 20.0, and a significance level of 0.05 was adopted. 

Ethics approval and consent to participate
This study was approved by local Ethics Committee (CAPEPesq).

RESULTS

Patients’ baseline characteristics
One hundred and forty-nine consecutive patients underwent 

neoadjuvant chemoradiotherapy using platinum- and taxane-
based regimens followed by esophagectomy and were included. 
The mean age was 60.9 years (SD±8.6), with male predominance 
(75.8%). There were 117 transthoracic (video-assisted thoraco-
scopic) procedures and 32 transhiatal procedures, all of  them 
with cervical anastomosis. The median time from completion of 
neoadjuvant chemoradiotherapy to surgery was 13 weeks (IQR 
8). The two chemotherapy regimens adopted were carboplatin 
and paclitaxel (75.2%), and cisplatin and paclitaxel (24.8%). The 
radiation therapy dosage was 41.4 cGy (75%), 45 cGy (13.5%), 
and 50.4 cGy (11.5%).

General postoperative complications
The postoperative morbidity was present in 46% of  the pa-

tients. Clinical postoperative complications, such as pneumonia, 
cardiovascular events, respiratory failure, thromboembolic events, 
were present in 22% of the patients. Surgical complications, such 
as bleeding, chylothorax, cervical anastomotic leak, were present 
in 35.5% of the patients. 

On univariate analysis age was related to general postoperative 
complications. Before surgery (period B), platelet volume was also 
related to general complications. On multiple regression analysis, 
age (OR: 1.05; 95% CI: 1.01-1.1; P=0.019) and platelet volume (B) 
(OR: 1.53; 95% CI: 1.2-2.33; P=0.045) were independent predic-
tors of  general complications (TABLE 1 and FIGURE 1). The 
predictive model for general complications can be expressed by 
the following equation: equation = exp (-7.3+0.049 x Age+0.423 
x Platelet Volume (B)) / (1+exp (-7.3+0.049 x Age+0.423 x Platelet 
Volume (B))).

Severe postoperative complications
Severe postoperative complications (Clavien-Dindo ≥ IIIa) were 

present in 17% of the patients.
On univariate analysis transhiatal access was related to severe 

postoperative complications. The decrease of lymphocytes between 
B-A periods was correlated to severe complications. On multiple 
regression analysis, surgical access (thoracoscopy: OR: 0.23; 95% 
CI: 0.088-0.602; P=0.003) and lymphocyte change between B-A 
periods (OR: 0.992; 95% CI: 0.990-0.997; P=0.046) were related to 
higher risk for severe complications (TABLE 2 and FIGURE 2). 

The predictive model for severe complications can be expressed 
by the following equation = exp (-1.12–0.001 x Lymphocyte  
(B-A) – 1.47 (if thoracoscopy)) / (1+exp (-1.12–0.001 x Lymphocyte 
(B-A) – 1.47 (if  thoracoscopy)).

Cervical anastomotic leakage
Cervical anastomotic leakage was present in 25.6% of the pa-

tients, and mostly was easily manageable and classified as grade(18) 
I or II (90%).

On univariate analysis grade of  cellular differentiation was 
related to cervical anastomotic leakage. Eosinophil count in A 
(OR: 1.001; 95% CI: 1-1.002; P=0.011), and B (OR: 1.001; 95% 
CI: 0.999–1.002; P=0.038) periods was also related to cervical 
anastomotic leakage (TABLE 3). The multivariate joint model 
was performed and the risk for cervical anastomotic leakage was 
constant, independently of the blood cellular variables. 

Postoperative mortality
The 30-day mortality rate was 7.4%.
On univariate analysis, age, histology, clinical stage, Ryan 

pathological response score, and complications were related to  
30-days postoperartive mortality. For cellular components of 
blood, all variables were not related to postoperartive mortality, 
but platelet count in period B (OR: 1.007; 95% CI: 0.999–1.017; 
P=0.017) (TABLE 4). The multivariate joint model could not 
accurately predict postoperative 30-day mortality due to the few 
number of patients in the mortality group. 

DISCUSSION

Results of  this cohort of  149 consecutive esophageal cancer 
patients that underwent neoadjuvant chemoradiotherapy using a 
platinum- and taxane-based regimen followed by curative intent 
esophagectomy suggest that mean platelet volume and lymphocyte 
decrease during neoadjuvant therapy are independent variables that 
can predict postoperative complications. 

It has been well established that there is a complex relationship 
among tumor, systemic inflammation, and nutritional and immune 
status(5,11,21-23) that may influence in surgical complications risks(24-26).

Cancer cells release growth factors and inflammatory media-
tors that stimulate production and activation of peripheral blood 
platelets(27,28). Increased mean platelet volume is an early index of 
activated platelets(29). In our study, mean platelet volume was related 
to higher risk for general complications, although the peripheral 
platelet count was not related to higher risk for complications.

Lymphocyte decrease in cancer patients reflects host immune 
function due to hormonal change, malnutrition, antitumor immune 
response, or may be due to chemotherapy induced depletion(30-36). 
Lymphopenia has strong relationship with lower heart ejection 
fraction postoperatively(37), major adverse cardiac outcomes(38-40) 
and infectious complications(36). In the present study, lymphocyte 
decrease between B and A periods increases the risk for severe 
postoperative complications. Despite lymphopenia may also reflect 
radiation therapy side effect(41), in the present radiation dose did 
not influence morbidity. 

Although previous studies reported that preoperative NLR 
might predict severe postoperative complications for colorectal, 
head and neck, and gastric surgery(26,42-46), in the present study 
NLR and PLR were not related to postoperative complications in 
esophageal carcinoma. 
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TABLE 1. General postoperative complications. Univariate analysis. Cellular components of blood are expressed in mean ± standard deviation (SD). 

Variable
Postoperative complications

OR
95% CI

P
No (N=78) Yes (N=71) Lower Upper

Age (yr) 1.049 1.008 1.091 0.007**
   Mean ± SD 59.3±8.3 62.7±8.6
Sex, n (%) 0.276
   Male 62 (54.9) 51 (45.1) 1.00
   Female 16 (44.4) 20 (55.6) 1.52 0.72 3.23
Histology, n (%) 0.940*
   Adenocarcinoma 24 (54.5) 20 (45.5) 1.00
   SCC 52 (51.5) 49 (48.5) 1.13 0.56 2.30
   Undifferentiated carcinoma 2 (50) 2 (50) 1.20 0.16 9.30
cStage, n (%) 0.345#
   I 1 (20) 4 (80) 1.00
   II 20 (60.6) 13 (39.4) 0.16 0.02 1.62
   III 48 (52.2) 44 (47.8) 0.23 0.03 2.13
   IV 9 (47.4) 10 (52.6) 0.28 0.03 2.97
Radiation, n (%) 0.606
   41.4 56 (50) 56 (50) 1.00
   45 12 (60) 8 (40) 0.67 0.25 1.76
   50.4 10 (58.8) 7 (41.2) 0.70 0.25 1.97
Chemotherapy, n (%) 0.889
   Cisplatin, Paclitaxel 19 (51.4) 18 (48.6) 1.00
   Carboplatin, Paclitaxel 59 (52.7) 53 (47.3) 0.95 0.45 2.00
Interval CRT-Surgery (days) 1.006 0.999 1.013 0.113**
   Mean ± SD 97.5±41.3 110.1±50.8
Surgical access, n (%) 0.484
   Transhiatal 15 (46.9) 17 (53.1) 1.00
   Trasthoracic 63 (53.8) 54 (46.2) 0.76 0.35 1.66
Ryan score, n (%) 0.637
   1 43 (55.1) 35 (44.9) 1.00
   2 14 (51.9) 13 (48.1) 1.14 0.48 2.74
   3 13 (44.8) 16 (55.2) 1.51 0.64 3.56
Margins, n (%) 0.910
   Free 71 (52.2) 65 (47.8) 1.00
   Compromised 7 (53.8) 6 (46.2) 0.94 0.30 2.93
Grade of cellular differentiation, n (%) 0.054
   1 8 (61.5) 5 (38.5) 1.00
   2 43 (44.3) 54 (55.7) 2.01 0.61 6.59
   3 24 (66.7) 12 (33.3) 0.80 0.22 2.98
Hb (g/dL) (A) 13.2±2 13.4±1.7 1.061 0.889 1.267 0.951**
Ht (%) (A) 39.4±5.2 40.2±4.8 1.036 0.968 1.107 0.549**
MCV (fL) (A) 87.6±7 88.6±7 1.020 0.973 1.069 0.734**
RDW (%) (A) 14.1±1.9 14.1±1.6 0.995 0.827 1.196 0.906**
Neut (/uL) (A) 5168.6±2219.6 5069.9±2421.1 1.000 1.000 1.000 0.633**
Eos (/uL) (A) 224.3±329 273.4±328 1.000 0.999 1.002 0.068**
Lymp (/uL) (A) 1863.4±617.7 2007.6±713.1 1.000 1.000 1.001 0.327**
Plat (nL) (A) 280.4±79.2 269±103.6 0.999 0.995 1.002 0.151**
MPV (fL) (A) 10.2±1.4 10.5±0.9 1.213 0.890 1.653 0.338**
NLR (A) 3.5±4 2.9±1.9 0.919 0.799 1.057 0.267**
PLR (x1000) (A) 0.19±0.2 0.15±0.08 0.104 0.003 3.174 0.081**
Hb (g/dL) (B) 12.6±1.5 12.4±1.7 0.946 0.771 1.161 0.521**
Hb (g/dL) (B-A) -0.61±1.83 -0.96±1.83 0.899 0.749 1.079 0.408**
Ht (%) (B) 37.5±3.9 37.3±4.6 0.988 0.916 1.067 0.692**
Ht (%) (B-A) -1.83±5.14 -2.93±5.04 0.957 0.896 1.023 0.246**
MCV (fL) (B) 92.3±6.4 92.1±6.2 0.993 0.944 1.046 0.624**
MCV (fL) (B-A) 4.72±4.66 3.34±5.04 0.942 0.879 1.010 0.053**
RDW (%) (B) 14.4±1.9 14.9±3 1.083 0.940 1.247 0.652**
RDW (%) (B-A) 0.32±1.88 0.83±2.81 1.106 0.944 1.296 0.500**
Neut (/uL) (B) 3722.3±1529.9 3741.9±2019.1 1.000 1.000 1.000 0.513**
Neut (/uL) (B-A) -1432.4±2174.3 -1291±2448.1 1.000 1.000 1.000 0.654**
Eos (/uL) (B) 175.1±195 246.3±299.8 1.001 1.000 1.003 0.234**
Eos (/uL) (B-A) -50.7±332.6 -27.9±237.9 1.000 0.999 1.001 0.367**
Lymp (/uL) (B) 1090.5±391.4 1132.1±434.2 1.000 0.999 1.001 0.671**
Lymp (/uL) (B-A) -769.6±688 -873.7±562.7 1.000 0.999 1.000 0.411**
Plat (nL) (B) 211.6±57.1 210.9±67.7 1.000 0.995 1.005 0.610**
Plat (nL) (B-A) -68.5±72.9 -56.5±108.4 1.001 0.998 1.005 0.261**
MPV (fL) (B) 9.83±0.74 10.11±0.92 1.524 1.015 2.287 0.045**
MPV (fL) (B-A) -0.41±1.42 -0.4±0.82 1.008 0.762 1.332 0.518**
NLR (B) 4.04±3.14 3.74±2.47 0.962 0.854 1.084 0.414**
NLR (B-A) 0.53±4.97 0.89±2.57 1.023 0.941 1.114 0.713**
PLR (x1000) (B) 0.22±0.09 0.21±0.11 0.65 0.02 19.86 0.439**
PLR (x1000) (B-A) 0.03±0.22 0.06±0.1 3.65 0.35 37.98 0.545**
(A): before neoadjuvant therapy; (B): before surgery. Chi-squared test; *Fisher’s exact test; #Likelihood ratio test; ** Mann-Whitney test.
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TABLE 2. Clavien-Dindo classification of surgical complications. Univariate analysis. Cellular components of blood are expressed in mean ± standard 
deviation (SD). 

Variable
Clavien-Dindo

OR
95% CI

P
< IIIa (N=122) ≥ IIIa (N=27) Lower Upper

Age (yr) 1.033 0.982 1.088 0.314**
   Mean ± SD 60.5±8.5 62.8±8.7
Sex, n (%) 0.463
   Male 94 (83.2) 19 (16.8) 1.00
   Female 28 (77.8) 8 (22.2) 1.41 0.56 3.57
Histology, n (%) 0.197#
   Adenocarcinoma 33 (75) 11 (25) 1.00
   SCC 85 (84.2) 16 (15.8) 0.57 0.24 1.34
   Undifferentiated carcinoma 4 (100) 0 (0) &
cStage, n (%) 0.151#
   1 5 (100) 0 (0) 1.00
   2 30 (90.9) 3 (9.1) &
   3 73 (79.3) 19 (20.7) &
   4 14 (73.7) 5 (26.3) &
Radiation, n (%) 0.575#
   41.4 92 (82.1) 20 (17.9) 1.00
   45 15 (75) 5 (25) 1.53 0.50 4.71
   50.4 15 (88.2) 2 (11.8) 0.61 0.13 2.90
Chemotherapy, n (%) 0.105
   Cisplatin, Paclitaxel 27 (73) 10 (27) 1.00
   Carboplatin, Paclitaxel 95 (84.8) 17 (15.2) 0.48 0.20 1.18
Interval CRT-Surgery (days) 1.007 0.999 1.015 0.099**
   Mean ± SD 100.5±44 117.1±54.4
Surgical access, n (%) 0.007
   Transhiatal 21 (65.6) 11 (34.4) 1.00
   Trasthoracic 101 (86.3) 16 (13.7) 0.30 0.12 0.74
Ryan score, n (%) 0.775
   1 65 (83.3) 13 (16.7) 1.00
   2 21 (77.8) 6 (22.2) 1.43 0.48 4.23
   3 23 (79.3) 6 (20.7) 1.30 0.44 3.83
Margins, n (%) 0.464*
   Free 110 (80.9) 26 (19.1) 1.00
   Compromised 12 (92.3) 1 (7.7) 0.35 0.04 2.83
Grade of cellular differentiation, n (%) 0.633#
   1 11 (84.6) 2 (15.4) 1.00
   2 77 (79.4) 20 (20.6) 1.43 0.29 6.97
   3 31 (86.1) 5 (13.9) 0.89 0.15 5.25
Hb (g/dL) (A) 13.3±1.9 13.2±1.4 0.971 0.778 1.212 0.349**
Ht (%) (A) 39.8±5.2 39.8±3.8 1.000 0.919 1.088 0.717**
MCV (fL) (A) 88±7 88.4±6.8 1.007 0.947 1.069 0.974**
RDW (%) (A) 14±1.9 14.2±1.3 1.048 0.842 1.305 0.195**
Neut (/uL) (A) 5088.8±2316.5 5263.3±2328.3 1.000 1.000 1.000 0.695**
Eos (/uL) (A) 251.3±351 233.3±203.1 1.000 0.998 1.001 0.583**
Lymp (/uL) (A) 1886.4±650.4 2140.4±712.6 1.001 1.000 1.001 0.102**
Plat (nL) (A) 276.9±92.5 266±88.3 0.999 0.994 1.004 0.498**
MPV (fL) (A) 10.4±1.2 10.3±0.9 0.956 0.682 1.338 0.509**
NLR (A) 3.3±3.4 2.8±2.1 0.934 0.765 1.140 0.280**
PLR (x1000) (A) 0.18±0.17 0.14±0.08 0.020 0.000 11.410 0.058**
Hb (g/dL) (B) 12.5±1.6 12.6±1.7 1.024 0.786 1.335 0.821**
Hb (g/dL) (B-A) -0.81±1.86 -0.65±1.71 1.049 0.836 1.315 0.493**
Ht (%) (B) 37.4±4.2 37.7±4.7 1.019 0.923 1.125 0.747**
Ht (%) (B-A) -2.42±5.23 -2.08±4.57 1.013 0.934 1.099 0.637**
MCV (fL) (B) 92.1±6.4 92.7±6.1 1.016 0.950 1.087 0.770**
MCV (fL) (B-A) 3.99±4.94 4.37±4.66 1.016 0.932 1.107 0.980**
RDW (%) (B) 14.7±2.6 14.7±2.1 1.007 0.854 1.188 0.882**
RDW (%) (B-A) 0.58±2.5 0.5±1.76 0.985 0.821 1.182 0.803**
Neut (/uL) (B) 3689.6±1678.7 3919.6±2168.1 1.000 1.000 1.000 0.887**
Neut (/uL) (B-A) -1369.3±2226.3 -1343.7±2660 1.000 1.000 1.000 0.912**
Eos (/uL) (B) 209.8±247.5 204.1±274.7 1.000 0.998 1.002 0.778**
Eos (/uL) (B-A) -42.1±292.2 -29.3±287 1.000 0.999 1.002 0.289**
Lymp (/uL) (B) 1101.7±394.9 1148.2±484.5 1.000 0.999 1.001 0.972**
Lymp (/uL) (B-A) -780.3±627.3 -992.2±630.2 0.999 0.999 1.000 0.049**
Plat (nL) (B) 213.6±62 200.3±62.2 0.996 0.989 1.004 0.243**
Plat (nL) (B-A) -62.1±94.7 -65.7±76 1.000 0.995 1.004 0.945**
MPV (fL) (B) 9.93±0.83 10.1±0.88 1.269 0.780 2.067 0.462**
MPV (fL) (B-A) -0.46±1.24 -0.2±0.78 1.160 0.854 1.576 0.069**
NLR (B) 3.94±2.96 3.71±2.27 0.970 0.824 1.142 0.839**
NLR (B-A) 0.66±4.2 0.88±2.98 1.015 0.909 1.133 0.846**
PLR (x1000) (B) 0.22±0.1 0.2±0.09 0.106 0.001 15.242 0.337**
PLR (x1000) (B-A) 0.04±0.19 0.06±0.1 2.106 0.102 43.565 0.757**
(A): before neoadjuvant therapy; (B): before surgery. Chi-squared test; *Fisher’s exact test; #Likelihood ratio test; ** Mann-Whitney test.
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TABLE 3. Cervical anastomotic leakage. Univariate analysis. Cellular components of blood are expressed in mean ± standard deviation (SD). 

Variable
Cervical anastomotic leak

OR
95% CI

P
No (N=109) Yes (N=40) Lower Upper

Age (yr) 0.993 0.952 1.036 0.927**
   Mean ± SD 61.1±8.4 60.6±9.2
Sex, n (%) 0.313
   Male 85 (75.2) 28 (24.8) 1.00
   Female 24 (66.7) 12 (33.3) 1.52 0.67 3.43
Histology, n (%) 0.096#
   Adenocarcinoma 37 (84.1) 7 (15.9) 1.00
   SCC 70 (69.3) 31 (30.7) 2.34 0.94 5.83
   Undifferentiated carcinoma 2 (50) 2 (50) 5.29 0.64 44.03
cStage, n (%) 0.812#
   I 3 (60) 2 (40) 1.00
   II 25 (75.8) 8 (24.2) 0.48 0.07 3.40
   III 66 (71.7) 26 (28.3) 0.59 0.09 3.74
   IV 15 (78.9) 4 (21.1) 0.40 0.05 3.27
Radiation, n (%) 0.579#
   41.4 82 (73.2) 30 (26.8) 1.00
   45 16 (80) 4 (20) 0.68 0.21 2.21
   50.4 11 (64.7) 6 (35.3) 1.49 0.51 4.39
Chemotherapy n (%) 0.648
   Cisplatin, Paclitaxel 26 (70.3) 11 (29.7) 1.00
   Carboplatin, Paclitaxel 83 (74.1) 29 (25.9) 0.83 0.36 1.88
Interval CRT-Surgery (days) 1.005 0.997 1.012 0.214**
   Mean ± SD 100.7±45.2 111.1±49.1
Surgical access, n (%) 0.854
   Transhiatal 23 (71.9) 9 (28.1) 1.00
   Trasthoracic 86 (73.5) 31 (26.5) 0.92 0.39 2.21
Ryan score, n (%) 0.829
   1 56 (71.8) 22 (28.2) 1.00
   2 21 (77.8) 6 (22.2) 0.73 0.26 2.04
   3 21 (72.4) 8 (27.6) 0.97 0.37 2.51
Margins, n (%) 0.515*
   Free 98 (72.1) 38 (27.9) 1.00
   Compromised 11 (84.6) 2 (15.4) 0.47 0.10 2.22
Grade of cellular differentiation, n (%) 0.019#
   1 10 (76.9) 3 (23.1) 1.00
   2 64 (66) 33 (34) 1.72 0.44 6.68
   3 32 (88.9) 4 (11.1) 0.42 0.08 2.18
Hb (g/dL) (A) 13.1±1.9 13.7±1.5 1.216 0.969 1.526 0.142**
Ht (%) (A) 39.3±5.2 41.1±4.2 1.088 0.998 1.185 0.053**
MCV (fL) (A) 87.9±6.9 88.6±7.1 1.016 0.963 1.071 0.863**
RDW (%) (A) 14.2±1.9 13.7±1.2 0.804 0.600 1.076 0.066**
Neut (/uL) (A) 4997.4±2218.4 5451.3±2544.6 1.000 1.000 1.000 0.304**
Eos (/uL) (A) 229.2±340.9 298.5±289.9 1.001 1.000 1.002 0.011**
Lymp (/uL) (A) 1864.9±653.9 2115.3±676.1 1.001 1.000 1.001 0.062**
Plat (nL) (A) 273.4±79.7 279.1±119.3 1.001 0.997 1.005 0.594**
MPV (fL) (A) 10.3±1.3 10.6±0.8 1.311 0.898 1.915 0.145**
NLR (A) 3.4±3.6 2.7±1.3 0.901 0.742 1.094 0.643**
PLR (x1000) (A) 0.18±0.17 0.14±0.07 0.021 0.000 4.146 0.088**
Hb (g/dL) (B) 12.4±1.6 12.9±1.6 1.212 0.957 1.534 0.137**
Hb (g/dL) (B-A) -0.75±1.87 -0.86±1.74 0.966 0.790 1.181 0.907**
Ht (%) (B) 37.1±4.2 38.5±4.3 1.087 0.995 1.189 0.083**
Ht (%) (B-A) -2.27±5.31 -2.59±4.56 0.988 0.919 1.062 0.930**
MCV (fL) (B) 92.4±6.2 91.8±6.8 0.984 0.930 1.042 0.548**
MCV (fL) (B-A) 4.42±4.76 3.12±5.12 0.945 0.875 1.021 0.105**
RDW (%) (B) 14.6±2 14.8±3.5 1.037 0.903 1.192 0.677**
RDW (%) (B-A) 0.36±1.91 1.12±3.27 1.143 0.966 1.353 0.126**
Neut (/uL) (B) 3594.3±1511.5 4102.3±2317.9 1.000 1.000 1.000 0.531**
Neut (/uL) (B-A) -1370.5±2172 -1349±2647.9 1.000 1.000 1.000 0.977**
Eos (/uL) (B) 194±255.5 248.8±239.6 1.001 0.999 1.002 0.038**
Eos (/uL) (B-A) -35.9±320.8 -49.8±190.1 1.000 0.999 1.001 0.216**
Lymp (/uL) (B) 1085.4±431.7 1177.3±346.6 1.001 1.000 1.001 0.088**
Lymp (/uL) (B-A) -774.8±655.7 -938±550.8 1.000 0.999 1.000 0.330**
Plat (nL) (B) 210.9±62 212.4±62.8 1.000 0.995 1.006 0.948**
Plat (nL) (B-A) -61.3±79.5 -66.7±119 0.999 0.995 1.003 0.705**
MPV (fL) (B) 9.88±0.83 10.18±0.82 1.525 0.986 2.358 0.054**
MPV (fL) (B-A) -0.41±1.27 -0.4±0.85 1.006 0.738 1.371 0.900**
NLR (B) 3.94±2.97 3.78±2.46 0.980 0.856 1.121 0.733**
NLR (B-A) 0.57±4.44 1.03±2.45 1.032 0.934 1.140 0.826**
PLR (x1000) (B) 0.22±0.1 0.2±0.08 0.051 0.001 3.957 0.218**
PLR (x1000) (B-A) 0.04±0.2 0.05±0.09 1.74 0.15 19.60 0.979**

(A): before neoadjuvant therapy; (B): before surgery. Chi-squared test; *Fisher’s exact test; #Likelihood ratio test; ** Mann-Whitney test.
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TABLE 4. Postoperative mortality (30-days). Univariate analysis. Cellular components of blood are expressed in mean ± standard deviation (SD). 

Variable
Mortality (30-days)

Total (N=149) OR
95% CI

P
No (N=138) Yes (N=11) Lower Upper

Age (yr) 1.113 1.017 1.218 0.034**
   Mean ± SD 60.5±8.4 66.9±8.6 60.9±8.6
Sex, n (%) 0.462*
   Male 106 (93.8) 7 (6.2) 113 1.00
   Female 32 (88.9) 4 (11.1) 36 1.89 0.52 6.88
Histology, n (%) 0.043#
   Adenocarcinoma 37 (84.1) 7 (15.9) 44 1.00
   SCC 97 (96) 4 (4) 101 0.22 0.06 0.79
   Undifferentiated carcinoma 4 (100) 0 (0) 4 &
cStage, n (%) 0.011#
   I 5 (100) 0 (0) 5 1.00
   II 33 (100) 0 (0) 33 &
   III 81 (88) 11 (12) 92 &
   IV 19 (100) 0 (0) 19 &
Radiation, n (%) 0.882#
   41.4 104 (92.9) 8 (7.1) 112 1.00
   45 18 (90) 2 (10) 20 1.44 0.28 7.36
   50.4 16 (94.1) 1 (5.9) 17 0.81 0.10 6.94
Chemotherapy, n (%) >0.999*
   Cisplatin, Paclitaxel 34 (91.9) 3 (8.1) 37 1.00
   Carboplatin, Paclitaxel 104 (92.9) 8 (7.1) 112 0.87 0.22 3.47
Interval CRT-Surgery (days) 1.011 1.000 1.022 0.107**
   Mean ± SD 101.3±43.6 130.8±70 103.5±46.3
Surgical access, n (%) 0.251*
   Transhiatal 28 (87.5) 4 (12.5) 32 1.00
   Trasthoracic 110 (94) 7 (6) 117 0.45 0.12 1.63
Ryan score, n (%) 0.024#
   1 75 (96.2) 3 (3.8) 78 1.00
   2 21 (77.8) 6 (22.2) 27 7.14 1.65 31.00
   3 27 (93.1) 2 (6.9) 29 1.85 0.29 11.69
Margins, n (%) >0.999*
   Free 126 (92.6) 10 (7.4) 136 1.00
   Compromised 12 (92.3) 1 (7.7) 13 1.05 0.12 8.92
Grade of cellular differentiation, n (%) 0.865#
   1 12 (92.3) 1 (7.7) 13 1.00
   2 89 (91.8) 8 (8.2) 97 1.08 0.12 9.40
   3 34 (94.4) 2 (5.6) 36 0.71 0.06 8.51
Postoperative complications, n (%) 0.003
   No 77 (98.7) 1 (1.3) 78 1.00
   Yes 61 (85.9) 10 (14.1) 71 12.62 1.57 101.33
Cervical anastomotic leak, n (%) 0.728*
   No 100 (91.7) 9 (8.3) 109 1.00
   Yes 38 (95) 2 (5) 40 0.59 0.12 2.83
Clavien Dindo, n (%) <0.001*
   < IIIa 121 (99.2) 1 (0.8) 122 1.00
   ≥ IIIa 17 (63) 10 (37) 27 71.18 8.57 591.43
Hb (g/dL) (A) 13.3±1.9 12.7±1.5 13.3±1.9 0.847 0.636 1.129 0.103**
Ht (%) (A) 39.9±5 38.2±4.5 39.8±5 0.939 0.843 1.047 0.177**
MCV (fL) (A) 88±6.9 89.6±7.5 88.1±7 1.036 0.944 1.137 0.604**
RDW (%) (A) 14.1±1.8 14.1±1.1 14.1±1.8 1.005 0.712 1.419 0.450**
Neut (/uL) (A) 5086.7±2319.8 5543.6±2270.8 5120.9±2311.6 1.000 1.000 1.000 0.515**
Eos (/uL) (A) 253±336 186.4±212.7 248±328.3 0.999 0.996 1.002 0.443**
Lymp (/uL) (A) 1926.8±633 2010.5±1039.9 1933±667.1 1.000 0.999 1.001 0.860**
Plat (nL) (A) 275.6±94.1 266.3±46.5 274.9±91.6 0.999 0.991 1.006 0.911**
MPV (fL) (A) 10.4±1.2 10.3±0.6 10.4±1.2 0.959 0.589 1.560 0.667**
NLR (A) 3.1±3 4.3±4.8 3.2±3.2 1.074 0.949 1.216 0.866**
PLR (x1000) (A) 0.17±0.15 0.22±0.23 0.17±0.15 3.387 0.245 46.9 0.852**
Hb (g/dL) (B) 12.5±1.5 12.3±2 12.5±1.6 0.918 0.621 1.357 0.778**
Hb (g/dL) (B-A) -0.81±1.82 -0.36±2.02 -0.78±1.83 1.136 0.826 1.562 0.329**
Ht (%) (B) 37.5±4.1 37.2±5.9 37.4±4.3 0.984 0.852 1.138 0.849**
Ht (%) (B-A) -2.47±5.06 -0.98±5.72 -2.36±5.11 1.055 0.943 1.180 0.337**
MCV (fL) (B) 92.2±6.3 92.5±6.4 92.2±6.3 1.008 0.913 1.112 0.942**
MCV (fL) (B-A) 4.16±4.93 2.91±4.24 4.06±4.88 0.948 0.835 1.077 0.467**
RDW (%) (B) 14.6±2.6 15±1.6 14.7±2.5 1.056 0.862 1.293 0.219**
RDW (%) (B-A) 0.54±2.42 0.96±1.83 0.57±2.38 1.064 0.861 1.315 0.339**
Neut (/uL) (B) 3704.9±1763.7 4063.6±1927.9 3731.6±1771.9 1.000 1.000 1.000 0.532**
Neut (/uL) (B-A) -1355.2±2305.7 -1480±2372.3 -1364.6±2302.7 1.000 1.000 1.000 0.630**
Eos (/uL) (B) 206.3±239.2 240±389.7 208.8±251.7 1.000 0.998 1.003 0.852**
Eos (/uL) (B-A) -47.3±279.4 53.6±407.2 -39.7±290.3 1.002 0.999 1.004 0.476**
Lymp (/uL) (B) 1089.9±380 1363.6±668.7 1110.2±411.3 1.001 1.000 1.003 0.281**
Lymp (/uL) (B-A) -833.6±600.3 -646.8±953.7 -819.5±631.1 1.000 0.999 1.001 0.654**
Plat (nL) (B) 208.9±62.8 243.1±40.9 211.3±62 1.007 0.999 1.017 0.017**
Plat (nL) (B-A) -65.7±93.4 -23.2±42.5 -62.8±91.4 1.007 0.998 1.017 0.058**
MPV (fL) (B) 9.97±0.83 9.87±0.95 9.96±0.84 0.870 0.408 1.854 0.282**
MPV (fL) (B-A) -0.41±1.2 -0.43±0.76 -0.41±1.17 0.984 0.568 1.706 0.837**
NLR (B) 3.94±2.9 3.38±2 3.89±2.84 0.907 0.672 1.223 0.504**
NLR (B-A) 0.84±3.87 -0.97±5.21 0.7±3.99 0.925 0.826 1.035 0.352**
PLR (x1000) (B) 0.21±0.09 0.23±0.12 0.21±0.1 4.632 0.010 2202.1 0.752**
PLR (x1000) (B-A) 0.05±0.17 0.01±0.25 0.04±0.17 0.436 0.029 6.669 0.851**
(A): before neoadjuvant therapy; (B): before surgery. Chi-squared test; *Fisher’s exact test; #Likelihood ratio test; ** Mann-Whitney test.
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The role of  eosinophils in solid tumors is unclear, and may 
favor an antitumor inflammatory response, depending on the 
surrounding stimuli(47-50). Eosinophils also might contribute to 
thrombophilia in patients with cancer(51,52). In the present study, 
higher eosinophil level, either prior to neoadjuvant therapy or prior 
to surgery, was related to higher chance of esophageal anastomotic 
leak on univariate analysis. The effect was not retained on multi-
variate analysis. This may be attributable to the small sample size 
of cervical anastomotic leakage.

The results of this study should be interpreted in the context 
of  certain inherent limitations. It is a single-center retrospective 
study with a relatively small sample size. The low number of 
complication events and mortality limited the statistical power of 
the analysis of the results. Also, cellular blood components levels 
are dynamic and may vary in the same patient from day-to-day. 
Future controlled prospective studies are warranted to validate the 
predictive risk models. 

Despite these limitations, this is the first study to assess the 
relationship between peripheral blood count variables changes 
during neoadjuvant chemoradiotherapy using a platinum- and 
taxane-based regimen followed by curative intent esophagectomy 
for esophageal cancer in predicting postoperative complications. 
Variables of routine blood count are already in use as part of the 
patient’s routine laboratory work for esophageal cancer patients, 

and are easily assessable, cost-effective, readily available, and can 
be used as predictive risk factors for postoperative outcomes. 

CONCLUSION

The platelet volume prior to surgery is related to postoperative 
complications and the lymphocyte count change prior to surgery 
predicts severe postoperative complications in the setting of tri-
modal therapy for esophageal cancer.
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FIGURE 2. Box-plot of mean platelet volume (MPV) before surgery 
and its relationship with postoperative complications. MPV are ex-
pressed in fL.

FIGURE 1. Box-plot of lymphocyte change between before surgery period 
(B) and before neoadjuvant therapy period (A), accordingly to Clavien-
Dindo classification. Lymphocytes are expressed in units/μL.
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RESUMO – Contexto – Os biomarcadores obtidos do hemograma completo são fatores prognósticos a longo prazo em pacientes com câncer. No entanto, 

o valor desses biomarcadores no contexto da terapia trimodal para o câncer de esôfago na predição de resultados pós-operatórios precoces não é 
estudado. Objetivo – O presente estudo avaliou o papel dos componentes celulares do sangue na predição de mortalidade e morbidade pós-operatória. 
Métodos – Uma coorte de 149 pacientes consecutivos submetidos à quimiorradioterapia usando esquemas baseados em platina e taxano seguidos por 
esofagectomia foi analisada. Os componentes celulares do sangue coletados antes da terapia neoadjuvante (período A) e antes da cirurgia (período B) 
foram avaliados quanto à mortalidade e complicações pós-operatórias. Modelos de regressão de Cox univariada e multivariada foram aplicados para 
avaliar a significância prognóstica independente das variáveis da contagem sanguínea. Resultados – A morbidade pós-operatória esteve presente em 46% 
dos pacientes. Na análise de regressão múltipla, o volume plaquetário (B) (OR: 1,53; IC95%: 1,2–2,33) foi um preditor independente de complicações 
gerais. Complicações cirúrgicas pós-operatórias graves estavam presentes em 17% dos pacientes. Na análise de regressão múltipla, a diminuição de 
linfócitos entre os períodos B-A (OR: 0,992; 95% CI: 0,990–0,997) esteve relacionada ao maior risco de complicações graves. Fístula da anastomose 
cervical esteve presente em 25,6% dos pacientes. Na análise univariada, a contagem de eosinófilos nos períodos A e B relacionou-se com a fístula da 
anastomose cervical. Para este resultado, o modelo multivariado de articulação não conseguiu identificar variáveis de risco independentes entre os 
componentes celulares do sangue. A taxa de mortalidade em 30 dias foi de 7,4%. Na análise univariada, a contagem no período B foi associada a 
maior risco de mortalidade. O modelo multivariado de articulação não pôde predizer mortalidade devido ao pequeno número de pacientes no grupo 
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INTRODUCTION

Dysphagia is a symptom of difficulty in swallowing, which can 
be related to a dysfunction in the oral, pharyngeal or esophageal 
phase of  swallowing(1). The perception of  bolus transit through 
the thoracic esophagus may be caused by esophageal anatomic 
changes, motility disorders, esophageal hypersensitivity or hiper 
vigilance(1), or the dysphagia is functional. Functional dysphagia 
is defined as “a sensation of abnormal bolus transit through the 
esophageal body in the absence of structural, mucosal, or motor 
abnormalities to explain the symptom”(2). Functional dysphagia 
is the least prevalent of the functional esophageal disorders(2). Es-
ophageal motility disorders can cause mild-to-severe dysphagia(3,4).

Healthy individuals may have, in some swallows, the perception 
of esophageal bolus transit. This sensation may be a manifestation 
of functional dysphagia, which has a different prevalence in differ-
ent populations, 7.5% of the functional esophageal diseases in the 
United States(5) and 0.6% in Asia(6). These differences are related to 
different populations and diagnostic criteria. However, the percep-
tion of bolus transit in some swallows in healthy individuals is not 
always a consequence of functional dysphagia, but rather, of an 
altered esophageal motility. Previous studies did not show changes 
in esophageal motility in perceived bolus transit(7), perhaps because 
the method used for assessment of esophageal motility was differ-
ent from the ones currently used, the high-resolution manometry 
(HRM). The hypothesis of this investigation was that perception 
of bolus transit through the esophagus after swallows is associated 
with changes in esophageal motility.

To evaluate this hypothesis esophageal motility was investigated 
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by high- resolution manometry, and swallows followed by the per-
ception of bolus passage through the esophagus were compared 
with those without perception.

METHODS

Esophageal motility and perception of esophageal transit was 
evaluated in 22 healthy volunteers, 10 men and 12 women with ages 
from 22 to 50 years (mean: 38.1±7.7 years). The mean of body mass 
index was 29.1±3.7 kg/m2. They did not have any gastroenterologi-
cal, neurological, endocrine disease, surgery in the digestive tract 
or any disease at the time of  evaluation of  esophageal motility. 
They did not complain of dysphagia, heartburn, acid regurgita-
tion or chest pain. The investigation was approved by the Human 
Research Ethics Committee of the University Hospital, number 
14757/2012, and all volunteers gave written informed consent to 
participate in the investigation.

Esophageal motility was evaluated by high resolution manom-
etry with a 32-channel solid state catheter (Sandhill Instruments, 
Highlands Ranch, CO, USA). The tests were performed after 
a 6-hour fasting, with individuals in sitting position. After the 
calibration at 0 mmHg and 100 mmHg, the manometry catheter 
was introduced through the nose until the distal channels reached 
the stomach, and registration of intraluminal pressure from the 
pharynx to the stomach was performed.

After five minutes for stabilization of the manometric record, 
each volunteer performed, in the sitting position, 10 swallows of a 
5 mL bolus of saline at room temperature. After five minutes from 
the end of the wet swallows the volunteers performed another 10 
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swallows of 1 cm3 pieces of bread, with an interval of at least 30 
seconds between swallows. After each swallow the volunteers were 
asked about the perception of bolus transit through the esopha-
gus, using the classification described by Lazarescu et al.(7): grade 
1- none; grade 2- slow passage; grade 3- stepwise; grade 4- partial 
passage; grade 5- obstruction. Therefore, swallows classified as 
grade 1 were considered without perception of  bolus passage 
through the esophagus, and swallows classified as grades 2–5 were 
considered with perception.

Each swallow was analyzed for the integrated relaxation pres-
sure (IRP) of the lower esophageal sphincter, the contraction front 
velocity (CFV), distal contraction integral (DCI), distal latency 
(DL), proximal contraction length (PCL), proximal contraction 
integral (PCI), proximal contraction duration (PCD), and maximal 
upper esophageal sphincter (UES) pressure. The method for the 
measurement of each variable was previously described(8,9). Ineffec-
tive contractions were defined as failed (DCI <100 mmHg.s.cm) or 
weak (DCI >100 mmHg.s.cm but <450 mmHg.s.cm) by the Chi-
cago classification v3.0(10). Proximal esophageal contractions were 
defined as contractions proximal to peristaltic break (transition 
zone) and distal contractions as contractions distal to peristaltic 
break(11) (FIGURE 1). The reference for PCI and DCI was the 
isobaric contour of 30 mmHg.

Statistical analysis of manometry results of the swallows fol-
lowed or not by perception of bolus passage through the esophagus 
was done by multivariate analysis of variance (MANOVA). The 
results are shown as mean and standard deviation (SD). A P≤0.05 
was considered significant.

RESULTS

The percentage of  swallows followed by perception of  es-
ophageal transit of liquid and solid bolus is described in TABLE 
1. The proportion of swallows followed by perception was higher 
with solid bolus (48.1%) compared with liquid swallows (11.7%, 
P<0.050). Ineffective contractions with liquid bolus was 24.8%, 
and with solid bolus 43.4% (P<0.050).

FIGURE 1. Peristaltic contraction of a volunteer after liquid swallow. 
Proximal esophageal contraction is above the peristaltic break (transition 
zone), and distal esophageal contraction is below the peristaltic break.

TABLE 1. Percentage of liquid and solid swallows followed by perception 
of esophageal transit and percentage of ineffective contraction after liquid 
and solid swallows.

Perception after liquid swallows 11.7%

Perception after solid swallows 48.1%

Ineffective contraction after liquid swallows 24.8%

Ineffective contraction after solid swallows 43.4%

Liquid swallows followed by perception of  bolus passage 
through the esophagus were associated with higher DCI (2257.1 
mmHg.s.cm) and shorter PCL (3.8 cm) compared with swallows 
without perception (DCI: 1187.0 mmHg.s.cm, P=0.001, and-
PCL:4.7 cm, P=0.005) (TABLE 2).

TABLE 2. Esophageal motility in healthy volunteers with and without 
perception of bolus transit through the esophagus after swallows of liquid 
bolus. Mean (SD).

No perception Perception P value

IRP (mmHg) 6.9 (0.4) 9.3 (1.3) 0.079

CFV (cm/s) 4.8 (0.2) 5.4 (0.8) 0.485

DCI (mmHg.s.cm) 1187.0 (87.2) 2257.1 (308.2) 0.001*

DL (s) 6.6 (0.1) 6.8 (0.3) 0.529

PCL (cm) 4.7 (1.4) 3.8 (1.2) 0.005*

PCI (mmHg.s.cm) 295.0 (251.3) 263.2 (193.9) 0.551

PCD (s) 2.4 (1.0) 2.3 (0.6) 0.586

Maximal UES 
pressure (mmHg) 468.5 (112.0) 467.0 (87.8) 0.948

IRP: integrated relaxation pressure; CFV: contraction front velocity; DCI: distal contractile 
integral; DL: distal latency; PCL: proximal contraction length; PCI: proximal contraction 
integral; PCD: proximal contraction duration; UES: upper esophageal sphincter. *P<0.050 
perception vs no perception.

Perception of solid bolus transit was associated with a longer 
DL (no perception: 6.4 s, perception: 7.1 s, P=0.016), longer PCL 
(no perception: 4.2 cm, perception: 6.6 cm, P=0.001), lower PCI 
(no perception: 333.3 mmHg.s.cm, perception: 228.7 mmHg.s.cm, 
P=0.002) and shorter PCD (no perception: 2.5 s, perception: 1.9 
s, P=001) (TABLE 3).
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bolus transit perception in patients without mechanical obstruc-
tion might be due to esophageal hypersensitivity(7). Anxiety is a 
predictor of  perception of  esophageal bolus transit in cases of 
hypotensive motility(15). Esophageal motor function alone did not 
explain differences in bolus perception, suggesting that different 
mechanisms are relevant in different individuals. The perception 
of  bolus transit is less common than abnormal motility(15). In a 
previous investigation only 9.6% of  the volunteers reported per-
ception of  esophageal bolus passage, which happened in 3.5% of 
the swallows(15). The difference to our results may be due to the 
different method to assess perception and characteristics of  the 
population. Perception depend on sociocultural, psychological, 
biological and ethnic variables(16). In addition, older studies did 
not used high-resolution manometry as the method for esophageal 
motility evaluation(7,17), and then the proximal esophageal area was 
not well defined; however, in one of  them the amplitude of  con-
traction measured at 15 cm from the lower esophageal sphincter 
was lower in patients with perception of  solid bolus transit than 
inpatients without perception(17).

The perception of  solid bolus swallows may be caused by 
inadequate adaptation of esophageal contraction to the bolus(17). 
Solid swallows increases the amplitude of contraction in proximal 
esophagus and the peristaltic duration throughout the esophagus, 
when compared with liquid swallows(18). The results of this investi-
gation found that the DCI increased in liquid swallows followed by 
perception, but did not change in solid swallows. The perception was 
not consequence of ineffective contractions once the DCI did not 
decrease in perceived swallows. The PCI with liquid bolus was similar 
between contraction with perception and without perception, but 
with solid bolus PCI decrease in contraction with perception. Ad-
aptations of proximal and distal contraction to bolus characteristics 
may have a significant role in the perception of esophageal transit.

The investigation has some limitations. Esophageal manom-
etry was performed only in the sitting position, and assessment of 
radiologic esophageal transit was not performed.

CONCLUSION

The perception of bolus passage through the thoracic esopha-
gus was more frequent in solid than liquid swallows, and was as-
sociated with changes in proximal esophageal contractions.
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TABLE 3. Esophageal motility in healthy volunteers with and without 
perception of bolus transit through the esophagus after swallows of solid 
bolus. Mean (SD).

No perception Perception P value

IRP (mmHg) 7.6 (4.6) 7.9 (4.9) 0.734

CFV (cm/s) 4.6 (2.1) 4.7 (2.8) 0.830

DCI (mmHg.s.cm) 1129.1 (1049.9) 1239.0 (1137.8) 0.604

DL (s) 6.4 (1.2) 7.1 (2.0) 0.016*

PCL (cm) 4.2 (1.3) 6.6 (1.3) 0.001*

PCI (mmHg.s.cm) 333.3 (229.4) 228.7 (223.1) 0.002*

PCD (s) 2.5 (0.9) 1.9 (0.8) 0.001*

Maximal UES 
pressure (mmHg) 492.9 (120.1) 464.5 (100.1) 0.086

IRP: integrated relaxation pressure; CFV: contraction front velocity; DCI: distal contraction 
integral; DL: distal latency; PCL: proximal contraction length; PCI: proximal contraction 
integral; PCD: proximal contraction duration; UES: upper esophageal sphincter. *P<0.050 
perception vs no perception.

DISCUSSION

Our results showed that the perception of  esophageal bolus 
transit was associated with changes in esophageal motility, mainly 
with alteration in proximal esophagus.

In humans the cervical esophagus is composed of  striated 
muscles; contractions are centrally mediated and occur in response 
to sequential activation of the motor neurons in the nucleus am-
biguous. The smooth muscle of the distal esophagus is innervated 
by intramural inhibitory and excitatory neurons(12). The proximal 
few centimeters of the esophagus contains receptors and afferent 
innervations that are sensitive to mucosal stimulation(13).

The observed changes in esophageal motility associated with 
perception were more related to the proximal than the distal esopha-
gus, mainly in the solid swallows, when there was increase in PCL, 
decrease in PCI, decrease in PCD and decrease in PCI. Also, there 
was a decrease in PCL with liquid swallows. Receptors sensitive to 
mucosal stimulation found in the proximal esophageal mucosa may 
mediate the afferent feedback that activates esophageal peristalsis 
during swallowing(13). The swallowing systems may have variation 
in the response to stimuli between individuals. However, in healthy 
volunteers successive swallows of the same stimuli, performed with 
enough interval, caused similar response in amplitude, duration and 
velocity of esophageal contractions in a previous report(14), which 
was not performed with high-resolution manometry.

A previous investigation described that there is no agreement 
between objective measurements of  esophageal function and sub-
jective perception of  bolus transit, suggesting that an increase in 
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Costa TV, Dantas RO. Alteração da motilidade do esôfago durante percepção do trânsito do bolo em voluntários saudáveis. Arq Gastroenterol. 2019;56(4):386-9. 
RESUMO – Contexto – A percepção do trânsito de bolo deglutido através do esôfago torácico pode ser consequência de alterações anatômicas ou fun-

cionais do esôfago. Objetivo – Avaliar, em voluntários saudáveis, se a deglutição com percepção do trânsito do bolo pelo esôfago está associada a 
alteração da motilidade esofágica. Método – Avaliação simultânea da percepção do trânsito pelo esôfago e motilidade foi realizada em 22 voluntários 
saudáveis. A motilidade esofágica foi avaliada por manometria de alta resolução. Cada voluntário realizou, na posição sentada, 10 deglutições de 
5 mL de soro fisiológico e 10 deglutições de pedaços de 1 cm3 de pão, com um intervalo de pelo menos 30 segundos entre as deglutições. Após cada 
deglutição, os voluntários foram questionados sobre a percepção do trânsito do bolo através do esôfago. Resultados – A percepção do trânsito ocorreu 
em 11,7% das deglutições do bolo líquido e em 48,1% das deglutições do bolo sólido. A percepção do bolo líquido foi associada com menor extensão 
de contração proximal e maior integral da contração distal, comparadas com deglutições sem percepção. A percepção do trânsito de bolus sólido 
foi associada a maior latência distal, menor extensão de contração proximal, menor integral da contração proximal e menor duração da contração 
proximal. Conclusão – A percepção do trânsito do bolo deglutido pelo esôfago torácico ocorreu mais frequentemente com bolo sólido e foi associada 
a alteração das contrações esofágicas proximais.

DESCRITORES – Transtornos da motilidade esofágica. Transtornos de deglutição. Músculo liso. 
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INTRODUCTION

Pharmacotherapy plays an important role in preserving and 
reestablishing people’s good health conditions, thus contributing 
to improve the quality of life and life expectancy of the population. 
The ongoing progress of Health Sciences allows the introduction of 
new pharmaceutical products that either prevent or treat diseases 
that were thought untreatable. However, the misuse of medicines 
is one of  the main causes of  health issues as well as social and 
economic losses. 

Therefore, it is essential that pharmaceutical products are used 
in a rational manner, in order to ensure the desired therapeutic 
effects. According to the World Health Organization (WHO), the 
rational use of medicines requires that “patients receive medica-
tions appropriate to their clinical needs, in doses that meet their 
own individual requirements, for an adequate period of time, and 
at the lowest cost to them and their community”(1). 

One of the main causes of liver disease is drug-induced liver 
injury (DILI), which is directly related with toxicity by drug therapy 
to which certain susceptible patients are subjected to(2). The World 
Health Organization defines adverse reaction as “a response to a 
drug which is noxious and unintended, and which occurs at doses 
normally used in man for the prophylaxis, diagnosis, or therapy 
of disease, or for the modification of physiological function.(3)” 

In addition, some factors make people susceptible to or pre-
disposed to develop liver injury, such as age, gender, nutritional 
status, use of allopathic medicine, herbal or dietary supplements 

Prospective monitoring of drug use:  
drug-induced liver injury in a primary  
healthcare center

Nília Maria de Brito Lima PRADO1, Gladistone Correia MESSIAS1, Genário Oliveira SANTOS JUNIOR2,  
Vinícius Santos NUNES2, Maria Isabel SCHINONNI3 and Raymundo PARANÁ4

Received 8/7/2019
Accepted 27/9/2019

ABSTRACT – Background – Drug-induced liver injury is still misunderstood in Brazil due to diagnostic difficulties or lack of reporting incidents. Objec-
tive – To assess the frequency of adverse events related to the use of medicines in a primary healthcare unit, in a city locate southwestern of the state 
of Bahia, Brazil. Methods – Prospective study conducted at the Primary Center for Specialized Health (CEMEA), February at August of 2013 in 
Vitoria da Conquista, Bahia, Brazil. Interviews were conducted with patients over 18 years old, and their clinical and laboratorial data were collected. 
The CIOMS scale was used to validate the cases. Results – A total of 149 patients, mainly Afro-Brazilian women, received follow-up. Among these 
patients, three cases of hepatotoxicity were identified, and the medicines associated to drug-induced liver injuries were: nimesulide, budesonide and 
valacyclovir. Conclusion – Drug-induced liver injury is rare in primary healthcare units. It also allowed estimating the incidence of hepatotoxicity 
induced by allopathic medicines which are standardized by public healthcare authorities.

HEADINGS – Chemical and drug induced liver injury. Drug-related side effects and adverse reactions. Pharmacovigilance.

Declared conflict of interest of all authors: none
Disclosure of funding: Johnson & Johnson do Brasil Indústria e Comercio de Produtos para a Saúde Ltda.
1 UFBA, Faculdade de Farmácia do Instituto de Saúde Multidisciplinar, Salvador, BA, Brasil. 2 UFBA, Hospital Universitário Prof. Edgard Santos, Salvador, BA, Brasil. 3 UFBA, Instituto de Ciências 
da Saúde (ICS), Salvador, BA, Brasil. 4 UFBA, Faculdade de Medicina da Bahia, Salvador, BA, Brasil.
Corresponding author: Genario Oliveira Santos Junior. E-mail: genariofarma@yahoo.com.br

(HDS), polypharmacy, drug or alcohol abuse. Besides elderly 
people, women, and children are the most vulnerable groups(4-8).

DILI is observed both in hospitals and outpatient units. Pros-
pective data on adverse events concerning patients in outpatient 
clinics are rather scarce. This scarcity is the result of several factors, 
such as lack of patient/physician communication, self-administra-
tion of medications by patients, and inadequate documentation.

In Brazil, data on drug-induced hepatotoxicity in outpatient 
clinics are extremely limited. Literature reviews did not show results 
of surveys in healthcare units, neither in primary nor secondary 
care. In addition, the knowledge of specific risk factors that favor 
adverse reactions to medications allows the implementation of 
preventive actions and actions to raise awareness about the system 
of medicine use.

METHODS

A cohort prospective study, was conducted at the Primary 
Center for Specialized Health (CEMEA) in Vitoria da Conquista, 
located in the southwestern region of the state of Bahia, Brazil. 
CEMEA is a public healthcare center which offers specialized 
medical services that serve both this city and neighboring towns. 
Patients were enrolled during the study period from February to 
August 2013. The project aimed to put together healthcare profes-
sionals and expert physicians, thus building a collaborative network 
that allowed the assessment of the incidence of drug-induced liver-
related adverse events. 

AG-2019-102
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The inclusion criteria of the study were: patients over 18 years 
old, who sought gastro-hepatology services and received follow up 
in this outpatient unit, and who were taking medicines prescribed 
by local physicians. 

The exclusion criteria were: patients who consumed alcohol 
in amounts >30 g/day, presenting with non-hepatic USG ABD, 
non-reactive viral serologies (viral hepatitis A, B and C, herpes and 
EBV), immunoglobulins, iron kinetics, ceruloplasmin and alpha 1 
antitrypsin were included, if  normal(9).

The interviews were held just before the physicians visit, with 
a pharmacist. A questionnaire with a list of questions specifically 
conceived for the study was applied. The medical records of the 
interviewed patients were filled with the confirming and completing 
of the data entered on the forms. The following information was 
required: clinical characteristics, time for the symptoms to begin, 
signs such as fever, rash, lymphadenopathy, splenomegaly, anorexia, 
nausea, abdominal discomfort, jaundice, dark urine, white stools, 
and arthritis, use of  allopathic or/and phytotherapic medicines, 
herbal and dietary supplements, and risk factors such as existing 
liver disease, alcohol use, nutritional status and data on the occur-
rence of autoimmune or viral hepatitis.

After the first interview (D1), all the patients who had prescrip-
tion of medicines were invited to return in thirty days (D30), in 
order to evaluate liver function through signs and/or symptoms, 
and biochemical parameters such as alanine transaminase, alkaline 
phosphatase, bilirubin, alanine aminotransferase, gamma glutamyl 
transpeptidase and hemogram. In the case of suspicion of DILI, 
the patient was evaluated by a physician and returned to the health 
service in sixty days (D60) and ninety days (D90), or by the time 
the signs and symptoms normalize. 

The biochemical criteria that characterized DILI were: alanine 
transaminase (ALT) ≥5x higher than the normal limit (xULN); al-
kaline phosphatase (ALP) ≥2 x ULN or ALT ≥3x ULN + bilirubin 
(TB) ≥2 x ULN. The type of liver injury was classified according 
to R values (ALT/ULN)/(ALP/ULN), which were calculated from 
the blood tests taken after DILI suspicion.

The patients who had suspected drug-induced liver injury 
were required to do the serology (HAV, HBV, HCV, CMV, EBV) 
and autoantibodies (FAN, Anti-LKM, AML) exams, abdominal 
ultrasound, in order to exclude other liver diseases.

The Council for International Organizations of Medical Sci-
ences (CIOMS)(10) scale was applied to all cases that were diagnosed 
as DILI. The experts’ team who confirmed the diagnoses was 
composed by two physicians and one pharmacist.

Statistical analyses were performed with the use of the SPSS 
(Statistical Package for the Social Sciences) software.

The Ethics Committee of Professor Edgard Santos University 
Hospital approved the study. All subjects gave informed written 
consent to participate in the study.

RESULTS

The study assessed data of  149 patients consulted by the 
gastro-hepatologist at the outpatient clinic (D1). All patients 
returned on Day 30. The average age was 49 (+/-13.8), 121 of  the 
interviewed patients (81%) were Afro-Brazilians, and 93 (62%) 
patients were females. 

Of all patients, 78 (52%) were using more than three medicines 
concurrently, but only 3 (2%) presented liver injury after taking the 
medication. None patient included in this study, related HDS use.

The patients with DILI were female and the average age 
was 38 years. The culprit drugs were: nimesulide, budesonide 
and valacyclovir. The type of  liver injury was hepatocellular in 
all cases, with the same clinical presentation. Apart from eleva-
tions in transaminases, the patients did not present other signs or 
symptoms of liver injury (TABLE 1). All the patients were making 
use of concomitant drugs. The CIOMS scale showed “probable” 
reaction for two patients and “possible” reaction for one. All three 
cases were resolved and the patients did not need hospitalization 
(TABLE 2). About the treatment for DILI, in all this cases, the 
culprit drug was discontinued, and drug therapy was not necessary 
to resolve the problem.

DISCUSSION

Rational use of medicines seems to be a huge challenge in out-
patient units in Brazil, not only because there is an overprescription 
of drugs, but also due to interactions between drugs or drug misuse. 

The most important adverse event related to the inadequate use 
of medicines is DILI. Andrade et al. (2005) emphasized the need for 
studies like the present one – on prospective data from outpatient 
medical centers – thus developing a “pharmacoepidemiology” ap-
proach to investigate such occurrences(11).

DILI includes a complex pathophysiology, multifactorial 
causes, and diagnostic challenges(6,11). Moreover, DILI diagnosis 
requires an assessment of the individual’s overall health, risk fac-
tors, as well as drugs under use which interact with each other, 
alcohol exposure, and previous liver diseases(10).

TABLE 1. Biochemical parameters of the patients who developed DILI – 
prior, during, and after administration of suspicious drug in CEMEA, in 
Vitoria da Conquista-Bahia-Brazil.

Laboratory tests D1 D30 D90

AST (UI/L)

Case 1 22 110 32

Case 2 26 156 38

Case 3 21 126 32

ALT (UI/L)

Case 1 32 182 36

Case 2 31 176 39

Case 3 32 182 32

GGT (UI/L)

Case 1 30 210 73

Case 2 31 217 61

Case 3 32 224 52

TB (mg/dL)

Case 1 0.3 0.6 0.4

Case 2 0.4 0.5 0.3

Case 3 0.4 0.6 0.3
DILI: drug-induced liver injury. ALT: alanine aminotransferase, ULN <40; GGT: gamma 
glutamyl transpeptidase, ULN <40; AST: aspartate aminotransferase: ULN <36; TB: total 
bilirubin, ULN <1.20. ULN: upper limit of normal.
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The present study assessed 149 patients who were all using at 
least one drug. Many of these patients were taking two or more 
medicines, and some of them have been using seven different medi-
cines for a long time, hence they were more susceptible to develop 
adverse events, notably, drug-induced hepatotoxicity(7,8). However, 
even among patients using multiple concomitant medicines, there 
was no screening protocol resulting in DILI.

The current study found three cases of DILI, which is a low 
frequency when compared to other prospective studies in the lite-
rature in which the number of patients with DILI was between 31 
and 300, and the observation time of these studies was from 24 to 
48 months respectively(12,13). Such a low frequency could be related 
to the limited time available to observe the adverse effects on the 
population. None of the patients with DILI had any diagnosis of 
previous hepatic disease. Some studies report that 2% of suspected 
DILI cases occur in patients with chronic liver disease(13).

The culprit drugs found in the present study were already 
mentioned in others studies. Among them, AINES is the most 
common responsible agent of  DILI in Latin America, with an 
incidence of  32% (62/171)(14). In addition, nimesulide was the 
anti-inflammatory which most caused DILI in an Italian Center, 
responsible for 82% of  cases in a period of  ten years (14/17)(15). 
Budesonide is a corticoid, and corticosteroid therapy can cause 
hepatic steatosis and hepatic enlargement, but these conditions 
are often not clinically apparent, especially in adults. These ef-
fects can occur quite rapidly and are equally rapidly reversed with 
discontinuation of  the medicine. Cases of  DILI caused by the use 
of  budesonide are uncommon but, as for the present study, liver 
diseases such as viral hepatitis and autoimmune diseases were 
excluded. Regarding the use of  concomitant drugs, the patient 
was making use of  them for a long time by the moment of  the 
assessment, but the transaminases elevation was observed only 
after the use of  budesonide, thus the use the concomitants drugs 
improve the risk of  DILI, especially prednisone and betametha-
sone, both corticosteroid drugs(16).

The antiviral valacyclovir was also already reported in litera-
ture as a causing agent of DILI. The patient underwent therapy 
for seven days and developed DILI, with transaminases elevation 
similar to the present study(17).

In most cases of DILI, previous exposure to at least one medi-
cine as well as the combination of hepatotoxic drugs considerably 
increases the risk of DILI. As for the present study, all the patients 
who developed liver injury were taking concomitants drugs(18).

The study assessed the general characteristics of  each indi-
vidual, such as age, gender, and obesity as risk factors for the 
development of liver injury. The population was composed mainly 

by Afro-Brazilian women, with an average age of  49 years old. 
Moreover, 22% of the patients were overweight. All the patients 
who developed DILI were female with an average age of 38 years 
old. In a similar study conducted in India, the average age was 38 
years old and 53% of the patients were female(19).

By the moment of  the assessment, only three patients had 
suspected DILI, of  hepatocellular type, with this result being 
compatible with other studies(15,16,18).

The CIOMS method resulted in “probable” for two cases and 
“possible” for one. Its application becomes relevant as it considers 
the main criteria for imputation of  causality in hepatic damage 
and has greater specificity, as already described in the literature.

Other authors have mentioned antibiotics as the most com-
mon type of  medicine resulting in drug-induced hepatotoxicity. 
Also, the use of NSAIDs (nonsteroidal anti-inflammatory drugs) 
is quite common in the general population, and their association 
with drug-induced liver injury is expressive, especially diclofenac 
and nimesulide(10).

As the study assessed the medicines with greater implication in 
DILI cases, we observed that all of them are included on Lists of 
Essential Medicines all over the world. The majority of patients 
assessed in this study were taking at least one medicine that has 
been implicated in DILI cases. Therefore, it is important to properly 
monitor these medicines for possible adverse events.

CONCLUSION

The present prospective study allowed reporting new cases of 
DILI in 3 (2%) outpatients. It also allowed estimating the incidence 
of hepatotoxicity induced by allopathic medicines which are stand-
ardized by public healthcare authorities.
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TABLE 2. Characteristics and clinical presentation of the patients who developed DILI after administration of suspicious drug in CEMEA, in Vitoria 
da Conquista-Bahia-Brazil.

Case Age 
(female)

Culprit 
drug

Indication 
use

Clinical 
presentation

Type of liver injury 
(Hepatocellular) Concomitant drugs CIOMS Outcome

01 35 Nimesulide Headache Transaminases 
elevation ALT:235, ALP:52 Levothyroxine, 

Nortriptyline, Torsilax® Probable Resolved

02 42 Budesonide Sinusitis Transaminases 
elevation ALT:230, ALP:46 Hydrochlorothiazide, 

Methyldopa, Prednisone Probable Resolved

03 38 Valacyclovir Herpes 
simplex

Transaminases 
elevation ALT:228, ALP: 46 Hydrochlorothiazide, 

Methyldopa Possible Resolved

DILI: drug-induced liver injury. ALT: alanine aminotransferase, ULN <40; ALP: alkaline phosphatase, ULN <290; ULN: upper limit of normal; CIOMS: Council for International Organizations 
of Medical Sciences.
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RESUMO – Contexto – As lesões hepáticas induzidas por drogas (DILI), ainda são mal compreendidas no Brasil devido a dificuldades diagnósticas ou à 

falta de relatos. Objetivo – Avaliar a frequência de eventos adversos relacionados ao uso de medicamentos em uma unidade básica de saúde, em uma 
cidade do sudoeste baiano. Métodos – Estudo prospectivo realizado no período de fevereiro a agosto de 2013 em Vitória da Conquista, Bahia, Brasil. 
Entrevistas foram realizadas com pacientes maiores de 18 anos; os dados clínicos e laboratoriais foram coletados. A escala do CIOMS foi usada para 
avaliar causalidade dos casos. Resultados – Um total de 149 pacientes, principalmente mulheres afro-brasileiras, receberam acompanhamento. Entre 
esses pacientes, três casos de hepatotoxicidade foram identificados e os medicamentos associados à DILI foram: nimesulida, budesonida e valaciclovir. 
Conclusão – DILI é raro em unidades básicas de saúde. Os três casos foram todos reversíveis, sem necessidade de internação hospitalar. Políticas de 
saúde que fomentam a prática da farmacovigilância são extremamente importantes para a prevenção e detecção de DILI.

DESCRITORES – Doença hepática induzida por substâncias e drogas. Efeitos colaterais e reações adversas relacionados a medicamentos. Farmacovigilância. 
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INTRODUCTION

Chronic hepatitis C has the hepatitis C virus (HCV) as its 
etiological agent, discovered in the late 1980’s by Choo et al.(1). 
This pathology may remain stable or develop into hepatic fibrosis, 
cirrhosis and hepatocellular carcinoma(2).

The World Health Organization estimates that about 71 million 
people worldwide live with chronic HCV infection. Data shows 
that approximately 399,000 people die every year from hepatitis C 
because they develop cirrhosis or hepatocellular carcinoma(3). The 
study “Global Burden of  Disease” (GBD) has shown that viral 
hepatitis remains among the top ten global killers(4).

Data from the Brazilian Epidemiological Bulletin indicate that 
331,855 cases of hepatitis C were reported in 2018 with the anti-
HCV or HCV-RNA markers. In 2017, the ranking of capital cities 
with the highest rates of hepatitis C detected Porto Alegre (RS) at 
the top, with 90.7 cases per 100,000 inhabitants, while the national 
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ABSTRACT – Background – In recent years the management of hepatitis C virus infection and the possibility of its eradication have been researched due 
to the importance that they represent in the health of the world population. Obtaining data that help to cope with this pathology improves the quality 
of life of those affected by it. The present study evaluated the effectiveness of direct-acting antiviral therapies provided by the Brazilian Ministry of 
Health in accordance to the Clinical Protocol and Therapeutic Guidelines of 2015. Objective – To evaluate the epidemiological profile of patients 
with chronic hepatitis C and the rate of sustained virologic response using direct-acting antivirals of all individuals that attended the referral service 
for the treatment of chronic hepatitis C at the Hospital of the Federal University of Rio Grande. Methods – This was an observational, retrospective/
prospective study with all patients with chronic hepatitis C who had their treatments available from December 2015 to August 2017 according to 
the criteria of the Clinical Protocol and Therapeutic Guidelines of 2015. In the first phase, the clinical and demographic variables of all individuals 
enrolled in a treatment for hepatitis C were selected and collected from the Reference Service database. In the second phase, treatment data were 
collected. The outcome variable, sustained virologic response, was defined as an undetectable viral load on the blood test three months after the end 
of treatment. The descriptive and bivariate analyzes were performed with Pearson’s chi-square and Fisher’s Exact test, adopting a P value ≤0.05 in 
the SPSS 20 software. Results – Of the 252 participants in the study, 228 (90.5%) had a sustained virologic response, 55.2% were male with an average 
age of 58.6 years (SD±9.1). Genotype 1 was the most prevalent, observed in 54.4% of the participants, and 87.4% of the patients had moderate/
advanced hepatic fibrosis. After the statistical analysis, it was observed that the individuals with genotype 3 and moderate/advanced hepatic fibrosis 
had lower sustained virologic response rate (P=0.05 and P=0.04, respectively). Conclusion – It was observed that the use of direct-acting antivirals, in 
comparison to previous therapeutic regimens, increases the sustained virologic response, reaching all patients with mild fibrosis. This study provides 
information that helps in the hepatitis C treatment by showing that prescribing early treatment for patients without hepatic fibrosis and/or genotype 
3 virus could increase therapeutic effectiveness. 

HEADINGS – Chronic hepatitis C. Epidemiology. Sustained virologic response. Antiviral agents.
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average was of 11.9 cases per 100,000 inhabitants(5). The constant 
improvement of the Clinical Protocol and Therapeutic Guidelines 
makes available for the year 2019 new easy-to-manage antiviral 
medications and dosage including the retreatment of those already 
tried with other direct-acting antiviral (DAA) drugs(6).

In 2015, the Brazilian government started to offer the treat-
ment of  the Clinical Protocol and Therapeutic Guidelines, with 
the use of DAA agents (sofosbuvir, daclatasvir and simeprevir). 
The objective was to eradicate the virus by providing sustained 
virologic response (SVR)(7,8). The use of the previous protocols led 
to unsatisfactorily low SVR rates that ranged between 50% and 
70%. Indices were even worse in cases with advanced fibrosis and 
infection by genotype 1 HCV, besides presenting adverse effects of 
difficult management(9-11).

The present study was motivated by the limited availability 
of  Brazilian research documenting and recording real-life data 
regarding the success rates of DAAs(12-14). Here we evaluated the 
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epidemiological profile of patients with chronic hepatitis C and the 
rate of SVR of all individuals treated in accordance to the Clinical 
Protocol and Therapeutic Guidelines of  2015 that attended the 
Reference Center for the treatment of chronic hepatitis C of the 
Federal University of Rio Grande, termed Center for the Applica-
tion and Monitoring of Injectable Medicines (CAMMI).

METHODS

This was an observational, retrospective/prospective study that 
evaluated the epidemiological profile and determined the SVR 
rate of all chronic hepatitis C patients who had their treatments 
available in the period from December 2015 to August 2017 and 
attended CAMMI, in the Hospital of the Federal University of Rio 
Grande. The eligibility criteria was defined by the inclusion of all 
individuals treated in the service according to the 2015 Protocol.

The first phase of  the study consisted in the selection of  the 
participants using the CAMMI database. This study included all 
patients registered for treatment following the Clinical Protocol 
and Therapeutic Guidelines of  2015 in accordance to clinical 
setting and previous diagnosis, resulting in 357 eligible individu-
als. Demographic variables (sex and age) were also collected in 
this phase.

During the second phase, medical records were used to col-
lect data on the treatment of  hepatitis C (genotype, fibrosis, 
therapeutic regimen, duration, previous use of  protease inhibitor, 
coinfection, extrahepatic criteria and previous treatment). SVR 
and HCV genotype data was obtained by the undetectable viral 
load test, which consisted of  a HCV-RNA measurement test 
performed by Real Time PCR at least 12 weeks after the end of 
treatment. Both the viral load test and the HCV genotyping are 
molecular biology tests performed from blood samples sent from 
the central laboratory of  the University Hospital. Samples were 
analyzed in the Viral Load laboratory situated in the academic 
area of  the Health Campus.

Fibrosis was considered in the evaluation tests to characterize 
liver damage. Tests included hepatic biopsy (METAVIR), hepatic 
elastography (KPa ≤7.1 = F1, KPa ≥7.2 = F2, KPa ≥9.5= F3), 
abdominal ultrasound, endoscopy or scores calculations that take 
into account laboratory findings (transaminases and prothrombin 
time) and clinical evaluation, which are called APRI and FIB4 
(APRI ≥0.5 or FIB4 ≥1.45 = F2 and APRI >1.5 or FIB4 >3.25 = 
F3). The results obtained followed the METAVIR classification, 
which is the most commonly used method to stage hepatic fibro-
sis(15,16). METAVIR score was based on Rockey et al.(17) F1 and F2 
were characterized as mild fibrosis, F3 as moderate to advanced 
fibrosis, and F4 as cirrhosis and esophageal varices. In the extra-
hepatic criteria are included the situations that did not include the 
evaluation of  the hepatic damage, patients with kidney or liver 
transplantation and also cases where prescriptions were based on 
clinical manifestations of the virus such as problems in articulations 
(arthralgias) and in the skin (porphyria cutanea tarde).

The database was organized in Microsoft Excel spreadsheets 
with the following variables: SVR, sex, age, genotype, fibrosis, 
coinfection, extrahepatic criteria, treatment regimen and duration 
(weeks), previous use of first-generation protease inhibitors (PI) 
and treatment-naïve. The descriptive and bivariate analyzes were 
performed with Pearson’s chi- square and Fisher’s Exact tests, 
adopting a P value ≤0.05 in SPSS 20 software.

The present study followed the ethical precepts recommended 

by the Resolution CNS 466/12 of  the Ministry of  Health, and 
was approved by the Research Ethics Committee of the Federal 
University of Rio Grande – FURG under the number 203/2018 
CEPAS 96/2018.

RESULTS

Of  the 357 eligible individuals, 27 were excluded for not 
initiating treatment within the pre-established period, discon-
tinuing treatment or dying. There were 78 participants that were 
excluded because the record of  the viral load test performed three 
months after finishing the treatment were not found. Therefore, 
252 (76.4%) patients were included in the statistical analysis. No 
statistical difference was found between the study group and the 
losses (TABLE 1) when considering sex, age, genotype, fibrosis 
and treatment-naïve.

TABLE 1. Comparison of sociodemographic factors, C virus genotype 
and host characteristics among participants and losses of the sustained 
viral response rate study in patients with chronic hepatitis C treated with 
direct-acting antivirals (n=330).

Variable
Participants Losses

n (%) n (%)

Sex 0.320

   Male 139 (55.2) 48 (61.5)

   Female 113 (44.8) 30 (38.5)

Genotype 0.175

   1 137 (54.4) 47 (60.3)

   2 24 (9.5) 11 (14.1)

   3 91 (36.1) 20 (25.6)

Age 0.678

   ≤59 years 136 (54.0) 40 (51.3)

   ≥60 years 116 (46.0) 38 (48.7)

Fibrosis 0.792

   Mild 29 (12.6) 10 (14.5)

   Moderate 83 (36.1) 22 (31.9)

   Advanced 118 (51.3) 37 (53.6)

Naïve 0.182

   Yes 140 (55.6) 50 (64.1)

   No 112 (44.4) 28 (35.9)

SVR was obtained from 228 (90.5%) of  the sample. Among 
the 252 participants, 55.2% were males, with a mean age of 58.6 
years (SD±9.1). In relation to chronic hepatitis C, the genotype 1 
was the most prevalent for HCV (54.4%), and 87.4 % of partici-
pants presented a moderate to advanced degree of hepatic fibrosis. 
HIV coinfection was observed in 19 (7.5%) of  the participants, 
and 12 (4.8%) individuals had extrahepatic complications. In 
the aspects related to the therapeutic regimen, the combination 
sofosbuvir-daclatasvir was used by 44.4% of the patients, followed 
by sofosbuvir-daclatasvir-ribavirin, used by 29% of  the sample. 
Concerning the duration of the treatments, 90.5% were carried out 
for 12 weeks. In addition, it was observed that 16 (6.3%) patients 
received triple therapy with IP, and 140 (55.6 %) of the subjects 
were naïve (TABLE 2).
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The bivariate analysis (TABLE 2) showed that SVR was observed 
in 95.8% of the individuals infected with HCV genotype 2, while it 
was of 93.4% and 84.6% for infections of HCV 1 and 3, respectively 
(P=0.055). Concerning the cases of liver fibrosis, SVR was found in 
100% of participants with mild fibrosis and in 89.1% of those with 
moderate to advanced fibrosis (P=0.044). When we analyzed SVR 
in relation to HCV genotype and the degree of hepatic fibrosis, SVR 
was observed in 100% of the patients with mild fibrosis infected 
by HCV genotypes 1 and 2, while it was of 93% in patients with 
moderate to advanced fibrosis. SVR rate was of 100% in patients 
infected by HCV genotype 3 with mild fibrosis, while it was signifi-
cantly less prevalent in patients with moderate to advanced fibrosis, 
being observed in of 82.2% of the cases (P=0.021). The therapeutic 
regimen that achieved better SVR results was sofosbuvir-daclatasvir 
(96.4% recovery), closely followed by sofosbuvir-simeprevir-ribavirin, 
sofosbuvir-ribavirin, and sofobuvir-peginterferon-ribavirin, with a 
success rate of 96.2% (P=0.006). The association of the therapeutic 
regimen with the degree of hepatic fibrosis, showed that 100% of 
SVR rate for the mild fibrosis was observed regardless of the thera-
peutic regimen. However, SVR rates varied in cases of moderate to 
advanced fibrosis, with sofosbuvir-daclatasvir scheme reaching a 
rate of 96.7% and with sofosbuvir-simeprevir-ribavirin, sofosbuvir-
ribavirin, sofosbuvir-peginterferon-ribavirin schemes achieving a 
rate of 95.7% (P=0.002).

DISCUSSION

The demographic profile of the population with chronic hepati-
tis C showed that this pathology is more diagnosed among men with 
a mean age of 58.6 years (SD±9.1). According to the epidemiologi-
cal bulletin, since 1999 in Brazil there is a predominance of males 
aging about 60 years among the confirmed cases of hepatitis C(5). 
Chronic hepatitis C discovery is recent, dating back to 1989, and 
epidemiological findings in relation to the age group shows that 
the majority of  the individuals were suffering the consequences 
of the disease prior to this date, when the virus was unknown and 
therefore there was no testing in the blood banks. 

In this study, with the use DAAs indicated by the Clinical 
Protocol and Therapeutic Guidelines of 2015, the SVR rate was of 
90.5% in a total of 252 individuals. In previous studies conducted 
in Europe, SVR rates with the use of DAAs ranged from 58% to 
97%(18-24). In the first report of a real world experience in southern 
Brazil the authors describe in your results a total of 219 patients 
a SVR rate of 95% (n=208) in patients with cirrhosis (n=89) the 
SVR was 92.7% and for genotype 3 with cirrhosis (n=21) the SVR 
was 87.5%(12). In addition, this study observed that the rate of SVR 
was higher among women (93.8%) than among men (87.8%). Al-
though not significant, this dissimilarity may conceivably be due to 
the different adherence and discipline to the therapeutic regimen 
between women and men. Among the factors studied, the ones 
that showed a significant association with SVR were related to the 
characteristics of the virus, liver damage and therapeutic scheme.

In relation to patients with HCV genotype 3, the treatment 
success rate was of 84.6%, which is low when compared to SVR 
between 93% and 95% for HCV genotypes 1 and 3, respectively. 
European surveys have observed an SVR rate of 79-97% for geno-
types 1 and 2 and of 58-97% for genotype 3(18-24). Also in research 
carried out in Brazil, we find in Ferreira et al. (2008), results the 
SVR rates between 88-96% for various schemes interferon-free and 
the genotype 3 as the hardest to be treated(25). Studies conducted in 

TABLE 2. Descriptive and bivariate analysis of the sustained viral res-
ponse rate in patients with chronic hepatitis C treated with direct-acting 
antivirals (n=252).

Variable Sample 
description n (%)

SVR n 
(%) P-value

Sex 0.105
   Male 139 (55.2) 122 (87.8)
   Female 113 (44.8) 106 (93.8)
Age 0.984
   ≤59 years 136 (54.0) 123 (90.4)
   ≥60 years 116 (46.0) 105 (90.5)
Genotype 0.055
   1 137 (54.4) 128 (93.4)
   2 24 (9.5) 23 (95.8)
   3 91 (36.1) 77 (84.6)
Fibrosis 0.044
   Mild 29 (12.6) 29 (100.0)
   Moderate/advanced 201 (87.4) 179 (89.1)
Genotype/Fibrosis 0.021
   G1 G2 / Mild 20 (8.7) 20 (100.0)
   G1 G2/Mod. Advan 128 (51.7) 119 (93.0)
   G3/Mild 9 (3.9) 9 (100.0)
   G3/Mod. Advan 73 (26.1) 60 (82.2)
Coinfection (HIV) 0.877
   Yes 19 (7.5) 17 (89.5)
   No 233 (92.5) 211 (90.6)
Extra-hepatic criteria 0.681
   Yes 12 (4.8) 11 (91.7)
   No 240 (95.2) 217 (90.4)
Therapeutic Regimen 0.006
   Sofoa/Daclab 112 (44.4) 108 (96.4)
   Sofoa/Daclab/Ribac 73 (29.0) 61 (83.6)
   Sofoa/Simed 41 (16.3) 34 (82.9)

Sofoa/Simed/Ribac; 
Sofoa/Ribac; Sofoa/Pege/
Ribac

26 (10.3) 25 (96.2)

Therapeutic Regimen # 0.002
   Sofoa/Daclab 112 (44.4) 88 (96.7)
   Sofoa/Daclab/Ribac 73 (29.0) 42 (79.2)
   Sofoa/Simed 41 (16.3) 27 (79.4)

Sofoa/Simed/Ribac; 
Sofoa/Ribac; Sofoa/Pege/
Ribac

26 (10.3) 22 (95.7)

Duration (weeks) 0.347
   12 228 (90.5) 205 (89.9)
   24 24 (9.5) 23 (95.8)
Previous use of PIf 0.536
   Yes 16 (6.3) 15 (93.8)
   No 236 (93.7) 213 (90.3)
Naïve 0.886
   Yes 140(55.6) 127 (90.7)
   No 112(44.4) 101 (90.2)

asofosbuvir; bdaclatasvir; cribavirina; dsimeprevir; epeginterferon; fprotease inhibitor. #Terapeutic 
Regimen with moderate/advanced fibrosis.
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the last decade have shown that HCV genotype 3 progresses faster 
to cirrhosis and its complications in comparison to HCV genotypes 
1 and 2, and it is theoretically associated with a lower survival free 
of hepatocellular carcinoma. Thus, HCV genotype 3 is considered 
to be more steatogenic, more frequently leading to metabolic syn-
drome (viral steatosis)(26,27). In addition to the worst response to 
treatment, HCV genotype 3 was also the second most prevalent, 
with 36.1% of cases, while HCV genotypes 1 and 2 accounted for 
54.4% and 9.5% of the cases, respectively. The most prevalent HCV 
genotypes in Brazil are 1 (65%), 3 (30%) and 2 (5%). Concerning 
the Brazilian regions, the highest prevalence of HCV genotype 3 
is in the South (43.2%), while of HCV genotype 2 in the Central 
West (11.4%)(28). The Clinical Protocol and therapeutic guidelines, 
in force in Brazil in 2019, changed the treatment management to 
genotype 3, including the antiviral velpatasvir and increasing the 
treatment duration to 24 weeks in individuals with cirrhosis(6). 
Knowing that HCV genotype 3 induces more liver fibrosis and for 
this reason leads to a lower rate of SVR, it was assumed that this 
genotype is the most difficult to be treated. The inclusion of new 
DAAs in the Brazilian therapeutic schemes is urgent, as well as 
the revision of the antiviral combinations for future treatments in 
patients did not or will not respond to the current scheme. How-
ever, besides the HCV genotype, the degree of hepatic fibrosis was 
another relevant and significant characteristic for the SVR rate.

We found moderate to advanced hepatic fibrosis in 87.4% of 
the patients studied. SVR in this group was of 89.1%, while in the 
group without hepatic injury or mild fibrosis this rate was of 100% 
(P=0.044). When analyzing the SVR associating the genotype with 
the degree of hepatic fibrosis, we observed that the degree of mild fi-
brosis remained at 100% for every HCV genotype, but for infections 
with genotypes 1 and 2 with moderate to advanced fibrosis it was 
of 93%, although this difference was not significant. However, for 
patients with HCV genotype 3 with moderate to advanced fibrosis, 
SVR rate was 82.2%, and this decrease was significant (P=0.021). 
Studies show that independently of the HCV genotype, the associa-
tion of the virus with hepatic fibrosis decreases the effectiveness 
of the therapy(8). Also in relation to the European studies, the rate 
of  SVR for patients with hepatic fibrosis was of  58% for HCV 
genotype 3 and 79% for genotypes 1 and 2, being lower than the 
success rate for patients without hepatic injury(22,24). Finding that 
liver damage directly influences SVR highlights the need to extend 
the therapeutic access to all patients, regardless of the degree of the 
hepatic injury. Unfortunately, this hypothesis was not considered 
as relevant at the time of this study, and the Clinical Protocol and 
Therapeutic Guidelines of 2015 never considered treating patients 
without advanced fibrosis. Nevertheless, other studies(29) developed 
over the years have also shown the efficacy of treating patients that 
did not present hepatic disease, leading to the revision and release 
of new Clinical Protocol and Therapeutic Guidelines in 2017 and 
2018, enhancing treatment for all infected with HCV(30).

When evaluating the SVR rates in relation to the antiviral com-
binations used to treat patients with moderate to advanced fibrosis, it 
was observed that the most commonly used therapeutic regimen was 
sofosbuvir-daclatasvir, with a success rate of 96.7%, followed by the 
combinations sofosbuvir-simeprevir-ribavirin, sofosbuvir-ribavirin 
and sofosbuvir-peginterferon-ribavirin, with a success rate of 95.7%. 
All other therapeutic regimens achieved SVR rates under 80% 
(P=0.002). The effectiveness of the therapeutic regimens persisted 
even when we associate the variable of moderate to advanced fibrosis, 
considered by previous studies as a criterion of negative influence 

for therapeutic success(7). Thus, effectiveness of these schemes was 
demonstrated even in patients with more serious clinical profiles, 
fitting to emphasize SVR rates were of 100% for patients with a mild 
degree of hepatic fibrosis, regardless of the scheme used.

The assessment of  the success rate achieved by people with 
chronic hepatitis C treated in accordance to the Clinical Protocol 
and Therapeutic Guidelines of 2015 allowed us to provide informa-
tion on the current status of the treatment strategies, on the detec-
tion of HCV carriers and also on strategies for the prevention of the 
progress of liver disease, enabling improvements in the quality of 
life of the infected individuals and facilitating the global strategies 
for the eradication of viral hepatitis as a public health problem until 
2030. We believe that even though DAAs act on the virus, they do 
not eliminate the great influence that host characteristics have on 
the outcome. In addition, although SVR is used to measure the 
effectiveness of the treatment, the evolution of liver disease may 
persist even after the eradication of the virus, not eliminating the 
risk of clinical decompensation and hepatocellular carcinoma. For 
this reason, it is wise to take into consideration that HCV geno-
type 3 infections, with or without mild fibrosis, after liver fibrosis 
aggravation will have a significantly lower SVR in comparison to 
carriers of other genotypes regardless of the degree of the fibrosis. 
Thus, the best perspective of SVR for HCV genotype 3 infections 
is to receive treatment before the development of cirrhosis, as the 
natural evolution of this disease is usually slow for those who are 
only chronic carriers of hepatitis C.

Among the limitations of the study is the comprehensiveness 
of  the CAMMI reference center, as the center receives patients 
both from the public system and from private health insurance 
services. This posed an obstacle to verify the SVR outcome, result-
ing in losses that were withdrawn from the study. We are aware that 
sample size may influence results, making important differences 
unnoticed. For this reason, we analyzed the 78 individuals of the 
losses and the characteristics found were similar to those of the 
studied sample. However, we reached a number of subjects inferior 
to what was estimated, because our commitment was to analyze all 
the individuals treated in accordance to the Clinical Protocol and 
Therapeutic Guidelines of 2015.

CONCLUSION

It was observed that, in comparison to previous therapeutic 
regimens, the use of DAAs led to an increased SVR, reaching the 
totality among patients with mild fibrosis. This study provided 
information that helps in the treatment, showing that indicating 
early treatment in patients without hepatic fibrosis and infected 
HCV genotype 3 can enhance therapeutic effectiveness.
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RESUMO – Contexto – O manejo e a possibilidade de erradicação da infecção pelo vírus da hepatite C têm sido muito pesquisados nos últimos anos pela 

importância que representam na saúde pública para a população mundial. A obtenção de dados que auxiliem o enfrentamento dessa patologia resulta 
na melhor qualidade de vida dos seus portadores. O presente estudo avaliou a efetividade da terapêutica com os antivirais de ação direta, fornecida 
pelo Ministério da Saúde, através do Protocolo Clínico e Diretrizes Terapêuticas de 2015. Objetivo – Avaliar o perfil epidemiológico dos portadores 
de hepatite C crônica e a taxa de resposta viral sustentada com o uso dos antivirais de ação direta em todos os indivíduos atendidos no Centro de 
Referência no tratamento da hepatite C crônica do Hospital Universitário da Universidade Federal do Rio Grande. Métodos – Estudo observacional 
retrospectivo/prospectivo com todos os portadores de hepatite C crônica que tiveram seus tratamentos disponibilizados no período de dezembro de 
2015 a agosto de 2017 segundo os critérios do Protocolo Clínico e Diretrizes Terapêuticas de 2015. Na primeira fase foram selecionadas e coletadas as 
variáveis demográficas e clínicas, no banco de dados do centro de referência de todos os indivíduos cadastrados para tratamento para hepatite C e na 
segunda fase foram coletados dados referentes ao tratamento. A variável desfecho, resposta viral sustentada, foi definida pela carga viral indetectável 
no exame sanguíneo três meses após o término do tratamento. Foram realizadas as análises descritivas e bivariadas com cálculo do qui quadrado de 
Pearson e Exato de Fisher, adotando um valor P≤0,05, no programa SPSS 20. Resultados – Dos 252 participantes do estudo 228 (90,5%) obtiveram 
resposta viral sustentada, sendo 55,2% do sexo masculino com média de idade de 58,6 anos (DP±9,1). O genótipo 1 foi o mais prevalente, presente 
em 54,4% dos participantes, 87,4% dos estudados apresentavam grau de fibrose hepática moderada/avançada. Após a análise estatística observou-se 
que os indivíduos com genótipo 3 e fibrose hepática moderada/avançada, tiveram menor taxa de resposta viral sustentada (P=0,05 e P=0,04 respec-
tivamente). Conclusão – Observou-se que com o uso dos antivirais de ação direta as taxas de resposta viral sustentada foram altas, em relação aos 
esquemas terapêuticos anteriores, podendo chegar à totalidade nos pacientes com fibrose leve. Este estudo mostra que a realização do tratamento 
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INTRODUCTION

Colorectal cancer (CRC) is worldwide, the third cause of cancer 
and the second cause of death. An estimated 1.8 million new cases 
and 881,000 deaths occurred by this cancer yearly(1). According 
to the Brazilian statistics, CRC is the second cause of cancer for 
women and the second for men(2).

CRC screening is necessary to detect polyps and cancer preco-
ciously(3). The diagnosis at initial stages is crucial for acquiring the 
best prognosis. Colonoscopy, sigmoidoscopy and the fecal occult 
blood test (FOBT) are the main methods for CRC screening. Co-
lonoscopy is a highly sensitive exam for identifying adenomas and 
cancers but is an invasive and expensive method with low adhesion 
even in developed countries(4). The FOBT has low sensitivity and 
specificity, particularly for adenomas, but is a non-invasive and 
low-cost exam that reduces CRC mortality up to 16%. Sigmoi-
doscopy, allow partial visualization of the colon but also reduced 
mortality up to 30%(5). 

There is an urgent need to develop simple tests, less invasive, 
with high sensitivity and specificity. In recent decades, many studies 
have been conducted to detect molecular markers in blood, stools 
and urine. Mutations or methylations alterations on DNA may be 
interesting ways for CRC diagnosis(6). 
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ABSTRACT – Background – Colorectal cancer (CRC) is one of the leading causes of cancer worldwide. Early diagnostic methods using serum biomarkers 
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The MALDI-TOF MS technique is a high sensitivity and 
specificity analytical test for the diagnosis of  cancer, applied to 
identify a multitude of cancer types such as gastrointestinal, lung, 
renal, bladder, ovarian, leukemia, melanoma and breast carcinoma. 
The analysis of  lipid profiles can significantly contribute to the 
indication of some pathologies such as cancer(7). Qualitative and 
quantitative assessment of lipids in blood and other body fluids 
may reveal new biomarkers for early diagnosis of cancer, as well 
as to follow cancer patients after treatment(8).

The family of lipid is composed of a wide variety of molecular 
species, divided into eight classes that include 1,680,000 species 
complex lipids. These are involved in various physiological pro-
cesses regulated by thousands of metabolic pathways. Changes in 
expression levels of individual lipid species may be associated with 
numerous diseases including cancer(9).

There are two strategies for lipid analysis. The first one that 
focus on known lipids and the other one that analysis non-target 
lipid that provides a vast amount of data, which require the assis-
tance of bioinformatics for data processing. This process includes 
three phases: the first refers to the principal component analysis 
(PCA) and discriminatory analysis of partial least squares (PLS-
DA) that aims to identify the differential lipids. The second strategy 
has the purpose of recovery of the database coupled with MS/MS 
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spectra for identification of  different lipids. The third and final 
phase targeted the interpretation of the data for the acquisition 
of meaningful information(10).

The mass spectrometry (MS) is a single analytical method that 
allows the identification of a wide range of molecules along the 
surface of a biological sample. With the advances in MS technolo-
gies, many analytical equipment was developed allowing different 
ionization and fragmentation approaches. The MALDI technique 
is the most currently used as a high-performance tool, due to its 
high sensitivity. MALDI-TOF/MS has become a promising tool 
between the present analytical platforms for lipidomic research, 
proving to be an attractive platform for application in lipidomics 
for pre-clinical biomarker studies(11,12).

The objective of the study was to compare the plasmatic lipid 
profiles of patients with colorectal cancer to controls and patients 
with polyps.

METHODS

Patients were selected sequentially from the Clinical Oncology, 
Surgical Gastroenterology and Endoscopy Division of the Federal 
University of Sao Paulo. The study enrolled patients with colorectal 
cancer or polyps and patients with normal colonoscopy of both 
genders, aged between 20 and 80 years.

Colon cancer patients before surgical resection of the tumor and 
rectal cancer patients before neoadjuvant treatment were included 
and compose the cancer group. Patients undergoing colonoscopy 
with normal colonoscopy or with adenomas polyps were included 
before polypectomy and compose the control and the polyps’ group 
respectively. Patients with inflammatory bowel disease, familial ad-
enomatous polyposis or previous history of cancer were excluded.

The study was approved by the Ethics and Clinical Research 
Committee Coordenadoria de Ensino e Pesquisa do Hospital São 
Paulo – HU/UNIFESP under no. 72523. All the patients were 
informed about the study and signed an Informed Consent term 
prior to their inclusion.

All patients underwent collection of 10 mL of peripheral blood 
in tubes with EDTA. After centrifugation, the plasma was stored 
at -80°C for further lipids analysis. 

Lipid extraction
Aliquots were thawed at room temperature for lipids extraction 

following the protocol described by Bligh-Dyer (1959)(13). In a tube 
300 μL of the sample were added to 375 μL of chloroform and 750 
μL of methanol. After homogenization, 187.5 μL of chloroform 
and 150 μL of distilled water were added to supernatant and centri-
fuged at 3000 x g for 1 minute. Approximately 200 μL of the organic 
phase containing the lipids were gently transferred to a new tube, 
which remained open at room temperature for solvent evaporation.

Samples were resuspended in 8 μL methanol, placed in duplicate 
spot of 1 μL by the MTP adapter 384 (Bruker Daltonics, Bremen, 
Germany) and coated with 1 μL of 2,5-dihydroxybenzoic acid (DHB) 
and alfacyano-4-hydroxycinnamic (CHCA) both in the concentra-
tion of 7 mg/mL trifluoroacetic acid (TFA) 0.01% dissolved in 70% 
methanol and 30% water. The acquisition of the spectra was per-
formed in the AUTOFLEX Speedy TOF/TOF (Bruker Daltonics, 
Bremen, Germany) in positive mode at a range of 700–1200 m/z with 
the frequency 500 water 1000 shots/sec and power 90%.

Statistical analysis
A list of  ions and their intensities had been generated by 

Flexanalysis software (Bruker Daltonics, Bremen, Germany) 
and afterwards exported to an Excell spreadsheet. The statistical 
processing was performed in MetaboAnalyst software 2.0 (http://
www.metaboanalyst.ca). The principal component analysis (PCA) 
and discriminant analysis by least squares (PLS-DA) were applied 
to evaluate the quality of  the models. To find different changes 
on circulating lipids between the groups, 15 VIP lipids (variable 
importance in discriminant analysis) was obtained.

The ROC curves were generated, the area under the curve was 
generated to evaluate the cutoff, sensitivity, specificity for each VIP 
lipid in the groups. 

The ions were identified by lipid subclasses by Simlipid 4 soft-
ware (Premier Biosoft, Califonia, USA) and online database Lipid 
Maps (National Institute of Medical Sciences of the United States) 
(http://www.lipidmaps.org). They were identified and accepted 
hydrogen adducts (M+), sodium (Na+) and potassium (K+), since 
they form part of the composition of solvents. 

RESULTS

Eighty-eight patients were included, 40 of them with CRC, 12 
with adenomatous polyps and 32 controls (TABLE 1). The mean 
age of patients with CRC was 64 years (±15.18), with polyps was 
66 years (±12.37) and for controls 58 years (±12.30).

TABLE 1. Descriptive analysis of the studied groups.

Groups
Control 

(n=32)

Polyp 

(n=12)

Cancer 

(n=40)

Age

   Mean (SD) 58 (12.30) 66 (12.37) 64 (15.18)

Gender

   Male 20 06 27

   Female 12 06 13

Stadium

   I 4

   II 5

   III 31

Degree of differentiation

   Well differentiated 12 12

   Moderately differentiated 26 26

   Poorly differentiated 2 2

SD: standard deviation.

The analysis of boxplot evidenced the distribution of eight VIP 
ions in the three groups (TABLE 2). All these ions were in different 
concentrations in CRC compared to controls or polyps. However, 
there was no difference between polyps and controls. (FIGURE 1). 
Due to the lack of  difference between polyps and controls, all 
analyzes were performed between the cancer and control groups.

The cluster confirms the difference between the groups 
(FIGURE 2).
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TABLE 2. Identification of lipids from VIPs by PLSDA.

m/z Formula ppm Category Class Subclass

810,16354 [C
34

H
43

O
21

] -8.999.317 Polyketide Flavonoids Anthocyanidins

782,08362 [C
32

H
39

O
21

] -8.998.671 Polyketide Flavonoids Anthocyanidins

762,67565 [C
42

H
84

NO
8
P] -8.999.137 Glicerolphospholipid Glycerophosphocholines Diacylglycerophosphocholines

754,04717 [C
35

H
29

O
19

] -8.998.801 Polyketide Flavonoids Anthocyanidins

727,00808 [C
10

H
17

NO
4
] 896.297 Fatty acid Fatty Acids and Conjugates Oxo fatty acids

812,75576 [C
20

H
35

NO
2
] -8.994.046 Fatty acid Fatty Acids and Conjugates N-acyl ethanolamines 

(endocannabinoids)
761,07383 [C

5
H

10
O

3
S] 899.891 Fatty acid Fatty Acids and Conjugates Hydroxy fatty acids

755,05.318 [C
3
H

7
NO

3
] 900.007 Fatty acid Fatty Acids and Conjugates Amino fatty acids

FIGURE 1. Boxblot of the eight ions that differentiated the groups 
studied, cancer-pre (red), control (green), polyp (blue).

FIGURE 2. Lipid spectra heat map comparing the cancer group to 
control/polyp.
The heat map confirms the difference between the cancer and control 
group. 
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Initially, 15 ions (m/z) highlighted by PLS-DA were obtained as 
important lipids to differentiate CRC patients from the others. The 
concentration between cancers patients were at least 2-fold higher. 
Most ions were hypo-represented in cancer patients compared to 
controls and polyps (FIGURE 3A and 3B). 

DISCUSSION

Lipids play many essential roles in cellular functions, such as 
survival, proliferation and death. They are involved in the storage 
of  chemical energy, cell signaling, cell membranes and cell-cell 
interactions in tissues. These cellular processes are strongly related 
to pathways of carcinogenesis, particularly transformation, progres-
sion and metastasis(14).

In our study, we investigated the plasma lipid profile of patients 
with CRC without metastases and compared to controls and pa-
tients with polyps. The analysis tool was composed by an analytical 
method of MALDI-TOF mass spectrometry to identify possible 
lipid biomarkers for diagnosis. 

Statistical data processing proceeded using the analysis of the 
main components PCA and the values of the variable importance 
in the projection (VIP) of the PLS-DA. The PCA is an unsupervised 
method; each of the main components detects the directions of 
greater variance in the data matrix, while the PLS-DA is a predic-
tive supervised method of statistical validation for biomarkers(15).

We observed a different mass spectrum in CRC patients. The 
small size of the polyps, the low degree of atypia and the reduced 
number of patients may be the cause of the lack of lipid difference 
between this group and controls.

We identified eight lipids that best represent the cancer group 
compared to the control group. The analysis of  the ROC curve 
made with these lipids showed a high accuracy, sensitivity and 
specificity, suggesting that they may be potential biomarkers. As 
a way of improving these results, we propose a multiple logistic 
regression model composed with the eight selected metabolites and 
obtained the following predictive model.

Our results identified that the ions 810,16354, 782,08362; 
754,04717; 727.00808; 755,05318; 761.07383; 762.67565 were hypo-
represented and the ion 812,75576 m/z, hyper-represented in the 
cancer group, indicating the possible association of the lipids with 
the carcinogenic and metabolic pathways involved in carcinogenensis. 

When assessing lymph node involvement, the boxplot test 
showed that patients with stage III tumors had difference on lipid 
profiles compared to the others (AUC: 0.924, CI 95%: 0.815–0.982), 
indicating a high sensitivity and specificity. These results suggest 
that the ions 71,587,337 and 76,308,826 may be potential prognostic 
biomarkers.

FIGURE 3. A) 15 VIPs identified by PLS-DA. The colored boxes on 
the right indicate the relation of the concentrations of the corresponding 
metabolite in each of the groups, cancer and control. PLSD-DA Shows 
Groups Separation According Components 1(96.9%). B) The PCA analysis 
indicates intrinsic differences between the groups, which could be observed 
by MALDI-TOF-MS metabolomics profiling.

A

B

The ratio between the lipids that best differentiate the groups 
was 71,587,337 / 76,308,826 with sensitivity of 100% and specific-
ity of 78.6%. The concentration of lipids of patients with tumors 
that had positive lymph node invasion (N1 or N2) was different 
from the patients with negative lymph node invasion (FIGURE 4). 

FIGURE 4. The ROC and Box-Plot curve analysis shows AUCs, a variable 
that indicates the accuracy of the absence of lymph node invasion (N0) 
compared to the presence of lymph node invasion (N1 or N2).
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The increase of lipogenic expression in cancer cells is a common 
event for the development of cancer, due to rapid cell proliferation 
and reprogramming of energy metabolism, causing a decrease in 
plasma lipid levels. According to Corominas-Faja et al., the lipo-
genic phenotype plays a fundamental role in cellular processes, 
associated with transformations of cancer cells, including signal 
transduction, gene expression and response to therapy(16).

The lipids were identified according to their categories and 
classes in polyketide (PK), fatty acids (FA) and glycerolphos-
phophosphates (GP). The ion 812,5576, hyper-represented in the 
cancer group, belongs to the category of  FA, subclass N-acyl-
entolamine(17). These authors investigated the plasma lipid profile in 
patients with advanced CRC by MALDI–TOF. They also identified 
that GP and PK, were hypo represented in the cancer group and 
hyper represented in the control. 

Glycerophospholipids, characterized as phospholipids, are 
integrators of cell membranes and play the role in cell metabolism 
and signaling. Demonstrating a relationship of these lipids with 
metabolic dysregulation and differentiation, certain lipid species 
strongly linked to cell signaling.

The phospholipid molecules are abundant in the plasma and 
heterogeneous, this fact is attributed, largely of variations of the 
FA, as well as the structural differences presented by them. Its 
structural diversity suggests critical involvement in many physi-
ological and pathological processes(18). Prospective studies associ-
ated high circulating choline concentration with an increased risk 
of CRC. Phosphatidylcholines and phosphatidylethanolamines are 
key components of  cell membranes responsible for maintaining 
structural integrity(19).

Several prospective studies suggest an association between 
high intake of  flavonoids, particularly flavonols, anthocyanins 
and a decrease risk of  CRC through various anti-inflammatory 
mechanisms, anti-oxidant properties, induction of apoptosis, in-
hibition of proliferation and angiogenesis(20). Protective activities 
have been widely attributed to anthocyanins by negative regulation 
of inflammatory signaling pathways, including the light chain of  
NF-kB, mitogen-activated protein kinase (MAPK), c-Jun N -ter-
minal kinase (JNK), and transducer and transcription activator 
(STAT). They inhibit cell proliferative pathways, such as the Wnt 
signaling pathway, which is upregulated in most sporadic CRC. 
However, the mechanisms that can suppress the colon carcinoge-
nesis has not yet been fully elucidated(21).

FAs have a structural role in cell membranes, influencing their 
fluidity, functions and cell membrane composition, as well as being 
the main structural component of each lipid group. Lipid metabo-
lism is associated with carcinogenicity, progression and alterations 
in the expression of FA. The lipogenesis process is a known feature 
that may be present in malignant cells. A key enzyme, fatty acid 
synthase (FASN) that regulates the biosynthesis of lipogenesis de 
novo in many cancers, including CRC, is associated with disease 
aggressiveness and a poor prognosis. Suggesting that this enzyme 
may be a potential biomarker to investigate the relationships be-
tween lipid metabolism and cancer(22,23).

Fernandes Messias MC et al., 2018 described reduced levels of 
different forms of lysophospholipideocolin (LPC), a category of 
glycerolphospholipid (GP) in plasma of CRC patients. Phospho-
lipids (PLs) play important cellular functions, such as signal trans-
duction, post-translational modifications, homeostasis, adhesion, 
migration, apoptosis and neurotransmission(24). In the presence 
of cancer these molecules are often subject to modifications, with 
marked changes in the metabolism of phosphatidylcholine (PC) 
and phosphatidylethanolamine (PE) due to changes in the activity 
of degradative enzymes, which may be useful for the diagnosis and 
treatment of cancer(25).

Yu Z et al., 2018 evaluated the lipid profiles of 199 patients with 
lung cancer (NSCLC) and 147 controls by MALDI. The authors 
defined a panel of four lipid markers with sensitivity of 81.9% and 
specificity of 70%; that can be lipid biomarkers for the diagnosis 
of lung carcinomas(26).

The role of  lipid synthesis in cancer metabolism and tumor 
development as well as in precancerous lesions still requires many 
studies to elucidate the numerous mechanisms and pathways of 
its development. IN clinical practice, the lipid profile is measured 
based on the serum concentrations of  total cholesterol, high-
density lipoprotein, low-density lipoprotein and triacylglycerols 
being poor information for the analysis of  the lipid fractions. 
The mass spectrometry (lipid) technique allowed identifying the 
specific categories of  lipids. Cancer cells are characterized by 
changes in lipid metabolism. Membrane alterations, rupture of 
energetic homeostasis, cell signaling, gene expression and protein 
distribution, affecting several cellular functions, such as apoptosis, 
autophagy, necrosis, proliferation, differentiation, growth, drug 
resistance(27).

In conclusion, we found different lipid profiles between the 
non-metastatic cancer group and the control group. Eight VIP 
potential lipid biomarkers were identified.
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INTRODUCTION

The serotonin or 5-hydroxytryptamine (5-HT) is a major 
signaling molecule in the gastrointestinal tract (GIT) and is also 
considered as neurotransmitter, neuromodulator and a paracrine 
factor(1-4). The 5-HT is produced by the enterochromaffin (EC) cells, 
which form part of the epithelial lining of the gut. This signaling 
molecule is also present in the enteric neurons of the submucosal 
and myenteric plexuses of the Enteric Nervous System (ENS). The 
5-HT release from EC cells, which is produced in response to the 
increase of the intraluminal pressure in the gastrointestinal, may 
stimulate both intrinsic and extrinsic primary afferent (sensory) 
neurons, via at least three different 5-HT receptors (e.g. 5-HT3, 
5-HT4 and 5-HT1)(2,5). Activation of  the 5-HT receptors may 
depolarize afferent nerve terminals, which can lead to a variety 
of physiological functions, including the initiation of peristalsis, 
vasodilatation, secretory reflexes and extrinsic primary afferents 
involved in transmission of  sensory information to the Central 
Nervous System(2,6-9).

Abnormal levels of 5-HT in the circulating blood plasma and 
intestinal tissues have been associated with diarrhea, dysmotility 
and inflammation. Furthermore, 5-HT displays a crucial patho-
physiological role in some gastrointestinal disorders(10-12).
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ABSTRACT – Background – Serotonin (5-HT) is present in the epithelial enterochromaffin cells (EC), mast cells of the lamina propria and enteric neurons. 
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Methods – Twenty-four male Wistar rats were divided into four groups: normoglycemic (C), normoglycemic supplemented with 40 mg/day quercetin 
(Q), diabetic (D) and diabetic supplemented with 40 mg/day quercetin (DQ). After 120 days, the jejunum was collected and fixated in Zamboni’s solu-
tion for 18 h. After obtaining cryosections, immunohistochemistry was performed to label 5-HT and caspase-3. Quantification of 5-HT and caspase-3 
immunoreactive (IR) cells in the lamina propria, villi and crypts were performed. Results – The diabetic condition displayed an increase of the number 
of 5-HT-IR cells in villi and crypts, while decreased number of these cells was observed in lamina propria in the jejunum of STZ-rats. In the diabetic 
animals, an increased density of apoptotic cells in epithelial villi and crypts of the jejunum was observed, whereas a decreased number of caspase-3-
IR cells was observed in lamina propria. Possibly, quercetin supplementation slightly suppressed the apoptosis phenomena in the epithelial villi and 
crypts of the STZ-rats, however the opposite effect was observed on the 5-HT-IR cells of the lamina propria. Quercetin supplementation on healthy 
animals promoted few changes of serotoninergic function and apoptotic stimuli. Conclusion – These results suggest that quercetin supplementation 
mostly improved the serotonergic function affected by diabetes maybe due to antioxidant and anti-inflammatory properties of quercetin.
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Diabetes mellitus (DM) is considered a complex and systemic 
metabolic disease characterized by the presence of hyperglycemia 
and increased oxidative stress(13,14). The diabetic neuropathy affects 
the organization of the ENS, resulting in quantitative loss of its 
cellular components with functional and morphological changes as-
sociated with the mechanisms of cellular plasticity(13,15,16). Changes 
in the serotonin levels and serotonin-immunoreactive (-IR) cellular 
density has been already reported in GIT of diabetic animals(1,8). 
Additionally, changes in either levels of  neuronal and mucosal 
serotonin or its receptors may be involved in the pathogenesis of 
diabetic diarrhea and the efficacy of the 5-HT3 receptor antago-
nists, such as ondansetron(17) and ramosetron(18) used in the treat-
ment of diabetic diarrhea has been already reported.

In this context, quercetin, a common dietary flavonoid, gave rise 
to a promising antidiarrheal molecule. Several studies in the past 
have revealed that quercetin may produce antidiarrheal effects(19,20), 
mainly due to their antihistamine and anti-inflammatory activi-
ties(21,22). Furthermore, quercetin displays other important biological 
effects, including antioxidant, anticancer, hepatoprotective, anti-
diabetic and antibacterial actions(23-25). In an electrophysiological 
study on mice, quercetin inhibits the 5-HT3 receptor-mediated ion 
current by interacting with pre-transmembrane domain I of Ca+2 
channel(26). For these reasons, studies suggest that quercetin may 
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inhibit diabetic diarrhea by serotonergic mechanisms. Besides its 
antioxidant activity, quercetin may protect cells from oxidative 
stress-mediated apoptosis(27,28). In addition, quercetin acts on di-
verse signaling pathways, which mainly result in the suppression 
of the activation of inflammatory cells, decrease of oxidative stress 
due to its free radical scavenging, diminution of  the activation 
of  inflammatory cascades mediated by TNF-α and production 
of  pro-inflammatory cytokines, thereby reducing the intestinal 
inflammation(24).

In line with previous studies regarding the quercetin proper-
ties, the aim of the present study was to investigate the effect of 
diabetes and supplementation with quercetin on the serotonin-IR 
and caspase-3-IR cells in jejunal mucosa of diabetic rats in order to 
evaluate whether the diabetes impairs the serotoninergic intestinal 
function and whether quercetin avoids these diabetic consequences 
on the jejunum.

METHODS

Animals
Experiments were performed using twenty-four male Wistar 

rats (Rattus norvegicus) aged three months. The rats were obtained 
from the Central Biotery of the Universidade Estadual de Maringá 
and distributed into four groups: normoglycemic (C), normogly-
cemic supplemented with quercetin (Q), diabetic (D) and diabetic 
supplemented with quercetin (DQ) (Protocol number: 03/2009).

Animals were housed in individual cages for 120 days using a 
12 h/12h light-dark cycle and controlled temperature (24±2ºC). 
The animals received balanced standard Nuvital chow (Nuvilab, 
Colombo, PR, Brazil). Food and water were available ad libitum. 
All animal procedures were conducted in accordance with the 
ethical principles of  the Brazilian Society of Science in Labora-
tory Animals (SBCAL) and approved by the Committee of Ethics 
in Animal Experimentation (protocol number: 053/2009) of  the 
Universidade Estadual de Maringá.

Animal model of diabetes
After a 14 h fast, diabetes mellitus was induced in the rats of 

the D and DQ groups by the injection of streptozotocin (35 mg/
kg, iv; Sigma, St. Louis, MO, USA) dissolved in citrate buffer, pH 
4.5 (10 mM). After four days of diabetes induction, glycemia was 
determined using an Accu-Chek Active glucometer (Roche Diag-
nostics GmbH, Mannheim, Germany). The rats were considered 
diabetic whether the glucose levels were higher than 200 mg/dL, 
confirming the establishment of the experimental model. 

The Q and DQ groups daily received water supplemented with 
quercetin (40 mg/day; Cromofarma, São Paulo, SP, Brazil) dis-
solved in alkalized water solution with NaOH (1N) 8% and dose 
was calculated as described by De Souza et al. (2017)(29). The C and 
D groups only received water without quercetin supplementation.

After 120 days, the animals were weighed and anesthetized 
with 40 mg/kg Thiopental (i.p.; Cristália Laboratories, Itapira, 
SP, BRA). Blood samples were collected by cardiac puncture to 
determine glycemic levels using the glucose oxidase method(30). The 
jejunum was collected.

Tissue preparation
The jejunum was fixed in Zamboni’s solution (4% paraform-

aldehyde and 0.4% picric acid in phosphate buffer) for 18 h. After 
fixation, the tissue was repeatedly washed in phosphate buffered 

saline (PBS; pH 7.4, 0.1 M) for 12 h. Afterwards, cryoprotection 
was performed in a solution of 18% sucrose in PBS for 24 h. After 
sample immersion in the soaking medium for frozen tissue (OCT 
4583 compound; Tissue-Tek), tissues were frozen in liquid nitrogen 
and stored in a freezer at -70°C.

Afterwards, 10-µm semi-serial sections were obtained and 
disposed in identified slides previously prepared using poly-L-
lysine (Sigma-Aldrich, St. Louis, MO, USA) solution in water 
concentration of 1:10 and stored at -20°C. Slides with five slices 
were prepared per animal to perform the immunohistochemistry. 

Immunohistochemistry
Frozen histological sections were washed in PBS containing 

0.5% Triton X-100 (2x10 min) (Sigma-Aldrich, Inc., São Paulo, 
Brazil), followed by incubation in PBS containing 10% goat serum 
for 1 h. After incubation, the intestinal samples were incubated in a 
solution containing the following primary antibodies: rabbit anti-
5-HT (1:300, (Sigma-Aldrich, Co., St Louis, MO, USA) and goat 
anti-caspase-3 (1:200; Santa Cruz Biotechnology, inc., CA, USA) 
for 48 h at 4°C in a moist chamber. After incubation in the primary 
antibodies, the jejunal tissues were washed in PBS containing 0.5% 
Triton X-100 (3x10 min). After that, the intestinal samples were 
rinsed in PBS containing 0.5% Triton X-100 (2x10 min) and then, 
the jejunal segments were incubated in a solution that contained 
corresponding secondary antibodies: Alexa Fluor 488-conjugated 
donkey anti-rabbit IgG (Molecular Probes, Eugene, Oregon, USA) 
and Alexa Fluor 546-conjugated donkey anti-goat IgG (Molecular 
Probes, Eugene, Oregon, USA) for 2 h at room temperature. The 
histological sections were mounted using a ProLong Gold antifade 
reagent (Molecular Probes, Eugene, Oregon, USA).

Image analysis
The images of the histological sections were obtained using high 

resolution camera Moticam® 2500 5.0 Mega Pixel (Motic China 
Group Co., Shanghai, China) coupled to a fluorescence microscope 
Olympus® BX40 (Olympus Co., Japan) and transferred to a PC us-
ing the software Motic images Plus® 2.0 mL (Motic China Group 
Co., Shanghai, China). The images were captured using a 10x 
objective lens coupled with an eyepiece lens 10x, thereby the total 
magnification was 100x times. To obtain only the figures of this 
paper and morphological description of 5-HT-IR cells in lamina 
propria, the images were acquired using a Zeiss LSM 5 Pascal 
laser-scanning microscope (Carl Zeiss).

The numbers of caspase-3-IR and 5-HT-IR cells were separately 
quantified in the zone of villi, crypts and lamina propria, as well 
as their merge of these biological markers in each region. A total 
of either 50 units of villi or crypts or lamina propria (in the same 
zone of villi-crypts) per animal was evaluated.

Statistical analysis
The data were submitted to the analysis of normality and ho-

moscedasticity and data comparison was obtained by Randomized 
Block design. Data were tested for normality by the D’Agostino-
Pearson test; comparisons between groups were performed by 
Newman-Keuls test for parametric data and nonparametric data 
was performed by Fisher’s test for nonparametric data. Statistical 
analyses were performed using Statistic® 7.1 software and Graph-
Pad Prism® 6.1 software. For comparison between the different 
groups, values of P<0.05 were considered significant and data were 
reported as average ± standard error.
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RESULTS

At the end of  the experimental period, D and DQ groups 
showed a significant (P<0.00) increase in glycemia, was accom-
panied by significant body weight loss. Glycemic values were 
149.1±25.32 (C group), 144.7±16.33 (Q group) 564.4 mg/dL ±45.33 
(D group) and 542.4 mg/dL ± 46.18 (DQ group) and final weight 
of groups C=521.1 g ±15.07, Q=500.0 g ±12.46, D=331.0 g ±16.39 
and DQ=321.7 g ±20.25. 

FIGURES 1 and 2 illustrate the histological sections used to 
quantify 5-HT-IR-cells, caspase-3-IR-cells and 5-HT-IR-caspase-
3-IR cells. In the FIGURE 2, the villi can be visualized, especially 
for 5-HT-IR enteroendocrine cells (white arrow) in a higher magni-
fication. In the lamina propria, next to the crypts, typical cells with 
morphological features similar to the mastocytes can be visualized 
in 5-HT-IR/caspase-3-IR cells (indicated by red arrows).

5-HT-IR cells, caspase-3-IR cells and their merge (5-HT-IR-
caspase/3-IR cells) in the villus and crypts

In the villus, there was an increase in the number of the 5-HT-
IR cells in the Q group (P<0.02) and D group (P<0.009) (vs C, 
FIGURE 3A). The supplementation with quercetin in the DQ 

FIGURE 1. Confocal representative photomicrographs of 5-HT-IR cells, 
caspase-3-IR cells and 5-HT-IR/caspase-3-IR cells (merge) of the jejunum. 
Experimental groups: normoglycemic (C), normoglycemic supplemented 
with quercetin (Q), diabetic (D) and diabetic supplemented with quercetin 
(DQ). Calibration bar=200µm.

FIGURE 2. Confocal photomicrographs of 5-HT-IR cells, caspase-3-
-IR cells and 5-HT-IR/caspase-3-IR cells (merge) of the jejunum in the 
following groups: normoglycemic (C), normoglycemic supplemented with 
quercetin (Q), diabetic (D) and diabetic supplemented with quercetin 
(DQ). Calibration bar=50µm. The right column is showing zoomed images 
in the crypts (C group) and cell mast morphology (red arrow). On top of 
the mucosa, the zoomed image illustrated the villi region (D group) and 
cellular morphology of enterochromaffin cells (white arrow).

FIGURE 3. The number of 5-HT-IR cells (A), caspase-3-IR cells (B) 
and 5-HT-IR/caspase-3-IR cells (C) per 50 villi and crypt units in the 
jejunum. Experimental groups: normoglycemic (C), normoglycemic su-
pplemented with quercetin (Q), diabetic (D) and diabetic supplemented 
with quercetin (DQ). 
The data are expressed as mean ± standard error. (n = 6/group). *P<0.05, 
compared to C group and **P<0.05 compared to D group).



Martins-Perles JVC, Zignani I, Souza SRG, Frez FCV, Bossolani GDP, Zanoni JN.
Quercetin supplementation prevents changes in the serotonin and caspase-3 immunoreactive cells of the jejunum of diabetic rats

408 • Arq Gastroenterol • 2019. v. 56 nº 4 out/dez

group promoted a reduction of  42.70% in the number of  these 
cells (vs D, P<0.006). The values observed in the DQ group were 
similar to the C group (P>0.05, FIGURE 3A). In the crypt, there 
was an increase in the number of 5HT-IR cells in Q, D and DQ 
groups (vs C, P<0.0001, FIGURE 3B), and this increase was more 
significant in the group DQ. 

In villus and crypt, no differences were detected in the number of 
caspase-3-IR cells of Q group (vs C, FIGURE 3C and 3D). In these 
two regions in diabetic animals (D group), there was an increase in 
the number of caspase-3-IR cells (vs C, P<0.001, FIGURE 3C and 
D). Quercetin administration (DQ group) only reduced the number 
of caspase-3-IR cells in the crypt (vs D, P>0.05, FIGURE 3D).

The numbers of 5-HT-IR/Caspase-3-IR cells in the villus for 
Q groups (P<0.02) and D (P<0.01) were higher than the control 
(FIGURE 3E). In the crypt, there also was a significant increase 
in 5-HT-IR/Caspase-3-IR cells in D group (vs C, FIGURE 3F). 
In DQ group, there was a significant reduction in the number of 
5-HT-IR/Caspase-3-IR cells in the villus (vs D, P<0.008, FIGURE 
3E) and crypt (vs D, P>0.05, FIGURE 3F).

5-HT-IR cells, caspase-3-IR cells and their merge (5-HT-IR/
caspase-3-IR cells) in the lamina propria

The number of  5-HT-IR cells in the lamina propria was re-
duced in the Q (P<0.001), D (P<0.005) and DQ (P<0.0002) (vs C, 
FIGURE 4A) groups. However, regarding Caspase-3-IR and 5-HT-
IR-Caspase-3-IR cells, there was no significant change between the 
studied groups (P>0.05, FIGURE 4B and 2C).

DISCUSSION

The diabetic condition was confirmed during the experiment 
through polyuria, polydipsia and polyphagia observed (data not 
shown). The severe hyperglycemia was comproved (group D and 
DQ >500 mg/dL). 

The initial weight of the animals in the different groups showed 
no statistically significant difference (data not shown), while the 
weight at the end of the experimental protocol was significantly 
reduced in the diabetic groups. The lower weight gain in diabetic 
rats is characteristic and has been evidenced in other experiments 
performed in our research group(31,32). 

Serotonin is produced by the epithelial EC cells, mast cells, T 
cells of  lamina propria and enteric neurons(3). In this study, the 
immunohistochemical technique was used to label 5-HT-IR cells 
and caspase-3-IR cells in three different areas of GIT: epithelial 
villi, crypts and lamina propria. 

The remarkably increased number of 5-HT-IR cells in the villus 
and crypt in the diabetic rats suggests an increase in the serotonin 
content in this region of epithelium. Recent studies strongly sug-
gest that 5-HT can act as a pro-inflammatory signaling molecule 
in the mucosal layer of the small intestine(2,3,10,33). The increase in 
the 5-HT availability can activate primary afferent nerves, thereby 
contributing to intensify the motility and/or secretion during 
diabetes, which may be one of the causes of diabetic diarrhea(34). 
Furthermore, increased plasma levels of  5-HT are considered a 
biomarker for diabetic complications(35).

Regarding 5-HT-IR-caspase/3-IR cells, the diabetic condition 
yielded an increased number of these cells in the villi and crypt. 
Caspase-3 is an effector caspase that leads to the apoptotic mor-
phological changes, such as: membrane blebbing, cytoplasmic 
and nuclear condensation, DNA fragmentation and formation of 
apoptotic bodies(36). In addition, hyperglycemia induces an increase 
of  apoptosis phenomena associated to the increased oxidative 
stress(37). In the quantitative analysis, the diabetes promoted an 
increase of the number of caspase-3-IR cells in the villus (93.9%) 
and crypt (84%). These results demonstrated that the cell death 
was occurring in different cell types and not only in 5-HT-IR cells.

The quercetin supplementation in the DQ group promoted a 
significant reduction in the number of  5-HT-IR cells in the villi 
and enhance of these cells, even being non-significant, in the crypts 
in relation to the D group. These results were opposite to those 
observed in D group in relation to the C group, which indicate a 
serotoninergic reduction in the villi, though a proliferative action of 
5-HT-IR cells was observed in the crypts. Anti- and proliferative ef-
fects of quercetin on different cell types have been described in other 
studies(38-40). As above described, the significant reduction of 5-HT-
IR cells by quercetin may indicate a beneficial anti-inflammatory 
effect since serotonin is considered a pro-inflammatory molecule.

In the villus and crypts, a lower number of 5-HT apoptotic cells 
was observed in diabetic animals that consumed quercetin compared 
to diabetic animals without supplementation, which demonstrates 
that the quercetin displayed a protective effect on this cell popula-
tion. Such results may be indirectly explained since quercetin is an 
antioxidant, which displays free radical-scavenging activities(24,29), 
thereby the reduction of hyperglycemia-induced oxidative stress may 
result in a decrease of intracellular apoptotic stimuli(41). Furthermore, 
quercetin has anti-apoptotic actions already described(24-29).

In the analysis of caspase-3-IR cells in the villi and crypt, no 
alterations were observed in the DQ group in relation to the D 
group. Based on these results, quercetin yielded a protective effect 
especially in the 5-HT-IR cells on diabetic rats. 

FIGURE 4. The number of 5-HT-IR cells (A), caspase-3-IR cells (B) and 5-HT-IR/caspase-3-IR cells (C) in lamina propria of 50 villus-crypt units 
in the jejunum. Experimental groups: normoglycemic (C), normoglycemic supplemented with quercetin (Q), diabetic (D) and diabetic supplemented 
with quercetin (DQ). The data are expressed as mean ± standard error (n=6 /group). *P<0.05 compared to C group.
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As previously described, immunohistochemical staining 
for caspase-3 demonstrated that diabetes remarkably induced 
mucosal apoptosis in crypt epithelial cells. The integrity of  the 
mucosal epithelium of GIT depends upon the balance among cell 
proliferation, cell migration and cellular death via apoptosis(42). 
In addition, quercetin exerts protective effects on cellular com-
ponents of  ENS (e.g. enteric glial cells and enteric neurons) and 
interstitial cells of  Cajal by prevention of  cellular loss(29,32,33,43) 
and from the results obtained in this work, regarding 5-HT-IR 
epithelial cells, quercetin supplementation was able to slightly 
prevent cell apoptosis induced by diabetes.

The quercetin-supplemented healthy rats displayed an increase 
of 5-HT-IR epithelial cells (villi and crypts) and reduction of these 
cells in lamina propria. Additionally, increased apoptosis of 5-HT 
cells was detected in the jejunum villi of rats of the Q group. It is 
known that secretion of 5-HT by the enterochromaffin cell may 
stimulate peristaltic reflexes and, thus this would modify intestinal 
motility. Furthermore, the enteroendocrine cell-derived 5-HT is an 
essential component of the gastrointestinal inflammatory response 
and is also a hormone, which inhibits osteoblast proliferation and 
promotes hepatic regeneration(8). For these reasons, quercetin-
induced serotonergic effects should be further investigated.

In the lamina propria, the 5-HT-IR cells displayed a granular 
appearance and an circular or elliptical in form, when examined 
under confocal microscopy. No other 5-HT-IR morphological 
features were seen in these layers. Stoyanova and Gulubova(44) also 
detected 5-HT positive cells in the lamina propria of the colon in 
humans using toluidine blue and tryptase staining, indicating they 
are mast cells. Other researchers reported that rodent mast cells 
may synthesize and release 5-HT to the appropriate target cells(2). 
In the lamina propria, mast cells are preferentially located next to 
nerve terminals, where they are activated by secreted neuropeptides, 
such as substance P. When these cells are stimulated by substance 
P, mast cells release inflammatory mediators, such as serotonin and 
proteases as well as proinflammatory cytokines(45).

The results observed in the lamina propria 5-HT-IR cells 
demonstrated a statistically significant reduction in the number 
of these cells in the Q, D and DQ groups. Mast cells are involved 
in mediating subsequent tissue repair and exacerbating and/or 
modulating inflammation(46). Quercetin is known as a natural 
inhibitor of  mast cell activation through the inhibition of  Ca2+ 
influx, thereby demonstrating that quercetin may have acted as a 
natural anti-inflammatory since mast cells release many cytokines 
involved in inflammatory process(47). Therefore, the quercetin sta-
bilizes the cell membrane of mast cells and basophils that contains 
histamine and serotonin, preventing the release of these chemicals 
mediators(47,48), thereby downregulating the density of  5-HT-IR 
mast cells observed in this work.

The decreased number of 5-HT-IR cells in the lamina propria 

of diabetic rats was not caused by increase of apoptosis process 
of these cells. Furthermore, there was no significant alteration in 
the number of 5-HT-IR/caspase-3-IR cells in lamina propria of 
the analyzed groups, including the D group. The quercetin sup-
plementation reverted the reduction of 5-HT-IR cells in D group, 
although the quercetin has also well-known stabilizing capacity of 
cell membrane of mast cells, which are important regulators of in-
testinal function and tight junction integrity(49). However, quercetin 
may have normalized the cell death process in other cell types in 
the lamina propria, which was altered due to diabetic condition.

Based on quercetin supplementation effects under healthy con-
dition, slight changes, in which most results were non-significant, 
were observed in the serotoninergic function and apoptotic stimuli. 
For these reasons, regarding our results in CQ group, non-toxic ef-
fects were observed but further studies have to be performed using 
different quercetin doses and supplementation times.

CONCLUSION

Therefore, diabetes promoted increased number of cells 5-HT-
IR in villus and crypt, although decreased density of these cells in 
the lamina propria was observed in the jejunum of diabetic animals. 
On the other hand, diabetic rats that consumed quercetin presented 
a lower number of 5-HT-IR cells with values similar to the control. 
Furthermore, the apoptosis process was increased in the villi and 
crypt regions in the jejunum of the diabetic group. The quercetin 
supplementation possibly suppressed the apoptosis of the 5-HT-IR 
cells in the jejunal mucosa of the diabetic rats, but other studies 
should be done to better investigate the effects of quercetin on the 
apoptotic events. For these reasons, in general, supplementation 
with quercetin revealed to display mainly protective actions against 
serotoninergic changes in the jejunal mucosa of diabetic rats prob-
ably due to its antioxidant and anti-inflammatory properties.
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INTRODUCTION

Percutaneous endoscopic gastrostomy (PEG) was first per-
formed by Gauderer and colleges in 1999(1) and rapidly became 
the main support of nutritional care for patients with long-term 
swallowing dysfunction(2). PEG is thought to be a more accept-
able choice to deliver food than nasogastric tube because it is not 
associated with uncomfortable oropharyngeal symptoms and has 
better aesthetic appeal(3). As opposed to nasogastric feeding, PEG 
use decreases the incidence of complications such as esophageal 
esophagitis and respiratory infections, resulting in lower risk of 
occlusion and dislocation and better compliance(4). An increasingly 
common indication for PEG placement is the nutritional support 
provided to older patients who have lost their ability to eat because 
of cerebrovascular diseases, or who have severe incapability due to 
neurological chronic disease or advanced dementia(2,3,5,6).

Although PEG placement is safe(7), it is not free from the risk 
of mortality nor devoid of early severe complications, including 
bleeding, peritonitis, bowel obstruction or perforation, and abscess 
of operative wound(4,8). Therefore, studies worldwide have failed to 
demonstrate benefits of PEG tube in older patients(9,10). In case of 
in-hospital and 30-day postoperative stages, mortality can be as 
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high as 10.3% and 54% respectively(11-15), especially in hospitalized 
patients, although the procedure-related mortality itself  is 0.5% 
to 2%. Indicating the procedure to a patient who naturally dies a 
few days after it is a bad decision(7,16,17). Therefore, it is imperative 
to improve PEG indication to choose only those patients who 
actually have a chance of benefiting from it, thereby voiding futile 
indications(6,18).

We reviewed our experience with PEG placement at a private 
tertiary-care Brazilian hospital and investigated independent varia-
bles associated with early mortality after PEG, considering only 
simple clinical and laboratory variables easily found for most patients.

METHODS

Patients
Patients with swallow dysfunction treated with PEG between 

January 2012 and December 2016 at the Unimed Recife Hospital 
were retrospectively studied from an electronic database. This is 
a tertiary-care hospital which works for a cooperative of medical 
services as a unit of supplementary health service in Brazil. This 
hospital is highly certified by the Canadian Council for Health 
Service Accreditation because of the quality of its clinical protocols 
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and patient security. It has an electronic medical records system that 
has the highest level of certification by the Healthcare Information 
and Management System Society. 

Data were collected from adults, of  both genders, requiring 
long-term enteral nutrition that has been submitted to first PEG 
placement. Outpatients, patients whose chart records were incom-
plete, and patients who had submitted to PEG replacement and 
those whose procedure had not been unsuccessful were excluded.

No dysphagia score was used. PEG placement was indicated by 
the doctor responsible for the patient through clinical observation 
that he/she was no longer able to feed themselves or with the help 
of another person and that he/she was dependent on tube feeding. 
The patient or his/her family, if  the patients could not decide for 
themselves, was informed about advantages, disadvantage, risk, 
costs and potential clinical or surgical complications related to 
PEG placement and authorized it.

The following variables were collected: gender, age, mean 
diagnosis (e.g., Parkinson disease, sequels of  stroke, dementia, 
tumours, and senility), comorbidities (diabetes mellitus, arterial 
hypertension, and renal insufficiency), laboratory exams (urea, 
haemoglobin), pre- and post-operative hospitalization in intensive 
care unit (ICU), orotracheal tube procedure, tracheostomy and 
dialysis (considering a period of two months before and after the 
procedure), the presence of surgical complications, diagnosis of the 
underlying disease, the endoscopy report and the time of survival.

Surgical technique
All procedures were performed by the same surgical team 

(MRCP, the surgeon and LECM, the endoscopist, both experi-
enced) who ensured the well being of the patient until the moment 
of  discharge and were responsible for the medical records. The 
support of an anaesthesiologist was indicated when necessary and 
at the discretion of the medical team. 

Immediately prior to the initiation of  the procedure, 2 g of 
cefazolin was injected intravenously as a prophylactic antibiotic, 
unless the patient was already taking antibiotics for another reason. 
Two puffs of 10% xylocaine spray were released in the oropharynx. 
Sedation was done with 50 μg fentanyl and 1% propofol by the sur-
gical team or with the anaesthesiologist’s assistance when necessary 
and slowly until reaching the desired sedation plan.

All patients received oxygen via nasal catheter or tracheostomy 
and were monitored for pulse oximetry, blood pressure, and heart 
rate and frequency. The procedure was performed in an endoscopy 
room that meets the requirements of Brazilian legislation for an 
endoscopic centre. PEG was performed by the traction method 
using a standard forward-view endoscope (GIFH-180; Olympus 
America, Center Valley, PA). Upon endoscopic observation, a place 
in the anterior wall of the distal fornix was chosen and a puncture 
was made at this point through the abdominal wall using a needle 
16 gauge until it reached the stomach lumen. Through this needle 
was delivered a guide wire, which was taken by a loop and exter-
nalized via the patient’s mouth. This guide was attached to a PEG 
tube. The surgeon drew the guide wire through the abdominal wall, 
taking the tube from the mouth to the stomach and externalizing 
it through the abdominal wall. A silicone dome at the end of the 
probe prevents it from being drawn out of the stomach. The external 
bolster of the PEG kit was placed, keeping the probe attached to 
the abdominal wall and the stomach in juxtaposition to the inner 
abdominal wall. This creates a fistula between the stomach and the 
external environment through which the patient can be fed. The 

round external bolster was fixed to the skin with 3.0 nylon stitches 
and the same wire was attached to the gastrostomy tube, prevent-
ing it from moving into the abdomen. The stitches were removed 
by the surgical team itself  48–72 hours after the procedure and the 
tube was loosened by 0.5 cm to avoid the buried bumper syndrome. 
The patients were kept under observation of the responsible team 
until recovery from sedation and then sent to the hospital sector of 
origin. Six hours after the procedure, as long as no postoperative 
complications were observed, feeding was allowed partially by the 
gastrostomy tube, and after 24 hours, they were fed according to 
the nutritional demands of each patient.

Either an EndoViveTM enteral access initial placement system 
(24Fr Peg-Kit, Boston Scientific, Marlborough Mass, USA) or a 
PEG 24® Pull Method Kit (Cook Endoscopy, Indiana, USA) was 
used at the endoscopist’s judgment.

Follow ups were conducted with each patient by the medical 
staff  until the hospital discharge. The caregiver was instructed 
in the handling and maintenance of the gastrostomy cannula in 
order to avoid complications such as buried bumper syndrome or 
tube avulsion.

The following complications were defined: Buried bumper 
syndrome – migration of  the silicone dome alongside the track 
of  the stoma outside the stomach, occluding the gastric orifice; 
abscess – purulent drainage through the gastrostomy port; perito-
nitis – inflammation (caused by extravasation of gastric contents or 
food) of the membrane lining the abdominal wall, which then covers 
the abdominal organs; avulsion – the patient or caregiver himself/
herself  inadvertently pulls the gastrostomy tube completely out; 
dermatitis – inflammation of the dermis caused by extravasation 
of gastric contents by the external orifice; and bleeding – haemor-
rhage through the external orifice of gastrostomy.

Statistical analysis
Categorical values were described by proportions and com-

pared by chi-square test or Fisher’s exact test, when appropriate. 
Continuous values were expressed by mean ± standard deviation 
or median and minimum-maximum and compared by Student’s 
t-test or the Mann-Whitney U test respectively. 

In order to identify individual potential factors influencing the 
death prognosis associated with PEG at eight weeks follow-up, 
univariate Cox models were used. All factors with P<0.20 after 
univariate analysis were included in the multivariate Cox model 
to assess their independent prognosis effects. Then, a backward 
stepwise procedure was used to select the final Cox model, retain-
ing only those factors with P<0.05. In the univariate as well as in 
the multivariate Cox models, hazard ratios (HR) and the respec-
tive 95% confidence interval (CI) were reported. To evaluate the 
proportionality assumption and overall fit of  the Cox models, 
graphics and tests based, respectively, on the scaled Schoenfeld and 
Cox-Snell residuals were examined. No serious violation of either 
the proportionality assumption or the overall fit of the models was 
observed. Overall survival was estimated by using the Kaplan-Meier 
method. All tests were two-sided and statistical significance was 
defined as a P value less than 0.05. The receiver operating curve 
(ROC curves) was applied to calculate the sensibility and specific-
ity of predictors for short-term survival. The area under a ROC 
curve quantifies the overall ability of the predictor to discriminate 
between those individuals with the outcome and those without the 
outcome. The validity of the model was measured by means of the 
area under the receiving operating characteristic curve (AUROC). 
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A model with AUROC above 0.7 was considered useful, while an 
AUROC between 0.8 and 0.9 indicated excellent diagnostic accu-
racy. The optimum cut-off  value was chosen as the value with the 
best sensitivity and minimally acceptable specificity for predicting 
the outcome. The sensitivity, specificity, and likelihood ratio were 
calculated for various corresponding cut-off  values.

Statistical analyses were performed using Stata 12.1 SE (Stata-
Corp, 4905 Lakeway Drive College Station, Texas 77845 USA.

This study has been approved by the Ethics Committee, does 
not have any conflict of interest and was registered under CAEE 
number 66288617.3.0000.5192 in the Brazilian National Ethics 
Research System.

RESULTS

Of the 253 PEG procedures performed throughout the period 
of this study, 54 were excluded because they were outpatients or 
merely involved the replacement of a previous PEG tube. Among 
the 199 patients initially considered for this study, 49 were excluded 
because of  incomplete data and one because of  unsuccessful 
procedure, leaving a total of 150 cases to be included in the study 
(FIGURE 1). The demographics data for them are presented in 
TABLE 1. The patients’ mean age was 77.8±15.9 with female 
predominance (53.3%). All patients received diet by a nasogastric 
tube because none of them could eat or be hand-fed. No patient 
returned to oral feeding. A total of 101 (65.1%) patients had chronic 
comorbidities. As mentioned before, 87 (58.0%) had blood hyper-
tension; 51 patients had diabetes (34.0%); 6 (4%) had chronic renal 
disease; and 6 patients (4%) had malignancy. Fifteen days before the 
procedure, 67 (44.7%) of the 155 patients were breathing through 
a tracheostomy tube and 17 (11.3%) through an orotracheal tube. 
In the last month, 86 (57.3%) patients had been in an intensive 
care unit, and in the last two months, 6 (4.0%) had undergone 
haemodialysis for renal insufficiency. Differences between groups 
according to the time of survival are shown in TABLE 1. 

PEG tube placement was indicated for supporting patients 
with chronic neurodegenerative diseases such as Alzheimer’s, 
Parkinson’s, multiple sclerosis and amyotrophic lateral sclerosis 
(90.6%), followed by tumours (4.0%) and other causes (5.3%), as 
shown in TABLE 2.

TABLE 1. Baseline characteristics of patients.

Overall 
(n=150)

<8 weeks 
(n=28)

>8 weeks 
(n=122) P

Male 70 (46.7%) 12 (42.9%) 58 (47.5%) 0.654*

Blood 
hypertension 87 (58.0%) 13 (46.4%) 74 (60.7%) 0.169*

Diabetes 51 (34.0%) 9 (32.1%) 42 (34.4%) 0.818*

Dialysis 6 (4.0%) 3 (10.7%) 3 (2.5%) 0.079**

Orotracheal 
tube 17 (11.3%) 3 (10.7%) 14 (11.5%) 1.000**

Internment 
UCI † 86 (57.3%) 23 (82.1%) 63 (51.6%) 0.003*

Tracheostomy † 67 (44.7%) 18 (64.3%) 49 (40.2%) 0.021*

Age, y 77.8 ± 15.9 81.8 ± 11.8 76.8 ± 16.6 0.135

Haemoglobin 10.5 ± 2.1 9.3 ± 1.7 10.8 ± 2.1 <0.001

Urea 58.0 ± 41.9 76.6 ± 58.2 53.8 ± 36.1 0.009

*Chi-square Pearson’s test; **Exact Fischer test; † Preoperative period.

FIGURE 1. Flow chart of the patients selection.

253 PEG procedures
performed

199 patients initially
considered

150 patients included in
the study

54 patients excluded:
outpatients of

replacement of previous
PFG tube

49 patients excluded:
incomplete data of

unsuccessful procedure

TABLE 2. Indication for the percutaneous endoscopic gastrostomy.

Overall (n=150)

Chronic neurodegenerative diseases* 136 (90.6%)

Tumors 6 (4.0%)

Others 8 (5.3%)

*Such as Alzheimer disease, Parkinson disease, stroke, multiple sclerosis and sclerosis lateral 
amyotrophic.

PEG-related complications
Overall, 32 patients had PEG-related complications. Early 

complications during the first week following PEG were as follows: 
inadvertent tube avulsion, which occurred in 15 (10.0%) patients, 
followed by buried bumper syndrome, in 8 (5.3%) patients, abscess 
in 4 (2.7%), peritonitis in 3 (2.0%), dermatitis in 1 (0.7%), and 
bleeding in 1 (0.7%). We did not change PEG tube due to any tube 
malfunction (TABLE 3).

After up to two weeks after the PEG placement procedure, 
51 (34.0%) were breathing through a tracheostomy tube and 12 
(8.0%) through an orotracheal tube, 54 (36.0%) had been in inten-
sive care units, and 14 (9.3%) underwent haemodialysis for renal 
insufficiency. 

Survival
For the whole group, the proportional mortality probability at 

one and two months was 10.86% and 16.4% respectively. Mortality 
related to PEG placement was 1.2%. A total of 23 patients died 
after up to eight weeks (FIGURE 2). 
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Variables associated with survival up to eight weeks
Eight preoperative variables that are considered relevant for 

predicting survival at eight weeks were tested using univariate analy-
sis. As shown in TABLE 4, haemoglobin, the history of dialysis, 
tracheostomy and ICU internment were considered significantly 
associated with survival up to eight weeks. 

Variables independently associated with survival up to 
eight weeks

A multivariate analysis was performed by Cox regression for all 
variables. As shown in TABLE 5, significant independent associa-
tion with survival up to eight weeks was found for haemoglobin 
and preoperative ICU internment by the final model.

TABLE 3. Clinical outcomes and complications of percutaneous endos-
copic gastrostomy.

Overall 
(n=150)

<8 weeks 
(n=28)

>8 semanas 
(n=122) P

Dialysis† 14 (9.3%) 5 (17.9%) 9 (7.4%) 0.140*

Tracheostomy† 51 (34.0%) 14 (50.0%) 37 (30.3%) 0.048**

Orotracheal 
tube† 12 (8.0%) 4 (14.3%) 8 (6.6%) 0.238*

ICU 
internment† 54 (36.0%) 14 (50%) 40 (32.8%) 0.087**

Buried bumper 
syndrome 8 (5.3%) 0 (0.0%) 8 (6.6%) 0.353*

Abscess 4 (2.7%) 1 (3.6%) 3 (2.5%) 0.566*

Peritonitis 3 (2.0%) 2 (7.1%) 1 (0.8%) 0.090*

Avulsion 15(10.0%) 4 (14.3%) 11 (9.0%) 0.482*

Dermatitis 1 (0.7%) 0 (0.0%) 1 (0.8%) 1.000*

Bleeding 1 (0.7%) 0 (0.0%) 1 (0.8%) 1.000*

*Fisher exact test; **Pearson chi-square test. † Postoperative period.

FIGURE 2. Kaplan-Meier graph showing 8-week survival.

TABLE 4. Univariate analysis of preoperative factors associated with 
survival at eight weeks.

Variable
Sample Deaths

N N HR (IC95%) P*

Neurodegenera-
tive diseases 136 22 (16.2%) 2.30 (0.3–17.06) 0.353

Others 14 1 (7.1%) 1.0

Blood hypertension 0.276

Yes 87 11 (12.6%) 0.63 (0.28–1.44)

No 63 12 (19.0%) 1.0

Diabetes mellitus 0.987

Yes 51 8 (15.7%) 1.01 (0.43–2.38)

No 99 15 (15.2%) 1.0

Preoperative dyalisis 0.062

Yes 6 3 (50.0%) 3.91 (1.16–13.19)

No 144 20 (13.9%) 1.0

Tracheostomy 0.011

Yes 67 16 (23.9%) 2.98 (1.22–7.24)

No 83 7 (8.4%) 1.0

Preoperative ICU internment <0.001

Yes 86 20 (23.3%) 5.63 (1.67–18.94)

No 64 3 (4.7%) 1.0

Orotracheal tube 0.711

Yes 17 2 (11.8%) 0.77 (0.18–3.28)

No 133 21 (15.8%) 1.0

Haemoglobin 150 – 0.60 (0.49–0.83) <0.001
*Likelihood ratio test.

TABLE 5. Results of the adjustments of the initial and final Cox regres-
sion models to identify preoperative risk factors for mortality of PEG in 
patients.

Variables
Inicial model (n=150) Final model (n=150)

HR (IC95%) P HR (IC95%) P

Dyalisis

Yes 2.34 (0.65–8.39) 0.191

No 1.0

Preoperative tracheostomy

Yes 1.21 (0.46–3.18) 0.700

No 1.0

Preoperative ICU internment

Yes 4.02 (1.10–14.61) 0.035 4.39 (1.30–4.81) 0.017

No 1.0 1.0

Haemoglobin 0.69 (0.52–0.92) 0.013 0.66 (0.50–0.87) 0.004

ROC curve
The receiver operating curve (ROC) for haemoglobin adjusted 

for 8 weeks of survival is shown in FIGURE 3. The area under the 
curve (AUROC) was 0.75 (0.6454 to 0.8528, CI), considered useful, 
but not excellent. Based on the ROC curve analysis, the optimum 
cut-off of haemoglobin was set at 10.05 mg/dL. A haemoglobin level 
less than 10.05 is related to short-term survival (Se=82.6%, 61.2% to 
95% CI; Sp=59.0%, 50.6% to 68.6%, CI; likelihood ratio of 2.06).
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DISCUSSION

Providing food to people afflicted with chronic disease who are 
neither able to feed themselves nor be fed by hand seems a direct 
and simple choice since not providing food to these people means 
death by starvation, which is ethically, morally, and religiously 
unacceptable. However, this decision represents a major medical di-
lemma. A reasonable number of consistent studies have concluded 
that enteral feeding tubes can be inappropriate and deleterious for 
some patients(10,19-22), especially older patients with dementia.

In spite of studies worldwide reliably revealing that devices used 
to provide enteral nutrition are associated with potential compli-
cations(6,23) and mortality(12,13) and even though some studies have 
failed to show real benefits of enteral tubes(6,19), there will be an oc-
casion in the life of a chronic patient in which he/she will depend on 
long nutritional support and death does not appear to be imminent. 
In many countries, as in Brazil, relatives will not accept absence of 
feeding or insufficient oral feeding and rules to not spend time with 
the patient beyond the fear caused by religious, moral and ethical 
reasons(17). In such instances, doctors will be stressed by relatives 
of  the patients to prescribe PEG tube to end his/her starvation. 
Despite guidelines discouraging enteral nutrition(24), doctors will 
prescribe nasogastric tube feeding, which can be continued for a 
few weeks. After this short period, the nasogastric tube must be 
replaced by a PEG tube or the patient must be orally fed.

The 30-day proportional mortality rate was 11.05%, which was 
equivalent to the mortality rates – ranging from 1.5%(25) to 54%(11) 
(TABLE 4) – mentioned by other studies; similarly comparable was 
the mortality related to PEG insertion (1.2%). Differences can be 
attributed to the authors’ selection of populations with different 
numbers of  severe patients, as well as features intrinsic to each 
medical service and population investigated. Sanders et al.(11) found 
an initial mortality of 28% at thirty days post gastrostomy, but pa-
tients with dementia had a mortality of 54% at one month. These 
results are higher than those commonly published and inevitably 
lead us to inquire whether these authors would not be indicating 
the procedure to end-of-life patients.

Eight weeks after PEG, 23 patients had died. We considered that 
the patients who died up to eight weeks following PEG insertion 
had a futile indication for PEG because they were submitted to the 
risk, complications, and discomfort of an invasive procedure, and 
financial resources were spent. They could have had the nasogastric 
tube left in place or even had the nutrition discontinued for cases 
where he/she was at the threshold of his/her life. Defining a time 
that would characterize a bad indication for PEG is not a simple 
assignment. We chose eight weeks as the cut-off  because although 
the nasogastric tube is recommended for short-term use, there may 
be special situations where a longer use of nasogastric access may 
be admitted. A patient with nasogastric access and risk factor for 
short survival may qualify as one such situation. We arbitrarily 
chose eight weeks as a reasonable time to extend the nasogastric 
tube in selected patients to avoid further risks of PEG access.

We found a rate of  severe or simple complications that are 
comparable to those in the literature(11,26). Sanders and colleagues(11) 
reported on six cases of stomach bleeding that resulted in patient 
death. We did not observe gastric haemorrhage in our series, and 
we believe that this complication can be avoided with the dedication 
of the operative technique. Also, we did not observe tube blockage, 
because we insisted that the tube be supplied abundantly with water 
after the diet and that it be replaced every six months.

We found that haemoglobin and ICU staying on the third last 
day are preoperative independent risk factors associated with death 
after eight weeks. Although haemoglobin AUROC has been shown 
to be an acceptable but not excellent predictor, the haemoglobin 
value of 10.05 g/dL provides reasonable sensitivity and specificity 
on which to base the medical decision. Patients who were hospital-
ized in the ICU in the days leading up to the procedure are obviously 
frail patients with chronic conditions or illnesses, are poised at the 
end of their lives and should not be indicated for PEG.

Many authors have been concerned with identifying risk factors 
for PEG death in groups of patients such as patients with dementia, 
those with neurological diseases, with cranioencephalic trauma, or 
in non-secreted samples at short or long term.

Diabetes mellitus(27), chronic obstructive pulmonary disease, 
hypo albuminemia(16,28,29), neoplasms(23,26,30), low transferrin and low 
cholesterol(28), nil by mouth more than seven days(31), high serum 
creatinine(27), low IBM, past history of ischemic heart disease(27), 
more than 1 cardiac factor(31), abdominal pain and severe complica-
tions(12), neurological disease(23), stroke(32), high C-reactive protein(33,34), 
inpatient(7,11), and age(12) have been concluded – by logistic regression 
analysis – to be independent risk factors associated with short- or 
long-term survival after PEG in retrospectives studies. Some findings 
are contradictory. Dong-jun Oh’s(29) study of patients older than 65 
years found no difference in mortality and procedure-related compli-
cations compared to those of younger patients. Sobani Zan and col-
leagues(35) studying patients over 100 years of age found no differences 
regarding the serious complications, success rate or patient mortality 
associated with PEG tubes and concluded that PEG tube can be 
administered with careful selection in patients older than 100 years.

These results show various risk factors related with mortality 
after PEG, and it is understandable and acceptable that they are 
different. The authors involved conducted investigations in hetero-
geneous populations, in hospitals with different characteristics, and 
with different protocols, so they investigated different outcomes 
in retrospective studies and consequently with many limitations. 
To our knowledge, this is the only Brazilian study to investigate 
short-term survival in patients with PEG.

FIGURE 3. Receiver operating curve for haemoglobin as predictor of 
early mortality after PEG placement. The area under receiver operating 
curve was 0.7491 (0.64 to 0.85, 95% CI) considered utile. The ideal area 
under the curve is 1.00. The reference line represents that based on chance 
alone (area under the curve 0.50).
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Although the authors identified distinct risk factors for mortal-
ity after PEG, these can be classified into two groups: those that in-
dicate malnutrition (albumin, low IBM, anaemia, and starvation) or 
those that indicate patients with severe chronic diseases (AMI, DM, 
renal failure, and preoperative stroke ICU staying). These results 
urge us to reflect on the current guidelines for indication of PEG, 
especially in elderly patients with some degree of dementia. Most 
guidelines recommend oral feeding, even if  this is time-consuming 
and demands constant support from caregivers, and they are based 
on the conclusion that elderly patients with eating limitations do 
not benefit from the procedure, resulting in them being exposed to 
the procedure risks, including high mortality. However, if  elderly 
patients with eating problems are becoming malnourished at the 
time of tube feeding indication, it is natural to assume that atten-
tion and care to nutrition have failed in the weeks or months prior 
to tube feeding, probably because oral feeding, despite efforts to 
optimize it, was no longer able to meet the nutritional demands 
of the elderly. Indicating the PEG tube when the patient is already 
malnourished and has frail organic defences is to submit him/her 
to a high-risk procedure, and this appears to be a clinical mistake. 
Mitchell(19) and colleagues investigated the timing for PEG indica-
tion after development of eating limitations using nationwide data 
and concluded that neither the insertion of  PEG tubes nor the 
timing of insertion affects the survival of patients with advanced 
cognitive impairment from dementia and new eating problems. 
Although this is a relevant conclusion, the authors did not study 
the nutritional status or associated diseases of patients at different 
times of  indication for PEG tube insertion, and this could have 
limited the conclusion. It may be more reasonable to indicate tube 
feeding when patients show the first signs of malnutrition or eating 
problems rather than definitively contraindicating enteral feeding 
or indicating it late. If  indicated at this time of clinical evolution, 
the expected effects on the nutrition, well-being, and quality of life 
of patients that have not been established by current studies may 
perhaps be detected. 

This study has certain limitations as well. First, it is a retro-
spective study, which lacks matched control group and randomi-
zation. Some information that we would have liked to evaluate 
– for example, albumin, nutritional status, medications used, and 
associated diagnoses associated – were missing and could not be 
investigated. The lack of  these data did not let us study certain 
subgroups; therefore, results in patients with specific diagnoses 
could not be observed. Follow up of  the patients was limited. 
Many patients died at home or at home nursing and were not 
autopsied, so there is no documentation on the cause of  death, 
and death by aspiration pneumonia and other conditions related 
with PEG have not been studied. The study also does not consider 

the locoregional characteristics of  the population. Many patients 
were cared for by their relatives at home. Often, healthcare pro-
viders at home are not optimally equipped to implement medical 
recommendations at the bedside. This has many consequences. 
Adequate care might not have been taken to avoid probe avulsion, 
buried bumper syndrome or aspiration pneumonia. If  patients 
were kept in the nursing home under the care of  professionals 
and under strict attention protocols, these complications would 
probably be less frequent than those observed. These facts limit 
the generalization of  results. Our patients were hospitalized. 
These patients have a higher risk of  death after PEG(7,11). Finally, 
we studied a relatively small sample. Although the sample size is 
comparable to that of  other published studies, a larger sample 
would give us greater confidence in the results.

In conclusion, based on the results presented and discussed 
above, anaemia and previous ICU admission are independent 
risk factors associated with eight weeks mortality after percuta-
neous endoscopic tube feeding. Patients who were anaemic and 
who had recently been admitted to the ICU should be given the 
indication for PEG to be discouraged. The clinical indication of 
PEG tube feeding should be rigidly evaluated in patients who are 
anaemics or have severe comorbidities. An early indication for 
enteral feeding in patients with eating disorders may be a clinical 
solution for high procedure-related mortality. Keeping all this in 
mind, future studies should address the issue of  the timing for 
PEG indication carefully.
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RESUMO – Contexto – A gastrostomia endoscópica percutânea (GEP) é o principal método aceito para a alimentação por sonda em um longo período. 

Objetivo – Investigar os fatores de risco associados à mortalidade precoce após a realização de GEP. Métodos – Análise retrospectiva de sobrevida 
em um centro terciário em Recife, Brasil. Prontuários de 150 pacientes submetidos a colocação de GEP forma revisados. Os dados foram analisados 
pelo método de Kaplan-Meier. Os modelos de regressão proporcional Multivariável de Cox também foram construídos para testar os efeitos da GEP 
na mortalidade. Resultados – Um total de 150 pacientes submetidos a GEP foram estudados (70 homens). Dos participantes, 87 (58%) tinham hip-
ertensão arterial; 51 (34%) eram diabéticos; 6 (4%) pacientes tinham doença renal crônica e 6 (4%) tinham alguma malignidade. As doenças crônicas 
neurodegenerativas foram a indicação clínica mais comum para a GEP. As taxas de probabilidade de mortalidade proporcionais de 30 e 60 dias foram 
de 11,05% e 15,34% respectivamente. A análise multivariada por meio da regressão de Cox mostrou a hemoglobina (HR 4,39, 95% IC: 1,30–14,81, 
P=0,017) e a permanência em Unidade de Terapia Intensiva (UTI) (HR 0,66, 95% IC 0,50–0,87, P=0,004) como preditores significantes de mortalidade 
precoce. O corte no valor da hemoglobina de 10,05 g/dL mostrou uma sensibilidade de 82,6% (61,2%–95% IC) e uma sensibilidade aceitável de 59,0 
(50,6%–68,6% IC), com uma taxa de 2,06 para a mortalidade em oito semanas. Conclusão – Em pacientes que foram submetidos a GEP para nutrição 
por um longo período, baixa hemoglobina e internamento em UTI antes do procedimento estão associados com o risco de mortalidade precoce. A 
GEP não deve ser indicada nesses casos.

DESCRITORES – Transtornos de deglutição. Desnutrição. Nutrição enteral. Estado terminal. Demência. 
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INTRODUCTION

Each year thousands of people seek for specialized assistance 
due to gastric desorders. The upper digestive endoscopy is the 
complementary test most widely used to investigate the gastric 
complaints since, besides allowing an evaluation regarding the 
existance of inflammation and tumor signs, it also allows to obtain 
samples of the gastric mucosa for histopathologic evaluation and 
ethiologic factor investigation. The gastritis stands out among all 
possible diagnosed pathologies through this procedure(1-3).

The word gastritis is generically defined as being an acute or 
chronic inflammatory process of the gastric mucosa(4). The chronic 
gastritis is a pathology of great importance not only because of its 
morbidity, but mainly because of  the aspects related to its evolu-
tion and relationship with gastric cancer(3,5). Although, gastritis 
can be caused by several factors, infectious or non-infectious, the 
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most common ethiologic agent linked to the chronic gastritis is 
the Helicobacter pylori(6).

The H. pylori is a spiral and flagellated gram-negative bacillus 
which colonizes preferably the non-acid secretory gastric mucosa 
such as antrum and cardia, although it can also be found in the 
oxyntic mucosa found mainly on the fundus and in the gastric body. 
This bacterium synthetizes several enzymes such as proteases and 
phospholipases which degrade the mucus layer that protects the 
gastric epithelium. It also produces the urease which unfolds the 
urea found in the gastric juice into ammonia and carbon dioxide, 
neutralizing the gastric pH around the bacterium making it re-
sistant and able to survive in the acid conditions of the stomach. 
Through its motility, the pathogen colonizes the gastric mucosa, 
sticking to the mucus producing cells in the stomach, then starting 
a local inflammation process and the production of toxins which 
are mostly responsible for the reduction of the mucosa integrity(7-9).
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The H. pylori infection leads invariably to a chronic inflamma-
tory process in the stomach which is characterized by an increase 
in the number of lymphocytes, macrophages and plasmocytes in 
the lamina propria in variable degrees, that can be accompanied 
by neutrophils which indicate inflammatory activity(1,5). This infec-
tion when not treated remain for an indefinite time, and is rarely 
eliminated in a spontaneous way(1,10).

The maintainance of the chronic inflammation induced by the 
H. pylori, besides damaging the cells can, according to the Correa 
model, trigger a multistage process of carcinogenesis in which the 
non-atrophic chronic gastritis would evolve to atrophic gastritis 
(loss of  gastrict glands), intestinal metaplasia (replacement for 
intestinal-type epithelium), dysplasia and gastric adenocarci-
noma(11). Therefore, H. pylori infection is the most important risk 
factor for gastric atrophy and intestinal metaplasia and these latter 
are considered gastric cancer precursor lesions(12).

The majority of gastric cancer cases are intestinal-type adeno-
carcinoma, located in the antrum and body of the stomach whose 
development is usually secondary to gastric atrophy and intestinal 
metaplasia(11-13). However, the diagnosis of such pathology is often 
performed late, when treatment can be less effective. Thus, the 
knowledge of  gastric cancer etiopathogenesis and the investiga-
tion of risk factors and precursor lesions become relevant to its 
prevention, early diagnosis, treatment and increase of  patients’ 
life expectancy. So the aim of the present study was to evaluate 
the prevalence of H. pylori infection and its associated factors in 
patients who underwent upper digestive endoscopy and who had 
gastric biopsy analyzed at a reference laboratory in Juiz de Fora 
County, Minas Gerais State, as well as the prevalence of precursor 
histological changes of gastric cancer and their association with 
H. pylori infection.

METHODS

Retrospective study was performed based on gastric endoscopy 
biopsy data collected between 2015 and 2016 in a private lab also 
integrated to the Brazilian Public Health System (Sistema Único de 
Saúde – SUS) – according to the approval of the CEP/UFJF Re-
search Ethic Committee through the legal report number 1.402.229. 
Only patients with simultaneous samples of  gastric antrum and 
body separately and for whom H. pylori were investigated by specific 
staining were included in the study. For patients with more than 
one endoscopic exam with biopsies, only the samples corresponding 
to the last exam request were considered. Patients were evaluated 
for age, sex and type of the health care service (public or private).

The slides were stained by the hematoxylin-eosin (HE) tradi-
tional method and the H. pylori research was done by the GRAM 
staining which shows satisfactory sensitivity, specificity, positive 
predictive value and accuracy for bacillus identification(14). Samples 
were evaluated for the presence of H. pylori in the antrum and/or 
gastric body (present or absent) and according to four morphologic 
variants recommended by the Sydney System: chronic inflamma-
tion, inflammatory activity, intestinal metaplasia and glandular 
atrophy, all these variables classified as absent or present, and when 
present ranked as mild, moderate and severe(15).

Chronic inflammation was considered when high level of 
mononuclear leukocytes, including lymphocytes, plasmocyte and 
macrophages was found. Inflammatory activity was confirmed by 
the detection of polymorphonuclear (neutrophils) on the lamina 
propria, epithelium or lumen. Glandular atrophy was character-

ized by the loss of glands, glandular colon hyperplasia and mucin 
depletion. With regards to the intestinal metaplasia, it has been 
detected when the gastric mucosa resembled the intestine mucosa, 
showing goblet cells with or without gland distortion(12,16,17).

The Excell program was used for data input and data analysis 
was performed by Stata software version 9.0. Differences in the 
distribution of the variables were assessed by the chi-square test and 
those with value P<0.05 were considered statistically significant. 
Odds ratios (OR) and respective 95% confidence intervals (95%C.I.) 
were calculated for each gastric cancer precursor lesion in relation 
to the presence of H. pylori infection.

RESULTS

A total of 4,604 patients who met the inclusion criteria were 
evaluated, with a mean age of 51 years (±16.6). The majority of 
them were women (n=2,941; 63.9%) and coming from the private 
health care service (n=2,903; 63.1%). As shown in TABLE 1, 
the prevalence of H. pylori infection in the study population was 
31.7% (n=1,459). The smallest percentage of infection by H. pylori 
(24.8%) was detected among patients under 30 years of age, while 
among those ranging between 30–39 years of age, the percentage 
was the highest (40.6%), and a decrease of infection was detected 
among patients age 40 and over (P<0.01). The frequency of infec-
tion was higher among men (33.4%) rather than women (30.7%), 
however with only marginal significance (P=0.07). With regards 
to the origin of the health care service, the percentage of H. pylori 
infection was significantly higher in patients from public health 
service (42.0%) when compared with patients from private health 
service (25.6%) (P<0.01).

TABLE 1. Prevalence of H. pylori infection according to age, sex and 
health service. Juiz de Fora/MG, Brazil. 

Variable
H. pylori negative H. pylori positive

Total P-valuen (%) 
3,145 (68.3%)

n (%) 
1,459 (31.7%)

Age < 0.01

   < 30 yrs 422 (75.2%) 139 (24.8%) 561

   30–39 yrs 336 (59.4%) 230 (40.6%x) 566

   40–49 yrs 566 (66.4%) 286 (33.6%) 852

   50–59 yrs 747 (67.1%) 366 (32.9%) 1,113

   ≥ 60 yrs 1,074 (71.0%) 438 (29.0%) 1,512

Sex 0.07

   Female 2,037 (69.3%) 904 (30.7%) 2,941

   Male 1,108 (66.6%) 555 (33.4%) 1,663

Health service < 0.01

   Private 2,159 (74.4%) 744 (25.6%) 2,903

Public 
(SUS) 986 (58.0%) 715 (42.0%) 1,701

When evaluating the prevalence of  gastric cancer precur-
sor lesions in the study polulation, 676 (14.7%) patients showed 
intestinal metaplasia in the body and/or antrum gastric. Among 
H. pylori (+) patients a higher percentage of intestinal metaplasia 
(17.7%) was detected when compared with H. pylori (-) patients 
(13.3%) (P<0.01). The odds ratio for the occurrence of metaplasia 
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associated with H. pylori infection was 1.40 (95% IC: 1.18–1.66) 
(TABLE 2). Glandular atrophy was detected in 474 (10.3%) of 
patients. Similarly, the percentage of glandular atrophy was signifi-
cantely higher between H. pylori (+) patients (17.6%) than among 
H. pylori (-) patients (6.9%) (P<0.01). The chance of  glandular 
atrophy occurrence in H. pylori (+) was about 3 times higher than 
in H. pylori (-) patients (OR: 2.88; 95% IC: 2.40–3.50) (TABLE 3).

DISCUSSION

Studies show that H. pylori infection is very common, mainly 
in developing countries, suggesting that about 50% of the world 
population is infected by this bacterium(18-20). In meta-analysis study, 
performed to estimate the worldwide prevalence of the H. pylori, it 
has been observed a prevalence of approximately 71% in Brazil(21). 
In the present study, however, we found a prevalence of 31.7% of 
H. pylori infection. This lower prevalence is in agreement with a 
recent study conducted in Southern Brazil(22) and might be related 
to the socioeconomic characteristics of the study population which 
is not representative of the Brazilian population since the majority 
of the patients investigated came from private health care service 
(63.1%). Such aspect can reflect a better social-economic level of 
the study population, and explain, at least in part, the smallest 
prevalence of the infection since H. pylori infection is frequently 
related to social-economic level of a specific population and it can 
reach 90% in developing countries and less than 40% in developed 
countries(21-23). On the other hand, Brazilian studies included in 
the meta-analysis were mostly related to populations with lower 
socioeconomic level, which must have contributed to the highest 
estimated prevalence in Brazil(21).

Another aspect to be taken into consideration is the fact that the 
national prevalence estimate of H. pylori in the meta-analysis study 
was obtained from studies in which the diagnosis of the infection 
was mainly performed by serology tests(21) while in the present study 
the diagnosis was performed by the standard histology method with 
specific staining. Serological method is mainly based on detecting 
IgG antibodies and can be influenced by geographic variations 
and characteristics of the studied populations, and local validation 
of this test is often necessary in order to make adjustments in the 
cut off  levels for specific populations(23,24). Another disadvantage 
lies on the fact that this method can be influenced by prolonged 
maintenance of antibodies in the host even after the elimination 
of the infection(25). In addition, the accuracy of the serological tests 
depends on the antigen used in the commercial kit and the preva-
lence of specific strains varies significantly in different regions(23). 
The histological method, used in the current study, allows the 
visualization of the pathogen and it also enables to assess changes 
in the gastric mucosa, although it is an invasive method, presenting 
sensibility and specificity ranging from 53% to 93% depending on 
the representativeness of the sample, the colonization density and 
the pathologist’s experience(23,24). Therefore, the advantages and 
disadvantages of the different diagnosis methods used to estimate 
the prevalence of  H. pylori should be taken into account when 
comparing results between studies.

H. pylori is a resistant bacterium that can remain viable for long 
periods of time in the environment. It has already been isolated 
in vegetables, milk, water and droppings(26,27). The transmission 
among human usually occurs by oral-oral and fecal-oral vias, with 
a higher prevalence rate in lower income populations where the con-
tamination is related to precarious conditions of housing, dietary 
habits and hygiene as well as bad sanitation conditions including 
lack of appropriate sewage system and treated water(21,23,26). This 
relation was corroborated in this current study since a significantly 
higher percentage of H. pylori infection was observed in patients 
from the public health service (SUS) (42%) which probably had 
a lower socioeconomic condition compared to patients from the 
private health service (25.6%). In this scenario, the improvement 
of  sanitary conditions could contribute for reducing H. pylori 

TABLE 2. Prevalence of intestinal metaplasia according to H. pylori 
infection status. Juiz de Fora/MG, Brazil. 

Intestinal metaplasia*

Infection 
status

Absent Present Total OR 95%CI
n (%) 

3,928 (85.3%)
n (%) 

676 (14.7%)
4,604

H. pylori (-) 2,727 (86.7%) 418 (13.3%) 3,145 1

H. pylori (+) 1,201 (82.3%) 258 (17.7%) 1,459 1.40 1.18–1.66

*P<0.01; OR: odds ratio; 95%CI: 95% confidence interval.

TABLE 3. Prevalence of glandular atrophy according to H. pylori infection 
status. Juiz de Fora/MG, Brazil. 

Atrophy*

Infection 
status 

Absent Present Total OR 95% CI
n (%) 

4,130 (89.7%)
n (%) 

474 (10.3%)
4,604

H. pylori (-) 2,928 (93.1%) 217 (6.9%) 3,145 1

H. pylori (+) 1,202 (82.4%) 257 (17.6%) 1,459 2.88 2.40–3.50

*P<0.01; OR: odds ratio; 95%CI: 95% confidence interval.

In addition, the coexistence of gastric cancer precursor lesions 
with chronic inflammation in H. pylori (+) patients was also ana-
lyzed (FIGURE 1). It has been observed that among H. pylori (+) 
patients who had at least one type of precursor lesion (n=418), 161 
(38.5%) had metaplasia and chronic inflammation, 160 (38.3%) had 
atrophy and chronic inflammation and finally 97 (23.2%) exhibited 
metaplasia, atrophy and chronic inflammation simultaneously. It 
is worthy highlight that the majority of the H. pylori (+) patients 
(n=1,459) showed only chronic inflammation (n=1,041; 71.3%) and 
no patient showed metaplasia or atrophy alone. 

FIGURE 1. Coexistence of intestinal metaplasia, glandular atrophy and 
chronic inflammation in H. pylori positive patients. Juiz de Fora/MG, Brazil.



Rodrigues MF, Guerra MR, Alvarenga AVR, Souza DZO, Costa RAVS, Cupolilo SMN.
Helicobacter pylori infection and gastric cancer precursor lesions: prevalence and associated factors in a reference laboratory in Southeastern Brazil

422 • Arq Gastroenterol • 2019. v. 56 nº 4 out/dez

prevalence among vulnerable populations given that the reduction 
in the incidence and prevalence of H. pylori observed in the past 
decades has been related to industrialization and improvement of 
sanitary and social-economic conditions in different countries(22,26).

The prevention of  H. pylori infection becomes essential not 
only due to morbidity linked to the disease but also by the fact that 
H. pylori is considered an important risk factor for atrophy and 
intestinal metaplasia, both classified as gastric cancer precursor 
lesions(12,28). In this context, the prevalence of atrophy and intesti-
nal metaplasia correlates positively with the frequency of gastric 
carcinoma in populations from certain countries(2,29,30).

The prevalence of atrophy and intestinal metaplasia in general 
population was widely analyzed through a systematic review and 
meta-analysis published in 2014, which included 107 original studies 
comparing countries with low to moderate versus high incidence 
of gastric cancer(30). In this review, the prevalence of atrophy in the 
general population was 33% (26%–41%), while intestinal metaplasia 
was 25% (19%–30%). In countries with high incidence of gastric 
cancer, the prevalence of atrophy was significantly higher (41.7%) 
than in countries with low to moderate incidence (22.8%). Neverthe-
less, intestinal metaplasia did not differ significantly between these 
countries, ranging from 21.7% in countries with low to moderate in-
cidence of gastric cancer to 28.1% in countries with high incidence. 
In the current study, the prevalence of atrophy and metaplasia in 
patients was 10.3% and 14.7% respectively, which is lower than ex-
pected for countries with low incidence of gastric cancer. However, 
both prevalence follow the same tendency observed in some studies 
so far performed in Brazil in order to estimate the prevalence of 
gastric cancer precursor lesions. Muller et al. found prevalence of 
3% for atrophy and 15% for metaplasia in dyspeptic patients from 
the South region of Brazil(31). Motta et al. detected prevalences of 
11.2% and 21.6% for atrophy and metaplasia respectively in patients 
from the Brazilian Northeast region(32). 

When the prevalence of precursor lesions were evaluated in rela-
tion to H. pylori infection, we found that both atrophy and metapla-
sia were significantly more frequent in H. pylori (+) patients rather 
than in H. pylori (-), suggesting the presence of bacteria as a risk 
factor for these lesions. In the presence of H. pylori, the prevalence 
of atrophy was 2.5 times higher (17.6 vs 6.9%) and metaplasia was 
1.3 times higher (17.7 vs 13.3%) compared to H. pylori (-) patients. 
These results are in accordance with several studies(16,33-35) and also 
with the findings of the meta-analysis mentioned above in which 
the prevalence of the atrophy was 2.7 times higher and metaplasia 
was 2.1 times higher in individuals infected by H. pylori than in 
uninfected individuals(30). In the current study the percentage dif-
ference between H. pylori (+) and H. pylori (-) patients was higher 
in atrophy than in metaplasia. In this context, it is noteworthy that 
although H. pylori represents a risk factor for both atrophy and 
metaplasia, bacterial factors seem to exert a higher influence on 
the atrophy, whereas environmental and host factors would also 
play an important role in the development of metaplasia(36), which 
could explain, at least in part, the smaller percentage difference of 
metaplasia between individuals infected or not by H. pylori.

Atrophy and metaplasia are widely recognized as precursor 
lesions of  intestinal-type gastric cancer, however it is important 
to highlight that the presence of  these lesions does not always 
lead to the development of  cancer(28,37-39). Moreover, intestinal 
metaplasia does not necessarily arise only after atrophy, replacing 

the loss of  parietal cells. It can, many times, inversely appear in 
the non-atrophic mucosa resulting in focal atrophy or it can even 
appear in response to different aggressions to the gastric mucosa(40). 
Regardless of the order in which these lesions appear, inflammation 
is seen as the main driver of these pathological changes that can 
trigger the carcinogenic cascade suggested by Correa (1988)(11-13,41,42). 
In this scenario, several mechanisms through which the inflam-
mation could promote the development of gastric cancer should 
be considered, including the induction of the cyclooxygenase-2/ 
prostaglandin E2 (COX-2/PGE2) pathway and the activation of 
NF-KB and Stat3, as well as the activation of the signalingviaTLR/
MyD88(43-46). In addition, several virulence factors present in H. 
pylori, such as CagA protein and peptideogly may play a crucial 
role in the gastric inflammation(46,47).

Given the importance of inflammation in the gastric carcino-
genesis process, we also evaluated the coexistence of atrophy and/
or metaplasia with the chronic inflammation in H. pylori (+) pa-
tients, since the atrophy in association with chronic inflammation 
can result in the development of a more proliferating metaplasia 
which would favor the development of dysplasia and the evolution 
to cancer(13,48). It was observed that among H. pylori (+) patients 
that had some type of precursor lesion, all had associated chronic 
inflammation: 38.5% with atrophy, 38.3% with metaplasia, and 
23.2% had atrophy, metaplasia and chronic inflammation simul-
taneously, highlighting the importance of H. pylori eradication in 
order to control the inflammation in these patients.

Although the eradication of H. pylori does not necessarily result 
in complete regression of  metaplasia and atrophy, it can retard 
the development or diminish the severity of these lesions(28,42,49). In 
addition, it reduces significantly or interrupts the evolution of the 
inflammation of the gastric mucosa and leads to normalization of 
changes that can cause mutation of mucosa cells, so reducing the 
risk of gastric cancer(23,40,50). Studies in animal models of  gastric 
cancer showed that the eradication of H. pylori resulted in regres-
sion of the gastric inflammation with reduced levels of proinflam-
matory cytokines as well as reduction of epithelial cells proliferation 
and restoration of the normal architecture, contributing to a lower 
dysplasia and reduction of gastric cancer risk specially when treat-
ment was performed in the early stage of H. pylori infection(51,52). 
Such findings strengthen the need for follow ups and treatment of 
patients infected by H. pylori, especially those with concomitant 
inflammation and gastric cancer precursor lesions.

CONCLUSION

The present study contributes to a better understanding re-
garding H. pylori infection and associated factors in a Brazilian 
population, and points to the association of  this infection with 
gastric cancer precursor lesions, reinforcing the importance of 
prevention measures to avoid the infection as well as in order to 
favor the treatment for infected patients, mainly among regions with 
lower socioeconomic levels that tend to show higher prevalence of 
H. pylori infection.
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associados orienta a adoção de estratégias específicas para o controle deste tipo de câncer. Objetivo – Avaliar a prevalência de infecção por H. pylori 
em pacientes submetidos à endoscopia digestiva alta, bem como a prevalência de metaplasia intestinal, atrofia e inflamação crônica e a associação 
destas com a infecção por H. pylori. Métodos – Foi realizado um estudo retrospectivo com base em laudos de biópsias endoscópicas gástricas realizadas 
em laboratório privado afiliado ao Sistema Único de Saúde (SUS). Os pacientes foram avaliados quanto à idade, sexo e tipo de serviço de saúde. As 
amostras foram avaliadas quanto à presença de H. pylori e também de inflamação crônica, metaplasia intestinal e atrofia glandular. Resultados – Do 
total de 4.604 pacientes (idade média de 51±16,6), 63,9% eram do sexo feminino e 63,1% provenientes de serviços de saúde privado. A prevalência de 
infecção por H. pylori foi de 31,7% (n=1.459) e o percentual de infecção foi significativamente maior nos pacientes do serviço público de saúde (42,0%) 
em relação aos pacientes do serviço privado de saúde (25,6%). Entre os pacientes com H. pylori (+), foi observado maior percentual de metaplasia 
intestinal (17,7% vs 13,3%) e atrofia glandular (17,6% vs 6,9%) quando comparados aos H. pylori (-) (P<0,01). Dos pacientes H. pylori (+) com pelo 
menos um tipo de lesão precursora (n=418), 161 (38,5%) apresentaram metaplasia e inflamação crônica, 160 (38,3%) apresentaram atrofia e inflamação 
crônica e, finalmente, 97 (23,2%) apresentaram metaplasia, atrofia e inflamação crônica simultaneamente. Conclusão – O presente estudo reforça a 
associação da infecção por H. pylori com lesões precursoras de câncer gástrico em uma população brasileira, enfatizando a importância de medidas 
de prevenção de infecção, bem como o tratamento de pacientes infectados, principalmente em regiões com níveis socioeconômicos mais baixos que 
apresentam maior prevalência de infecção por H. pylori.

DESCRITORES – Helicobacter pylori. Neoplasias gástricas. Metaplasia. Gastrite atrófica.
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REVIEW

INTRODUCTION

Vitamin D deficiency is being recognized as a pandemic because 
of the volume of people affected by deficiency and the number of 
diseases generated or stimulated by such a deficiency(1). Vitamin 
D deficiency is reported worldwide, where an estimated 1 billion 
people have vitamin D deficiency or insufficiency(2,3). Therefore, 
interest in vitamin D has increased considerably in recent years 
among health professionals, the media and the public.

Vitamins are essential organic compounds that cannot be 
synthesized by the human body and must be ingested(4). The term 
vitamin D refers to vitamin D2 (ergosterol) and/or vitamin D3 
(cholecalciferol), since they are the most abundant and active ver-
sions. Vitamin D2 and vitamin D3 are types of dry steroids, that 
is, steroids that suffer a break between their two chemical rings(5). 
Vitamin D2 is not produced in the body but obtained through diet. 
Vitamin D3 is the conventional definition of a vitamin, which can 
now be defined as a pre-hormone because it is produced by the body. 
Differences between the two versions can be seen in the presence 
of a double bond between carbons 22 and 23, and a methyl group 
on carbon 24 of vitamin D2(6-8).

Vitamin D was identified in the early 20th century and was 
initially considered as a nutrient. It has now been classified as a hor-
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mone due to its regulation of calcium and phosphorus metabolism 
along with parathyroid hormone(9). Since vitamin D deficiency can 
cause rickets and osteomalacia, this vitamin is therefore essential 
for the maintenance of bone health of children and adults(10-11).

The 25-hydroxyvitamin D (25[OH]D) is the most abundant 
metabolite and the best indicator for the evaluation of vitamin D 
status. Low levels of 25(OH)D are associated with several factors 
such as skin pigmentation, use of  sunscreen, clothing, latitude, 
season of the year, air pollution, decreased intake of food source, 
malabsorption syndrome, obesity, withdrawal from sun exposure, 
pregnancy, age, renal or hepatic failure(12,13).

In children and adolescents, 25(OH)D blood levels are being 
associated with the prevention of diseases related to the immune 
system (asthma, diabetes mellitus type 1), infectious diseases (res-
piratory infections, influenza) and cardiometabolic markers(2,14). 
In order to prevent hypovitaminosis D, the Institute of Medicine 
(IOM) increased the vitamin D recommendation by establishing 
a Recommended Dietary Allowance value of 400 IU/day for the 
first year of life, and 600 IU/day for children 1 to 18 years of age(15). 
The IOM, after reviewing the literature, concluded that 25(OH)D 
levels of 20 ng/mL meet the requirements of at least 97.5% of the 
population in all age groups. They also concluded that a consensus 
is needed at cut-off  points for serum inadequacy of 25(OH)D in 

AG-2019-66
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order to avoid problems of under-treatment or excessive treatment 
for hypovitaminosis D(16). Despite the IOM’s pronouncement, there 
is still a divergence among published studies in relation to the values 
used to identify vitamin D deficiency.

The European Society of Pediatric Gastroenterology, Hepatol-
ogy and Nutrition (ESPGHAN), recommended for scientific and 
clinical purposes to practice using 25(OH)D >20 ng/mL as the 
standard for sufficiency, and <10 ng/mL as severe deficiency(17).

There is a lack of consensus in the literature regarding what is 
considered a deficient level of 25(OH)D. Maintaining normal levels 
of vitamin D is important for the growth and development of bones 
in these children. Thus, the present review aimed to bring together 
the studies conducted with children between 6 and 12 years of age, 
schoolchildren by definition, to define what the studies considered 
as a deficient level of 25(OH)D.

METHODS

A systematic review of the literature was done in the electronic 
databases MEDLINE, EMBASE, LILACS, SCOPUS and WEB 
OF SCIENCE. The descriptors were chosen according to the search 
performed in the DeCS (BIREME health science descriptors). The 
following descriptors were used in English, Portuguese and Spanish: 
“Vitamin D”; “Vitamin D deficiency”; “Nutritional Supplements”, 
as well as all their synonyms found in the MeSH (Medical Subject 
Headings) search for the PUBMED portal; and Emtree for EM-
BASE. The Boolean operators used were “AND” and “OR” for a 
combination of descriptors and terms used to track publications. 
Inclusion criteria were: 1) studies performed with children in the 
aged 6–12 years, because it is a group with greater homogeneity; 2) 
studies with healthy children; 3) studies that had vitamin D levels 
and defined vitamin D deficiency; Exclusion criteria: review studies, 
theses and dissertations, animal studies, and studies where the age 
group was not within the limits sought.

The only limit used in the database search was age (school 
children). All other exclusion criteria have been established for each 
article by reading the title and abstract. Articles were not limited 
by their year of publication or language.

The searches in the databases were carried out from September 
to November of 2018, the study was carried out by two independ-
ent reviewers, and after exclusion of the articles according to the 
defined criteria the two reviewers shared their findings.

The systematic review, in order to be developed, followed the 
standards recommended by the PRISMA model (Main Items for 
Reporting Systematic Reviews and Meta-analyses)(18). The meta-
analysis to estimate the mean and standard deviation of vitamin 
D in children was performed considering the random model. The 
confidence interval was 95%. We had considered levels of 25(OH)
D before supplementation for meta-analysis. We used the computer 
program: R version 3.3.1. Copyright (C) 2016 The R Foundation for 
Statistical Computing Metafor Package 1.9-9, to perform the analysis.

RESULTS

Through this search, 191 potentially eligible articles were 
initially found (MEDLINE=26, EMBASE=10, LILACS=3, SCO-
PUS=142 and WEB OF SCIENCE=10). Of these 191 articles, 20 
were excluded as duplicates between the databases. After reading 
the titles and abstracts, 159 articles were excluded, where the theme 
was not relevant, and/or the age range of the study did not match 

our inclusion criteria. For full reading, 12 articles were selected 
and only six articles met all the inclusion criteria. No articles were 
excluded by year of publication or language (FIGURE 1).

FIGURE 1. Flowchart review of the findings in the database.

The reviewed articles differ in some respects such as the serum 
25(OH)D values considered to be deficient, insufficient or adequate. 
Three of the six articles considered deficiency as levels below 20 ng/
mL(19-21), one considered it as below 18 ng/mL(22), another below 15 
ng/mL(23), and the latter below 11 ng/mL(24). Therefore, half  of the 
studies analyzed considered deficiency as below 20 ng/mL.

In the articles, we found a high prevalence of vitamin d defi-
ciency. If  we consider the most common value cited as vitamin D 
deficiency (<20 ng/mL), the number of children within the defi-
ciency increases considerably as shown in FIGURE 2.

FIGURE 2. Prevalence of vitamin D deficiency between articles before 
intervention.
Al-Ghannani article did not specifically describe the number of children with vitamin D 
levels below 20 ng/mL.

Among the studies that offered vitamin D by fortified foods 
and/or by oral supplements, the dosage offered ranged from 100 
IU to 300 IU/day. One study performed seasonal supplementation 
of  13,700 IU over seven days (TABLE 1). None of  the studies 
reported side effects during supplementation(19-24).
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TABLE 1. Main data of the articles selected for the systematic review.

Reference Population Age Study objective Type of study Type of intervention
Reference  
value used

Results

Mark et al., 
2011(24)

159 
Canadian 
children of 
both sexes.

8–11 years

To describe the 
modifiable correlates 
of vitamin D status in 
youth; including intake 
of vitamin D food 
sources, supplements, 
physical activity and 
adiposity.

Prospective

A 24-hour food recall for 3 
days was used to evaluate the 
consumption of Vitamin D by 
diet and supplementation.

15 ng/mL

Vitamin D intake was below current 
recommendations, with 45% of youths 
having 25(OH)D levels below 20 ng/mL;
Greater physical activity showed an increase 
of 0.84 ng/mL of 25(OH)D.
They believe it is unlikely that increased milk 
consumption or increased physical activity 
(outdoors) would increase vitamin D enough 
to reach sufficient levels of 25(OH)D in 
Canadian youth.

Rich-
Edwards et 
al., 2011(20)

579 
Mongolian 
children of 
both sexes.

9–11 years

To verify if daily 
supplementation of 
vitamin D would 
be more effective 
than seasonal 
supplementation

Randomized

Duration of 49 days.
Group with ordinary milk - 710 
mL/day.
Group with US fortified milk - 
710 mL/day containing 300 IU 
of vitamin D.
Group with fortified milk in 
Mongolia day containing 300 
IU of vitamin D.
Group with vitamin D 
supplementation of 300 IU 
daily.
Group with seasonal vitamin D 
supplementation - 13700 IU 
after 7 days.

20 ng/mL

Of the children who received seasonal 
supplementation after 49 days, 98% were still 
with low levels of vitamin D compared to 
41% in those receiving daily supplementation 
or fortified milk.
The impact of supplementation was greater in 
those who started with lower baseline vitamin 
D levels.
Supplementation with 300 IU/day of vitamin 
D was not able to remove the children from 
the deficiency; it was suggested that larger 
daily doses are necessary.

Neyestan et 
al., 2014(25)

410 Iranian 
children of 
both sexes.

9–12 years

To compare the 
effectiveness of vitamin 
D fortification in milk 
and orange juice and 
supplementation in 
primary school children.

Randomized 
double blind

Duration of 12 weeks.
Group with pure milk.
Group with fortified milk (100 
IU of vitamin D and 500 mg of 
calcium per 200 mL package).
Group with pure orange juice.
Group with fortified orange 
juice (100 IU of vitamin D and 
500 mg of calcium per 200 mL 
package).
Group with supplement (200 
IU of vitamin D and 500 mg of 
calcium).
Placebo group.

11 ng/mL

After 12 weeks, supplementation with 200 
IU of vitamin D and 500 mg of calcium was 
more effective in increasing 25(OH)D levels 
and in suppressing the seasonal increase in 
bone-specific alkaline phosphatase. However, 
it was not verified that the intervention 
contributed to the increase of osteocalcin or 
reduction of parathormone.
Consumption of 200 IU/day via supplement 
or 100 IU/day via food fortification was not 
effective to protect D hypovitaminosis.

Al-
Ghannami et 
al., 2016(23)

314 
children of 
Oman of 
both sexes.

9–10 years

To evaluate plasma 
fat-soluble vitamin 
levels in pre-adolescent 
schoolchildren. To 
observe the effects of 
the fish-based menu 
with docosahexaenoic 
acid (DHA) and 
eicosapentaenoic acid 
(EPA) supplementation 
by fish oil in children.

Randomized

Duration of 12 weeks.
Control group with normal 
meals.
Group with fish oil (403 mg of 
DHA and 53 mg of EPA).
Group with a meal containing 
100 g of grouper, snapper, 
kingfisher, emperor or anchovy 
fish (having 150 to 200 mg of 
omega-3).

18 ng/mL

In children who received fish oil or a fish 
meal, the vitamin D value was higher than in 
the control group.
Only 7.3% of boys and 0.6% of girls had 
sufficient levels of 25 (OH) D> 30 ng/mL.
There is an urgent need for a well-thought 
program that incorporates a food and 
beverage fortification and outdoor activities to 
help address this public health problem.

Petersen et 
al., 2016(21)

782 Danish 
children of 
both sexes.

8–11 years

To assess vitamin 
D status and its 
determinants in children 
in the fall period.

Randomized

A 24-hour food recall for 7 days 
was carried out to evaluate the 
consumption of food sources of 
vitamin D.

20 ng/mL

The large number of children (28.4%) with 
vitamin D deficiency (25(OH)D <20 ng/mL) 
is a concern.
The use of vitamin D supplements 3d/7d was 
associated with an increase of approximately 
3.6 ng/mL of 25(OH)D.
Vitamin D deficiency should not be perceived 
as a winter phenomenon.
The non-white ethnicity and the female 
gender were associated with lower 25(OH)D.

Soininen et 
al., 2016(22)

374 Finnish 
children of 
both sexes.

6–8 years

To investigate the 
distribution and serum 
25(OH)D levels, and 
risk factors for low levels 
(<20 ng/mL) of 25(OH)
D in Finnish children.

Prospective
A 4-day dietary recall was 
used to evaluate the quality of 
the diet.

20 ng/mL

4/5 of children do not consume the 
recommended daily amount of vitamin D.
1/5 of the children had vitamin D deficiency 
(25(OH)D <20 ng/mL).
Fortified milk (0.5 μg/100 g of vitamin 
D) was the food that contributed to the 
highest concentration of 25(OH)D. Next, 
the supplement was also a determinant for 
vitamin D intake among girls.
There is a need to increase the supply of 
vitamin D (from foods or supplements) to 
children who live in places with higher 
latitudes.
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Statistically analyzed data were obtained from the six studies 
evaluated in this systematic review, with a total of 2618 children 
before supplementation, aged between 6 and 12 years old (TA-
BLE 1). Considering the Q test of heterogeneity, the studies are 
considered heterogeneous (P-value<0.0001) and the measurement 
of  I2 = 99.85%. The mean value for 25(OH)D was estimated at 
18.11 ng/mL with a 95% confidence interval of 11.90 ng/mL – 24.31 
ng/mL, as shown in FIGURE 3(25).

D supplementation is more efficient for individuals who already 
have a high vitamin intake when compared to those with low 
consumption(24,26,27).

Moreover, according to studies with adults, the supply of vita-
min D together with calcium would be a more effective strategy to 
raise 25(OH)D values than the supply of vitamin D alone(21,28-30). 
In the Neyestan et al. (2014) study, vitamin D and calcium were 
offered via oral supplementation and via fortification of milk and 
orange juice, and it was concluded that supplementation increased 
levels of 25(OH)D, but was not effective in protecting the subjects 
from hypovitaminosis D. Another issue that was addressed by 
Neyestan et al. (2014), was the low acceptance of milk by Iranian 
schoolchildren. In the study with 374 Finnish children, the majority 
of the evaluated subjects did not consume the recommended daily 
amount of vitamin D; and fortified milk (20 IU/100 g of vitamin 
D) was the food that contributed the most to the 25(OH)D serum 
concentration. Next, the supplement was also determinant for 
vitamin D intake among female schoolchildren(24).

In foods and dietary supplements, vitamin D exists as much as 
cholecalciferol or ergocalciferol originating from plants (vitamin 
D2). Vitamin D is found in a limited number of foods, such as oily 
fish that are known to have high amounts of the vitamin(31). In the 
study by Al-Ghannami et al. (2016) where the fat-soluble vitamins in 
children were evaluated, fish oil supplementation and fish meal once 
a day for 12 weeks were used. The result was that the groups that 
received this omega-3 diet had better levels of 25(OH)D in relation 
to the control group; showing that this may be another option to use 
higher sources of vitamin D to enrich the diet of a population(22).

It is known that milk is a more complete and nutritious food 
than the supplement, because it contains bioactive compounds and 
other nutrients that the supplement does not offer. However, cross-
sectional studies in Canada and the United States have indicated 
that the use of supplements has been more promising than food 
enrichment for the prevention of hypovitaminosis D, particularly 
in vulnerable winter populations(24,32). In the study by Petersen et al. 
(2016) with 782 Danish children, it was observed that the frequent 
use of vitamin D supplements was associated with the adequacy 
of 25(OH)D levels (above 20 ng/mL) in 70% of the evaluated in-
dividuals. In addition, the low intake of food sources of calcium 
and vitamin D has been reported in several countries across all age 
groups(21,33). Mark et al. (2011) applied the 24-hour recall for three 
days in Canadian children, and vitamin D intake was below the 
current Canadian recommendation(23).

In Brazil, information about vitamin D deficiency in healthy 
children is still scarce. Peçanha et al. (2019) reported, in his study 
of 124 children with recurrent wheezing, a prevalence of vitamin 
D deficiency/insufficiency of  57.3%. Similar values were found 
by Peracchi et al. (2014) studying children and adolescents with 
recurrent systemic lupus where the prevalence was 50%, but when 
compared with a control group, deficiency was found only among 
20% of them. This shows us that such values may have been influ-
enced by the underlying disease. Further studies on vitamin D in 
healthy children in Brazil are needed to establish an overview of 
such deficiencies(34,35).

Vitamin D intoxication is extremely rare. In general, the re-
ported cases are related to administration errors in supplementation 
(exorbitant values such as 1 million to 4 million IUs per day). The 
effects related to super-dose are hypercalcemia (values higher than 
10.6 mg/dL) and hyperphosphataemia (5–6 mg/dL). Therefore, 
supplementation is suggested with caution(36).

FIGURE 3. Forest plot data of values obtained for vitamin D.

DISCUSSION

The mean value of  25(OH)D in schoolchildren included in 
this review was estimated at 18.11 ng/mL and values below 20 ng/
mL define 25(OH)D deficiency in most of the studies examined, 
although it included different countries (e.g., Denmark, Canada, 
Oman, Mongolia) ethnicities, seasons, latitudes etc. It means that 
most children are below the recommended 25(OH)D level and 
need some kind of  supplementation or the recommendation is 
not adequate.

In adults, most experts define 25(OH)D levels below 20 ng/
mL as deficient. One study found that when serum 25(OH)D 
levels increase from 20 ng/mL to 32 ng/mL the intestinal calcium 
absorption increases from 45% to 65%. It is also known that an 
increase of  1,25-dihydroxyvitamin D (1,25[OH]D) results in the 
synthesis of  cathelicidin, which is a peptide capable of  killing 
infectious agents, thus enhancing the importance of vitamin D as 
an immunomodulator. When serum 25(OH)D levels are below 20 
ng/mL, monocytes or macrophages are prevented from triggering 
this immune response(2).

The reviewed articles differed in relation to the cut-off  point 
of 25(OH)D values for the classification of vitamin D deficiency. 
However, three of the six articles analyzed considered deficiency as 
25(OH)D levels were below 20 ng/mL. Defining what is considered 
optimal levels of 25(OH)D is still a challenge for authors, as was 
found in this review(19-24).

Among the studies that offered vitamin D through fortified 
foods and/or oral supplements, the dosage offered ranged from 
100 IU to 300 IU/day and none of the studies indicated side effects 
during supplementation. The research that performed seasonal 
supplementation of 13,700 IU over a span of seven days also did 
not report any side effects(19-24).

According to the National Health and Nutrition Examina-
tion Surveys, vitamin D supplementation is a good strategy to 
increase vitamin D intake. Recent findings suggest that vitamin 
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We would like to point out the need for further studies in this 
area to establish a consensus of  what is considered vitamin D 
deficiency.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is one of the most 
common forms of liver disease primarily related to the progressive 
increase of obesity in the world. Initially, it was considered to be 
a liver disease with benign course, however, it is currently known 
to be a complex disease which involves environmental factors and 
genetic predisposition(1). NAFLD ranges from simple Steatosis 
to non-alcoholic steatohepatitis (NASH) that can have different 
degrees of fibrosis and progress to liver cirrhosis and hepatocel-
lular carcinoma (HCC) in patients with no history of alcoholism(2). 
Sedentary lifestyle, inadequate intake of foods with high fat and 
fructose consumption, as well as obesity, metabolic syndrome 
(MtS), type 2 diabetes mellitus (T2DM), hormonal status and 
genetic background have been described as responsible for the 
development of NAFLD(3).

Due to increasing rates of obesity, NAFLD has become more 
prevalent in all populations, especially in the Western world and 
has been defined by specialists as the disease of the modern world(4). 
NAFLD is highly prevalent in the United States and around the 
world. However, this prevalence differs significantly according to 
the diagnostic method used and the population studied. As rates 
of  obesity, T2DM and MtS continue to increase, NAFLD can 
significantly affect health care and the development of long-term 
complications such as cirrhosis and HCC in the next few years(5). 

DIET, NUTRITION INTAKE AND NAFLD

Balanced and healthy nutrition is one of  the main determi-
nants of  nutritional status that can prevent many diseases, such 
as NAFLD. 
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In fact, an inadequate diet, with a high concentration of satu-
rated fat and cholesterol, simple carbohydrates and xenobiotics, 
or external contaminants, which lacks in vitamins and fibers, is an 
important factor for the development of NAFLD. Zelber-Sagi et 
al. demonstrated that excess caloric consumption, unhealthy diet, 
sedentary lifestyle leading to obesity and related comorbidities 
and weight gain per se, even a modest weight gain of 3–5 kg, are 
leading risk factors for NAFLD, regardless of baseline body mass 
index (BMI)(6). 

Research studies, in order to identify factors related to the de-
velopment of NAFLD and progression to NASH have discovered 
that endogenous and exogenous factors [biological origin, synthetic 
(industrial) or environmental] act as hepatotoxins, including food 
and water(7,8). Diet is an important factor in the development of 
NAFLD and this relationship is complex and extends beyond 
total energy intake. NAFLD patients shown higher energy intake, 
significantly lower protein and carbohydrate and higher total fat, 
higher intake of saturated fat, and n-6 consumption was identified 
compared to controls(9-11).

CALORIES AND FAT

Studies have analyzed the association between liver fat content 
and calorie and fat intake(12-14). It has been demonstrated that 
patients with NAFLD have a significantly higher daily overall 
calories intake whereas the general dietary composition displays 
only moderate deviations when compared to healthy controls(9,15).

Moreover, epidemiological studies have demonstrated that 
NASH patients have a diet richer in saturated fat and cholesterol 
and poorer in polyunsaturated fatty acids (PUFA) when compared 
to healthy controls with same age, gender and BMI(11,16). 

AG-2019-74
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A recent study of  Solon-Biet et al. has revealed that a high 
fat diet induces hepatic steatosis quickly in ad libitum-fed mice(8).

In obese humans, a diet containing about 55% of fat increases 
the amount of  intrahepatic triglycerides (TG) by 35% and the 
fasting insulin levels are augmented, regardless of body weight(17).

Despite the fact that excessive consumption of saturated fatty 
acids promotes stress in the endoplasmic reticulum and hepato-
cyte injury, severe restriction may not be beneficial for patients 
with NAFLD as previously shown by Zivkovic et al. study. They 
analyzed dietary patterns with different percentages of total and 
saturated fat and concluded that, although there was a reduction 
of low-density lipoprotein cholesterol (LDL), hypolipidic diets also 
reduced high-density lipoprotein cholesterol levels and increased 
serum TG and, in individuals with higher percentages of  body 
fat and with insulin resistance (IR), these changes were much 
more significant after ingestion of very low amounts of total and 
saturated fats(18). 

On the other hand, monounsaturated fatty acids, mainly olive 
oil, oleaginous (nuts, almonds) and avocado, can be very benefi-
cial for patients with NAFLD as they lower the levels of  LDL 
cholesterol and TG. Diets that range between 20% and 40% of 
the total caloric value in the form of monounsaturated fats have 
been shown to be beneficial in NAFLD patients, increasing the 
oxidation of  other fatty acids (by the activation of  peroxisome 
proliferator-activated receptors gamma and alpha) and by reduc-
tion of lipogenesis (reducing the activation of the sterol regulatory 
element binding protein)(19).

Low-calorie diets (800 to 1.000 kcal) were used in an attempt 
to promote faster and meaningfull weight loss to for a promotion 
adipose tissue metabolism. A calorie diet derived from low carbohy-
drate supply (based on 10% of total calorie in one induction phase 
and then a gradual increase to 34%), was associated with weight 
reduction when compared to a diet with low lipid content. However, 
this weight loss was not sustained, and the patient showed diffi-
culty in maintaining his weight in the long term(20). More evidence 
suggests that limiting carbohydrate intake to less than 20 g/day as 
well as maintaining a caloric deficit of 30%, both were beneficial 
in achieving improvements in NAFLD Activity Score(21), hepatic 
lipids(22) and serum hepatic enzymes(23). Therefore, a caloric deficit 
of 500-750 kcal/day is an appropriate therapeutic intervention for 
NAFLD. It is suggested that women should eat 1200 kcal/day and 
men 1500 kcal/day and a slightly higher amount of 1500 kcal/day 
for women and 1800 kcal/day for men might be considered, with 
adjustments based on their physical activity(15).

CARBOHYDRATE

During the last decade, dietary habits have evolved to more 
consumption of sweetened and fatty foods(24).There are substantial 
evidences which demonstrates that the implication of  increased 
consumption of  sugars, specially fructose (sweetened beverage 
intake), is related to a higher risk of  developing T2DM, MtS, 
NAFLD and cardiovascular (CV) diseases(25).

Furthermore, excessive carbohydrate intake may be harmful in 
patients with NAFLD, and high carbohydrates intake appear to be 
associated with inflammation and disease progression(26). In fact, 
low-carbohydrate diets with less than 45% carbohydrates of their 
total kcal composition show positive results concerning weight 
loss, reduction of  in intrahepatic TG content and improvement 
of metabolic parameters among obese individual. However, in an 

animal model study the maintenance of  low carbohydrate diets 
for extended period stimulated the development of NAFLD and 
promoted glucose intolerance(27). In this year, Sekkarie et al. evalu-
ated various dietary patterns which were not limited exclusively 
to reduced added sugars. Such diets turned out to be protective to 
development and progression of NAFLD(28).

High glycemic index (GI) diets are associated with increased 
risk of  obesity, T2DM, Hyperlipidemia and non-alcoholic fatty 
liver. High GI may be a good dietary marker of the effect of IR 
on NAFLD which confirms the importance of choosing a low-GI 
diet as a tool to prevent NAFLD induced by IR(29).

In the class of carbohydrates, fructose is perhaps the one that 
is most related to the progression of NAFLD(30,31). In the 60s, high 
fructose corn syrup was inserted in the food industry as a substitute 
of sugar and the intake increased(32). Over time, fructose was identi-
fied as a sugar affecting lipid metabolism by augmenting plasma 
TG and free fatty acids (FFA). Recently, a cross-sectional study 
with obese children and adolescents with NAFLD demonstrated 
that fructose consumption is positively and independently associ-
ated with the prevalence of NASH, as diagnosed using NAFLD 
Activity Score and the fatty liver progression algorithm(33). Another 
large-scale study with NAFLD patients analyzed the role of over-
consumption of  fructose-containing diet in the development of 
this disease. In this study, the authors describe that high daily 
fructose-containing diet is associated with a higher hepatic fibrosis 
stage in younger and elderly patients. Surprisingly, this diet was also 
related to a lower steatosis grade in the older group of patients(34). 
Volynets et al. have observed that lifestyle intervention focusing 
on lower fructose intake leads to reduction in hepatic reperfusion 
and in transaminases levels(35). These studies reinforce fructose 
consumption as an important preventable risk factor that may 
lead to advanced NAFLD.

It is known that high sugar consumption upregulates the trans-
port of fructose through the GLUT5 transporter, increasing fruc-
tokinase levels in the liver, independently, of energy intake excess(7). 
Other studies have demonstrated that fructose can also increase 
TG levels, lead to de novo synthesis of fatty acids, hyperuricemia, 
hyperferritinemia, and IR increasing the risk of NAFLD(36,37). A 
study conducted by Sullivan et al. investigated the absorption of 
fructose in lean children, obese children, and obese children with 
biopsy proven NAFLD and realized that children with NAFLD 
may be absorbing and metabolizing fructose more effectively than 
lean subjects, which could contribute to the pathophysiology of 
NAFLD. Whether this fact may be related to up-regulation of 
GLUT5 and fructokinase by previous fructose exposure or whether 
this is due to genetic/ethnic differences has yet to be determined(38). 

On the other hand, high fructose consumption promotes gut 
inflammation followed by increasing endotoxin release, epithelial 
dysfunction, and reduction of tight junction proteins independently 
of the fat content in the diet and energy intake(39). These data il-
lustrate the high impact of nutritional fructose on the intestinal 
barrier function. An hypothesis exists whether fructose could cause 
dysbiosis and increase intestinal permeability and endotoxins in the 
blood(40). Studies have shown a relation between NAFLD-microbi-
ome and diet(33,41,42), leading to intestinal dysbiosis, a scenario that 
is related to risk factors inducing the development and progression 
of liver diseases(43,44). A proposed mechanism to explain the relation 
of a high fructose diet and altered intestinal microbiota leading to 
increased body fat is the intestinal suppression provoked by fast-
ing induced adipose factor (FIAF). This protein is produced by 
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enterocytes and its function is to inhibit lipoprotein lipase (LPL)(45), 
which when activated, increases the absorption of FFA and TG. 
These actions are regulated by FIAF. Conclusively, by suppressing 
FIAF, LPL becomes more active, triggering a greater uptake of 
short-chain fatty acids and TG; occurs a reduction of oxidation of 
FFA and augmentation of systemic and peripheral IR. All factors 
cited contribute to the development of MtS and to the accumulation 
of FFA in hepatocytes(18,46,47), leading to several clinically relevant 
conditions, including NASH and cirrhosis(48) (FIGURE 1). On the 
other hand, a healthy gut microbiota is maintained by gut bacteria 
fermentation of  non-digestible carbohydrates, this function be-
ing also responsible for energy production(49). Moreover, there is 
evidence that many substances present in fruits, such as flavanols, 
epicatechin, vitamin C and other antioxidants may also protect 
against fructose-induced MtS(50,51).

NAFLD(56,57). EPA and DHA are able to prevent and reverse liver 
disease in animal models of obesity(56) and in humans, obesity and 
NAFLD, are negatively associated with the long-chain omega-3 
fatty acid(58,59). 

Early interest in PUFA supplements as possible therapy for 
NASH can be hypothesized considering the close association be-
tween MtS, CV disease, fatty liver and reports of CV benefits of 
omega-3-rich foods(60,61). A meta-analysis presented by Parker et al. 
showed that dietary ω-3 PUFA supplements ameliorated the hepatic 
steatosis and liver injury in adult NAFLD patients(62). Yuan et al. 
demonstrated that supplementation of ω-3 PUFA reduced stea-
tosis and hepatic inflammation in animal models with hepatic TG 
accumulation, inflammation and fibrogenesis induced by chronic 
high-fat diet(63). Our group have performed a controlled randomized 
trial evaluating the PUFA supplementation and demonstrated 
significant impact on lipid profile in NASH patients by increasing 
plasma ω-3 PUFA levels, decreasing levels of the potentially pro-
inflammatory ω-6 arachidonic acid (AA), and decreasing serum 
TG levels. Nonetheless, no significant improvement in NAFLD 
Activity Score was verified(64). 

Noticeable heterogeneity was observed in the trials including 
dose, formulation and time of PUFA supplementation for the treat-
ment of NAFLD. None of the studies have shown improvement 
in key prognostic histological features such as fibrosis. One study 
using biopsy as the measure of fat content reported no change in 
steatosis after 12 months of synthetic EPA supplementation (up to 
2.700 mg/day) compared to placebo treated subjects(65). In contrast, 
another trial has reported significant hepatic fat reduction after 
15–18 months of 4.000 mg/day of a synthetic mixture of EPA and 
DHA supplementation compared to placebo(66). Similarly, Argo et 
al. have demonstrated that 12 months supplementation of 3.000 
mg/day of a fish oil derived mixture of EPA and DHA versus soy-
bean oil placebo, reduced liver fat in magnetic resonance imaging. 
However, the effect was significantly less evident in patients who 
lost a modest amount of weight during the study period(67). While 
there appears to be greater evidence that regular consumption of 
PUFA has metabolic benefit, the effect of additional oily fish or 
fish oil supplementation in NAFLD is uncertain and current opti-
mal dose is still unknown. Even though some studies have shown 
consistent improvement in liver fat content, recent trials have not 
shown a significant benefit in liver histology or fibrosis. 

Several therapeutic approaches are used in the treatment of 
NAFLD and NASH but it is confirmed that the most effective 
treatment is lifestyle change such as regular physical activity and 
weight reduction(68-70), however, very fast weight loss up to 1.6 kg 
per week may aggravate the inflammatory status of  individuals 
with NAFLD(71). In this case, the most important is moderate 
weight loss and mainly prioritize the correct choice of  dietary 
nutrients. Although low-calorie diets are effective approaches to 
improve NAFLD(23,72), it has been shown that the dietary pattern 
of Mediterranean countries has been the best strategy for NAFLD 
management(73,74). In the following chapters, we will describe some 
dietary patterns such as protein diet, vegetarian diet and Mediter-
ranean diet, as well as some foods like coffee and dark chocolate 
as beneficial components in NAFLD.

PROTEIN DIET

There are few studies which demonstrate any relation between 
protein intake and NAFLD. Little is known about the effect of 

FIGURE 1. Fructose mechanisms mediating development and progression 
of non-alcoholic fatty liver disease (NAFLD).
HFD: high-fructose diet; FIAF: fasting induced adipose factor; LPL: lipoprotein lipase; FFA: 
free fatty acids; SCFAs: short-chain fatty acids; TG: triglycerides.

FIBERS

 Fibers can be classified according to their solubility, being the 
soluble ones represented by pectin (fruits) and gums (oats, barley 
and legumes like beans, chickpeas, lentils) and insoluble fibers 
being represented by cellulose (wheat), hemicellulose (grains) and 
lignin (vegetables)(52). 

A study evaluating dietary patterns in patients with NASH 
revealed that these patients consumed less carbohydrate, more fat 
and less fibers than healthy controls(10). A review of the therapeu-
tic effects of dietary fibers, especially derived from whole grains, 
demonstrated the benefits of its consumption and the reduction 
of comorbidities associated with MtS and NAFLD. In addition to 
reduction of liver fat, fibers derived from whole grains could also 
reduce inflammation(53,54).

FISH OIL

A recent research has suggested that PUFA administration 
improves plasma lipid profile and may be useful in the treatment of 
NAFLD(55). The PUFA’s precursor is α-linoleic acid (ALA) and its 
metabolites are, eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA). These acids are detected in fish that synthesize PUFA 
from ingestion of  marine plants. Some studies have shown that 
PUFA have a protective role in the development and progression of 
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the quantity, quality and composition of dietary proteins on the 
development and treatment of NAFLD. Whereas protein deficiency 
malnutrition can cause steatosis, and excessive protein intake can 
lead to glomerular sclerosis, hypertension in intrarenal capillaries 
as well as malfunction of the kidneys in individuals vulnerable to 
kidney disease(18). Limited evidence suggests that a high protein 
diet could be effective to treat NAFLD because of  increase in 
energy expenditure and hepatic lipid oxidation, as liver catabo-
lism of  ingested amino acids is an intense energy process(75). In 
obese sedentary women, short-term protein supplementation was 
advantageous for hepatic steatosis and lipid profile(76). Soy protein 
has also been successfully implicated in this same clinical scenario, 
however the functional properties of soybeans related to the amino 
acid profile, polyunsaturated fatty acids and isoflavonoids were the 
focus on study, not the protein intake(77). As a matter of fact, soy 
protein has been advocated as ideal for NAFLD patients based 
on animal studies. Clinical evaluations are insufficient in most 
protocols, however weight loss tends to be prominent(78).

There are recent evidences that a high protein, low calorie diet 
is associated with improvement of lipid profile, glucose homeostasis 
and liver enzymes(23) and findings are consistent with the well-
established principle of calorie restriction in the management of 
MtS components and liver histology(79,80).

Studies comparing different diets for NASH treatment are still 
scarce. In the largest randomized trial up until now, 170 overweight 
adults were enrolled and followed for a period of six months. They 
were divided in three groups of  diet: high in protein, low in fat 
and low in carbohydrate content. Results were equivalent among 
groups which demonstrated: reductions in intrahepatic fat, alanine 
aminotransferase (ALT), visceral adiposity and total weight as well 
as changes in whole body insulin sensitivity(22).

A recent study showed that whey protein supplementation (60 g/
day) for 30 days, without energy restriction, decreased intrahepatic 
lipids. Despite stability of BMI, body fat mass had diminished. Ad-
ditional metabolic advantages were identified in plasma lipids levels, 
however it was not seen in glucose homeostasis markers(76). Two 
short-term protocols with protein supplementation showed also 
improvement in hepatic fat content with a stable body weight(81,82). 

Ideal dietary intake is intended to guarantee both moderate 
caloric restriction and adequate protein intake. According to Eu-
ropean Association for the Study of the Liver (EASL) guidelines, 
although good quality data are lacking, particular attention must 
be paid to the protein intake needed to maintain muscle mass, 
because of  the potential risk of  exacerbating sarcopenia during 
weight loss interventions(83).

VEGETARIAN DIET

The benefits of a vegetarian healthy diet have been reported 
over the last few years, but there are still few randomized controlled 
trials(84,85). Recently, evidence has shown that the consumption of 
vegetables and fruits protects against metabolic diseases such as 
T2DM(86), CV disease(87) and NAFLD(88). These aliments are rich 
in fiber and antioxidant vitamins and their caloric density is low, 
which favors a higher daily energy consumption, fastly promoting 
satiety which is sustained for a longer time. All of these facilitates 
the management of weight loss(89,90). 

A meta-analysis conducted by Yang Y et al. have demonstrated 
that the consumption of vegetables, but not fruit, was associated 
with lower risk of HCC(91). These different effects of vegetables and 

fruit might be explained by differences in their nutrient composi-
tions. Fruits contain more calories and antioxidants, such as vitamin 
A, C, E and carotenoids. Whether vegetables not only provide 
dietary fiber and vitamins A and E, but they are also sources of 
phytochemicals (folate, tocopherols, and carotenoids) which have 
shown anti-tumor activities in different diseases(92,93).

Patients with NAFLD are advised to adhere to several dietary 
recommendations such as avoiding simple carbohydrates, saturated 
fats, and sweetened drinks as well as consuming diets rich in fruits 
and vegetables(70,94,95). Studies have demonstrated that due to a 
high content of fiber, phytochemicals, and antioxidants in fruits 
and vegetables, the high intake of these food groups showed pro-
tective effects on NAFLD. Phytochemicals and antioxidants are 
anti-inflammatory compounds and can prevent developing hepatic 
steatosis and maintaining blood glucose, insulin and free fatty acids 
within laboratory reference ranges(96,97). In a cross-sectional study, 
non-starchy vegetables consumption had been associated with 
lower liver fat deposition, and dark green or bright orange/yellow 
vegetables intake had been associated with lower visceral fat and 
improved insulin sensitivity(88). Other positive effects attributed to 
fruits and vegetables consumption are related to antioxidants such 
as the polyphenols which are present in these foods(98). Polyphenols 
display beneficial effects on metabolic homeostasis and exert anti-
inflammatory and anti-fibrotic effects, inhibit de novo lipogenesis 
and stimulate β-oxidation in the NAFLD models(89).

Although fruits and vegetables have so many benefits, their con-
sumption were lower in NAFLD patients compared with healthy 
subjects or recommended amounts in reviewed studies(11,99,100). 

MEDITERRANEAN DIET

The traditional Mediterranean diet (MD) is the most fre-
quently studied diet in NAFLD scenario. Its plays a beneficial 
role in metabolic profile(101) and has been shown to reduce the risk 
of CV disease(102) and T2DM(103), two highly relevant outcomes in 
NAFLD patients. 

The main characteristics of the MD is a large intake of fruits, 
vegetables, whole grains, nuts, olive oil, fish and poultry and low 
consumption of dairy products, processed foods, saturated fats, red 
meats, foods high in sugar and moderate alcohol intake, usually red 
wine consumed with meals(104-106). Several clinical and experimental 
studies have shown that the MD and the higher PUFA intake reduce 
hepatic triglyceride content, increase insulin sensitivity, and improve 
NASH(61,67,107,108) and has been consistently beneficial with respect 
to CV risk(109,110). Estruch R et al., observed that consumption of 
extra virgin olive oil or nuts in the MD resulted in a substantial 
reduction in the risk of CV events among high-risk people (age 55+, 
smokers, hypertensive patients and type 2 diabetics)(102).

The MD is also characterized by reduced carbohydrate intake 
(40% of calories), especially reduced sugars (sucrose and fructose) 
and refined carbohydrates, which may be partly responsible for its 
beneficial effect on NAFLD(111). Reduction in fructose intake from 
artificially sweetened beverages improved MtS in obese individuals, 
regardless of dietary fruit consumption(112). The recommendation 
of fruit consumption in the MD to be given safely due to the vari-
ous healthy nutrients present fruit such as fiber and antioxidants.

Although the MD recommends drinking wine in moderation, 
it is unclear whether NAFLD patients should adopt this recom-
mendation. Patients with cirrhosis should avoid alcohol, as any 
regular alcohol consumption puts them at higher risk of developing 
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HCC(113). However, it remains uncertain about moderate alcohol 
consumption (up to two doses per day) in patients without cir-
rhosis. The specific protective effect for wine may be due to the 
phytosterols found in grapes(114).

Adherence to the MD pattern leads to a significant decrease 
in liver fat in overweight and NAFLD patients(115) with or without 
T2DM(116,117) and have been included as therapeutic recommen-
dations in the recent European guideline for the treatment of 
NAFLD(118).

COFFEE AND DARK CHOCOLATE

The coffee is one of the most consumed beverages in the world 
and can have beneficial effects on the liver. Coffee consumption has 
been associated with reduced liver enzymes including ALT, aspar-
tate aminotransferase (AST) and gamma glutamyltransferase(119,120). 
Coffee intake has also been associated with lower severity of liver 
disease and lower rates of liver disease progression(121). In addition, 
drinking coffee was inversely related to alcoholic and nonalcoholic 
liver cirrhosis in case-control studies(122,123) and alcoholic cirrhosis 
in prospective study(124). Epidemiological studies have suggested 
that coffee consumption is protective against chronic liver disease 
and reduces the risk of  developing HCC(125-127). Experimental 
data have shown potential beneficial effects on the liver following 
consumption of various coffee components, including caffeine(128), 
coffee oils (kahweol and cafestol)(129) and aromatic extracts isolated 
from coffee beans(130).

Caffeine is not only associated with a decreased of  various 
liver diseases, but its consumption may also decrease mortality(131). 
There is evidence that daily consumption of two to three cups of 
coffee has significant health benefits. Thus, coffee appears to have 
“hepatoprotective” health benefits(132). Coffee is made up of more 
than 100 compounds, any of which may be responsible for their 
beneficial effects, so it is possible that the described hepatic benefits 
come from a synergistic effect of multiple compounds and not a 
particular compound(133). It is important to mention that different 
types of coffee may show different effects on liver disease. Studies 
show that filtered coffee has a hepatoprotective role while unfiltered 
coffee showed a potentially deleterious effect(125,134). Perhaps this 
difference is due to the presence of kahweol and cafestol which are 
released from ground coffee beans but removed by paper filters(135). 
Anty et al. showed that espresso coffee had no beneficial effect on 
liver disease, particularly NAFLD, but the authors postulated that 
espresso coffee may not have been beneficial due to the addition 
of sucrose(133).

Although so many studies show that coffee consumption has 
beneficial effects, a recent study suggests that coffee intake was 
not associated with lower chances of hepatic steatosis in NASH 
or alcoholic disease(136). Due to divergences in scientific evidence 
on coffee consumption and prevention or treatment of NAFLD, 
further longitudinal and interventionist studies are needed for 
this evidence.

Like coffee, dark chocolate has antioxidant components, like 
to epicatequina, that can play a therapeutic role in NAFLD. Con-
sumption of dark chocolate is associated with improved CV risk 
by reducing lipid peroxidation(137). Loffredo L et al. showed that 
40 g of dark chocolate supplementation per day reduced Nicoti-
namide adenine dinucleotide phosphate (NOX) oxidase in NASH 
patients(138). In addition, the same authors recently published that 
the cocoa polyphenols improve endothelial function via Nox2 

down-regulation in NASH patients(139). NOX is considered the 
major cellular source of reactive oxygen species in humans(140) and 
its activation has been associated with liver damage(141).

The supplementation of dark chocolate associated with cocoa 
and almonds in overweight and obese individuals resulted in favora-
ble effects on lipid and lipoprotein profiles such as LDL, however, 
dark chocolate and cocoa alone had no effect on vascular health 
markers and oxidative stress(142). A recent study showed a prebiotic 
effect of dark chocolate in overweight individuals. Supplementa-
tion of 10 g dark chocolate per day increased the abundance of 
symbiotic bacteria such as lactobacillus(143). This modulation in 
the intestinal microbiota may be a potential therapeutic effect for 
NAFLD in the future. 

RECOMMENDATIONS FOR TREATMENT OF NAFLD

Lifestyle modification, including diet, exercise, and weight loss 
has been recommended to treat NAFLD patients. Excessive energy 
intake, particularly in the form of complex carbohydrates, increased 
fructose consumption, saturated fats and industrialized products, 
combined with a sedentary lifestyle have contributed to dysregu-
lated metabolism and consequently leading to obesity and NAFLD. 
According to American Association for the Study of Liver Diseases 
and EASL guidelines a combination of a hypocaloric diet (daily 
reduction by 500–1.000 kcal) and moderate-intensity exercise is 
likely to provide the best likelihood to lose 7%–10% total weight 
and sustaining weight loss over time(118,144).

The EASL guidelines recommended adherence to the Medi-
terranean diet with low-to-moderate fat and moderate-to-high 
carbohydrate intake and Low-carbohydrate ketogenic diets or 
high-protein. Besides this, it is suggested avoid fructose-containing 
beverages and foods. Additionally, recommended to moderate 
alcohol intake, strictly keep alcohol below the risk threshold (30 
g/day, men; 20 g/day, women)(118). Coffee shown the protective in 
NAFLD, as in liver disease of other etiologies, reducing histological 
severity and liver-related outcomes(126). There are no liver-related 
limitations for coffee drinking(118).

The protein intake is essential to improves CV risk factors and 
insulin sensitivity and decreases the risk of  morbidity and mor-
tality(74). The EASL Clinical Practice Guidelines on nutrition in 
chronic liver disease recommended the optimal daily protein intake 
should not be lower than 1.2–1.5 g/kg actual body weight/day(83).

Omega-3 fatty acids should not be used as a specific treatment 
of NAFLD or NASH, however, they might be considered to treat 
hypertriglyceridemia in NAFLD patients(144).

Nowadays, pharmacological treatment of  NAFLD is still 
limited and it is mostly based on the treatment of comorbidities. 
The drug therapy is based on understanding the pathogenesis of 
the disease, focusing on IR, oxidative stress, inflammatory process 
and on the mechanism involved directly and indirectly in the pro-
gression of fibrosis. 

Antioxidant drugs have been investigated as promising treat-
ments for NASH. Vitamin E administered at a daily dose of 800 
IU/day have improved liver histology in nondiabetic adults with 
biopsy-proven NASH and therefore might be considered for this 
population(145). However, vitamin E is not recommended to treat 
NASH in diabetic patients, NAFLD without liver biopsy, NASH 
cirrhosis, or cryptogenic cirrhosis(144).

N-acetylcysteine (NAC), a glutathione precursor, leads to 
the reduction of  oxidative stress. Some studies using NAC and 
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metformin have shown benefit in hepatic histology(146,147). Interna-
tional guidelines recommend thiazolidinediones (pioglitazone) and 
glucagon-like peptide-1 analogues (liraglutide) showing significant 
results in enzymes and hepatic histology(118,144).

For patients with severe obesity (BMI >35 kg/m2) and NASH, 
bariatric surgery is an option to be considered, as in most of these 
patients diet and physical activity are not effective and are not 
capable of  achieving significant and sustained weight loss. The 
metabolic surgery improving obesity and diabetes, reduces liver 
fat and is likely to reduce NASH progression(148). Prospective data 
have shown an improvement in all histological lesions of NASH, 
including fibrosis(149). 

More recently, it has been shown that unbalance of the intes-
tinal microbiota (dysbiosis) and its bacterial metabolites may also 
contribute to the development of NAFLD. Evidence have shown 
that increased intestinal permeability leads to bacterial transloca-
tion and the endotoxins produced by these bacteria increases LPL 
activity. This augmentation of LPL activity promotes de novo fatty 
acid synthesis, TG production(150) and activation of inflammatory 
Toll-like receptors in hepatocytes(151). Current studies have shown 
that the use of pre- and probiotics can modulate intestinal micro-
biota in several diseases(152), including NAFLD(153,154). In addition, 

probiotics improved intestinal microbiota composition associated 
with a reduction in liver inflammation, diminished LPS concen-
trations, reduction of  aminotransferases concentrations(155,156), 
improvement of inflammatory factors(157,158) and also improvement 
of  metabolic parameters of  NAFLD, such as, visceral fat, total 
cholesterol and IR(159).

It is important to note that, although there are several studies 
showing efficacy of pre- and probiotic supplementation in NAFLD 
patients, the guidelines do not recommend their supplementation 
as NAFLD/NASH treatment.
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INTRODUCTION

Although liver transplantation is considered to be a high-risk 
procedure, it is well-established as a treatment option for the cure 
and quality of life enhancement for individuals who suffer from 
diseases, e.g., end-stage liver disease, acute liver failure, and hepa-
tocellular carcinoma; most of them are linked to the hepatitis B 
virus (HBV). On the other hand, transplantations may bring about 
a risk of disease transmission by the HBV in the periods before, 
during, or after the procedure(1,2).

Preventing an infection by HBV through immunization sched-
ules has been the most effective way to reduce complications, since 
it decreases the number of people who suffer from chronic hepatitis 
caused by the HBV and eradicates its transmission. It is considered 
to be the first vaccine with an impact against cancer taking into 
account that HBV prevention reduces the risk of cancer linked to 
that virus; besides, it is the first vaccine against a sexually transmit-
ted infection (STD)(3-6).

The HBV vaccine is highly effective in healthy individuals, 
whereas it is little immunogenic in immunocompromised individu-
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als, including those who have not been transplanted, but who have 
advanced liver diseases, such as chronic hepatitis C (HCV); thus, spe-
cific immunization schedules are recommended for specific groups(7).

This study aims to analyzing available evidence in the litera-
ture about the different used schedules for immunization against 
hepatitis B in patients before and after they have received liver 
transplantation; and suggesting potential immunization schedules 
against hepatitis B in patients who suffer from liver cirrhosis, with-
out previous verifying documentation, using the Child-Turcotte 
Pugh score, according to evidences found in the literature.

METHODS

It consists of a systematic exploratory review of the literature, 
for which the following steps were adopted: identification of the 
issue, search in scientific literature, article classification, results 
evaluation, and overview of the evidences. The guiding question 
was “Which immunization schedules against hepatitis B were used 
in patients before and after liver transplantation and which results 
were obtained?”.

AG-2019-106
dx.doi.org/10.1590/S0004-2803.201900000-77
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The search was conducted on the data bases Medical Literature 
Analysis and Retrieval System Online (MedLine), US National 
Library of Medicine National Institutes of Health (PubMed), and 
Literatura Latino-Americana e do Caribe em Ciências da Saúde (Li-
lacs), between September, 2017 and January, 2018, using the following 
keywords: “Liver Transplantation, “Immunization Schedule”, “Hepa-
titis B Vaccines”. The articles were selected for their titles, abstracts, 
and keywords, disregarding their publication date and language. 

The inclusion criteria were: articles that covered the chosen 
subject through studies on employing different immunization 
schedules against hepatitis B in adult patients with cirrhosis before 
or after liver transplantation, or adult patients with a chronic liver 
disease previously negative for HBV. 

The exclusion criteria were: literature review articles, guide-
lines, studies that tested immunization schedules as a treatment 
option for patients who were positive for HBV, studies concerning 
children and adolescents, studies with samples in which there were 
other groups of  immunocompromised patients other than pre- or 
post- liver transplantation, studies which were not available in 
full; studies with immunization associated with hepatitis A/B.

In the analysis and subsequent summary of  the included 
articles, a summary figure was especially designed for this study, 
which contains the following aspects considered appropriate: au-
thor, year, immunization schedule, dose, researched sample, and 
obtained results. Results were presented and the obtained data were 
discussed in a descriptive way aiming at a better understanding and 
an increase in the knowledge on the subject.

RESULTS

We identified 52 studies; from them, 18 were excluded according 
to the aforementioned criteria; there was then a total of 24 studies 
included for the analysis, among them 23 were published in English 
and 1 in Spanish (FIGURE 1).

Regarding the employed immunization schedules, there were 
schedules classified as conventional/standard (0, 1, and 6 and/or 0, 
1, 2, and 6 months between doses), accelerated (0, 1, and 2 months 
between doses), and super accelerated (0, 7, and 21 days/ 0, 7, 28 
days; 0, 10, and 21 days; 0, 10, and 28 days between doses); some 
researchers even included a fourth booster dose after 12 months, 
especially when using shorter intervals. 

Among the included studies shown in FIGURE 1, eight of them 
were identified as being accelerated immunization schedules, 13 
were conventional schedules, and three were super accelerated ones. 
Regarding immunization periods, 21 studies were conducted with 
patients in the pre-transplant period, one in a transplanted patient, 
one with a pre-transplant group, and one with a post-transplant 
group. The clinical diagnosis that determines candidates for trans-
plantation and/or who have already received transplantation was 
cirrhosis, mainly due to the HCV and to alcohol.

Seroconversion rates after immunization were analyzed through 
anti-Hbs tests after the immunization schedule was completed. 
Variables, such as weight, height, body mass index (BMI), sex, 
albumin levels, total bilirubin, among others, when tested, did 
not present any connection to seroconversion rates and were not 
included in this study’s scope(8-10).

DISCUSSION

It is known that the immune response depends on various fac-
tors related to the vaccine itself, its production, storage, route of 

administration, besides a personal response. Thus, authors find 
that the immunological levels are lower especially in individuals 
who suffer from cirrhosis from different origins, among them the 
hepatitis C virus and alcohol(7-25). 

The immunological capacity also varies in the healthy popula-
tion, i.e., vaccines will not provide full protection since not every 
organism will satisfactorily respond to certain antigenic stimuli(3). 
Therefore, immunocompromised patients stand out among indi-
viduals in general due to a failure in responding to antigenic stimuli. 
Therefore, different immunization schedules concerning vaccine 
dose, route, and intervals of administration may be necessary for 
risk groups(3,26).

According to the literature, the conventional immunization 
schedule, with doses being administered between 0, 1, and 6 months, 
has a seroconversion rate above 90% in healthy adults. On the other 
hand, in individuals who suffer from advanced liver diseases it is 
expected a protection between 44% and 54%(5,8,21).

The test used for analyzing the protective index is the anti-Hbs 
antibody; values above 10 UI/mL are considered to be responders(5,6).

Immunization before and after transplantation
During the pre-transplant period, i.e., when the immunization 

schedule has been completed before the surgical procedure, the 
protection tends to be higher than when the immunization schedule 
is completed after the transplantation, even though it is lower if  
compared to the healthy population.

Studies using unconventional immunization schedules (acceler-
ated or super accelerated) in pre-transplant patients at an advanced 
stage of  the disease obtained seroconversion rates between 16% 
and 44%(7,8,11,12,15,17,27).

However, in studies with the conventional schedule, seroconver-
sion rates were higher, between 40% and 67%(9,21,22,25), but still lower 
than rates found in healthy patients, which are above 90%(10,13,25,27).

Indices obtained for patients immunized after the transplanta-
tion were even lower, between 8% and 28%(7,8,13). The hypothesis 
for such a difference in immunological response is the possible as-
sociation with immunosuppressant, a prophylactic measure taken 
in view of the possibility of organ rejection, which in turn decreases 
the immunization effects capacity(8).

Seroconversion at the different stages and origins of the 
liver disease

Found articles suggest that, disregarding the chosen im-
munization schedule, seroconversion rates tended to be lower 
as the liver disease advanced, compared to the healthy popula-
tion(7-11,15,17,18,21-25,27).

Case-control studies which analyzed the risk between sick 
patients (case) and healthy individuals (control) are found in 
TABLE 1. The obtained results show the low immunization ef-
fectiveness in immunocompromised patients due to liver diseases 
in comparison to healthy individuals(10,11,13-15,17,19,25,27-29).

The ideal scenario would be completing the immunization of 
all potential candidates for transplantation at an early stage of 
the disease, since studies show that patients with a better medi-
cal condition tend to have better responses, including long term 
ones(9,10,12,13,18,21,22,25); also, non-responder patients, even receiving 
high vaccine doses, suffered from severe liver disease in gen-
eral(15,18,23). On the other hand, studies that selected patients who 
suffered from HCV at an earlier stage of the disease had a higher 
protective index, between 50%–89%, after completing the immu-
nization schedule(14,16,19,20,24,28-30).
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Authors/Year Immunization 
schedule

Route of 
administration Sample Vaccine doses / quantity per dose Seroconversion rates

Van TD et al. (1992) Accelerated IM Pre-transplant 3 doses
Not informed.

30 days after the immunization schedule was 
completed: 44 to 54%

Chalasani N et al. (1998) Accelerated IM Pre and Post-
transplant

Pre-transplant: 3 doses – 20 mcg
Post-transplant: non responder to 
the first immunization schedule.
A new immunization schedule 
was conducted with three 
monthly doses with 20 mcg each.

30 days after the immunization schedule was 
completed
Pre-transplant: 16%
Post-transplant: 6.7%

Kallinowski B et al. (1998) Super 
Accelerated IM Pre-transplant 3 doses – 20 mcg 3–8 weeks after the immunization schedule was 

completed: 36%

Lee SD et al. (1999) Conventional IM Pre-transplant 3 doses – 20 mcg 30 days after the immunization schedule was 
completed: 88.5%

Domínguez M et al. 
(2000) Accelerated IM Pre-transplant 3 doses – 40 mcg

30 days after the immunization schedule was 
completed.
Single dose immunization schedule: 44%.
After the second immunization schedule: 62%

Villeneuve E et al. (2000) Accelerated IM Post-transplant 3 doses – 20 mcg 30 days after the immunization schedule was 
completed: 28%

Wiedmann M et al. (2000) Conventional IM Pre-transplant 3 doses – 40 mcg
3 months after the immunization schedule was 
completed: 51% – 100 UI/mL
17% – 10 UI/mL

Arslan M et al. (2001) Accelerated IM Pre and Post-
transplant 4 doses – 40 mcg

30 days after the pre-transplant immunization 
schedule was completed: 36%.
01 year after the transplantation: 11.6%
02 years after the transplantation: 8%

De Maria N et al. (2001) Accelerated IM Pre-transplant 3 doses – 40 mcg 30 days after the last dose: 62%
After revaccination: 94%

Engler SH et al. (2001) Super 
Accelerated IM Pre-transplant

Group 1: 3 doses – 20 mcg
Group 2: 3 doses – 40 mcg
A 40 mcg booster dose in both 
groups 6 months before the 
transplantation.

Group 1 (conventional dose): 21% after 3 weeks; 
31% after 8 weeks.
Group 2 (double dose): 16% after three weeks; 
26% after 8 weeks

Arbizu EA et al. (2003) Super 
Accelerated IM and ID Pre-transplant 3 doses – 20 mcg

60 days after the immunization schedule was 
completed.
IM Group: 72%
ID Group: 36%

Mattos AA et al. (2004) Conventional IM Pre-transplant 3 doses – 20 mcg 30 days after the immunization schedule was 
completed: 37%

Aziz A et al. (2006) Accelerated IM Pre-transplant

3 doses – 80 mcg after an 
immunization schedule with a 
previous complete double dose in 
non-responder individuals.

3 months after the immunization schedule was 
completed: 72%

Elefsiniotis IS et al. (2006) Conventional IM Pre-transplant 3 doses – 20 mcg

3 months after the immunization schedule was 
completed:
Group without treatment: 82.85%.
Group with treatment: 90.9%

Daryani NE et al. (2007) Conventional IM Pre-transplant 3 doses – 20 mcg 3 months after the third dose: 73.7%

Bonazzi PR et al. (2008) Conventional IM Pre-transplant 3 doses – 40 mcg 30 days after the immunization schedule was 
completed: 67.5%

Pascasio JM et al. (2008) Conventional IM Pre-transplant 4 doses – 40 mcg 30 days after the fourth dose: 31.3%.
After revaccination: 41.2%

Varaza TA et al. (2009) Conventional IM Pre-transplant 3 doses – 20 mcg 30 days after the last dose: 57%.
After revaccination: 74%

Dhillon S et al. (2012) Conventional ID Pre-transplant 3 doses – 40 mcg 30 days after the last dose: 69%

Domingo G et al. (2012) Conventional IM Pre-transplant 4 doses – 40 mcg 30 days after the fourth dose: 40.7%.
After revaccination: 51%

Roni DA et al. (2013) Accelerated IM Pre-transplant 3 doses – 20 mcg
30 days after the last dose:
19% –10 UI/mL
60% – 100 UI/mL

Khokhar N et al. (2014) Conventional IM Pre-transplant 3 doses – 20 mcg 30 days after the last dose: 89%

Minakari M et al. (2014) Conventional IM Pre-transplant Group 1: 3 doses – 40 mcg
Group 2: 3 doses – 20 mcg

30 days after the last dose.
Group 1: 65.6%
Group 2: 62.5%

Al-Zahaby A et al. (2017) Conventional IM Pre-transplant 3 doses – 20 mcg 30 days after the third dose: 42%

FIGURE 1. Studies included in the review according to used immunization schedules details and found immunization rates.
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Varaza et al. (2009) also found a significant difference in sero-
conversion when comparing the immunized group who had HCV 
(63.4%) and patients who suffered from cirrhosis, both by HCV and 
other origins (47%). Aziz et al. (2006) also obtained a protective 
index of 52% in individuals with cirrhosis and 83% without it, thus 
stressing the premise that the immunological response in patients 
with a history of their decompensated liver disease is considerably 
lower if  compared to individuals who had an early diagnosis(18,23).

It is relevant to note the causes for cirrhosis, mainly for alcoholic 
cirrhosis, in view of the interference that alcohol has on cellular 
immunity, as shown by De Maria et al. (2001), who found 12% 
protection in cirrhotic individuals due to alcohol and 54% in those 
who had the VHC, when comparing seroconversion in cirrhotic 
groups classified according to origins. In their study, Roni et al. 
(2013) evaluated the seroconversion of hepatitis B immunization with 
liver diseases; 44% of the seroconverted were patients with alcoholic 
cirrhosis, compared to 56% of liver disease from other origins(15,24).

The best immunization response may be obtained in patients 
with a less compromised immunity. It is necessary, thus, to raise the 
awareness of health professionals to what immunization protocols 
are concerned for those patients who suffer from chronic liver diseases 
at an early stage of diagnosis, so that immunization can be completed 
before the transplantation and consequently generate better results 
regarding immunization seroconversion(9,15-17,19,20,22-24,28,30).

Interval between vaccine doses
Considering the intervals between which vaccine doses will be 

administered, there is no agreement among the researched arti-
cles on effectiveness when comparing the several found intervals 
(accelerated, super accelerated, and conventional); there were no 
evidences of one schedule being superior to others. Some studies 
obtained positive results by using unconventional schedules; they 
showed an increase in anti-Hbs antibody rates in the first months 
after completing the schedule, with seroconversion rates between 
30% and 70%(10-12,15,16,18,27).

However, the permanent protection duration might be infe-
rior to that of the conventional schedule(7,8,10,12,13,18,27). Engler et al. 
(2001) show that 67% of the candidates for transplantation who 
obtained the pre-transplant primary response by receiving the 
super accelerated immunization schedule, later had a decrease in 
antibodies, between 4 and 7 months after transplantation. Arslan 

et al. (2001), by employing an accelerated immunization schedule in 
a group of post-transplant patients, obtained quick responses after 
its completion; however, the protective antibodies decreased in four 
weeks; after two years, only 8% still had protective antibodies(7,10).

On the other hand, the need for high immediate protection in 
a short term may justify the choice of super accelerated schedules 
as the only option for cirrhotic patients who make it to the waiting 
list without immunization against hepatitis B, but with the proviso 
that the anti-Hbs antibody levels should be monitored after trans-
plantation(9,16,27). This option is less unsafe than the total lack of 
immunization in that period.

All the context in which patients find themselves in order to 
receive a transplantation makes them very susceptible to acquiring 
the HBV, either through exposure during invasive procedures, the 
potential presence of  the latent virus in the donor’s liver, which 
may be reactivated under immunosuppression, or the need for 
blood transfusions(5,9,10,12,13,18,21,22). Given the data, unconventional 
schedules may be appealing and increase the immunization schedule 
completion rates(5,16), thus providing protection for people under 
high contamination risks by hepatitis B in the peri-transplantation 
period (before, during, and immediately after surgery). 

Seroconversion after booster doses and/or revaccination
Studies that considered revaccination in non-responders to 

the primary immunization schedule obtained protective indices 
between 40% to 60%, except for De Maria et al. (2001), who ob-
tained a 94% index after revaccination with high doses (80 mcg) in 
non-cirrhotic patients and 48% in cirrhotic ones(9,12,15,22,25).

In Brazil, the Health Ministry recommends repeating the im-
munization schedule in high-risk patient groups, which include those 
who have received transplantation, with three more doses, following 
the conventional schedule. Those who are still negative for the anti-
Hbs antibody after completing two immunization schedules must 
be considered non responders and susceptible in case of exposure(31).

Using vaccine double doses (40 mcg) in immunocompromised 
patients is acknowledged and is the adopted practice by the Health 
Ministry, which recommends four doses, with twice its usual quan-
tity. Researched articles reinforced such need(12,14,17,21,25,30,32). Moreo-
ver, some results suggest that the alternative schedule effectiveness 
is enhanced with a high vaccine dose, prompting an early antibody 
response in these patients(9,12,18,22).

TABLE 1. Case-control researched articles and their respective seroconversion results according to patient classification.

Author/Year
Seroconversion rates after completed immunization schedule for hepatitis B

Case (sick patients) Control (healthy individuals) Patient classification

Van TD et al. (1992) 44–54% 93% Cirrhotic patients

Kallinowski B et al. (1998) 36% 95% Cirrhotic patients

Lee SD et al. (1999) 88.5% 91.4% Liver disease at early stage

Villeneuve E et al. (2000) 28% 97% Cirrhotic patients

De Maria M et al. (2001) 62% 92% Liver disease at early stage

Engler SH et al. (2001) 20–30% 95% Cirrhotic patients

Wiedmann M et al. (2001) 51% 74% Liver disease at early stage

Mattos AA et al. (2004) 37% 84.8% Cirrhotic patients

Elefsiniotis IS et al. (2006) 82.85–90.9% 92.56% Liver disease at early stage

Khokar N et al. (2014) 89% 96% Liver disease at early stage

Al-zahaby A et al. (2017) 58% 89% Liver disease at early stage



Rodrigues IC, Silva RCMA, Felício HCC, Silva RF.
New immunization schedule effectiveness against hepatitis B in liver transplantation patients

444 • Arq Gastroenterol • 2019. v. 56 nº 4 out/dez

Route of vaccine administration
Intramuscular use is the most recommended one, whereas some 

articles suggest it should be intradermal instead in non-responder 
groups, both for healthy individuals and immunosuppressed ones, 
with satisfying immunological results(16,33-36).

Studies with non-cirrhotic patients who have the HCV deserve 
special focus since they have satisfying results in a group of non-
responder individuals with the primary and secondary schedules, 
with a double dose and intradermal administration: 69% obtained a 
positive immunological response; among them 51% of the respond-
ers had levels above 100 mUI/mL(34). 

The authors say that the epidermis is rich in antigens, thus it 
is an inviting target for the administration of vaccines, because it 
is more immunogenic if  compared to the intramuscular route in 
immunocompromised patients(33-36).

Adverse events after immunization
Most articles did not mention adverse events to the vaccine, but 

two of them, which report events around the place of administra-
tion (pain, redness, and swelling), of low intensity and spontaneous 
recovery both with the conventional schedule and the unconven-
tional one; systemic events, such as temperature and fatigue, were 
statistically and clinically less significant after the first dose and 
decreased in the subsequent ones, reassuring the vaccine safety, 
even in immunocompromised patients(10,11,14-18,20,23,24,28-30).

IMMUNIZATION SCHEDULE PROPOSAL AGAINST HEPATITIS 
B FOR PATIENTS WHO SUFFER FROM LIVER CIRRHOSIS

Once the found studies did not corroborate among themselves 
regarding the effectiveness of the various immunization schedules, 
neither there was superiority for serologic tests of one over the other, 
our proposal for potential immunization schedules will highlight 
the choice of unconventional schedules for the group of patients 
who suffer from a liver disease (FIGURE 2).

This choice is explained by their need for urgent protection, 
which will be obtained with high protective rates in a short term; 
since they are more vulnerable to the risk of  contamination by 
hepatitis B in the peri-transplant period, particularly those patients 
who make it to the waiting list for transplantation without previ-
ous immunization. Such strategy is therefore less unsafe than not 
receiving any immunization at all during this period.

In the literature, high serologic levels are obtained right after 
completing the super accelerated schedule, the permanent protec-
tion lasting less time than that of the conventional schedule. Such 
low levels must be continuously monitored and, if  necessary, it is 
advisable to administer booster doses. These patients usually go to 
health service units very often due to their clinical presentation, so 
this monitoring is very feasible.

Since the intervals between doses in unconventional schedules 
are short, it is more likely they will be completed in the pre-trans-
plant period, immediately after a cirrhosis diagnosis is established, 
when the immunity is less compromised and better results may be 
obtained in seroconversion, although they will be lower if compared 
to the healthy population.

The vaccine against hepatitis B is available in the public health 
services in Brazil for all the population, regardless of  eligibility 
criteria. Thus, efforts must be made in order to increase the im-
munization coverage among healthy individuals, so the disease 
transmission pathways will be interrupted and the risk of  con-
tamination will decrease among groups categorized as at high-risk, 
mainly those who did not receive the vaccine against hepatitis B in 
their immunization schedule. 

It is worth noting that in an ideal scenario, all the population 
should have the conventional immunization schedule, preferably in 
early childhood, since the vaccine is available and free at the health 
services across the country. If  everybody received the immuniza-
tion, it would not be necessary to make any proposals such as the 
present one, we would only be discussing the exceptions. 

Score

Child-Turcotte Pugh
Immunization schedule Doses Route of 

administration Anti-HBs dosing

A

Clinically stable
Conventional 

(0, 1, 2, 6 months)
40 mcg Intramuscular

15 days after the last dose.

Repeat schedule when anti-HBs <10 UI/mL.

Special Cases*
Super accelerated 

(0, 7, 21 days and 3 months)
40 mcg Intramuscular

15 days after the last dose.

Repeat schedule when anti-HBs <10 UI/mL.

B
Super accelerated 

(0, 7, 21 days and 3 months)
40 mcg Intramuscular

15 days after the last dose.

Repeat schedule when anti-HBs <10 UI/mL.

C
Super accelerated 

(0, 7, 21 days and 3 months)
40 mcg Intramuscular

15 days after the last dose.

Repeat schedule when anti-HBs <10 UI/mL.

* Special cases described in Ordinance No. 2600, from October 21st 2009.
– The immunization strategy for patients who suffer from cirrhosis has better serologic results if started and completed in the pre-transplant period, when 

the patient still has their immunity less compromised. Thus, immunization protocols must be started right after the cirrhosis diagnosis is established.
– If revaccination is necessary, and because of the time, it should happen during the post-transplant period; it must be administered three months after the 

completion of the clinical discontinuation if the immunity is still being recovered after a careful medical evaluation.
– Individuals who do not respond appropriately as of antibody levels, must be revaccinated with a new schedule. 
– After completing two schedules, with negative anti-HBs, they must be considered non responders and susceptible.
– Immunization schedules must be individualized, based on the clinical evolution of the patient.

FIGURE 2. Immunization schedule proposal against hepatitis B for patients who suffer from liver cirrhosis, according to the Child-Turcotte Pugh score.
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However, due to several reasons, there is still a large number 
of people who do not receive the vaccine, and/or do not have the 
records of it, thus being considered not immunized; therefore, this 
study is crucial as a way of encouraging reflection and discussions 
in the scientific community.

Hence the need for randomized, multicentric and controlled 
studies in order to support the proposed hypothesis herein and 
strengthen the discussion on novel immunization strategies for risk 
groups, such as liver transplantation patients.

CONCLUSION

The searched studies did not find seroconversion superiority 
between the different immunization schedules (conventional and 
unconventional). However, since candidates to liver transplanta-
tion are usually very vulnerable, results show that unconventional 
immunization schedules (accelerated and super accelerated) may be 
recommended for such group of patients, and serologic test results 
will be higher when the immunization schedule is completed in the 
pre-transplant period. 

The need for immediate serologic protection, with high protec-
tive rates in a short term, may justify employing unconventional 

immunization schedules in patients who make it to a transplanta-
tion waiting list without previous immunization. Such strategy is 
therefore less unsafe than not receiving any immunization at all 
during this period.
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INTRODUCTION

Malnutrition is associated with clinical factors, including 
longer hospital stay(1-4), increased morbidity and mortality(1,5) and 
hospital costs(4).

A recent systematic review, developed by Correia et al., 2017(4), 
indicated a high prevalence of  malnutrition in Latin American 
countries(4). Tangvik et al., 2015(6) determined the nutritional risk 
profile in a hospital population and showed that diseases of higher 
prevalence were infections, cancer and lung diseases(6).

Martin-Palmero et al., 2017(3), investigated the prevalence of 
malnutrition in inpatients in Spain and showed that approximately 
half  of the patients in medical and surgical wards were malnour-
ished; and this was associated with longer hospital stay, medication 
and mortality(3).

This preliminary study aimed to investigate the prevalence 
of  malnutrition by different nutritional indicators and type of 
disease, and to identify factors that contribute to malnutrition in 
hospitalized patients.

METHODS

Study characteristics
A cross-sectional study, with 138 (n=138) adult and elderly in-

patients. Inclusion criteria included, age ≥20 years; complete entries 
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of clinical and nutritional data in medical records and assessment 
of nutritional status during the first 24 hours of hospitalization. 
Patients with incomplete entries for such information in the medi-
cal records and those hospitalized only for diagnostic investigation 
and exams were excluded. This study is part of a larger project that 
is investigating the presence of malnutrition in patients hospital-
ized for different kinds of diseases and indicators, previously ap-
proved by the institution’s ethics and research committee (opinion 
no. 2,312,714). We investigated variables such as age, sex, type 
of  disease, hospitalization time, anthropometric and laboratory 
standards, nutritional screening tools, energy consumption and 
the kind of diet prescribed during hospitalization.

Anthropometric and laboratory indicators
According to standardized procedures and cutoff points defined 

in the literature, the body mass index (BMI) grading was used both 
for adults and the elderly(7,8). According to Frisancho (1990)(9) and 
Burr & Phillips (1984)(10), arm circumference (AC), triceps skinfold 
(TSF) and arm muscle circumference (AMC) were classified by 
percentiles grades. Calf  circumference (CC) was classified accord-
ing to WHO definition(11).

Laboratory tests for lymphocyte count (LC) (cell/mm³), white 
blood cells (cell/mm3), erythrocytes (cm3), hematocrit (%), hemo-
globin (g/dL) and MCV (fL) were classified according to standard-
ized cut-off  points(12).

AG-2019-105
dx.doi.org/10.1590/S0004-2803.201900000-74
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Nutritional screening tools (nutritional risk  
screening-NRS, subjective global assessment-SGA  
and mini nutritional assessment -MNA)

For nutritional risk detection, NRS was applied(13,14). This 
method takes into account BMI, weight loss, decreased food intake 
and disease severity, classifying the risk by numerical score ≥3 (at 
risk) and <3 (no risk)(13,14).

Based on weight loss, food consumption and clinical and physi-
cal signs of malnutrition, SGA subjectively assessed the patient’s 
nutritional status, being classified as: well-nourished-WN, slightly 
malnourished-SM, moderately malnourished-MM and gravely 
malnourished-GM(15). In this study, patients classified as SM, MM 
and GM, were considered as malnourished.

MNA classifies the elderly as malnourished, risk of malnutri-
tion and eutrophic, considering dietary and weight changes, physi-
cal evaluation, functional capacity, AC, CC, nutritional problems 
and disease(16).

Percentage of adequacy of habitual energy consumption 
in relation to individual energy needs (% HEC/EN)

The % HEC/EN was classified as <75% and ≥75%(2,17,18). This 
assessment was obtained through the investigation of habitual en-
ergy consumption (HEC). The energy requirements were estimated 
from the Harris & Benedict equation(19).

Statistical analysis
A descriptive analysis was performed with frequencies for cat-

egorical variables and position and dispersion measurements for 
continuous variables. To compare proportions, the chi-square or 
Fisher’s exact test was used when necessary. For the comparison 
of continuous or orderly measurements between two groups, the 
Mann-Whitney test was applied. Subsequently, univariate and 
multiple Cox regression analysis was used to identify the risk fac-
tors associated with SGA malnutrition and NRS nutritional risk. 
The variable selection process was performed stepwise. The level of 
significance adopted for the statistical tests was 5%(20-22).

Ethical approval
All procedures performed in studies involving human par-

ticipants were in accordance with the ethical standards of  the 
institutional and/or national Research Committee (CNS resolu-
tion nº. 466/12).

RESULTS

This investigation included a sample of  138 inpatients, the 
majority being male (n=82; 59.42%). The most frequent diagnoses 
were: 29.71% of the patients with digestive neoplasia; 24.64% with 
digestive tract disorders (DTD); 20.29% with vascular diseases; 
13.04% with head and neck neoplasia and 12.32% with trauma. The 
majority (57.25%) had been hospitalized for more than seven days. 
Regarding nutritional screening instruments, 21.01% patients were 
found as malnourished by SGA and 34.78% with nutritional risk by 
NRS. It was observed that 64.49% were classified as malnourished 
by MNA among the elderly. Using the anthropometric indicators, 
11.59% of the patients were rated as low weight by BMI. And in the 
anthropometric indicators of body composition, we found 32.61%; 
16.67% and 47.83% of patients classified ≤ to the 15th percentile 
(≤ P15), for AC, TSF and AMC, respectively. It was verified that 
68.84% of  the patients showed a HEC lower than 75% of  their 

estimated energy needs. In the dietary prescription, at the time of 
hospitalization, 27.54% were fed a general diet; 21.01% a soft diet; 
17.39% liquid diet; 7.97% enteral/parenteral diet and 26.09% were 
prescribed oral fasting. The mean age was 55.67±17.15 years, and 
the mean length of hospital stay was 10.88±9.04 days. There was 
no statistically significant difference in the prevalence of malnutri-
tion by SGA (P=0.3344) and nutritional risk by NRS (P=0.2286), 
among the types of diseases.

A comparison of all variables studied (sex, age, diagnosis, length 
of stay, fasting time, anthropometric standards, laboratory tests, 
HEC, type of  diet prescribed upon admission) and nutritional 
status by SGA and nutritional risk by NRS were analyzed by the 
Mann-Whitney, chi-square and Fischer tests. In this analysis, it was 
verified that only the TSF class presented a significant difference, 
when we compared malnourished and well-nourished by SGA, 
with the percentage of patients with TSF ≤ to the percentile 15; 
it was higher in the malnourished, according to the SGA (37.9%, 
P=0.0022). 

In the comparison between the studied variables and the NRS, 
it was verified that the variables age, HEC, CC, LC and low weight 
(BMI), showed a significant difference when we compared patients 
with risk and without nutritional risk by NRS. Patients with nutri-
tional risk were characterized by a higher median age (64.5 vs 58.0 
years; P=0.0246) and lower mean values in the other numerical 
variables (HEC: -1362.1 kcal vs 1525 kcal, P=0.0030; CC: -32.0 
cm vs 33.5 cm, P=0.0405; LC: -1176.5 cell/mm3 vs 1760.5 cell/mm3, 
P=0.0095), and with a higher percentage of low weight according 
to the BMI (22.9% vs 5.6%; P=0.0096).

TABLE 1 shows the study of the risk factors associated with 
malnutrition (SGA), assessed by the Cox regression analysis. It 
was observed that no variable presented a statistically significant 
difference at the 5% level, as a factor associated with the risk of 
malnutrition by SGA.

TABLE 1. Study of the risk factors associated with malnutrition (SGA), 
assessed by the Cox regression analysis.

Variables Categories P-value HR CI 95%

Age 0.8740 1.002 0.981; 1.023

Gender Female vs male 0.4006 1.367 0.660; 2.831

Diseases

Digestive tract 
disorder vs 

trauma
0.1536 4.500 0.570; 35.518

Vascular disease 0.4274 2.429 0.271; 21.728

Head and neck 
neoplasia 0.2345 3.778 0.422; 33.799

Digestive 
neoplasia 0.1462 4.561 0.589; 35.326

Lymphocytes 0.6587 1.000 0.999; 1.000

Leukocytes 0.2586 1.000 1.000; 1.000

Erythrocytes 0.1517 1.100 0.966; 1.254

Hematocrit 0.0890 0.956 0.907; 1.007

Hemoglobin 0.9367 1.006 0.870; 1.163

MCV 0.5588 0.992 0.966; 1.019

HEC <75% vs ≥75% 0.6995 0.860 0.400; 1.849
MCV: mean corpuscular volume, HEC: habitual energy consumption; HR: hazard ratio.



Leandro-Merhi VA, Costa CL, Saragiotto L, Aquino JLB.
Nutritional indicators of malnutrition in hospitalized patients

 Arq Gastroenterol • 2019. v. 56 nº 4 out/dez • 449

TABLE 2 shows the risk factors associated with nutritional 
risk by NRS, assessed by the COX regression analysis. Only the 
LC variable revealed to be a factor associated with nutritional 
risk; This risk was associated with lower LC values (P=0.0414, 
HR=1,000, 95% CI=0.999, 1,000). In other words, every 100 units 
less lymphocytes, increases the nutritional risk by 4.6%, by NRS.

SGA had similar capacity to predict length of stay, costs, infectious 
complications, and mortality. However, the NRS proved to be a 
better predictor for noninfectious complications(24).

Our study pointed out that regarding the anthropometric 
standards, a low percentage of patients with low weight by BMI 
was found (11.59%); while (21%), and even more was found based 
on the NRS (almost 35%). A deterioration of nutritional status 
has been observed in the literature in hospitalized patients, which 
may occur both at the beginning or during the hospitalization 
period. Tangvik, et al., 2015(6), investigated the nutritional risk of 
inpatients (NRS) and found a 29% nutritional risk, with different 
prevalence in different clinical situations and at more advanced 
age; besides a prevalence of malnutrition also in those patients with 
higher morbidity and infections. However, attention was drawn to 
the fact that nutritional risk was evidenced in patients with normal 
BMI or overweight(6).

In the present study, those patients with nutritional risk by 
NRS were significantly associated with older age and lower energy 
consumption, in addition to presenting lower values of CC, LC and 
with a higher percentage of low weight by BMI. Finally, this study 
showed that the LC indicator was associated with nutritional risk 
by the NRS, when assessed by the Cox regression analysis. A study 
conducted in Turkey investigated the use of NRS-2002, indicat-
ing sensitivity of 88% and specificity of 92%, showing that this is 
a valid method for assessing nutritional risk in hospitalized adult 
patients(25). Another recent study(26) that also used anthropometric, 
laboratory, NRS and SGA indicators in the first 24 hours hospi-
talization showed poor clinical outcomes in patients at nutritional 
risk, indicating further that the prevalence of  malnutrition and 
nutritional risk on discharge was higher than that observed at 
hospital admission(26).

It is possible to consider as limiting factors of  this study, 
principally the sample size, and as a consequence, the reduced 
number of patients in each disease category. More research should 
be conducted with a larger population, which could contribute to 
more consistent results, evidencing malnutrition and its associated 
factors in hospitalized patients. Such results may contribute to more 
effective nutritional interventions in the hospital setting.

CONCLUSION

NRS was more sensitive than other indicators in the diagnosis 
of  malnutrition prevalence. Patients at risk were older and had 
lower HEC, CC, BMI and LC. Low LC was considered a factor 
associated with nutritional risk by NRS.
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TABLE 2. Study of risk factors associated with nutritional risk by NRS, 
assessed by the Cox regression analysis.

Variables Categories P-value HR CI 95%
Age 0.1116 1.014 0.977; 1.032
Gender Female vs male 0.6641 0.879 0.490; 1.576

Diseases

Digestive tract 
disorder vs 

trauma
0.8446 1.125 0.346; 3.653

Vascular disease 0.6037 1.366 0.421; 4.436
Head and neck 

neoplasia 0.5895 1.417 0.400; 5.020

Digestive 
neoplasia 0.1832 2.073 0.709; 6.065

Lymphocytes 0.0414 1.000 0.999; 1.000
Lymphocytes 100 units 0.956 0.915; 0.998
Leukocytes 0.9461 1.000 1.000; 1.000
Erythrocytes 0.8421 1.015 0.879; 1.171
Hematocrit 0.1900 0.972 0.932; 1.014
Hemoglobin 0.9943 1.000 0.892; 1.122
MCV 0.4931 1.010 0.981; 1.041
HEC <75% vs ≥75% 0.2213 1.522 0.776; 2.983

MCV: mean corpuscular volume, HEC: habitual energy consumption; HR: hazard ratio.

DISCUSSION

This is a preliminary investigation study of nutritional indica-
tors that are routinely used in hospitalized patients to identify 
malnutrition. The data found here, perhaps because it was a small 
sample, did not show any association of SGA and NRS, with the 
different types of diseases.

Recently, Borek et al., 2017(23), pointed out that malnutrition 
was highly prevalent among hospitalized patients with kidney 
diseases, influencing hospitalization length of  stay. The authors 
also showed that the identification of this malnutrition and of the 
nutritional risk, could help in the implementation of nutritional 
intervention actions.

In the study by Martín-Palmero, 2017(3), almost half  of  the 
patients were considered malnourished, regardless of  the nutri-
tional tool used. A high consistency between the NRS and SGA 
methods was found. In the population in this study, our data indi-
cated 21.01% of malnourished patients by SGA and 34.78% with 
nutritional risk by NRS. Possibly, in our study, the NRS was more 
sensitive in the diagnosis of  nutritional risk, when compared to 
malnutrition by the SGA. In the present study, approximately 65% 
of malnourished patients (MNA) were found among the elderly. 
Comparisons with other studies have revealed a higher prevalence 
of nutritional risk in older patients(1,2,4,6). Patients aged ≥70 years 
may present a 2.4-fold increased risk of malnutrition(1). 

Another study conducted by Wang et al., 2016(24), found that the 
risk of malnutrition among patients was high, and that NRS and 
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RESUMO – Contexto – A desnutrição está associada a fatores clínicos, incluindo maior tempo de internação, aumento da morbimortalidade e custos 

hospitalares. Objetivo – Investigar a prevalência de desnutrição por diferentes indicadores nutricionais e identificar fatores que contribuem para a desnu-
trição em pacientes hospitalizados. Métodos – Investigou-se indicadores antropométricos, laboratoriais, nutritional risk screening, avaliação subjetiva 
global (ASG), mini avaliação nutricional e consumo energético habitual (CEH). Utilizou-se os testes qui-quadrado, exato de Fisher, Mann-Whitney 
e análise de regressão de Cox univariada e múltipla, com nível de significância de 5%. Resultados – Verificou-se 21,01% de desnutridos pela ASG; 
34,78% com risco nutricional pelo NRS e 11,59% com baixo peso pelo índice de massa corporal (IMC). Não houve diferença estatisticamente signi-
ficante da prevalência de desnutrição pela ASG (P=0,3344) e de risco nutricional pelo NRS (P=0,2286), entre os tipos de doenças. Os pacientes com 
risco nutricional apresentaram maior mediana de idade (64,5 vs 58,0 anos; P=0,0246) e menores valores medianos no CEH (1362,1 kcal vs 1525 kcal, 
P=0,0030); na circunferência de panturrilha (CP) (32,0 cm vs 33,5 cm, P=0,0405); na contagem de linfócitos (CL) (1176,5 cel/mm3 vs 1760,5 cel/mm3, 
P=0,0095); e maior percentual de baixo peso pelo IMC (22,9% vs 5,6%; P=0,0096). A CL foi associada ao risco nutricional (P=0,0414; HR=1,000; 
IC95%= 0,999; 1,000). Conclusão – O NRS foi mais sensível que outros indicadores no diagnóstico de desnutrição. Pacientes com risco apresentaram 
mais idade e valores menores de CEH, CP, IMC e CL. A baixa CL foi considerada fator associado ao risco nutricional pelo NRS.

DESCRITORES – Indicadores básicos de saúde. Desnutrição. Avaliação nutricional. Estado nutricional. 
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Dear Editor, we read the publication on “Association of  
TNF-α-308G>A polymorphism with susceptibility to celiac dis-
ease: a systematic review and meta-analysis” with a great interest(1). 
Aflatoonian et al. concluded that “the TNF-α-308G>A poly-
morphism plays an important role in celiac disease susceptibility. 
However, our results are still needed to strengthen by further studies 
in different ethnicities and larger sample sizes(1)”. We would like to 
share ideas on this report. First, it is agreeable that a larger sample 
sizes of subjects are require to strength the conclusion. Neverthe-
less, we should not forget to recognize the effect of other genetic 
polymorphisms that might result in susceptibility to celiac disease 
(such as 174 G/C and -572 G/C of IL-6 gene polymorphisms(2)). 

Association of TNF-α-308G>A polymorphism 
and celiac disease
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In fact, the genetic change from G to A can result in alteration of 
molecular structure. If  we apply molecular quantum calculation 
to assess the molecular change, according to methods used in the 
previous referencing studies(3-5), the molecular weight at variant 
position due to G to A genetic variation decreases up to 16 g/Mol 
(from 151.13 to 135.13 g/Mol) This means the required number 
of molecule per final phenotypic expression of TNF- α in A allele 
is less. Since TNF-α is well-described for its immunopathogenic 
role, enhancing the IFN-gamma-induced increase of HLA-class 
II expression on surface enterocytes in celiac disease, the more 
expression per Mol in A allele can explain an increased risk in 
TNF-α-308G>A polymorphism.
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Dear Sir,

We have read with great interest the article “Predictors of un-
successful of treatment for fecal incontinence biofeedback for fecal 
incontinence in female” by Murad-Regadas SM et al.(1). We congratu-
late the journal and the Authors for the publication of a paper on 
the indications, outcomes and modality of biofeedback treatment 
in patients with fecal incontinence. In the article, the Authors un-
derlined and discussed the several causes of fecal incontinence, such 
as anatomical causes, sphincteral damage, neurological dysfunction 
and idiopathic disease, and moreover, admirably highlighted the 
potential predictive factors of efficacy of biofeedback treatment. 
Murad-Regadas and colleagues, as commonly happens, stratified 
patients on the basis of  a clinical score (Clevaland Clinic Fecal 
Incontinence score), assigned them a continence level and selected 
patients to candidate to rehabilitative treatment as biofeedback. 

It is well known that biofeedback treatment allows, through 
a probe, a device and a dedicated monitor, the visualization and 
representation of the contraction and relaxation activity of the anal 
sphincter. It is worth to comment that, before beginning any kind 
of biofeedback or rehabilitative treatment, the physicians have to 
assess and verify the patient’ proprioceptive consciousness of the 
anal sphincter, namely the capacity of select it for the contraction. 
The authors, in their coloproctological evaluation, along with the 
Clevaland Clinic Fecal Incontinence score, considered the anam-
nesis of  previous anal surgery, of  hysterectomy and of previous 
vaginal deliveries; all predictive factors influencing the effectiveness 
of the rehabilitative treatment. 

Summarily, in the paper is reported that all patients were in-
formed about the objective of biofeedback and of anatomy of the 
pelvic floor. Even though a such pretreatment teaching session, as 
reported by the Authors, is commendable and desirable, often it 
is not enough. The physicians, in fact, should assess the level of 
patients ‘acquisition of this fundamental information. The mere 
description of the anatomy and physiology of anal canal, i.e. that 
the anal sphincter contraction and relaxation obstruct and promote 
defecation respectively, does not imply a full comprehension and 
acquisition of the information. In this setting, it is of paramount 

Predictive parameters to identify incontinent 
patients amenable for rehabilitation treatment:  
the muscular synergies evaluation
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importance to assess the proctological patient in a broader con-
ception: the clinical-physiatric evaluation(2). One of its key tool is 
the evaluation of the muscular synergies. This latter test assesses 
properly the patient’ acquisition and the ability to put into practice 
of the abovementioned anatomical and functional information. In 
case of request of anal sphincter contraction, in fact, the recruit-
ment of agonist muscles, such as the gluteus and abductor groups, 
can be caused by the patient’s incapacity to selectively recruit the 
correct muscles for the requested order. Vice versa, the identifica-
tion of antagonist muscles (abdominals muscles) during the anal 
sphincter contraction phase represents even a conflict between the 
abdominal and perineal muscles(3). Therefore, in case of patient’ 
inability of anal contraction, the mere explanations of anatomy 
and physiology of pelvic floor is reductive. 

In the mentioned paper, almost the 50% of patients failed the 
biofeedback treatment, but the Authors not wondered whether 
the patients, before beginning the rehabilitative treatment, have 
reached an adequate selectivity of  contraction or have acquired 
a correct knowledge of the anatomical and physiological notions. 
Probably, in case of presence of muscular synergies without selec-
tive contraction of anal sphincter, a high percentage of the failed 
patients would have benefited in a previous electrostimulation 
treatment in order to acquire consciousness and sensitization of 
the patient to the anal area, or simply the effect of intervening per 
se, as suggested by Kamm et al.(4)

Rehabilitation treatment should start with a patient’s re-edu-
cational phase, in order to clearly explain and clarify that chest, 
abdomen, vertebral column and perineum acts as different parts 
of a same whole (an imaginary cuboid), in patients with defeca-
tion disorders(5). Therefore, in this setting, the abovementioned 
abnormal concomitant contraction of abdominal muscles, during 
anal sphincter contraction, is the demonstration that distant areas 
from pelvic floor contribute to its function, and physicians and 
patients should necessary think and imagine the human body in a 
unitary way. This clinical-physiatric approach aims to improve an 
altered bodily function; it is not merely cognitive, while it prepares 
the patient toward an active, rather than a passive, role with a deep 
participation during the healing process.
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In conclusion, along with the predictive reported factors of 
the study, before start any kind of  rehabilitative treatment for 
incontinence, the evaluation of muscular synergies should not be 
neglected since it might be considered one of the most important 
predictive parameters of success of the therapy.
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We read with keen interest the paper on abdominal tuber-
culosis by Udgirkar and colleagues where the authors reported 
a large number of  patients with abdominal tuberculosis from 
Western India(1).

This report is one of the few reports which have highlighted 
the use of  GeneXpert for diagnosis of  abdominal tuberculosis. 
Previous reports have suggested that the positivity of GeneXpert 
in intestinal tuberculosis to be 8% and 32% respectively(2,3). Bellam 
et al. also found one patient to have rifampin resistance amongst 
their cases(3). As per the findings reported by Udgirkar et al., 

GeneXpert for abdominal tuberculosis
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GeneXpert was positive in 26% of patients. The report includes a 
mixture of cases of peritoneal and intestinal tuberculosis and the 
sensitivity of GeneXpert is likely to vary in these two settings. The 
authors report that none of the ascitic fluid samples were positive. 
Interestingly, a Cochrane review combining 20 studies has reported 
the sensitivity of Gene Xpert in peritoneal fluid to be 50%(4). It is 
unclear why the sensitivity was so low in the present study. Also it 
would be worthwhile to know the sensitivity in the intestinal tis-
sue samples and the therapeutic approach to patients who tested 
positive for rifampin resistance.
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