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Apresentando Entyvio*: o primeiro e único  tratamento 
biológico seletivo aprovado para pacientes com  Doença  
de Crohn (DC) e Retocolite Ulcerativa (RCU).1

 TRATAMENTO COM PRECISÃO1

ENTYVIO* OFERECE REMISSÃO 
DURADOURA NA DOENÇA DE CROHN2,3

RESPOSTA CLÍNICA NA INDUÇÃO2

REMISSÃO CLÍNICA NA MANUTENÇÃO3

Novo tratamento que fornece  
remissão duradoura para 
 pacientes com DC e RCU.1
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PERFIL DE SEGURANÇA6,7

REMISSÃO CLÍNICA NA MANUTENÇÃO5

REMISSÃO E RESPOSTA CLÍNICA NA INDUÇÃO4

Entyvio* liga-se 
especificamente 
 à integrina α4β7 
encontrada  nas 

células T que migram 
preferencialmente para 
o trato gastrointestinal 

inibindo a adesão  
à MAdCAM-1.1,6*

Biológico seletivo; 
 diferente dos  

tratamentos atuais.1*

Restrição do tráfego 
linfocitário e redução 

da inflamação 
intestinal.1,6*

Taxas relatadas de infecções graves e infecções similares  
ao placebo6

Taxas de descontinuação devido a eventos adversos similares  
em todos os braços de tratamento6

Baixa incidência de reações relacionadas à infusão6

Baixa taxa de imunogenicidade6

Dados não sugerem risco aumentado para malignidade6 

2830 pacientes avaliados em estudo de segurança7

*Imagens desenvolvidas pela Takeda.
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Semana 64

Remissão Clínica
Semana 64

ENTYVIO* OFERECE EFICÁCIA DURADOURA  
NA RCU4,5

ENTYVIO* ATUA DE MANEIRA SELETIVA 
NO LOCAL DA INFLAMAÇÃO INTESTINAL1,6
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SE PERSISTIREM OS SINTOMAS, O MÉDICO DEVERÁ SER CONSULTADO.

Takeda Pharma Ltda. Rua do Estilo Barroco, 721 – 04709-011 – São Paulo – SP.
Mais informações poderão ser obtidas diretamente com o nosso 

Departamento de assuntos científicos ou por meio de nossos representantes.

DOSE PADRÃO PARA TODOS OS PACIENTES:  
INFUSÃO INTRAVENOSA 300mg6

Ajustes baseados no peso não são necessários.6

30 minutos de administração. Infusão  
de frasco único nas semanas 0, 2 e 6  
e depois  a cada 8 semanas.6

30

Infusões por ano  após a indução.6
Pacientes recebem uma dose de 300mg  em intervalos regulares de 8 semanas.6

  Para pacientes que apresentarem diminuição  na resposta, a dose pode ser ajustada 
para  intervalos de 4 semanas.6

6˜

Material produzido em setembro/2016.

Entyvio* - vedolizumabe. USO INTRAVENOSO USO ADULTO. Indicações: Entyvio* é indicado para o tratamento de pacientes adultos com: -Colite ulcerativa moderada a grave na fase ativa que apresentaram uma resposta inadequada, 
perda de resposta ou são intolerantes ao tratamento convencional ou a um antagonista de fator de necrose tumoral alfa (TNF-α). - Doença de Crohn moderada a grave na fase ativa que apresentaram uma resposta inadequada, perda de 
resposta ou são intolerantes ao tratamento convencional ou a um antagonista de fator de necrose tumoral alfa (TNF-α). Contraindicações: Entyvio* é contraindicado para pacientes com hipersensibilidade ao vedolizumabe ou a qualquer 
um dos excipientes do produto. Entyvio* é contraindicado na presença de infecções ativas graves, tais como tuberculose, septicemia, citomegalovírus, listerioses e infecções oportunistas, como leucoencefalopatia multifocal progressiva 
(LMP). Cuidados e advertências: Em estudos clínicos foram relatadas reações relacionadas à infusão e reações de hipersensibilidade, sendo a maioria delas de gravidade leve a moderada. Infecções: O tratamento com Entyvio* não deve 
ser iniciado em pacientes com infecções ativas graves até que as infecções sejam controladas, e os médicos devem considerar a suspensão do tratamento em pacientes que desenvolvem uma infecção grave durante o tratamento crônico 
com Entyvio*. Entyvio* é contraindicado em pacientes com tuberculose ativa. Alguns antagonistas de integrina e alguns agentes imunossupressores sistêmicos foram associados com leucoencefalopatia multifocal progressiva (LMP). Nenhum 
caso de LMP foi relatado em estudos clínicos com vedolizumabe.  Uso anterior e concomitante de produtos biológicos: Não há dados disponíveis de estudos clínicos do vedolizumabe para pacientes previamente tratados com natalizumabe 
ou rituximabe.  Uso durante a gravidez e a lactação - Categoria B de Risco na Gravidez - Este medicamento não deve ser utilizado por mulheres grávidas sem orientação médica ou do cirurgião-dentista. As mulheres em idade fértil devem 
usar métodos contraceptivos adequados para evitar a gravidez e o seu uso deve ser mantido durante pelo menos 18 semanas após o último tratamento com Entyvio*. Lactação:  Não se sabe se o vedolizumabe é excretado no leite humano 
ou absorvido sistemicamente após a ingestão. Interações medicamentosas: Não foram conduzidos estudos de interação. O vedolizumabe foi estudado em pacientes adultos com colite ulcerativa e doença de Crohn com administração 
concomitante de corticosteroides, imunomoduladores (azatioprina, 6-mercaptopurina e metotrexato) e aminosalicilatos. As análises da farmacocinética da população sugerem que a administração concomitante de tais agentes não teve efeito 
clinicamente significativo na farmacocinética do vedolizumabe. O efeito do vedolizumabe na farmacocinética dos medicamentos comumente coadministrados não foi estudado. Vacinações: As vacinas vivas, em particular vacinas vivas orais, 
devem ser usadas com cautela durante o tratamento com Entyvio*. Reações adversas: A proporção de pacientes que descontinuaram o tratamento devido a eventos adversos foi de 9% para os pacientes tratados com vedolizumabe e 
10% para os pacientes tratados com placebo. Nos estudos combinados do GEMINI I e II, as reações adversas que ocorreram em ≥ 5% dos pacientes foram náusea, nasofaringite, infecção do trato respiratório superior, artralgia, febre, fadiga, 
cefaleia, tosse. Reações relacionadas à infusão foram relatadas em 4% dos pacientes que estavam recebendo vedolizumabe. Atenção: este produto é um medicamento novo e, embora as pesquisas tenham indicado eficácia 
e segurança aceitáveis, mesmo que indicado e utilizado corretamente, podem ocorrer eventos adversos imprevisíveis ou desconhecidos. Nesse caso, notifique os eventos adversos pelo Sistema de Notificações 
em Vigilância Sanitária - NOTIVISA, disponível em www.anvisa.gov.br/hotsite/notivisa/index.htm ou para a Vigilância Sanitária Estadual ou Municipal. Posologia: - Colite ulcerativa A dose recomendada é 300 mg de 
Entyvio*, administrada por infusão intravenosa nas Semanas 0, 2 e 6 e depois a cada oito semanas. Em pacientes que responderem ao tratamento com Entyvio*, o uso de corticosteroides pode ser reduzido e/ou interrompido – à critério 
médico. - Doença de Crohn A dose recomendada é 300 mg de Entyvio*, administrada por infusão intravenosa nas Semanas 0, 2 e 6 e depois a cada oito semanas. Os pacientes com doença de Crohn que não apresentarem resposta podem 
se beneficiar de uma dose de Entyvio* na Semana 10 (veja ADVERTÊNCIAS E PRECAUÇÕES). Nos pacientes que responderem, continuar o tratamento a cada oito semanas a partir da Semana 14. MS – 1.0639.0271 SE PERSISTIREM 
OS SINTOMAS, O MÉDICO DEVERÁ SER CONSULTADO. MEDICAMENTO SOB PRESCRIÇÃO MÉDICA. *Marca depositada por Takeda Pharma Ltda. INC. ENT_1014_0715_VPS.

Referências bibliográficas: 1) Poole RM. Vedolizumab: first global approval. Drugs. 2014;74(11):1293-303. 2) Sandborn WJ, et al. Efficacy of induction treatment with vedolizumab for patients with Crohn’s disease who 
have experienced tumour necrosis factor antagonist failure or are tumour necrosis factor antagonist naive. Digital oral poster session presented at: 9th Congress of ECCO; 2014 Feb 20-22; Copenhagen, Denmark. DOP073. 
3) Hanauer S, et al. Vedolizumab Maintenance Therapy for Crohn’s Disease: results of GEMINI II, a randomized, placebo-controlled, double-blind, multi-centre phase 3 trial. Am J Gastroenterol. 2012;107 (Suppl 1):A1542.  
4) Feagan BG, et al. Vedolizumab as induction and maintenance therapy for ulcerative colitis. N Engl J Med. 2013;369(8):699-710. 5) Feagan B, et al. Vedolizumab Maintenance Therapy for Ulcerative Colitis: Results of GEMINI 
I, a Randomized, Placebo-Controlled, Double-Blind, Multicenter Phase 3 Trial. Am JGastroenterol. 2012;107(S1):S609–S610. Abstract 1522. 6) Entyvio* [Bula]. São Paulo: Takeda Pharma Ltda. 7) Colombel JF, et al. The safety 
of vedolizumab for ulcerative colitis and Crohn’s disease. Gut. 2016. pii: gutjnl-2015-311079. doi: 10.1136/gutjnl-2015-311079. [Epub ahead of print].

Contraindicação: Hipersensibilidade a qualquer dos componentes do medicamento.
Interação medicamentosa: Não foram conduzidos estudos de interação. 
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24
horas1-4
24

horas1-4

Potência
2

*

POSOLOGIA NA DRGE:3

1x ao dia, 40mg

O alívio dos sintomas com Tecta* 40mg foi 
significantemente maior quando comparado 

ao esomeprazol após 8 semanas.1

Maior alívio dos sintomas da DRGE, 
após 8 semanas, quando comparado 

ao esomeprazol.1

Taxas de alívio de sintomas após  
4 e 8 semanas de tratamento.1†

O alívio dos sintomas está diretamente 
associado à satisfação do paciente.1

†ReQuest GI < 1,73    *p<0,05
Adaptado de: Moraes-Filho JP, et al. Aliment Pharmacol Ther. 2014;39(1):47-56. 
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Material destinado exclusivamente à classe médica. 

*

Maior alívio dos sintomas da 
DRGE, após 8 semanas, quando 
comparado ao esomeprazol.1

POSOLOGIA NA DRGE:3
1x ao dia, 40mg

FREQUÊNCIA

Tecta* 40mg
esomeprazol

1,03

0,73*

0,68

0,49*,#

0,70t

1,28

Basal 4 semanas 8 semanas

INTENSIDADE

1,31

0,86*

0,62*,#

0,80&

0,76t

1,40

Basal 4 semanas 8 semanas

Tecta* 40mg
esomeprazol

24
horas1-4
24

horas1-4

Potência
2

Adaptado de: Moraes-Filho JP, et al. Aliment Pharmacol Ther. 2014;39(1):47-56. 

Adaptado de: Moraes-Filho JP, et al. Aliment Pharmacol Ther. 2014;39(1):47-56.

População ITTe 
n=563
4 sem. x basal
*p=0,0452 tp= 0,0162
4 sem. x 8 sem.
#p<0,0001 &p= 0,0130

SINTOMAS NOTURNOS.

População ITTe  
 n=563
4 sem. x basal
*p=0,0030 tp<0,0001
4 sem. x 8 sem.
#p=0,0001 p< 0,0001

Os DISTÚRBIOS DE SONO reduziram 
significantemente a frequência e intensidade 
de 4 para 8 semanas apenas no tratamento 
com Tecta* 40mg.1

Contraindicação: hipersensibilidade conhecida ao pantoprazol, benzimidazóis substituídos ou aos demais componentes 
da fórmula. Interação medicamentosa: o uso concomitante com alta dose de metotrexato pode elevar e prolongar os 
níveis séricos de metotrexato e/ou seus metabólitos, levando possivelmente à toxicidade do metotrexato.
TECTA* 40 mg - pantoprazol magnésio di-hidratado. USO ORAL. USO ADULTO. ACIMA DE 18 ANOS. Apresentação: Comprimidos gastrorresistentes de 40 mg. Indicações: TECTA* 40 mg é indicado para 
o tratamento das esofagites de refluxo moderadas ou graves e dos sintomas de refluxo gastroesofágico. Também é indicado para tratamento intermitente de sintomas de acordo com a necessidade (on demand).
Contraindicações: TECTA* não deve ser usado em casos de hipersensibilidade conhecida ao pantoprazol, benzimidazóis substituídos ou aos demais componentes da fórmula. Este medicamento é contraindicado 
na faixa etária de 0 a 18 anos. Categoria B de risco na gravidez: Este medicamento não deve ser utilizado por mulheres grávidas sem orientação médica ou do cirurgião-dentista. Advertências e
Precauções: Na presença de qualquer sintoma de alarme (como significativa perda de peso não intencional, vômitos recorrentes, disfagia, hematêmese, anemia ou melena) e quando houver suspeita ou presença de
úlcera gástrica, deve-se excluir a possibilidade de malignidade, já que o tratamento com pantoprazol pode aliviar os sintomas e retardar o diagnóstico. Em terapia de longo prazo, especialmente quando o tratamento 
exceder 1 ano, os pacientes devem ser mantidos sob acompanhamento regular. Infecções Gastrointestinais: O tratamento com IBP pode estar associado a um risco aumentado de infecção por Clostridium difficile, 
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Maior alívio dos sintomas da 
DRGE, após 8 semanas, quando 
comparado ao esomeprazol.1
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Adaptado de: Moraes-Filho JP, et al. Aliment Pharmacol Ther. 2014;39(1):47-56. 

Adaptado de: Moraes-Filho JP, et al. Aliment Pharmacol Ther. 2014;39(1):47-56.

População ITTe 
n=563
4 sem. x basal
*p=0,0452 tp= 0,0162
4 sem. x 8 sem.
#p<0,0001 &p= 0,0130

SINTOMAS NOTURNOS.

População ITTe  
 n=563
4 sem. x basal
*p=0,0030 tp<0,0001
4 sem. x 8 sem.
#p=0,0001 p< 0,0001

Os DISTÚRBIOS DE SONO reduziram 
significantemente a frequência e intensidade 
de 4 para 8 semanas apenas no tratamento 
com Tecta* 40mg.1
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Bacteria usually co-exists with humans for millennium, 
and can be found in our bodies in many places, most of 
them in the gastrointestinal tract. They constitute the human 
microbiome formed by a great variety and diversity of micro-
organisms. It is estimated that 70% of these microorganisms 
are concentrated in the intestine, particularly in the colon, 
forming the intestinal microbiota, with up to 1011 bacteria 
per milliliter. It shelties about 3 million microbial genes, cor-
responding to 150 times the human genome. The set formed 
by microbial cells and genes added to human cells and genes 
creates the concept of “superorganism”.

Before birth, there are no bacteria present in the digestive 
tract, but in childbirth, their colonization happens quickly. 
The intestinal microbiota begins to settle from 2 to 3 years 
of age and, from there, remains relatively stable. However, 
this stability can be influenced by diet, diseases, use of 
medications (mainly antibiotics) and aging. This microbiota 
is composed of commensal bacteria (native to the host) or 
temporary bacteria (passing through the body). Both can 
be beneficial, potentially harmful or pathogenic to humans. 
The beneficial bacteria interact positively with the human 
immune system, provoking a competitive inhibition with 
the pathogens bacteria, keeping the intestinal microbiota 
in a balance called eubiosis. The genre of bacteria with the 
greatest health benefit are Bifidobacterium and Lactobacillus.

Recent researches suggests that the normal intestinal 
microbiota is not simply a collection of  microorganisms 
but reflects an interrelationship between different genre of 
bacteria that possibly work together to benefit the host. It 
is now believed that the existence of  a large diversity of 
microorganisms in the gastrointestinal tract is important 
and beneficial for the host. A healthy microbiota plays an 
important role in digestion and absorption of  nutrients, 
production of vitamins, maintenance of the structural and 
functional integrity of  the intestine, protection against 
pathogens and modulation of  the inflammatory response 
through the interaction of the microbiota and the immune 
system (gut associated lymphoid tissue – GALT).

Manipulation of the intestinal microbiota:  
the medicine revolution of the 21st century

Quilici FA. Manipulation of the intestinal microbiota: the medicine revolution of the 21st century. Arq Gastroenterol. 2017;54(2):83-4.

The balance of  the intestinal microbiota is a dynamic 
process, constantly exposed to factors that alter the quan-
tity and diversity of  its bacteria, which may be positive or 
negative.

These studies(1,5-8) have also shown that particularities 
of the modern lifestyle associated with intrinsic factors of 
the host, such as unbalanced feeding, excessive consump-
tion of alcohol, smoking, stress, frequent use of laxatives, 
gastric protectors, antibiotics, gestation, old age, frequent 
constipation or diarrhea, contribute to negative changes in 
the microbiota. This favors the increase of the pathogenic 
bacteria in relation to the beneficial ones, installing an imbal-
ance called dysbiosis.

Current studies(2-4) have shown the presence of dysbiosis 
in patients with certain diseases such as inflammatory bowel 
disease (IBD), irritable bowel syndrome (IBS), gastroin-
testinal infections, antibiotic-associated diarrhea (AAD), 
pseudomembranous colitis, celiac disease, colorectal cancer, 
type I and II diabetes, obesity, atopy and asthma, rheumatoid 
arthritis, and some neurological diseases. However, it is not 
yet known whether this change in the intestinal microbiota 
causes all or part of the disease, or whether the change is a 
consequence of the disease itself.

However, one of the main goals of these researches is to 
determine how to intervene or even to positively manipu-
late the composition of the intestinal microbiota favoring a 
greater quantity and diversity of beneficial bacteria, seeking 
the cure of  various diseases. This positive intervention is 
possible with the practice of healthy living habits associated 
with adequate diet, consumption of prebiotics, probiotics 
and even the transplantation of feces microbiota.

At the beginning of the 21st century, researches seem to 
indicate that there will be another revolution in medicine, 
the possibility of  manipulating the intestinal microbiota, 
opening new horizons for us humans in the ancient, primi-
tive and cruel war between health and disease.

Flavio Antônio QUILICI*

dx.doi.org/10.1590/S0004-2803.2017v54n2-01

* Prof. Titular de Gastroenterologia e Cirurgia Digestiva da PUC-Campinas, SP, Brasil. 
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INTRODUCTION

Patients with celiac disease (CD) have an intolerance to the poli-
peptide fragments of gluten, mediated by T lymphocytes. Gluten 
is a water-insoluble substance found in wheat flour, rye, barley and 
oats(30). CD depends on genetic, immunological and environmental 
factors and it is characterized by total or partial atrophy of the 
intestinal villi and consequent poor absorption of nutrients(6,9,27). 
Its prevalence in Brazil is shown to be 1/214(3). 

CD diagnosis must be based on clinical, histopathological 
(gold standard) and serological examinations(3,27). There are few 
studies on the intestinal microbiota role in CD, even though 
gliadin (a gluten peptide) and microorganisms similarly activate 
pro-inflammatory routes(12). The information about the intestinal 
microbiota of  celiac patients is mainly obtained from a stool 
sample examination(15).

Healthy subjects present a significantly higher concentration 
of bifidobacteria when compared to celiac patients, while faecal 
pH seems to remain the same in both situations(8). 

The only effective and possible treatment for CD is dietary, 
throughout the exclusion of  gluten from the diet, which allows 
the remission of symptoms and the restoration of the regular mu-
cosa(1). Without treatment, CD has a high morbi-mortality rate, 
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with risks of developing complications such as anemia, infertility, 
osteoporosis and cancer, being the most prevalent the intestinal 
lymphoma(27). Alternative treatments are also available and can be 
used simultaneously as palliatives, for instance, the use of probio-
tics, mainly Lactobacillus and Bifidobacterium(7,15,24). 

The presence of  bifidobacteria in the gastrointestinal tract 
seems to suffer variations throughout life and it is associated with 
beneficial effects to health, including the re-composition of  the 
intestinal microbiota, the growth inhibition of pathogenic bacte-
ria, regeneration of the epithelial barrier and anti-inflammatory 
effects(11,21,25,26,32). Some species have the capacity of inhibiting the 
increased permeability induced by gliadin, weakening its cytotoxic 
effect and the host autoimmune response(10). Smecuol et al. showed 
that celiac patients on a gluten diet had experienced beneficial ef-
fects related to gastrointestinal tract symptoms (such as constipa-
tion and gastroesophageal reflux) when consuming bifidobacteria 
in capsules before meals(28). Other beneficial effects of bifidobacteria 
consumption with a gluten diet have been described, such as the 
reduction of human α-defensin 5 (HD-5) and paneth cells(20). 

Bifidobacterium and Lactobacillus are widely used in several 
food products, such as yogurt, milk, cheese and dietetic supple-
ments, upon which research has been increasing. Even though 
there are potential benefits in their usage, probiotics have been 
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poorly explored as an adjunctive therapy in CD(17,32). In this context, 
the hypothesis is that the intestinal microbiota of  patients with 
controlled CD can be restored by the daily intake of  probiotic-
containing yogurt. The results of this study will allow the analysis 
of the necessity and efficacy of supplementation with probiotics 
to restore the intestinal microbiota equilibrium, with consequent 
reduction of gastrointestinal complications and infections, improv-
ing the quality of life of celiac patients.

METHODS

Study design
The Ethics Committee for Studies with Humans of the Federal 

University of Santa Catarina, Brazil, approved the experimental 
protocol for this study (number 772, 2010). The participants with 
CD were recruited in the local Association of  Celiac People in 
Brazil (Associação dos Celíacos do Brasil – ACELBRA) during 
its monthly meetings. All celiac patients were on a controlled stage 
of the disease during the study, i.e., they were on a gluten free diet, 
without signals and symptoms of CD. The non-celiac participants 
were randomly recruited from the population. 

Volunteers were submitted to a clinical and sociodemographic 
questionnaire and the research started by collecting the first stool 
sample to quantify bifidobacteria and measure faecal pH. After-
wards, each volunteer consumed one unit of probiotic-containing 
yogurt (100g) from Piá Essence, PIÁ®, Nova Petrópolis-RS) per 
day, having eaten in the fasting state at morning, during one month. 
The yogurt delivery was made weekly. After 30 days of consump-
tion, feces were collected again in order to quantify bifidobacteria 
and measure faecal pH.

Exclusion criteria
The following exclusion criteria for the participation in the 

study were adopted: individuals with suspicion or diagnosis of 
autoimmune diseases; suspicion or diagnosis of diabetes; lactose 
intolerance; allergy to any excipient present in the yogurt; individu-
als who consumed products containing prebiotics and/or probiotics 
three months prior to the beginning of research, and individuals 
who presented fever, diarrhea and/or vomit three months prior to 
the beginning or during study.

Determination of faecal bifidobacteria content and pH 
For the isolation and quantification of  bifidobacteria and 

measurement of faecal pH, participants collected stool samples, 
which were sent to the laboratory and analyzed within 8 h after 
collection(13,29). 

Feces aliquot (1 g) from each volunteer was diluted in 9 mL of 
distilled and deionized sterile water for the measurement of  faecal 
pH in pHmeter PHTEK®. Another feces aliquot (1 g) from each 
stool sample was diluted in 9 mL of phosphate buffer. The mixture 
was homogenized five times using the anaerobic technique. From 
this dilution (10-1), serial fold dilutions up to 10-7 were prepared. 
The stock phosphate buffer was previously prepared with 34 g of 
KH2PO4 in 500 mL of  distilled and deionized water, having the 
pH adjusted to 7.2 with NaOH 1 N and the volume completed 
to 1 L with distilled water, being subsequently sterilized in an 
autoclave at 121°C during 18 minutes. For the dilution of  the 
stool sample, the phosphate buffer was diluted a thousand times 
from the stock solution.

The culture media used for isolation of bifidobacteria was the 

RCA (Reinforced Clostridial Agar, DifcoTM BD) supplemented 
with antibiotics (nalidixic acid 2%, polymyxin B sulfate 0.85%, 
kanamycin sulfate 0.5%, iodoacetic acid 0.5%, 2,3,5-triphenyltetra-
zolium chloride 0.5% and amphotericin B 0.001%)(14).

The spread-plating of 100 µL from each dilution was prepared 
and the plates were incubated at 37°C for 72 hours under anaerobic 
conditions(14) using a commercial anaerobic atmosphere genera-
tion system (Anaerobac from Probac®), followed by counting of 
bifidobacteria colonies in the plates containing between 30 and 300 
colony-forming units (CFU). For the confirmation of the Bifido-
bacterium genus, Gram staining was made, as well as catalase proof 
and fructose-6-phosphate phosphoketolase (F6PPK) reaction, as 
stated by Orban & Patterson (2000), for all isolated colony types(18).

The results from the bifidobacteria quantification were pre-
sented as CFU per gram of feces (CFU/g). To obtain the results, 
the number of CFU counted in each plate was multiplied by its 
respective dilution factor and corrected for the sample volume 
spread. They are expressed as mean ± standard deviation (n=17 
for the control group and n=14 for the celiac group).

Determination of yogurt bifidobacteria content and pH 
All lots of the yogurt Piá Essence donated were analyzed for 

the isolation and quantification of bifidobacteria and measurement 
of pH. One pot containing 100 g of yogurt was randomly selected 
from each lot and 1 g was diluted in 9 mL of distilled and deion-
ized sterile water for measurement of  pH in pHmeter PHTEK® 
previously calibrated.

Another yogurt aliquot (1 g) was also diluted in 9 mL of phos-
phate buffer. Serial dilutions were made from this solution as for the 
feces analysis. The spread-plating from each dilution, the counting 
of colonies, the confirmation of the genus and the expression of 
the results were made as previously described for the stool samples. 

Statistical analysis
The statistical analysis was performed using the program 

GraphPad Prism® version 5.0 from 2007. For data distribution 
analysis, the D’Agostino normality test and Pearson Omnibus 
Normality Test were employed. Spearman’s correlation coefficient 
was employed to verify the correlation among the bifidobacteria 
concentration, faecal pH and volunteers’ ages. Wilcoxon test was 
used for the comparison of the results between groups. A signifi-
cance level of 5% (P<0.05) was adopted for all tests.

RESULTS

The yogurt package informs that each 100 g of yogurt contains 
108 CFU of Lactobacillus acidophilus and Bifidobacterium lactis. 
Amongst the yogurt lots available to the volunteers, the average 
concentration of  bifidobacteria was 6.67x108±10.3x108 CFU/g 
of yogurt. The average yogurt pH was 4.28±0.15 and there was a 
significant correlation between the bifidobacteria concentration 
and yogurt pH (P=0.0121). There was growth of Gram-positive 
bacillus colonies in every lot of yogurt, being all catalase negative 
and showing F6PPK activity.

Amongst the 17 healthy control individuals, 10 were female and 
seven were male, aged between 18 and 58 years (average of 26 years 
old). This group of individuals did not have any relatives with CD.

From the group of 14 celiac patients, 10 were female and four 
were male, with ages ranging from 18 to 60 years, being the aver-
age being 38 years old. The prevalence of CD in their families was 
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higher in first (father, mother and siblings) and second (grand-
parents, aunts, uncles and cousins) degree relatives. Two (14.4%) 
volunteers had first-degree celiac relatives, three (21.4%) had first 
and second-degree celiac relatives, one (7.1%) could not answer 
and eight (57.1%) did not have celiac relatives. The average age in 
which the diagnosis was made was 36 years old, where 100% of the 
patients had the small intestine biopsy done for confirmation of CD. 
A relation between faecal bifidobacteria concentration and age was 
not observed in any of the groups, either celiac or healthy subjects.

Seven (50%) of the 14 celiac patients received drug therapy after 
CD diagnosis, being calcium therapy the most prevalent in 57% of 
them, mainly related to women 30 years old or older.

During the stool sample examination from the volunteers, 
bifidobacteria colonies were observed, presenting round shape, 
smooth surface, pink to wine color and small to medium size. The 
colony morphology was similar between both groups, celiac and 
control (Figure 1). Bifidobacteria appeared in the form of short 
and long Gram-positive bacilli, with or without bifurcated ends V 
or Y-shaped, and as Gram-positive coccobacilli (Figure 2).

The results of bifidobacteria quantification in the stool samples 
are shown in Figure 3. Healthy individuals presented a significantly 
higher concentration of bifidobacteria (2.3x108 ± 6.3x107 CFU/g) 
before the probiotic-containing yogurt intake when compared to 
the celiac group (1.0x107±1.7x107 CFU/g) (Figure 3). Celiac pa-
tients presented, in average, 83% less bifidobacteria than healthy 
individuals. Still, celiac faecal pH (7.19±0.521) was not significantly 
different from the faecal pH of the control group (7.18±0.522).

FIGURE 1. Bifidobacteria colonies in Reinforced Clostridial agar media 
supplemented with antibiotics. (A) Celiac patient plate. (B) Control 
subject plate.
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FIGURE 2. Micromorphology of bifidobacteria colonies stained by 
Gram method in optical microscopy in 1000 times increase. (A) Short 
Gram-positive bacilli, isolated, in pairs or grouped. (B) Gram-positive 
cocobacilli, isolated, in pairs or grouped. (C) Long Gram-positive bacilli 
with bifurcated ends V or Y-shaped.
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After the daily intake of 100 g of probiotic-containing yogurt 
for 30 days, healthy individuals presented a significantly higher 
bifidobacteria concentration (14.7x108±0.2x108 CFU/g) than celiac 
patients (0.76x108±0.1x108 CFU/g) (Figure 3). However, faecal pH 
of celiac patients (7.28±0.518) did not show significant difference 
from the faecal pH of healthy individuals (7.07±0.570) after the 
yogurt intake.

DISCUSSION

Several probiotic supplements can be found on the market; 
meanwhile it is still hard to find gluten free products for celiac 
patients. In this context, the product options for this research were 
limited. Amongst the companies for which support was requested, 
only PIÁ®, Nova Petrópolis-RS, provided the products. The average 
bifidobacteria concentration provided for the research participants 
(6.67x108±10.3x108 CFU/g of yogurt) is enough to bring benefits 
to their health, according to Vinderola & Reinheimer(31).

A number of factors can affect probiotic bacteria viability in 
yogurts. High carbohydrate concentrations added to the product 
before its fermentation can inhibit the bacteria, leading to long 
periods of fermentation and an underdevelopment of acidity(16). 

FIGURE 3. Number of colony forming units (CFU) of bifidobacteria per 
gram of feces from control and celiac groups, before and after probiotic 
intake. Results are expressed as mean ± standard deviation (control group 
n=17 and celiac group n=14). * P<0.05 nonparametric t test, when com-
pared to the respective control group before probiotic intake or ** when 
compared to the respective control group after probiotic intake. 

B
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Oliveira & Damin(16) found that the number of probiotic bacteria 
remained stable for at least seven days of storage. However, in this 
study volunteers consumed the probiotics up to their expiration 
date, which simulates the acquisition of products commercialized 
for the general population. A yogurt of a lot provided for the vol-
unteers was randomly tested six days after its expiration date, in 
which a bifidobacteria concentration of 1.74x106 CFU/g of yogurt 
was found. Coupled with the likely concentration of Lactobacillus, 
this would still be a probiotic food and bring benefits to people’s 
health(19), including celiac patients.

The largest number of  female celiac patients in this study is 
consistent with literature, which shows a higher prevalence of CD 
in women(3). About 30% of celiac patients evaluated in this study 
have a relative with CD, which is similar to a study made with 
patients from Association of Celiac People in Brazil, section from 
Santa Catarina, (ACELBRA-SC) in 2004, revealing that 27% of 
associates had relatives with CD(3). This data reinforces the idea 
that genetic determinants of CD are associated with environmental 
factors(15). It is important to note that 100% of the celiac patients 
who participated in the research had the intestinal biopsy done for 
their diagnosis, which is recommended by the literature(30). 

The poor intestinal absorption of most nutrients resulting from 
the inflammatory response on CD can explain why most celiac 
patients reported having osteoporosis and osteopenia(3,30). It also 
explains why most participants of this research have replenished 
calcium and vitamin D after CD diagnosis. The supplementation 
with probiotic-containing yogurt could bring not only the benefits 
from the probiotics for celiac patients but also a greater amount of 
calcium absorbed from their diet.

The mechanisms of action of probiotics have not been com-
pletely elucidated, even though many have been suggested and 
possibly operate individually or associated(32). There is evidence 
that probiotics have antimicrobial action, compete for limited nu-
tritional resources from the intestinal microbiota, block adhesion 
of pathogens in the intestinal mucosa and have antitoxin effects 
of  pathogens(22). Bifidobacteria can also benefit people’s health 
by lowering intestinal pH through the production of short chain 
fatty acids (acetate and lactate), thus inhibiting pathogenic bacteria 
growth. This is a digestive system self-mechanism for popula-
tion control and selectivity of  bacterial colonization(13). Indeed, 
a significant correlation between faecal pH and bifidobacteria 
concentration was not seen in this study. 

Macro and micromorphology of bifidobacteria colonies found 
in the stool samples were similar in both groups and were as de-
scribed in the literature. However, the results show a significant 
lower quantity of bifidobacteria CFU per gram of feces of celiac 
patients than in the control group. Some studies show that allergic 
children and patients with atopic diseases are frequently colonized 
by a reduced number of bifidobacteria when compared to healthy 
children, showing a close relationship between bifidobacteria con-
centration and host immune disorders(5).

Nadal et al.(15) reported an imbalance in the intestinal biota of 
celiac children, especially the reduction of faecal Bifidobacterium 
spp. concentration. Similarly, Collado et al.(4) have reported that 
celiac children with active or inactive disease had inferior bifido-
bacteria counting than control groups for both analyzed samples, 
either feces or intestinal biopsy specimens. Therefore, this imbal-
ance seems to be independent on the activity of the disease. This 
explains the lower bifidobacteria concentration found in feces of 
adult celiac patients in this study, all in a controlled phase of CD.

The results found in this study for bifidobacteria concentra-
tion without probiotic consumption show a significantly higher 
bifidobacteria count in healthy subjects when compared to celiac 
patients, which is consistent with literature(8). Even after probiotic 
consumption, the faecal bifidobacteria count in celiac patients 
from this study has not reached the counting in healthy individuals 
without probiotic consumption (Figure 3). 

The values of faecal pH for both groups before probiotic intake 
had no significant difference, having them remained very similar 
even after probiotic intake. These results suggest that the higher 
faecal bifidobacteria concentration after probiotic consumption 
did not increase intestinal fermentation, which would lower the pH 
and ease bifidobacteria growth(13). However, it is worth noting that 
the pH from the control group was slightly more acidic than the 
pH from the celiac patients. The increase in bifidobacteria count 
favors the lowering of faecal pH due to the fermentation done by 
these bacteria(13). The results of pH values from both groups, celiac 
and control, suggest that the smaller amount of bifidobacteria in 
the intestine of celiac patients is probably not related to faecal pH, 
but to the pathogenesis of  CD. Thus, the relationship between 
bifidobacteria counting and CD has yet to be elucidated. 

The maintenance of  pH values before and after probiotic 
ingestion may be related to time or quantity/concentration of the 
daily-consumed probiotic, being suggested that probiotic effects 
are dose-dependent(19). However, the recommended dose by the 
literature was consumed in this study, which is between 106 e 1011 
CFU/day, depending on the desired effect(22).

In order to have the metabolism and intestinal content reflected 
in feces, variables must be taken into account, including intestinal 
motility, total fiber ingestion, intestinal secretion, and duration of 
dietetic intervention. Because of that, faecal pH may not exactly 
reflect colon pH. In fact, Bouhnik et. al.(2) have not considered the 
faecal pH as a good indicator of intestinal acidification, since it 
has not changed after ingestion of  nondigestible carbohydrates 
by 200 healthy volunteers, despite the increase in the number of 
faecal bifidobacteria. 

Although the healthy intestinal microbiota remains to be de-
fined, there are many diseases related to its imbalance. In most cases, 
there is no information yet if  microbiota imbalance has a triggering 
role or if  it is a disease consequence. Anyway, both relationships 
lead to the hypothesis that an intervention to restore the microbiota 
to the healthiest state could mitigate the disease. The consumption 
of properly selected probiotics could be used with such role(23). 

There is indication, amongst research to elucidate activity of 
bifidobacteria, that intestinal microbiota change can influence the 
typical inflammatory reactions in CD in a specie-specific way(4). 
Therefore, it is thought that bifidobacteria has a great therapeutic 
potential, and manipulation of intestinal biota, as with probiotic 
supplementation, might improve quality of life of celiac patients. 

However, it should be noted that the inclusion of a small num-
ber of participants, the evaluation of pH and bifidobacteria con-
tents during a short period of time and the availability of molecular 
methods, more accurate to evaluate the intestinal microbiota, may 
be considered limitations of the present study. Therefore, we suggest 
that additional studies should be performed in order to evaluate 
all the aspects regarding intestinal microbiota and probiotic sup-
plementation in CD.

It is still not clear why celiac patients who are in a controlled 
phase of the disease – i.e., on a gluten free diet, with restored in-
testinal villi and with no symptoms –, present less bifidobacteria.
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CONCLUSION

The results obtained in the present study allow the conclusion 
that there is a lower bifidobacteria count in the intestinal micro-
biota of celiac patients, even when they are on a gluten free diet 
and consuming probiotic-containing food, when compared to the 
control group. This disturbance is independent on the faecal pH. 

Supplementation with probiotics increased the number of faecal 
bifidobacteria, which reflects its intestinal concentration. Further 
research must be performed in order to evaluate the equilibrium of 
other bacteria (for instance, the pathogenics); to verify how long 

bifidobacteria count remains elevated after probiotic consumption; 
to correlate small intestine biopsy results with bifidobacteria con-
centration, since celiacs were on a gluten free diet; and evaluate if  
the microbiota imbalance was due to gluten contamination in food. 

In summary, this information will help develop specific dietetic 
recommendations to celiac patients based on their microbiota 
composition. 
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INTRODUCTION

Small intestine bacterial overgrowth (SIBO) is a heterogeneous 
syndrome, which can be characterized by an increase in the number 
and/or presence of an atypical microbiota in the small intestine(5,15). 
It is known that although the gold standard for the diagnosis of 
overgrowth is still the presence of 1 x 105 to 106 colony forming 
units/mL (cfu/mL) in the jejunal aspirate, this definition has been 
challenged in the present scenario(2,5). Khoshini and collaborators 
suggest that healthy individuals rarely have higher bacterial counts 
than 1 x 103 cfu/mL, which should be the new threshold for defini-
tion of the syndrome(8).

The real prevalence of  this syndrome is not well known due 
to difficulties in defining and thus the very detection of SIBO(2). 
However, studies suggest that SIBO is a very common clinical 
condition, especially in patients with impaired gastrointestinal 
motility or anatomical abnormalities in the digestive tract(5). Thus, 
a high prevalence of  overgrowth was observed in patients with 
functional gastrointestinal disorders, inflammatory bowel disease, 
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liver diseases, pancreatic diseases, celiac disease, diabetes mellitus 
and neuromuscular diseases(3,12). Furthermore, SIBO has been as-
sociated with certain clinical conditions including rosacea, hepatic 
encephalopathy, obesity, gastroparesis, Parkinson’s disease, fibro-
myalgia, among many others(14,19,21). It is believed that qualitative 
and quantitative alterations of the intestinal microbiota (dysbiosis) 
occur in all of  these clinical conditions associated with chronic 
symptoms determining SIBO(5,14). Thus, the bacterial overgrowth 
is almost always a secondary condition, and, if  the underlying 
problem is not addressed and treated properly (which is not always 
possible), the chance of SIBO recurrence is very high, even after 
antibiotic therapy(16). In such cases, the need for repeated cycles of 
antibiotics is frequent to improve the intestinal symptomatology(9).

The examination considered the gold standard for SIBO diag-
nosis is the jejunal aspirate culture, which is not routinely performed 
because it requires a complex technique and is costly(15). In clinical 
practice, the most widely used method is the Hydrogen (H2) breath 
test which has good sensitivity and specificity for the diagnosis(5,15,21). 
This indirect and non-invasive test that uses glucose or lactulose as 
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a substrate, is able to determine in the exhaled breath, the concen-
tration of H2 produced from the intestinal bacterial metabolism. 
However, approximately 8 to 27% of individuals do not produce H2, 
due to the presence of methanogenic microbiota, which results in a 
significant percentage of false negative results(1,7,18). For this reason, 
there has been a recommendation to perform the test in modern 
equipment capable of detecting, concomitantly, the concentration 
of exhaled H2 and methane (CH4), making it more sensitive and 
more acurate(5,15,21). Most studies point out that the diagnostic ac-
curacy of the breath test using glucose is higher compared to that 
using lactulose(20).

Breath tests capable of  identifying exhaled gases begin with 
acquiring the jejunal sample (baseline) for the measurement of H2 
and/or CH4 in the exhaled air(6). After determining the baseline 
value, which is generally less than 10 parts per million (ppm), the 
patient ingests the carbohydrate that will be tested on the recom-
mended dose (20 grams of lactulose in 250 ml of water and 25 to 
50 g glucose in 250 mg of  water)(21). The test will be considered 
normal if  a significant increase in H2 and/or CH4 concentration 
does not occur in the expired air (less than 12 ppm increase over 
the baseline value). It is important to observe and analyze possible 
symptoms that patients may present during the test(5,21).

SIBO treatment is empirical, recommending the use of broad 
spectrum antibiotics for 10 to 14 days (quinolone, metronidazole, 
Amoxycillin, tetracycline). The antibiotic of choice considered is 
rifaximin, which has low systemic absorption and minimal col-
lateral effects(13,16,17). This drug has been shown to be more effec-
tive and safer in many studies, but is not yet available in Brazil(12). 
Thus, it is recognized that, currently, the emerging need to develop 
a systematic and consensual approach to the diagnosis and treat-
ment of SIBO(16,19).

This study aimed to determine the prevalence of  SIBO in 
patients with digestive symptoms, through a comparative analysis 
of  breath tests using H2 or H2 and CH4. It is intended to infer 
whether, in fact, the tests on devices able to detect both gases in 
exhaled air (H2 and CH4) are cost-effective and necessary for the 
diagnosis of SIBO.

METHODS

A retrospective observational study was made, that evaluated 
the data and the results of  breath tests using H2 or H2 and CH4 
performed in a Breath Test Laboratory in Belo Horizonte (Cemad). 
This is the only service that has the breath test device able to detect 
exhaled H2 and CH4 in this city (GastroCH4ECK™). The project 
was approved by the Ethics Committee of the Medical Sciences 
Faculty Research in the resolution number 46290015.9.0000.5134.

The patients who underwent these tests and from which will 
be made the interpretation of the results, were sent to the labora-
tory due to presenting gastrointestinal symptoms and clinical 
suspicion of  SIBO. Spreadsheets were constructed detailing the 
results of  breath tests using only H2 and the H2 and CH4. The 
results confirmed or disproved the SIBO diagnostic through a 
quantitative assessment of the exhaled gases (value described in 
ppm, i.e. parts per million) and also through the evaluation of the 
presence or absence of symptoms reported by patients during the 
course of the respective tests. Such symptoms, properly described 
in the analyzed results of the tests were stratified as mild (only one 
reported symptom), moderate (two symptoms reported) and severe 
(three or more symptoms reported).

We evaluated the results of  the breath tests from patients of 
both sexes without age limitation, referred to conduct such tests 
because of gastrointestinal complaints such as abdominal pain and/
or discomfort, flatulence, bloating, diarrhea, intestinal constipation, 
among others. A convenience sample which included all the results 
of the exhaled H2 and CH4 test held since the implementation of 
this breath test at the clinic for a year and a half  (100 patients) was 
used. Similarly, the same number of patient test results that only 
performed the exhaled H2 test during that same period, selected 
consecutively and randomly (100 patients) was also evaluated. For 
greater uniformity in the interpretation of the results, we included 
only the results of patients who underwent the test using glucose 
as a substrate, excluding the results of those who took the test with 
lactulose as substrate.

The results were reviewed and analyzed by the interpretation 
of  the figures obtained from the excretion of  H2 and/or H2 and 
CH4 during the 2 hours that the test was performed. The patient 
results of H2 breath tests considered positive were those who had 
an increase in excretion of  H2 in at least 12 ppm relative to the 
baseline value, obtained before the substrate intake (glucose). 
Correspondingly, the patient results of  H2 and CH4 breath tests 
considered positive were those who had increase in excretion of 
H2 or CH4 or both gases in at least 12 ppm relative to the baseline 
value. Furthermore, an analysis was done of  the symptoms de-
scription reported by patients during the whole period in which 
the tests were performed, in addition to the proper stratification 
as previously mentioned.

The data is presented by absolute and relative frequencies. The 
association between the results of breath tests in relation to gender 
and the occurrence of symptoms was assessed by Fisher’s exact test. 
Statistical analyzes were carried out in the free software R version 
3.1.3 and P values less than 0.05 were considered significant (5% 
significance level).

RESULTS

The sample consisted of 200 consecutive results of breath tests 
of patients with clinical suspicion of SIBO. We selected 100 results 
of patient tests who only performed the exhaled H2 test and 100 
patient results who underwent the exhaled H2 and CH4 test in the 
same period.

We found that the H2 and the H2 and CH4 exhalation tests were 
performed predominantly in women, accounting for 66% and 72% 
of samples, respectively.

It was observed that 56 results (56%) of exhaled H2 breath tests 
were positive for SIBO. In addition, 63% of them had reported 
intestinal symptoms during the tests, with 16% classified as severe 
symptoms, 12% classified as moderate and 35% as mild symptoms. 
The time required for the test to became positive ranged from 15 
to 120 minutes between the analyzed results. We also observed the 
difference of the baseline value and the maximum peak of exhaled 
H2 which ranged between 12-85 ppm in these analyzed results.

The analysis of the test results from patients who underwent 
the exhaled H2 and CH4 test showed that 64 patients (64%) tested 
positive for SIBO. In addition, there were reports of  intestinal 
symptoms in 48% of the results of the analyzed tests, 15% were 
classified as severe symptoms, 13% as moderate symptoms and 
20% as mild symptoms. The time required for the test positivity 
ranged from 15 to 120 minutes for H2 and 15 to 90 minutes for CH4, 
between the analyzed results. There was also the difference from 
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the baseline and the maximum peak obtained from exhaled gases 
ranged between 12-144 ppm (H2) and 14-50 ppm (CH4).

Table 1 shows the gender distribution and the occurrence of 
symptoms resulting from the H2 test. The occurrence of symptoms 
during the test was significantly associated with the test result (P-
value 0.000), indicating that, among patients with a positive result, 
the proportion of those with symptoms (80.4%) was significantly 
higher than among patients with negative results (40.9%)

higher than among patients with negative results (61.1%). The 
isolated affirmation of exhaled H2 was not significantly associated 
with gender (p-value 0.454) or with the occurrence of symptoms 
(P-value 0.814). Similarly, the isolated affirmation of methane was 
not significantly associated with gender (P-value 0.359) nor the 
occurrence of symptoms (P-value 1.000). In cases of simultaneous 
affirmation of H2 and CH4, there was also no significant association 
with the symptoms (P-value 0.735).

DISCUSSION

There is a misconception that SIBO is a rare clinical condi-
tion that occurs only in a small number of patients with anatomic 
abnormalities of  the proximal digestive tract or severe digestive 
motility disorders(18). Recent studies show that an excessive number 
of bacteria is found in several gastrointestinal disorders, surviving 
especially in patients with celiac disease, inflammatory bowel dis-
ease, chronic liver diseases and gastrointestinal functional disorders, 
especially in the irritable bowel syndrome(4,14). 

It is known that the prevalence of SIBO in healthy volunteers 
is lower when compared to symptomatic patients, especially those 
patients with inflammatory bowel disease, irritable bowel syndrome 
and abdominal(7,11) distension syndrome. The presence of overgrowth, 
as detected by the exhaled H2 test has been described in 0-12.5% in 
the asymptomatic(20) volunteer group. However, it is important to note 
that the actual prevalence of the syndrome is not well known due to 
remaining difficulties for its diagnosis in daily practice(2).

In the present study, we observed a higher prevalence of females 
in patients with intestinal symptoms in the two analyzed tests. 
However, a study by Erdogan et al.(15) demonstrated that gender 
does not influence the presence of overgrowth, not corroborating 
with our results. What probably differs from our results is that most 
patients referred to such tests were suffering from gastrointestinal 
functional disorders, especially irritable bowel syndrome, known 
to be more prevalent in women, at a ratio of 4:1(10,11).

The study from Erdogan et al. also showed that the prevalence 
of bacterial overgrowth in patients with intestinal symptoms (diar-
rhea and flatulence, without changes in digestive endoscopy) was 
only 27.3% when using the H2 and CH4 test(6). However, when the 
duodenal culture (gold standard for the diagnosis of SIBO) was also 
performed this prevalence increased to 44.6%. These authors con-
cluded in the end that 65.5% of patients reporting gastrointestinal 
symptoms during the test had an overgrowth of microorganisms 
in the small intestine. In our study, we found a prevalence of 64% 
positivity overgrowth, a very similar rate to that acquired by North 
American researchers(18). 

We observed in this study that the presence or absence of 
digestive symptoms while performing both tests shows a direct 
correlation with the result thereof. In patients who tested positive 
for SIBO, symptom reporting was significantly more frequent than 
in those with negative results.

Given that the H2 and CH4 are produced in the intestine by 
microorganisms that degrade carbohydrates, the breath test which 
detects these gases is carried out in order to evaluate the presence 
of bacterial overgrowth(18,22). Thus, the use of the test that identi-
fies the production of both gases is essential for greater accuracy 
in the diagnosis of the syndrome. The addition of methane to the 
exhaled H2 test increases the sensitivity for the diagnosis of SIBO, 
allowing detection of the syndrome in a subgroup of individuals 
that do not produce H2, but produce CH4 as a major byproduct 

TABLE 2. Gender distribution and symptoms occurrence for test result 
of H

2 
and CH

4
 exhale test employing glucose as a substrate

Variables
Positive Negative

P-value
n % n %

Positive only for H
2

36 36

   Gender 0.454

      Female 26 72.2 22 61.1

      Male 10 27.8 14 38.9

   Symptoms 0.814

      Symptomatic 19 52.8 17 47.2

      Asymptomatic 17 47.2 19 52.8

Positive only for CH
4

18 36

   Gender 0.359

      Female 14 77.8 22 61.1

      Male 4 22.2 14 38.9

   Symptoms 1.000

      Symptomatic 8 44.4 17 47.2

      Asymptomatic 10 55.6 19 52.8

Positive H
2
 and CH

4
10 36

   Gender 0.020

      Female 10 100.0 22 61.1

      Male 0 0.0 14 38.9

   Symptoms 0.735

      Symptomatic 4 40.0 17 47.2

      Asymptomatic 6 60.0 19 52.8

TABLE 1. Gender distribution and symptoms occurrence for test result 
of H

2
 exhale test employing glucose as a substrate

Variables
Positive (n=56) Negative (n=44)

P-value
n % n %

Gender 1.000

   Female 37 66.1 29 65.9

   Male 19 33.9 15 34.1

Symptoms 0.000

   Symptomatic 45 80.4 18 40.9

   Asymptomatic 11 19.6 26 59.1

Table 2 shows the distribution of  gender and occurrence of 
symptoms resulting from the H2 and CH4 test. There was a signifi-
cant association between the affirmation of  both gases (H2 and 
CH4) and gender (P-value 0.020), indicating that the proportion 
of  female patients with positive results (100%) was significantly 
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of carbohydrate fermentation(16). According to numerous studies 
that identified CH4 exhaled in breath tests, it is estimated that 
30%-62% of healthy individuals excreting this Gas(6,22). As about 
15% of humans do not produce H2, devices capable of detecting 
both gases, greatly increase the sensitivity of  the test, reducing 
false negative results.

In this study the data analyzed was from two breath tests 
using different samples. SIBO prevalence was 56% in the tests 
conducted in apparatus that detects only expired H2 and 64% in 
those performed in another apparatus capable of detecting both 
exhaled H2 and CH4. In this last test, it was found that methane 
was solely responsible for positivity in 18% of patients, while the H2 
was solely responsible for 36% of this total. Together, these gasses 
were responsible for the positivity in 10% of the sample. 

Our results show that approximately 20% of patients identified 
with SIBO only got their SIBO diagnosis by methane identification 
in the exhaled gas, which is consistent with the results found in the 
literature(6,16,20). Thus, it is essential that the breath tests to diagnose 
SIBO be performed on devices capable of identifying the exhaled H2 
and CH4, in order to increase sensitivity and diagnostic accuracy. 

CONCLUSION

The data obtained in our study are consistent with those of 
the most recent literature on this topic. We proved the importance 
of utilizing the breath test that identifies the exhaled H2 and CH4 
in order to increase the diagnostic accuracy of  small intestine 

bacterial overgrowth. Our results confirm previous findings that 
showed that 15% to 20% of individuals do not produce hydrogen 
gas in their intestine. 

It was also possible to observe a high prevalence of SIBO in 
patients with digestive symptoms during the two hours that the 
test is performed. Furthermore, we found that the presence and 
severity of symptoms during the making thereof is more frequent 
in patients with a positive result, correlating directly with the di-
agnosis of bacterial overgrowth.

Our study reinforces the need for routine introduction, in our 
midst, of devices able to detect both gases (H2 and CH4) for the 
most accurate diagnosis of  SIBO, increasing thus the sensitivity 
and reliability of  this test, with a significant reduction of  false 
negative results.
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Martins CP, Chaves CHA, Castro MGB, Gomes IC, Passos MCF. Prevalência de supercrescimento bacteriano do intestino delgado em pacientes com 
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RESUMO – Contexto – O supercrescimento bacteriano do intestino delgado é uma síndrome heterogênea, caracterizada pelo aumento no número e/

ou presença de uma microbiota atípica no intestino delgado. Os sintomas do supercrescimento bacteriano do intestino delgado são inespecíficos 
englobando quadro de dor/distensão abdominal, diarreia e flatulência. Devido ao maior custo e complexidade para a realização do aspirado jejunal, 
padrão ouro para o diagnóstico da síndrome, tem sido utilizado rotineiramente o teste do hidrogênio (H2) expirado, utilizando glicose ou lactulose 
como substrato, que é capaz de determinar, no ar expirado, a concentração de H2 produzida a partir do metabolismo bacteriano intestinal. Entretanto, 
em decorrência de uma parcela de indivíduos apresentar uma microbiota metanogênica, não produtora de H2, justifica-se a realização do teste em 
aparelhos capazes de detectar, concomitantemente, a concentração de H2 e metano (CH4) expirados. Objetivo – O presente estudo teve como objetivo 
determinar a prevalência de supercrescimento bacteriano do intestino delgado em pacientes com sintomas digestivos, através de uma análise compar-
ativa dos testes respiratórios empregando H2 ou H2 e CH4 associados, utilizando a glicose como substrato. Métodos – Foram avaliados 200 pacientes 
de ambos os sexos, sem limitação de idade, encaminhados a um Laboratório de Teste Respiratório para realização do teste de H2 (100 pacientes) e de 
H2 e CH4 expirados (100 pacientes) devido a queixas gastrointestinais, a maioria deles portadores de distúrbios funcionais gastrointestinais. Resulta-
dos – Os resultados obtidos indicaram uma significativa prevalência do supercrescimento bacteriano do intestino delgado no teste do H2 e no teste 
do H2 e CH4 expirados (56% e 64%, respectivamente) em pacientes com sintomas gastrointestinais, além de maior predominância no sexo feminino. 
Constatou-se ainda, que o gás metano foi isoladamente responsável pela positividade em 18% do total de pacientes. Conclusão – Os dados encontrados 
no presente estudo demonstram condizentes com os achados da literatura atual e reforçam a necessidade da utilização de aparelhos capazes de captar 
os dois gases (H2 e CH4 expirados) para melhorar a sensibilidade e, consequentemente, a acurácia do diagnóstico de supercrescimento bacteriano do 
intestino delgado na prática médica diária. 

DESCRITORES – Crescimento bacteriano. Intestino delgado. Testes respiratórios. Hidrogênio. Metano. 
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INTRODUCTION

Crohn’s disease (CD) and ulcerative colitis (UC) are the two ma-
jor inflammatory bowel diseases (IBDs) that affect 1 in 200 people 
in developed countries, where they present an increasing incidence 
and prevalence. In European countries, at least a five-fold increase 
in the incidence of IBD in the last 30 years has been estimated(5,15).

IBD generally causes debilitating symptoms such as urgent 
diarrhea, rectal bleeding, vomiting, and anorexia, which often 
have an adverse effect on the social, professional, academic, family 
relationships, and sexual activity of patients(3,5,14,15).

UC, which involves only the rectum and colon, usually de-
velops in the rectum (proctitis) and may extend proximally to the 
sigmoid and descending colon (left sided colitis) or the entire colon 
(pancolitis). The location and disease activity index determine the 
therapeutic approach(2).

CD may affect the gastrointestinal tract anywhere between 
the mouth and the anus; inflammation occurs intermittently, 
with spots caused by the disease in areas of healthy mucosa. CD 
may be classified as inflammatory, stenotic, or penetrating. The 
genetic component is more prevalent in CD than in UC. Other 
rheumatologic, dermatologic, ophthalmologic, hepatobiliary, and 
extraintestinal diseases may occur concomitantly(2).

Among the various classifications proposed for UC and CD, the 
Montreal classification is the most commonly used as it distinguishes 
clinical subphenotypes of CD according to location, behavior, and 
age at symptom onset, and those of ulcerative colitis according to 
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the extent of the disease and age at symptom onset. Such a classi-
fication is desirable for correlating specific disease phenotypes with 
possible clinical outcomes and prognosis to select a better therapeutic 
approach and a more appropriate follow-up for each patient(4,5).

Reference centers responsible for treating patients with IBD 
are often required to justify their need for resources in order to 
provide appropriate treatments for patients. Studies have shown 
that the costs related to treating patients with IBD are nearly 2.2 
billion dollars per year in the United States(15).

In Brazil, patients with CD and UC are not necessarily reported 
resulting in a lack of epidemiologic data with respect to these disea-
ses. This situation places patients in a vulnerable state, as incipient 
studies and the poor publication records on this group of diseases 
contribute to their late diagnosis and increased morbidity(3,4,6,8,9,14).

It is difficult to determine the epidemiologic data of  IBD in 
Brazil and all developing countries owing to deficiencies in data 
recording systems and the inability to access data other than those 
in the public health system. Given this reality, specialty pharmacies 
and reference centers for the treatment of IBD are favorable places 
for performing IBD-related studies(6,8,9,14).

The outpatient follow-up of patients with IBD aims to control 
symptoms and induce disease remission, adapt patients to their 
chronic condition and improve their quality of  life, minimize 
toxicity and monitor the adverse effects of prescribed drugs, and 
postpone or reduce the incidence of relapse(1).

Therefore, this study aimed to describe the profile of patients 
with IBD in a university outpatient service in Rio de Janeiro.

AG-2016-79
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METHODS

This retrospective, documentary, and descriptive quantitative 
study was performed in an outpatient treatment service for IBD 
of a University Polyclinic located in Rio de Janeiro. The study was 
performed between May and July 2016, and included 556 patients. 
This investigation followed the ethical guidelines recommended 
by the Brazilian National Committee for Ethics in Research of 
the Brazilian National Health Council, and was approved by 
the Research Ethics Committee of  the Institution (CAAE no. 
55179316.6.0000.5259/2016).

The inclusion criteria were patients with IBD registered in the 
outpatient service for IBD treatment and undergoing outpatient 
treatment during the data collection period. Patients who had 
undergone treatment for <3 months were excluded from the study 
owing to the lack of  necessary data for surveying their full profile.

The variables studied were sex, age, demographic data, diagno-
sis, disease location, intestinal CD phenotype, effective treatment, 
previous surgeries, and the occurrence of perianal disease.

The data were retrieved from medical records by using an ap-
propriate data collection tool that enabled the collection of  the 
socio-demographic, clinical, endoscopic, radiologic, and imaging 
profiles of each study participant.

Age was analyzed as a continuous variable, whereas the 
average and minimum and maximum values were retrieved and 
analyzed by using a line chart to find the prevalence peaks ac-
cording to age.

The Montreal classification, which subdivides the disease ac-
cording to three main phenotypic characteristics, i.e. age at diag-
nosis (A, “age”), topographic location (L, “location”), and clinical 
behavior (B, “behavior”), was used to categorize the CD location. 
The location is defined as the point of the maximum anatomical 
extent of the disease at any time. There were four possible classifica-
tions according to location: terminal ileal (L1, limited to the lower 
third of  the small intestine, with or without cecal involvement), 
colonic (L2, anywhere between the cecum and the rectum without 
involvement of the upper digestive tract), ileocolonic (L3, terminal 
ileum and anywhere between the ascending colon and rectum), and 
isolated to the upper gastrointestinal tract (L4, anywhere above 
the terminal ileum, except the mouth). If  there is a simultaneous 
proximal (L4) and distal (L1–L3) involvement, an L4 category 
should be added as a modifier; if  no distal involvement was found, 
L4 was considered to be of  the exclusive form. This resulted in 
seven possible classifications according to location: L1, L2, L3, 
L4, L1+L4, L2+L4, and L3+L4(4,10).

Concerning the clinical behavior of  CD, three classifications 
were used: nonstenotic and nonpenetrating/inflammatory (B1), 
stenotic (B2), and penetrating/fistulizing (B3). Nonstenotic and 
nonpenetrating/inflammatory clinical behavior (B1) occurs in 
the presence of  inflammation without any stenotic or fistulizing 
evidence. On the other hand, stenotic behavior (B2) is defined 
by a narrowing of  the intestinal lumen. Penetrating behavior 
(B3) is defined when abdominal fistulae or inflammatory masses 
and/or abscess occur at any period during the progression of 
disease(4,10,12,15).

To ensure correct classification and differentiation of  the 
clinical behavior of CD, data from enterography reports obtained 
from magnetic resonance imaging or computed tomography scans 
were used preferentially, as well as endoscopic reports of the study 
patients when appropriate. 

The extent of UC was classified as follows: ulcerative proctitis 
(E1), involvement limited to the rectum; left colitis (E2), involve-
ment extending to the splenic flexure; and extensive colitis (E3), 
involvement extending beyond the splenic flexure(3,5).

The data were processed, stored, and analyzed by using Mi-
crosoft Excel 2010 and the Statistical Package for Social Sciences 
version 20.0. For characterization of the sample and descriptive 
analysis of  the variables, the data were summarized by using 
descriptive statistics in frequency distribution tables. The results 
were discussed and compared with the data of currently available 
relevant studies.

RESULTS

Among the 556 patients with IBD who participated in the 
study, 331 (59.3%) were women and 225 (40.7%) were men. The 
median age of the 432 participants was 49.7 years ,range, 15–86 
years (Figure 1).

The data relative to the places of residence of the participants 
showed that most of the patients treated at the outpatient service 
lived in the same municipality (53.70%; n=290), whereas those 
from the other 33 neighboring municipalities in the city of Rio de 
Janeiro were also identified. The patient with the farthest residence 
was living 344 km away from the reference center. Considering the 
regional distribution in the state, most of the treated patients were 
living in the metropolitan region (94.32%; n=382), followed by those 
who were living in the Coastal Lowlands region (2.72%; n=11), 
Northern Rio de Janeiro (1.23%; n=5), Costa Verde (0.74%; n=3), 
and Middle Paraíba and Central-South Rio de Janeiro (0.25%; n=1 
each). The other patients (0.49%; n=2) were living in other states 
of the southeastern region of Brazil.

Concerning race/self-reported color, the data of 431 patients 
were surveyed: 47.80% (n=206) self-reported as white, 38.52% 
(n=166) as dark skinned, and 13.69% (n=59) as black. 

The medical diagnoses included the data of 447 patients. CD 
was found in 56.38% (n=252) and UC was found in 38.26% (n=171), 
whereas 5.37% (n=24) of patients were lacking a diagnosis.

The most common types of  UC according to inflammatory 
location were extensive colitis (E3) 35.67%, (n=61) and proctitis 
(E1) 30.99%, (n=53) (Figure 2).

FIGURE 1. Distribution of inflammatory bowel disease (IBD), Crohn’s 
disease (CD), and ulcerative colitis (UC) in patients according to age. Rio 
de Janeiro, Brazil, 2016.
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The data from 88 patients with CD were surveyed according to 
the Montreal classification; the most prevalent type of CD accor-
ding to location was ileocolonic (L3) (57.95%, n=51), followed by 
colonic (L2) (18.18%, n=16), ileal (L1) (11.63%, n=10), pancolonic 
(L2+L4) (10.23%, n=9), and jejunoileal (L1+L4) (2.33%, n=2).

According to the phenotypic classification of CD, the stenotic 
phenotype (B2) was the most prevalent (35.23%; n=31), followed 
by the nonstenotic and nonpenetrating/inflammatory (B1) (25%; 
n=22) and penetrating/fistulizing (B3) (23.86%; n=21). However, 
15.91% (n=14) of patients were lacking a classification (Table 1). 

Of the 252 patients with CD, 17.46% (n=44) had some type 
of perianal disease and 12.69% (n=32) had undergone a surgical 
procedure owing to disease complications (Figure 3).

TABLE 1. Number and proportion of patients with Crohn’s disease accor-
ding to location and phenotype. May to July 2016, Rio de Janeiro, Brazil

Variables
n %

Localization Intestinal phenotype 

Ileocolonic (L3)
Stenotic (B2)
Inflammatory (B1)
Penetrating (B3)

19
7
19

21.59
7.95
21.59

Colonic (L2)
Stenotic (B2)
Inflammatory (B1)
Penetrating (B3)

5
7
1

5.68
7.95
1.14

Ileal (L1)
Stenotic (B2)
Inflammatory (B1)
Penetrating (B3)

5
3
1

5.68
3.41
1.14

Pancolonic (L2+L4)
Stenotic (B2)
Inflammatory (B1)

2
3

2.27
3.41

Jejunoileal (L1+L4)

Inflammatory (B1)
Penetrating (B3)

Not identified

1
1

14

1.14
1.14

15.91

Total 88 100%

DISCUSSION

The results of  this study showed a predominance of  female 
patients, thus corroborating other studies performed in Brazil. The 
data released in April 2016 by the department of pharmaceutical 
care and strategic inputs of the state of Rio de Janeiro are consis-
tent with those obtained in the outpatient service. That publica-
tion indicated that 58.92% of patients with IBD were women and 
41.08% were men(3,4,8,14). In contrast, most European studies showed 
a higher prevalence of IBD among men; in European countries, 
women primarily develop CD and men develop UC(2,12).

Young adults are commonly diagnosed as having both CD and 
UC. Most new diagnoses were in the age group of between 15 and 
40 years, whereas another peak of incidence was between 50 and 
80 years(4,11,15). Concerning the age group of the patients included 
in this study, most cases of IBD occurred at age between 30 and 45 
years, whereas another peak of incidence occurred around age 60 
years. The results found in this study contradict those found in the 
international literature. Most studies indicated a higher prevalence 
of  IBD in white patients, followed by dark-skinned, black, and  
yellow patients, which was confirmed in this study population with 
a higher prevalence of IBD in white women(2,3,14,15).

The demographic profile of  patients showed a similarity to 
other Brazilian reference centers that offer health care to patients 
living in neighboring regions. It is noteworthy that patients usual-
ly travel great distances to seek specialized medical services. This 
indicates the need for expanding the coverage of  more complex 
services to ensure access and proper use for all patients who need 
such services. Although telehealth defined as health-care services 
provided to people separated by distance and time is available by 
using technologies such as telephones, computers, or interactive 
video streaming, these resources are underutilized in South America 
for improving patient assistance programs despite the widespread 
use of both landlines and cell phones by these populations(13).

FIGURE 3. Distribution of occurrence numbers for perianal disease. Rio 
de Janeiro, Brazil, 2016.

FIGURE 2. Number of patients with ulcerative colitis according to 
inflammatory location. Rio de Janeiro, Brazil, 2016.
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Similar to the epidemiological studies on the profile of patients 
with IBD conducted by Kleinubing-Júnior et al. and Barros et al., 
the extent of involvement of UC in this study showed a prevalence 
of extensive colitis (E3) and rectitis/proctitis (E1)(3,8).

The Montreal classification, owing to its diagnostic and thera-
peutic implications, has been increasingly used in patients with CD. 
In most studies related to classification according to location, the 
ileocolonic type was the most frequent, followed by the ileal and 
colonic types(2–6,8–10,12,14). In this study, patients with CD showed a 
higher prevalence of the ileocolonic type (L3), corroborating the 
results of  recent multicenter studies that included countries in 
Europe, North America, and Oceania(2).

However, the data found in this study showed a greater preva-
lence of patients with CD in the colonic region (L3) than in the ileal 
region (L1). Multicenter and review studies have pointed out that 
the nonstenotic and nonpenetrating/inflammatory phenotype (B1) 
is the most frequent(2,5). Considering the phenotypic classification 
of CD, the patients evaluated in this study were not predominantly 
found as having an inflammatory phenotype, as described in the 
literature. Most patients showed a penetrating phenotype, followed 
by the stenotic and inflammatory phenotype, respectively, with 
a slightly different percentage, which may be because of the low 
number of participants assessed with this classification.

The natural history and clinical progression of IBD are rather 
heterogeneous: up to 20% of patients with ulcerative colitis need 
to undergo a colectomy owing to the complications of the disease, 
whereas >50% of patients with CD require surgery within 10 years 
after the diagnosis. On the other hand, up to 50% of patients with 
ulcerative colitis and 30% with CD tend to show a relatively pas-
sive disease progression without the need for immunosuppression 
or surgery(13).

Therefore, the findings in the literature are in contrast to the 
results of this study, which showed that patients with CD needed 
more surgical procedures than those with IURC. Surgical ap-
proaches were performed in 12.69%, that is, <20% of patients with 
CD(5,13). Perianal disease affects approximately 33% of  patients 
with CD after 10 years of disease progression and presents a high 
morbidity, mainly due to pain and drainage in the area, which may 
lead to complications such as dermatitis and pruritus. 

The most frequent types of injury are perianal fistula, abscess, 
fissure, plicoma, and stenosis, as confirmed by a Brazilian meta-
analysis of 67 articles in 2012. Some studies found perianal involve-
ment in approximately 26% of patients with CD(4,7,13).

This study found a lower prevalence of perianal disease than 
did other available studies. The most frequent type of injury was 
perianal fistula, followed by abscess, fissure, plicoma, and stenosis. 
In this manner, the occurrence of perianal disease and the percent-
age of surgical approaches described in this study did not exceed 
those described in domestic and international studies(4,5).

CONCLUSION

The data from the analysis of  the epidemiologic profiles of 
patients with IBD in this reference center in Rio de Janeiro showed 
great similarity with the profiles found in national studies; however, 
in general, nationwide studies to verify possible regional variations 
in the epidemiologic profile have not been performed throughout 
the country.

The demographic data of patients demonstrated the need for 
expanding specialized medical services and the use of  strategies 
supporting distance interventions that provide comprehensive 
health care for patients. 

The phenotypic classification of patients with CD did not show 
a prevalence of the inflammatory phenotype, as described in the 
literature. The observed high prevalence of the stenotic phenotype 
indicates the need for further investigations in this field of study 
in Brazil.

In conclusion, the other results of this study agree with those 
in the international literature. This study is expected to be useful 
for other researchers and may serve as a basis for welfare policies 
for patients with CD and UC in Brazil, leading to a more effective 
and safe therapy for these patients.
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RESUMO – Contexto – A Doença de Crohn e a retocolite ulcerativa idiopática são as duas principais formas de doença inflamatória intestinal e possuem 

crescente incidência e prevalência, tendem a ser progressivas, cursam com recidivas frequentes e assumem formas clínicas de alta gravidade. No Brasil 
a escassez de dados epidemiológicos relacionados a tais agravos deixa essas pessoas em estado de vulnerabilidade e contribui para o aumento da mor-
bidade. Objetivo – Descrever o perfil dos pacientes portadores de doença inflamatória intestinal atendidos em um ambulatório de doenças inflamatórias 
intestinais do estado do Rio de Janeiro. Métodos – Trata-se de uma pesquisa documental retrospectiva, exploratória, descritiva em abordagem quan-
titativa, realizada de maio a julho de 2016, em uma policlínica universitária, localizada no Rio de Janeiro, em ambulatório de tratamento de doenças 
inflamatórias intestinais. O estudo foi aprovado pelo Comitê de Ética em Pesquisa da instituição CAAE: 55179316.6.0000.5259 /2016, e contou com 556 
participantes. Resultados – Os dados revelam um predomínio das doenças inflamatórias intestinais, nos pacientes do sexo feminino, de cor branca. A 
doença de Crohn foi diagnosticada em um maior número de indivíduos em relação a retocolite ulcerativa idiopática. Os dados do perfil de localização 
intestinal mostram a região ileocolônica como mais afetada na doença de Crohn. Foi evidenciado predomínio do fenótipo estenosante na doença de 
Crohn. Conclusão – O predomínio do fenótipo estenosante na doença de Crohn, evidencia a necessidade de estudos aprofundados sobre a temática no 
Brasil. No mais, os dados obtidos demonstram um perfil epidemiológico da população semelhante ao divulgado em estudos nacionais e internacionais.

DESCRITORES – Doenças inflamatórias intestinais. Doença de Crohn. Colite Ulcerativa. Epidemiologia. 
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INTRODUCTION

Malignant tumors of the stomach are present predominantly 
in the form of three histologic types: adenocarcinoma accounts 
for 95% of  the tumors; lymphoma, diagnosed in about 3% of 
cases; and leiomyosarcoma, initiated in tissues that give rise to the 
muscles and bones(74).

In Brazil, gastric cancer is the fourth most common cancer in 
men and the sixth among women, except for nonmelanoma skin 
tumors(74). In the rest of the world, according to the International 
Agency for Research on Cancer (GLOBOCAN), gastric cancer is 
the fourth most common cancer in men and the fifth in women(17). 
More than 70% of gastric cancer cases occur in developing coun-
tries. The incidence rate of this disease is two times higher in males 
than in females. The peak incidence occurs mostly in men, around 
70 years old. About 65% of patients diagnosed with this cancer 
are over 50 years old(17,74).

The highest mortality rates are recorded in Latin America, 
especially Costa Rica, Chile and Colombia. However, the greatest 
number of cases occurs in Japan, where they found 780 patients per 
100,000 inhabitants. Gastric cancer does not have a good prognosis, 
and mortality remains high throughout the world(74).

Genotype association GSTM1 null and gastric 
cancer: evidence-based meta-analysis
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ABSTRACT – Background – Gastric cancer is the fourth most common cancer in men and the sixth among women, except for non-melanoma skin tumors, 
in Brazil. Epidemiological evidences reveal the multifactorial etiology of this cancer, highlighting risk factors such as: infection by the bacterium 
Helicobacter pylori, advanced age, smoking, chronic alcohol abuse, eating habits and genetic polymorphisms. Considering the context of  genetic 
polymorphisms, there is the absence of the GSTM1 gene. The lack of GSTM1 function to detoxify xenobiotics and promote defense against oxidative 
stress leads to increased DNA damage, promoting gastric carcinogenesis. This process is multifactorial and the development of gastric cancer results 
from a complex interaction of these variables. Objective – The aim of this study was to investigate the association of GSTM1 null polymorphism in 
the pathogenesis of gastric cancer. Methods – A meta-analysis was conducted from 70 articles collected in SciELO and PubMed databases, between 
September 2015 and July 2016. In order to evaluate a possible association, we used the odds ratio (OR) and confidence interval of 95% (CI 95%). To 
assess the heterogeneity of the studies was used the chi-square test. Statistical analysis was performed using the BioEstat® 5.3. Results – This study 
included 70 studies of case-control, including 28,549 individuals, which were assessed for the null polymorphism of the GSTM1 gene, and of which 
11,208 (39.26%) were cases and 17,341 (60.74%) were controls. The final analysis showed that the presence of the GSTM1 gene acts as a protective factor 
against the development of gastric cancer (OR=0.788; 95%CI 0.725-0.857; P<0.0001). Positive statistical association was found in Asia (OR=0.736; 
95%CI 0.670-0.809; P<0.0001) and Eurasia (OR=0.671; 95%CI 0.456-0.988; P=0.05). However, statistically significant data was not obtained in 
Europe (OR=1.033; 95%CI 0.873-1.222; P=0.705) and America (OR=0.866; 95%CI 0.549-1.364; P=0.534). Therefore, the results can not be deduced 
around the world. Conclusion – This meta-analysis concluded that the presence of the GSTM1 gene is a protector for the emergence of gastric cancer, 
especially in Asian countries, but this result was not found in Europe and America.

HEADINGS – Stomach neoplasms. Genetic polymorphism. Meta-analysis. 
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A study conducted by the National Cancer Institute José 
Alencar Gomes da Silva (INCA), demonstrated that the median 
survival of  gastric cancer after surgical resection was 15 months 
(0-65 months), with higher survival rates for stage I and II and 
lower survival for stage III and IV(11). European data shows that 
only 21% of patients survive more than five years after diagnosis(7). 
And therefore, in Brazil and in the world, it is a major public 
health problem.

The process of carcinogenesis is multifactorial and not com-
pletely understood. In addition to nutritional and behavioral 
factors, genetic characteristics have shown to be increasingly im-
portant. The development of gastric cancer results from a complex 
interaction of  these variables(68,86,89). Genetic susceptibility may 
modify the effect of environmental exposure, thus explaining the 
variations in incidence of cancer around the world(23,34).

The individuality of genetic susceptibility is critical in the vari-
ous factors that influence carcinogenesis, such as: protection of 
the gastric mucosa in the face of infection by Helicobacter pylori; 
inflammatory response to the infection; capacity of  detoxifica-
tion and antioxidant protective action; cell proliferation capacity; 
variability in the DNA repair process; apoptotic pathway(15,49,80,92).

In addition, part of  the susceptibility is determined by indi-
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vidual differences in bioactivation of proto-oncogenes and detoxifi-
cation of carcinogens due to metabolism and degree of penetrance 
of inherited polymorphisms(34,49).

Several genes with low penetrance were identified as potential 
carcinogens. Glutathione S-transferase (GST) is a superfamily of 
homo- and hetero-dimeric enzymes that catalyze the conjugation 
of potential carcinogens in glutathione, playing an important role 
in protecting cell structures, including DNA(89).

In humans, eight distinct GST genes were found, among 
them five are widely distributed: alpha (GSTA), sigma (GSTs), mi 
(GSTM), pi (GSTP) and theta (GSTT)(9,49). Located on chromo-
some 1p13.3, the GSTM1 plays an important role in detoxification 
of xenobiotics(89). Among the isoforms in the GST, the GSTM1 has 
a particular function, because the null polymorphism results from 
the total absence of the enzyme produced by it(80).

The most common GSTM1 polymorphism gene is a homozy-
gous deletion (null), which has been associated with reduced enzyme 
activity and increased vulnerability to cytogenetic damage(89). The 
GST enzymes commonly act on environmental pollutants, such as 
benzopyrene and other polycyclic aromatic hydrocarbons, which 
are important carcinogens. Lack of GSTM1 function to detoxify 
xenobiotics and promote defense against oxidative stress leads to 
increased DNA damage, promoting gastric carcinogenesis(61).

The association between GSTM1 null genotype and gastric can-
cer was first described by Strange in 1991 in the British population. 
In recent years, several studies have attempted to demonstrate a 
positive association between GSTM1 null and gastric cancer. How-
ever, the results have been conflicting regarding this association(80,89).

Considering both genders, gastric cancer is the fifth most 
frequent cancer and third leading cause of  cancer death world-
wide. Proper management of this disease is a major public health 
problem, both nationally and internationally. Knowledge of the 
interactions and molecular changes involving the carcinogenic 
process can lead to a way for the control of gastric cancer. In this 
perspective, the genetic role of polymorphisms has acquired a lot 
of  relevance in the scientific community(80). Given this universal 
scenario, the aim of this study is to investigate the association of 
GSTM1 null polymorphism in the genesis of  gastric cancer and 
compare the different effects of this association in Asia, America, 
Europe and Eurasia.

METHODS

The meta-analysis is a research technique that selects and 
extracts studies results through strict procedures. The results are 
then summarized by statistical analysis in order to reduce the 
subjectivity of the traditional methods of narrative review. Thus, 
combining results from different primary studies and their use in 
recent years, added significantly to the area of health by the high 
degree of recommendation associated with levels of evidence that 
it translates(63,67).

The main steps of a meta-analysis are: (1) the literature, (2) the 
transformation of the results of each study group on a common 
measure, (3) checking the homogeneity of the results, (4) modeling 
variation between studies, and finally (5) the sensitivity analysis(20).

Search and retrieval studies
The research of articles was conducted from databases of Sci-

entific Electronic Library Online (SciELO) and PubMed National 
Center for Biotechnology Information, USA (NCBI), between 

September 2015 and July 2016, for the extraction of relevant studies 
that estimated the association between GSTM1 polymorphism and 
the risk of gastric cancer. For this, the following keywords were 
selected: “GSTM1”, “gastric cancer”, “Glutathione S-transferase 
M1”, and “Meta-analysis”. During the research, articles in Por-
tuguese, English and Spanish were selected. Limitations were not 
made regarding the size of the sample obtained by surveyed items. 

Inclusion and exclusion criteria
In the context of  meta-analysis, it is important to assess the 

heterogeneity, as it consists in the variability or differences between 
studies in relation to the estimating effects and therefore its identi-
fication is critical to assess the degree of confidence in the results. 
Overall, the authors divide the heterogeneity into three types: 
clinical, methodological or statistical(58,73). In order to minimize 
these parameters, the inclusion criteria are defined: (1) Case-control 
studies; (2) histologic confirmation of adenocarcinoma; (3) gene 
by PCR Research GSTM1; (4) articles published from 1990 to 
2015; (5) articles in languages: English, Portuguese and Spanish; 
(6) articles fully accessed by researchers.

Data extraction
The extraction of relevant data were made by two researchers 

independently, discrepancies in data collection were discussed and 
a consensus was reached among researchers. Data taken from the 
table were: year of publication of the article, lead author, country, 
continent, number of cases and controls and presence of polymor-
phisms of GSTM1 in cases and controls.

Statistical analysis
Heterogeneity is defined as the diversity of the studies and can 

strongly affect the results. The diversity can then be evaluated for 
heterogeneity χ2 test(58,73). Thus, the genotypic frequencies of  all 
articles were grouped into a single table and diversity was assessed 
with the use of heterogeneous χ2 test in 2x2 contingency tables, to 
compare the different odds ratios (OR) with a confidence interval 
of 95%, determined in their studies.

If  the heterogeneity of  the χ2 test reveals a P>0.05, the null 
hypothesis is confirmed, i.e., the studies are homogeneous. So it 
is recommended to use the fixed-effect tests that assume that all 
studies point in the same direction. In this context, the most used is 
the Mantel-Haenszel test. On the other hand, if  the heterogeneity 
χ2 test results in a P<0.05, it indicates diversity and heterogeneity 
between studies. Therefore, the use of random or random effect 
tests is recommended, such as the DerSimonian-Laird tests(4,6,26,91).

Global association tests were then used to assess the significance 
of  the correlation between the polymorphism of  gene GSTM1 
and gastric cancer for all studies combined. To estimate the effect 
of gene polymorphism in the development of gastric cancer, the 
amounts of each study were combined with fixed and random tests 
of effects utilizing the software BioEstat® 5.3(26). Either for fixed-
effect tests or for the random effects, odds ratios are calculated, 
its confidence intervals (95%) and the weights for each individual 
and combined study, generating an estimated combined effect. 
In addition, the tests elaborate a graphical forest plot type. The 
advantage of these charts is to summarize, in the same space, all 
the information on the effect and the contribution of each study 
for analysis(73).

As the grouping of  all studies showed heterogeneity, we ap-
plied the random effects test DerSimonian-Laird for all genotypic 
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possibilities: the presence or absence of  the GSTM1. This same 
grouping strategy was used to stratify studies by more frequent 
locations: Asia (50 studies), Europe (12 studies), America (5 stud-
ies) and Eurasia (3 studies). For groupings with the presence of 
gastric cancer realized in Asia, America and Europe, they utilized 
the DerSimonian-Laird test. On the other hand, for the variables 
of the locations in Eurasia, the fixed effect Mantel-Haenszel test 
was applied. 

RESULTS

In this meta-analysis, after researching databases, we selected 
174 articles on the polymorphism of the GSTM1 gene, published 
between the years 1991 to 2015. Of these articles, 104 articles were 
discarded for not meeting the inclusion criteria (Figure 1). Thus, 
70 articles were brought together that evaluated the association of 
GSTM1 polymorphism and gastric cancer.

FIGURE 1. Identification of criteria, inclusion and exclusion, of the 
meta-analysis studies.

Among the articles selected, 50 were made in Asia, 12 in Europe, 
5 in the Americas (North, Central and South) and 3 in Eurasia. This 
study included 28,549 individuals assessed for polymorphism of 
the GSTM1 gene, of which 11,208 (39.26%) were part of the group 
of cases diagnosed with gastric cancer, and 17,341 (60.74%) were 
part of the control group. For comparison purposes, to group the 
data, the frequency of the presence of the GSTM1 gene in cases 
and controls were, respectively, 46.0% and 50.4%.

The data of  the GSTM1 polymorphism of  the gene were 
grouped into each article. Thus, the odds ratios (OR) were calcu-
lated for each study, their variations within the 95% confidence 
interval and significance probabilities (P).

For each cluster, we applied the DerSimonian-Laird test, except 
for the grouping in Eurasia, where we used the Mantel-Haenszel. 
The odds ratios were calculated with the grouping of all studies 
for: America (OR=0.866; 95%CI 0.549-1.364; P=0.534; Figure 2), 
Eurasia (OR=0.671; 95%CI 0.456-0.988; P=0.05; Figure 3), Eu-
rope (OR=1.033; 95%CI 0.873-1.222; P=0.705; Figure 4) and Asia 
(OR=0.736; 95%CI 0.670-0.809; P<0.0001).

The graphics generated in the meta-analysis are the forest plot 
type. This type of chart, each line represents one study, with the 
latter, in the shape of a rhombus, represents the combined results. 
The result of each study is described in graphical and numerical 
forms. In graphic form, the central squares represent the relative risk 

Colombo, 2004 0.795 (0.479

FIGURE 2. Odds ratios (OR) and confidence interval of 95% (95%CI) 
of the association between gastric cancer and the presence of GSTM1 for 
the studies carried out in America with the Chi-square test of significant 
heterogeneity (DerSimonian-Laird test).

FIGURE 3. Odds ratios (OR) and confidence interval of 95% (95%CI) 
of the association between gastric cancer and the presence of GSTM1 for 
the studies carried out in Eurásia with the Chi-square test of significant 
heterogeneity (Mantel-Haenzel test).

FIGURE 4. Odds ratios (OR) and confidence interval of 95% (95%CI) 
of the association between gastric cancer and the presence of GSTM1 for 
the studies carried out in Europa with the Chi-square test of significant 
heterogeneity (DerSimonian-Laird test).
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(RR) or odds ratio and the traits represent the confidence intervals 
(CI). When the CI does not exceed the null line (position 1.0 in the 
chart), it can be said that the study is statistically significant, both 
individually and for the combined value. The larger the sample 
group considered in the study, narrower will be the CIs and greater 
will be the area of the square, showing more accurate results and 
greater contribution to the meta-analysis.

Additionally, information on the polymorphism of  gene 
GSTM1 were grouped into each article, we calculated the OR, the 
variation of OR within the 95% confidence interval and the prob-
ability of significance (P) (Table 1). When applying DerSimonian-
Laird test, the OR of all the combined work (OR=0.788; 95%CI 
0.725-0.857; P<0.0001) showed that the presence of the gene is a 
protective factor for gastric cancer.

TABLE 1. Distribution of the polymorphism of the GSTM1 gene in patients with gastric cancer, in the case and control groups in the published 
articles between 1991 and 2015 and the database of the current study

Author Year
Case Control

OR
CI (95%)

WeightGSTM1 (+) GSTM1 (-) GSTM1 (+) GSTM1 (-) Inf. Sup.n F (%) n F (%) n F (%) n F (%)
Strange(75) 1991 5 26.3 14 73.7 29 59.2 20 40.8 0.264 0.085 0.817 2.999
Harada(25) 1992 5 26.3 14 73.7 44 52.4 40 47.6 0.175 0.057 0.531 3.105
Kato(31) 1996 34 53.1 30 46.9 59 49.2 61 50.8 1.169 0.639 2.128 10.544
Katoh(32) 1996 60 43.2 79 56.8 71 56.3 55 43.7 0.591 0.364 0.959 16.364
Deakin(14) 1996 64 47.1 72 52.9 261 45.2 316 54.8 1.077 0.741 1.564 27.563
Liakhovich(42) 1997 28 57.1 21 42.9 32 60.4 21 39.6 0.877 0.401 1.915 6.294
Ng(54) 1998 23 45.1 28 54.9 22 62.9 13 37.1 0.495 0.208 1.179 5.098
Wang(81) 1998 34 41.0 49 59.0 43 51.8 40 48.2 0.649 0.353 1.194 10.323
Alves(3) 1998 77 52.0 71 48.0 40 47.6 44 52.4 1.191 0.699 2.030 13.504
Oda(56) 1999 56 38.1 91 61.9 57 50.9 55 49.1 0.596 0.363 0.979 15.616
Jiang(29) 2000 17 41.5 24 58.5 27 65.9 14 34.1 0.377 0.156 0.911 4.919
Liu(43) 2000 36 36.4 63 63.6 178 48.9 186 51.1 0.601 0.381 0.941 18.481
Cai(8) 2001 35 36.8 60 63.2 51 54.3 43 45.7 0.496 0.278 0.884 11.481
Qian(60) 2001 34 38.2 55 61.8 50 53.2 44 46.8 0.548 0.305 0.984 11.201
Shen(70) 2001 67 55.4 54 44.6 80 66.1 41 33.9 0.638 0.381 1.071 14.351
Saadat(66) 2001 16 38.1 26 61.9 78 59.5 53 40.5 0.424 0.209 0.860 7.706
Setiawan(68) 2001 45 51.7 42 48.3 207 49.4 212 50.6 1.096 0.692 1.736 18.171
Lan(38) 2001 180 51.9 167 48.1 204 47.9 222 52.1 1.172 0.883 1.556 47.859
Wu(84) 2002 183 51.4 173 48.6 142 51.1 136 48.9 1.013 0.741 1.386 39.128
Gao(18) 2002 63 41.2 90 58.8 90 40.4 133 59.6 1.035 0.682 1.571 22.056
Gong(21) 2002 7 21.9 25 78.1 38 43.2 50 56.8 0.386 0.154 0.964 4.580
Zheng(94) 2002 28 30.4 64 69.6 44 47.8 48 52.2 0.482 0.264 0.877 10.674
Sgambato(69) 2002 3 37.5 5 62.5 47 47.0 53 53.0 0.717 0.177 2.895 1.971
Choi(10) 2003 34 42.5 46 57.5 82 46.3 95 53.7 0.859 0.506 1.459 13.683
Zhang(90) 2003 49 38.6 78 61.4 61 53.5 53 46.5 0.549 0.329 0.914 14.729
Zheng(93) 2003 168 53.7 145 46.3 106 55.2 86 44.8 0.941 0.656 1.348 29.623
Zhou(95) 2003 12 63.2 7 36.8 44 61.1 28 38.9 1.067 0.385 2.961 3.691
Colombo(12) 2004 53 53.0 47 47.0 88 58.7 62 41.3 0.795 0.479 1.321 14.916
Gonzalez(22) 2004 16 51.6 15 48.4 25 49.0 26 51.0 1.106 0.458 2.670 4.949
Torres(78) 2004 16 34.8 30 65.2 60 62.5 36 37.5 0.326 0.158 0.675 7.282
Roth(64) 2004 66 73.3 24 26.7 309 68.1 145 31.9 1.276 0.771 2.111 15.161
Suzuki(76) 2004 58 40.0 87 60.0 93 52.5 84 47.5 0.604 0.388 0.941 19.588
Shen(72) 2004 29 48.3 31 51.7 36 60.0 24 40.0 0.629 0.307 1.288 7.471
Shen(71) 2005 71 50.0 71 50.0 314 46.5 361 53.5 1.149 0.801 1.649 29.483
Lai(37) 2005 50 40.7 73 59.3 66 54.5 55 45.5 0.573 0.346 0.950 15.046
Li(41) 2005 33 33.0 67 67.0 36 58.1 26 41.9 0.360 0.188 0.690 9.108
Mu(51) 2005 69 35.2 127 64.8 158 40.2 235 59.8 0.810 0.568 1.155 30.500
Nan(52) 2005 149 37.3 251 62.8 254 41.4 360 58.6 0.842 0.650 1.090 57.576
Nan(53) 2005 34 31.8 73 68.2 90 40.9 130 59.1 0.677 0.417 1.100 16.312
Tamer(77) 2005 30 42.9 40 57.1 116 56.9 88 43.1 0.572 0.332 0.987 12.926
Lee(40) 2006 60 82.2 13 17.8 207 78.7 56 21.3 1.220 0.631 2.359 8.840
Hong(27) 2006 48 44.4 60 55.6 104 43.7 134 56.3 1.320 0.654 1.628 18.467
Zhou(96) 2006 33 33.0 67 67.0 36 58.1 26 41.9 0.360 0.188 0.690 9.108
Agudo(1) 2006 120 49.6 122 50.4 434 46.6 498 53.4 1.129 0.851 1.497 48.147
Martinez(47) 2006 65 66.3 33 33.7 180 54.7 149 45.3 1.619 1.013 2.589 17.438
Wideroff(83) 2007 55 47.4 61 52.6 87 41.8 121 58.2 1.253 0.795 1.975 18.540
Tripathi(79) 2007 45 59.2 31 40.8 61 61.0 39 39.0 0.928 0.507 1.699 10.493
Boccia(5) 2007 48 44.9 59 55.1 119 46.9 135 53.1 0.924 0.588 1.452 18.806
Ruzzo(65) 2007 91 72.2 35 27.8 83 57.6 61 42.4 1.898 1.142 3.157 14.851
Al-Moundhri(2) 2009 65 60.7 42 39.3 75 70.1 32 29.9 0.663 0.377 1.166 12.076
Masoudi(48) 2009 30 44.8 37 55.2 74 55.2 60 44.8 0.660 0.368 1.187 11.185
Malik(46) 2009 44 40.7 64 59.3 116 59.5 79 40.5 0.471 0.292 0.758 16.910
Moy(50) 2009 72 42.4 98 57.6 320 43.5 415 56.5 0.954 0.682 1.336 33.930
Piao(59) 2009 988 44.6 1225 55.4 776 45.7 923 54.3 0.959 0.845 1.089 238.192
Huang(28) 2009 55 45.5 66 54.5 84 60.9 54 39.1 0.538 0.329 0.881 15.813
Zendehdel(87) 2009 54 43.5 70 56.5 230 49.0 239 51.0 0.803 0.540 1.195 24.362
Nguyen(55) 2010 16 27.1 43 72.9 34 31.2 75 68.8 0.830 0.414 1.664 7.948
Yadav(85) 2010 84 63.2 49 36.8 150 55.6 120 44.4 1.367 0.894 2.090 21.286
Palli(57) 2010 130 43.9 166 56.1 271 49.6 275 50.4 0.795 0.599 1.056 47.660
Darazy(13) 2011 7 53.8 6 46.2 58 82.9 12 17.1 0.247 0.073 0.831 2.602
Luo(44) 2011 30 24.4 93 75.6 58 45.0 71 55.0 0.399 0.233 0.610 13.412
Zhang(88) 2011 89 45.9 105 54.1 218 52.9 194 47.1 0.755 0.534 1.063 32.927
Yadav(86) 2011 30 73.2 11 26.8 92 70.8 38 29.2 1.104 0.508 2.397 6.389
Jing(30) 2012 170 41.5 240 58.5 203 49.5 207 50.5 0.723 0.549 0.952 50.617
Malakar(45) 2012 45 44.1 57 55.9 107 52.5 97 47.5 0.718 0.446 1.155 16.970
Wang(82) 2012 90 69.8 39 30.2 112 81.2 26 18.8 0.540 0.307 0.949 12.050
Kim(33) 2012 41 40.2 61 59.8 76 38.0 124 62.0 1.098 0.676 1.785 16.271
Garcia-Gonzalez(19) 2012 274 49.2 283 50.8 290 52.1 267 47.9 0.892 0.705 1.128 69.682
Eom(16) 2013 214 44.9 263 55.1 217 45.6 259 54.4 0.971 0.753 1.253 59.142
Haholu(24) 2013 24 48.0 26 52.0 32 56.1 25 43.9 0.725 0.341 1.554 6.732
Total 5154 46.0 6054 54.0 8736 50.4 8605 49.6 0.788 0.725 0.857 P<0.0001
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The heterogeneity chi-square test was used in 2x2 tables of 
all the possibilities: Asia (χ2=99,489; DF=49; P<0.0001); Europe 
(χ2=22.800; DF=11, P=0.019); America (χ2=10.774; DF=4; 
P=0.029); Eurasia (χ2=0.820; DF=2, P=0.664); and finally, 
gathering all studies (χ2=154,651; DF=69; P<0.0001). Thus, tests 
have revealed significant (P<0.05) with the American, Asian and 
European groupings, indicating that there is a difference between 
them only as a result of  sampling error, i.e., the real effect is the 
same in each of the studies. However, in the Eurasia group, the test 
is found to be significant (P>0.05). However, data from all articles 
analyzed points to the same statistical direction (P<0.0001), then 
it is concluded that when all the samples are grouped, the articles 
are homogeneous and differences can be seen as resulting from 
random or common effects.

Table 2 shows an overview of all groups, with their heterogene-
ity χ2 tests, indicating the P-value, which determines the type of 
test used in the meta-analysis. Verification tests of the correlation 
of the GSTM1 gene polymorphism with gastric cancer, in various 
grouping situations, were sometimes random effects of DerSimo-
nian-Laird, and at other times of fixed effect Mantel-Haenszel. It 
can be observed in Table 2 that the p values, in the meta-analysis, 
revealed no association between the variables studied (P>0.05) in 
Europe and America, and for the grouping of studies in Asia and 
Eurasia could be inferred that there is a positive association (Asia, 
P<0.0001 and Eurasia, P=0.05).

The data in Table 2 indicates that the meta-analysis of 70 case-
control studies investigating the association between polymorphisms 
of GSTM1 and the risk of developing gastric cancer was positively 
correlated, and therefore the presence of the gene a protective factor. 
Regarding the groupings performed, there is a positive correlation 
in the group of Asian and Eurasian studies, but no correlation was 
observed in studies conducted in Europe and America.

DISCUSSION

The pathogenesis of gastric cancer is not yet fully known. In 
recent years, it was understood that the knowledge that the process 
of developing this cancer is multifactorial, in which the environment 
and genetic susceptibility factors are decisive(35).

Among the biological factors, infection by the bacterium Heli-
cobacter pylori plays an important correlation with gastric cancer 
due to their role in chronic atrophic gastritis, since gastric carcinoma 
is accompanied by hypochlorhydria in 85% to 90% of cases(39).

The H. pylori infection still remains the greatest risk factor 
for the development of  gastric cancer, increasing the incidence of 
this cancer about six times. It is one of  the most common infec-

tions of  the population, with a worldwide prevalence estimated 
at between 50% and 90% in developing countries. However, it is 
important to mention that, in populations with a high prevalence 
of  infection by H. pylori, a small fraction of  infected develop 
gastric cancer(74).

The risk of  intestinal metaplasia in the gastric antrum 
depends largely on the presence of  a peptic ulcer and other 
factors, such as individual variability of  the immune response, 
advanced age, smoking, chronic alcohol abuse, and eating habits. 
Therefore, additional factors alter the relationship of  H. pylori 
to gastric carcinogenesis(61). Chen and colleagues showed that 
risk factors such as smoking and Helicobacter pylori infection 
did not modify the association between GSTM1 null and risk 
for gastric cancer, suggesting greater genetic influence in the 
etiology of  this cancer(9).

Significant associations of the absence of the GSTM1 gene and 
the incidence of gastric cancer were found in Asians, but it was not 
possible to demonstrate such an outcome in Caucasian and African 
populations, suggesting a possible influence of ethnic differences, 
genetic origins and the environment. The influence of  GSTM1 
null allele can be masked by the presence of other causative genes, 
not yet identified, involved in the development of gastric cancer in 
Caucasians and Africans(34,61,97).

According to Rebbeck and colleagues, ethnic differences were 
found related to the prevalence of GSTM1 deletion gene in different 
populations. In Japanese, this frequency varies between 48% to 51% 
of the population, in Chinese between 35% to 65%, in Indians 33% 
to 36%, 50% in Caucasians and Africans 22% to 35%(62).

Another risk factor that already has well-established relation-
ship in the genesis of gastric cancer is smoking. It is estimated that 
smoking increases the risk of this cancer by 50%. A meta-analysis 
conducted in 2008 by Ladeiras-Lopes and colleagues estimated 
that smoking is the main modifiable risk factor related to gastric 
cancer, especially in men(36).

Tobacco is composed of more than 4,000 different compounds, 
50 proven carcinogens. Pollutants such as benzopyrene and other 
polycyclic aromatic hydrocarbons are substrates of  enzymes of 
the GST family and have serious carcinogenic activity. These com-
pounds are primarily metabolized by Phase I enzymes, detoxified 
and converted into inactive metabolites by enzymes of Phase II, 
enzymes expressed by the gene GSTM1(39).

The null genotype refers to the complete absence of enzyme 
activity GSTM1, and can thus increase the risk of gastric cancer. 
The lack of function of this gene leads to the accumulation of toxic 
intermediate, resulting in greater damage to DNA, which facilitates 
carcinogenesis(25,36,61).

TABLE 2. Summary of the groupings, showing the chi-square test of heterogeneity and the type of the test realized in the meta-analysis.

Parameters Number 
of studies

Heterogeneity Meta-analysis

χ2 gl P-value Test OR CI (95%) CI (95%) P-value

Geral

     GSTM1 (+) x GSTM1 (-) 70 154.651 69 <0.0001 DSL 0.788 0.725 0.857 <0.0001

Region

     America 5 10.774 4 0.0292 DSL 0.866 0.549 1.364 0.534

     Asia 50 99.489 49 <0.0001 DSL 0.736 0.670 0.809 <0.0001

     Eurasia 3 0.820 2 0.6637 MH 0.671 0.456 0.988 0.050

     Europe 12 22.800 11 0.0189 DSL 1.033 0.873 1.222 0.705
DSL: DerSimonian–Laird; MH: Mantel–Haenszel.
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RESUMO – Contexto – No Brasil, o câncer gástrico é o quarto mais comum em homens e o sexto entre as mulheres, excetuando-se os tumores de pele 

não melanoma. Aspectos epidemiológicos evidenciam a etiologia multifatorial desta neoplasia, destacando como fatores de risco: a infecção pela 
bactéria Helicobacter pylori, idade avançada, tabagismo, etilismo crônico, hábitos alimentares e polimorfismos genéticos. No contexto dos polimor-
fismos genéticos, tem-se a ausência do gene GSTM1. A falta da função de GSTM1 em detoxificar xenobióticos e promover defesa contra o estresse 
oxidativo, leva ao maior dano do DNA, favorecendo a carcinogênese gástrica. Este processo é multifatorial e o desenvolvimento do câncer gástrico 
resulta de uma interação complexa dessas variáveis. Objetivo – O objetivo do presente estudo foi investigar a associação do polimorfismo nulo de 
GSTM1 na gênese do câncer gástrico. Métodos – Foi conduzida uma meta-análise a partir de 70 artigos colhidos dos bancos de dados: SciELO e 
PubMed, entre setembro de 2015 e julho de 2016. Para avaliar uma possível associação, utilizou-se o odds ratio (OR) e intervalo de confiança de 95% 
(IC 95%). Para avaliar a heterogeneidade dos estudos, utilizou-se o teste do qui-quadrado. A análise estatística foi realizada utilizando-se o BioEstat® 
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INTRODUCTION

Inflammatory bowel disease (IBD), including Crohn’s disease 
(CD) and ulcerative colitis (UC), consists in a chronic inflammatory 
disorder of the gut with intestinal and systemic manifestations. The 
principal symptoms are diarrhea, abdominal pain, gastrointesti-
nal bleeding, weight loss, malnutrition and fatigue. According to 
United States estimates for CD, incidence varies between 6 and 8 
per 100,000 inhabitants, with a prevalence of 100 to 200 per 100,000 
inhabitants. In the case of UC, the incidence in that country ranges 
between 9 and 12, with a prevalence of  205 to 240 per 100,000 
inhabitants(15,17,22). Studies have shown higher rates of incidence of 
IBD in developing countries, including Brazil(8,34,38). 

Inflammatory state can lead to impaired nutritional status of 
patients with IBD. Undernutrition is a major complication among 
these patients and it is strongly associated with worst prognostic 
and increased risk of  clinical and surgical complications(26). Its 
prevalence may vary from 23% in outpatient units to 85% in 
hospitalized subjects(8,29). Factors associated with undernutrition 
in these patients are inadequate food intake, chronic inflamma-
tory state with increased energy requirements and losses from the 
gastrointestinal tract(8, 26). 

On the other hand, the prevalence of overweight and obesity 
is increasing among these patients, especially in the last decades(7). 
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Changes in dietary patterns is pointed out as one of the factors 
causing cardiovascular diseases and, therefore, this population 
needs careful nutritional follow-up in order to precociously detect 
patients that are under nutritional risk. 

Because of the abovementioned reasons, nutritional assessment 
is a key point to the management of IBD patients. The aim of the 
present study was to evaluate the nutritional status and to evaluate 
body composition of IBD outpatients.

METHODS

Subjects
A cross-sectional study was performed on outpatients with 

either CD or UC from March through December 2012. The 
diagnosis was based on conventional clinical, endoscopic, ra-
diologic and histological criteria(25).Criteria for inclusion were 
age above 18 years and confirmed diagnosis of  IBD. Criteria 
for exclusion were pregnancy, use of  nutritional supplements, 
chronic diseases such as hepatitis B and C, HIV, chronic kidney 
disease, heart failure and refusal to participate in the study. 
The study was approved by the Research Ethics Committee of 
Botucatu Medical School, Sao Paulo State University (protocol 
# 4178/2012), and a written informed consent was signed by all 
subjects before their inclusion.

AG-2016-52
dx.doi.org/10.1590/S0004-2803.201700000-02
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Clinical assessment
Patients were evaluated in accordance to the clinical course of 

the disease. The Crohn’s Disease Activity Index (CDAI) was used 
to assess the disease activity of CD patients(3). The Montreal Clas-
sification was used to classify the disease according to the age of 
appearance, disease location and presence of complications such 
as stricture, fistula or perianal disease(32). 

Mayo score was used to assess the clinical activity of  UC 
patients(30). To determine the extent of  intestinal damage (distal 
colitis, left-sided colitis or pancolitis), retrospective data from the 
first diagnostic colonoscopy were used. 

Anthropometric measurements
Nutritional assessment was performed using anthropometric 

measurements and body composition analysis. All of them were 
conducted by the sane dietitian. Nutritional assessment included 
collection of the following information: weight, height, body mass 
index (BMI), Mid-arm Circumference (MAC), Triceps Skinfold 
Thickness (TSF), Mid-Arm Muscle Circumference  (MAMC),  Mid-
arm Muscle Area (MAMA) and Adductor Policis Muscle (APM).

The BMI and MAMC were classified according to World 
Health Organization(39) Lipschitz(20) and Frisancho(10). The APM 
was measured according to Lameu et al.(19).The percentages of 
adequation of  MAC, TSF, and MAMC were classified as pre-
viously described Blackburn; Harvey(5), Frisancho(11), Harrison(13), 
Lameu et al.(19). The anthropometric measurements were taken in 
the morning, after the patients’ clinical evaluation.

Body composition analysis
Bioelectrical impedance analysis (BIA) was measured using a 

tetrapolar and single-frequency equipment (Biodynamic-450, 800 
µA; 50 kHz) and applied to the skin using adhesive electrodes with 
the subject lying supine. Phase angle (PhA) derived from BIA was 
determined as previously discussed(18) and its values were calculated 
as follows: PhA = arc tangent reactance/resistance x (180°/π)(9). 

Fat-free mass (FFM) and fat mass (FM) were recorded ac-
cording to the parameters given by the device. The values obtained 
were compared with values obtained for the healthy population(31) 
according to percentile, sex and age. Evaluations of bioelectrical 
impedance analysis were standardized according to Mattar(23) and 
Heyward Stolarrczyk(16).

Laboratory tests
Blood samples were routinely drown in order to evaluate he-

matocrit values, hemoglobin, total protein and albumin, C-reactive 
protein and erythrocyte sedimentation rate. All determinations 
followed standardized laboratory techniques.

Statistical analysis
Descriptive statistics were performed. Frequencies and percen-

tages were used for qualitative variables and means and respective 
standard deviations were calculated for quantitative variables. Chi-
square (X²) tests were applied to investigate the association between 
CD and UC and the demographic variables, outcomes, medication 
and nutritional parameters. Fisher’s exact test was used when the 
expected values were lower than five, with a statistically significant 
association when P≤0.05. In order to compare DC and UC with 
nutritional parameters, ANOVAs were carried out. The t-test was 
used to compare the groups for the variables with normal distribu-
tion. P value <0.05 was considered statistically significant. Statisti-
cal analysis were performed using SAS for Windows (version 9.1).

RESULTS

One hundred and forty-one patients were evaluated from 
March to December 2012. Among these, 54 (38.29%) had CD and 
87 (61.70%) had UC. 

Sample description
With respect to Crohn’s disease, the average age of  patients 

was 43.98 (±15.68) years and 59.26% were female. The majority of 
patients were in clinical remission of the disease, according to the 
CDAI. According to the Montreal classification, most of patients had 
complications of the disease, such as stenosing behavior (48.15%), 
penetrating behavior (27.78%) or perianal disease (40.74%).

Regarding UC, the average age of  the patients was 44.28 
(±16.29) years and 55.17% were women. Among these, 83.92% 
were in clinical remission according to the Mayo score. Regarding 
the extent of the disease, 45.98% had pancolitis, 31.03% had distal 
colitis and 22.99% had left-sided colitis.

Nutritional status and body composition of patients with 
Crohn’s disease in contrast with patients with ulcerative 
colitis

The comparative analysis of nutritional status and body com-
position of patients with CD and UC found that patients with CD 
have characteristics typical of more impaired nutritional status when 
compared to patients with UC, as well as increased inflammatory 
activity evaluated by means of laboratory tests such as CRP and 
ESR (Table 1). Lower BMI, MAMC, MAMA (P=0.04), APM, lean 
body mass index (P=0.03), phase angle (P=0.006) and laboratory 
tests such as hematocrit (P=0.01) were verified in patients with CD. 

TABLE 1. Comparative analysis of nutritional and laboratory parameters 
of patients with Crohn’s disease (CD) and ulcerative colitis (UC)

Variables
(n=141)

CD (n=54)
Mean (MD)

UC (n=87)
Mean (MD) P-value

Average age (years old) 43.981(± 15.68) 44.28 (± 16.29) 0.91

Anthropometry
   BMI (kg/m²) 24.88(± 4.70) 26.56 (± 5.16) 0.054
   MAC (cm) 29.74 (± 4.29) 30.38 (± 4.28) 0.39
   TSF (mm) 21.68 (± 10.14) 19.83 (± 8.77) 0.25
   MAMC (%) 90.64 (± 13.43) 95.46 (± 14.71) 0.052
   MAMA (cm²) 35.11 (± 11.99) 40.39 (± 16.20) 0.040
   APM (%) 105.12 (± 46.32) 118 (± 55.93) 0.16

Body composition
   PhA (°) 6.46 (± 0.76) 6.83 (± 0.80) 0.006
   LM (%) 71.80 (± 8.49) 71.01 (± 7.28) 0.55
   FM (%) 28.19 (± 8.49) 29.98 (± 7.28) 0.55
   LBMI (kg/m²) 17.61 (± 2.74) 18.65 (± 2.77) 0.03
   FBMI (kg/m²) 7.23 (± 2.99) 7.93 (± 3.29) 0.20

Laboratory tests
   Hb (g/dL) 13.10 (± 2.04) 13.85 (± 2.10) 0.055
   Ht (%) 39.68 (± 5.56) 42.09 (± 4.93) 0.014
   TP (g/dL) 7.37 (± 0.71) 7.37 (± 1.10) 0.96
   Alb (g/dL) 4.01 (± 0.58) 4.14 (± 0.63) 0.26
   CRP (mg/dL) 3.28 (± 5.42) 2.02 (± 3.16) 0.12
   ESR (mm/h) 26.45 (± 16.66) 18.05 (± 17.96) 0.012

BMI: body mass index; MAC: mid-arm circumference; cm: centimeters; TSF: triceps skinfold 
thickness; mm: millimeters; MAMC: mid-arm muscle circumference; MAMA: mid-arm 
muscle area; APM: thickness of the adductor pollicis muscle; PhA: phase angle; LM: lean 
mass; FM: fat mass; LBMI: lean body mass index; FBMI: fat body mass index; kg: kilogram; 
Hb: hemoglobin; Ht: hematocrit; TP: total protein; Alb: albumin; CRP: C-reactive protein; 
ESR: erythrocyte sedimentation rate.
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On the classification of nutritional status, the body mass index 
(BMI) analysis showed that 11.11% CD patients had low weight, 
48.15% were eutrophic and 40.74% were overweight and obese. In 
the case of  patients with UC, 6.90% were underweight, 40.23% 
were eutrophic and 52.87% were overweight and obese (Table 
2). Regarding the classification of nutritional status according to 
the Mid-arm circumference (% MAC) and the Mid-Arm Muscle 
Circumference (% MAMC), it was observed that most patients in 
both groups were eutrophic (Table 2).

In relation to the nutritional status by the parameter Triceps 
Skinfold Thickness (TSF%), a high percentage of  obesity was 
observed in both groups and a small portion was classified as 
malnourished (Table 2). It was also observed, according to the 
Mid-Arm Muscle Area, that 42.59% CD patients were under 
mild, moderate or severe malnutrition and 22.10% patients with 
UC were under mild, moderate or severe malnutrition. Accord-
ing to the classification of  nutritional status by the Thickness 
of  Adductor Policis Muscle (APM), 22.64% CD patients had 
severe muscle depletion, while 16.47% patients with UC had this 
condition (Table 2).

Nutritional status and body composition of patients 
with Crohn’s disease in activity contrasted to patients in 
clinical remission

When comparing patients with active CD and patients in 
clinical remission (Table 3), it was found that patients with the 
active disease were younger than patients in remission (P=0.008). 
Patients in clinical activity were observed to have lower averages of 
anthropometric variables, as observed for BMI (P<0.001), MAC 
(P=0.01), MAMC (P=0.04) and APM (P=0.009). 

TABLE 2. Nutritional status classification by body mass index (BMI), 
mid-arm circumference (MAC), triceps skinfold thickness (TSF), mid-
-arm muscle circumference (MAMC), mid-arm muscle area (MAMA) 
and thickness of  adductor policis muscle (APM) of patients with Crohn’s 
disease and ulcerative colitis

Variables
Crohn’s 
disease 
(n=54)

Ulcerative 
colitis 
(n=87)

P-value

BMI classification (%) 0.5304

Low weight, n (%)
Eutrophic, n (%)
Overweight, n (%)
Obesity, n (%)

6 (11.11)
26 (48.15)
15 (27.78)
7 (12.96)

6 (6.90)
35 (40.23)
32 (36.78) 
14 (16.09)

MAC classification (%) 0.7949
Severe malnutrition, n (%)
Moderate malnutrition, n (%)
Mild malnutrition, n (%)
Eutrophic, n (%)
Overweight, n (%)
Obese

1 (1.85)
2 (3.70)
9 (16.67)
30 (55.56)
8 (14.81)
4 (7.41)

1 (1.15)
5 (5.75)
8 (9.20)

52 (79.77)
12 (13.79)
9 (10.34)

TSF classification (%) 0.8965
Severe malnutrition, n (%)
Moderate malnutrition, n (%)
Mild malnutrition, n (%)
Eutrophic, n (%)
Overweight, n (%)
Obese, n (%)

3 (5.56)
2 (3.70)
7 (12.96)
1 (1.85)
3 (5.56)

38 (70.37)

6 (6.90)
4 (4.60)
9 (10.34)
5 (5.75)
4 (4.60)

59 (67.82)

MAMC classification (%) 0.1561
Severe malnutrition, n (%)
Moderate malnutrition, n (%)
Mild malnutrition, n (%)
Eutrophic, n (%)
Obese, n (%)

5 (9.26)
7 (12.96)
13 (24.07)
29 (53.70)

0.00

2 (2.30)
9 (10.34)
21 (24.14)
50 (57.47)
5 (5.75)

MAMA classification (%) 0.0261
Severe malnutrition
Moderate/Mild malnutrition
Eutrophic

10 (18.52)
13 (24.07)
31 (57.41)

6 (6.98)
13 (15.12)
67 (77.91)

APM classification (%) 0.2516
No depletion, n (%)
Depletion light, n (%)
Moderate depletion, n (%)
Severe depletion, n (%)

23 (43.40)
9 (16.98)
9 (16.98)
12 (22.64)

49 (57.65)
7 (8.24)

15 (17.65)
14 (16.47)

BMI: body mass index; MAC: mid-arm circumference; TSF: triceps skinfold thickness; 
MAMC: mid-arm muscle circumference; MAMA: mid-arm muscle area; APM: thickness of 
the adductor pollicis muscle.

TABLE3. Anthropometric analysis, body composition and laboratory para-
meters of patients with Crohn’s disease in activity and in clinical remission

Crohn’s disease

Variables
Activity

n=24
Remission

n=30
P-value

Age (years old) 37.83 (± 12.81) 48.90 (± 16.21) 0.008

Female gender, n (%) 16.00 (66.67) 16.00 (53.33) 0.3218

Anthropometry
   BMI (kg/m²) 22.66 (± 4.32) 26.66 (± 4.28) 0.001
   MAC (cm) 28.12 (± 3.85) 31.03 (± 4.24) 0.01
   TSF (mm) 19.83 (± 9.76) 23.16 (± 10.36) 0.23
   MAMC (%) 86.55 (± 12.21) 93.92 (± 13.65) 0.043
   MAMA (cm²) 31.84 (± 10.74) 37.74 (± 12.45) 0.07
   APM (%) 86.54 (± 37.87) 119.36 (± 47.70) 0.009

Body composition
   PhA (°) 6.42 (± 0.73) 6.49 (± 0.79) 0.75
   LM (%) 73.86 (± 9.26) 70.15 (± 7.57) 0.11
   FM (%) 26.13 (± 9.26) 29.84 (± 7.57) 0.11
   LBMI (kg/m²) 16.45 (± 2.21) 18.54 (± 2.80) 0.004
   FBMI (kg/m²) 6.21 (± 2.82) 8.05 (± 2.90) 0.02

Laboratory tests
   Hb (g/dL) 12.36 (± 2.22) 13.76 (± 1.63) 0.01
   Ht (%) 37.77 (± 6.12) 41.37 (± 4.50) 0.02
   TP (g/dL) 7.48 (± 0.81) 7.28 (± 0.62) 0.36
   Alb (g/dL) 3.93 (± 0.74) 4.08 (± 0.36) 0.34
   CRP (mg/dL) 4.06 (± 6.27) 2.64 (± 4.63) 0.39

   ESR (mm/h) 30.81 (± 19.14) 22.61 (± 13.36) 0.09

BMI: body mass index; MAC: mid-arm circumference; TSF: triceps skinfold thickness; MAMC: 
mid-arm muscle circumference; MAMA: mid-arm muscle area; APM: thickness of the adductor 
pollicis muscle; PhA: phase angle; LM: lean mass; FM: fat mass; LBMI: lean body mass index; 
FBMI: fat body mass index; Hb: hemoglobin; Ht: hematocrit; TP: total protein; Alb: albumin; 
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate.
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Nutritional status and body composition of patients with 
ulcerative colitis in activity contrasted to patients in 
clinical remission

Patients with active disease were younger than patients in 
remission (P=0.01). Regarding the anthropometric variables, 
lower averages in patients in clinical activity were observed, as 
showed BMI (P=0.01), MAC (P=0.001), MAMC% (P=0.01) and 
MAMA (P=0.02). Regarding the evaluation of body composition, 
significant differences were found between patients in activity and 
patients in remission as the % LM (P=0.01), % FM (P=0.01) and 
FBMI (P=0.009) (Table 4).

Low rates of  malnutrition were found in the present study 
according to the BMI, and most of the patients were classified as 
eutrophic when they were evaluated by MAC, MAMC or MAMA. 
When evaluated by the APM, 43.40% of  patients with CD and 
57.65% of patients with UC were found without muscle depletion. 
This can be explained by the presence of a larger number of subjects 
in clinical remission and by the fact that the study was conducted 
with outpatients. However, we observed lower values of nutritional 
parameters such as BMI, MAC and MAMC in patients with ac-
tive disease when compared with patients in clinical remission, for 
both CD and UC patients, probably due to the increased energy 
demand related to inflammation and lower food intake due to the 
symptoms of IBD. 

We observed high rates of  overweight and obesity among 
patients with CD and UC according to BMI, TSF and MAC. 
Obesity, once considered a rare condition in IBD, has become 
increasingly prevalent, mainly in the last two decades(2,7). It is 
believed that this is related to increased number of  comorbidities, 
such as diabetes, hypertension, thromboembolic disease, infec-
tions, cancer(7). It is also associated with increased risk of  com-
plications such as advanced age at diagnosis, greater number of 
relapses of  the disease, perianal disease incidence, more frequent 
hospitalizations(6) and postoperative complications, including 
wound infection and dehiscence of  surgical anastomoses(35). CD 
patients classified as overweight or obese (BMI >25 kg/m²) re-
quired surgical procedure for the treatment of the disease in earlier 
stage (24 months), as a result of  complications, when compared 
to patients with low weight (BMI <18.5 kg/m²) (252 months)(14). 
An observational study conducted in Scotland in 2009 found 
that 18% of  study participants with IBD were considered obese 
(BMI >30 kg/m2) and there was a significantly higher number of 
obese patients with CD than with UC (P=0.05)(35). A previous 
study(6) reported earlier rates of  3% of  obesity in DC, 32.4% of 
this population showing a BMI ≥25 kg/m². Comparison of  the 
data suggests a drastic change in BMI of  patients from the stud-
ies, demonstrating an increase in the rate of  obese patients, as it 
has been observed in the general population(35). 

Obesity is also a risk factor for developing cardiovascular dis-
eases. Studies indicate an increased risk of developing cardiovascu-
lar disease in IBD patients as compared to non-IBD patients(12,28), 
what is probably associated with chronic inflammation. A Danish 
cohort study comparing individuals with and without IBD found 
a significantly higher risk of ischemic heart disease in the first year 
after diagnosis of IBD in patients. Furthermore, higher risk was ob-
served among women than among men (P=0.03). A meta-analysis 
of nine studies observed an increase of 18% in the risk of stroke 
and ischemic heart disease in patients with IBD. The increased 
risk of stroke and ischemic heart disease was more prominent in 
females when compared to males, probably because of the inherent 
differences and non-modifiable risk factors(33).

Recently, obesity itself  has been studied as a potential risk fac-
tor for the development of CD(7). In a case-control research that 
evaluated patients with CD, UC and healthy controls, the authors 
found a significant association between the diagnosis of CD and 
obesity, even after adjusting for other known risk factors for the 
development of CD, such as age, smoking history, family history 
of the disease and history of appendectomy(36).

Nutritional assessment consists of evaluating the nutritional 
status and body composition. Body composition assessment done 

TABLE 4. Anthropometric analysis. body composition and laboratory 
parameters of patients with ulcerative colitis in activity and in clinical 
remission

Ulcerative colitis
Variables Activity

n=21
Remission

n=66
P-value

Age (years old) 36.42 (± 15.59) 46.78 (± 15.81) 0.01
Female gender, n (%) 11.00 (52.38) 37.00 (56.06) 0.7677

Anthropometry
   BMI (kg/m²) 24.28 (± 4.21) 27.28 (± 5.25) 0.01
   MAC (cm) 27.86 (± 4.92) 31.18 (± 3.75) 0.001
   TSF (mm) 17.28 (± 7.77) 20.64 (± 8.97) 0.12
   MAMC (%) 88.67 (± 17.47) 97.62 (± 13.14) 0.01
   MAMA (cm²) 33.41 (± 15.05) 42.61 (± 16.03) 0.02
   APM (%) 108.04 (± 44.11) 121.06 (± 59.06) 0.36

Body composition
   PhA (°) 6.61 (± 0.82) 6.90 (± 0.78) 0.14
   LM (%) 74.51 (± 7.38) 69.88 (± 6.94) 0.01
   FM (%) 25.48 (± 7.38) 30.11 (± 6.94) 0.01
   LBMI (kg/m²) 17.98 (± 2.80) 18.87 (± 2.75) 0.20
   FBMI (kg/m²) 6.32 (± 2.50) 8.45 (± 3.36) 0.009

Laboratory tests
   Hb (g/dL) 12.82 (± 3.09) 14.21 (± 1.51) 0.01
   Ht (%) 39.91 (± 6.66) 42.82 (± 4.02) 0.02
   TP (g/dL) 7.23 (± 0.94) 7.42 (± 1.16) 0.59
   Alb (g/dL) 4.01 (± 0.46) 4.19 (± 0.68) 0.38
   CRP (mg/dL) 1.33 (± 0.85) 2.22 (± 3.54) 0.34

   ESR (mm/h) 21.19 (± 14.37) 17.10 (± 18.93) 0.42

BMI: body mass index; MAC: mid-arm circumference; TSF: triceps skinfold thickness; MAMC: 
mid-arm muscle circumference; MAMA: mid-arm muscle area; APM: thickness of the adductor 
pollicis muscle; PhA: phase angle; LM: lean mass; FM: fat mass; LBMI: lean body mass index; 
FBMI: fat body mass index; Hb: hemoglobin; Ht: hematocrit; TP: total protein; Alb: albumin; 
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate.

DISCUSSION

Nutritional assessment is an important point for success in the 
management of patients with IBD because it can help identifying 
shortcomings or even nutritional excesses(24). The first studies on 
nutritional assessment in IBD identified malnutrition as the main 
characteristic in these individuals(21). Malnutrition may be the result 
of increased losses or malabsorption due to the extent of the bowel 
portion affected by the disease, surgical resections, fistula or other fac-
tors that determine the functional or anatomical reduction of intes-
tinal absorptive surface and/or acceleration of intestinal transit(8,26).
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through anthropometric measurements and bioelectrical imped-
ance analysis (BIA) are valuable tools to identify nutritional status 
due to its low cost and easy applicability(1,4,27).It is worth noting 
that the gold standard method for assessing body composition is 
the Dual-Energy X-Ray Absorptiometry (DEXA), which allows 
direct and non-invasive measurement of bone mass, fat-free mass 
and fat mass. However, DEXA requires skilled personnel, has low 
affordability, high radiation exposure and it is considered a costly 
examination. In the present study, we used the BIA to assess body 
composition. Studies show good correlation between the param-
eters of body composition assessed by BIA and by DEXA(37). The 
BIA is an inexpensive examination, noninvasive, easy to apply 
and does not use ionizing radiation. Furthermore, it provides the 
calculation of the phase angle, which is the parameter used with 
prognostic purposes in some chronic diseases. 

We must emphasize the study participants should not be con-
sidered representative of the total population with IBD, once they 
come from a tertiary hospital with peculiar characteristics. Other 
limiting factors should be mentioned, as the sample size and the 
kind of design adopted (cross-sectional). Longitudinal studies with 
more patients are needed so that the real significance of the results 
is confirmed. Despite this need, nutritional guidance programs can 
already be adopted and encouraged with the aim of  preventing 
or correcting nutritional deficits for the population under study. 

CONCLUSION

In relation to nutritional status and body composition, it was 
found that patients with IBD showed high prevalence of overweight 
and obesity. The majority of the patients were in clinical remission. 
As for comparing the nutritional status among patients with CD 
and UC, it was found that patients with CD had anthropometric 
and body composition parameters more impaired than UC patients. 

In spite of the limitations, the results of this study increase the 
knowledge about the importance of assessing the nutritional status 
of patients with Crohn’s disease or ulcerative colitis and underscore 
the importance of the multidisciplinary team performance in the 
treatment centers.
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RESUMO – Contexto – O estado nutricional de indivíduos com doença inflamatória intestinal está diretamente relacionado à gravidade da doença e 
associado a mau prognóstico e deterioração da competência imune. Objetivo – Avaliar o status e a composição corporal de pacientes ambulatoriais 
com doença inflamatória intestinal. Metódos – Foi conduzido um estudo transversal com avaliação clínica e nutricional de pacientes com doença de 
Crohn e colite ulcerativa. Pacientes foram classificados de acordo com o índice de atividade clínica Crohn’s Disease Activity Index e escore de Mayo. 
Avaliação nutricional foi composta peso atual, estatura, circunferência do braço, dobra cutânea tricipital e espessura do músculo adutor do polegar. 
Posteriormente, foram calculados índice de massa corporal, circunferência muscular do braço e área muscular do braço corrigida. O ângulo de fase 
e massa magra e massa gorda foram derivadas da bioimpedância elétrica. Foram realizados análise descritiva, teste de qui-quadrado ou exato de 
Fisher, teste t e ANOVA. Resultados – Foram avaliados 141 pacientes, sendo 54 (38,29%) com doença de Crohn e 87 (61,70%) com colite ulcerativa. 
A idade média foi de 43,98 (±15,68) anos em pacientes com doença de Crohn e 44,28 (±16,29) anos em pacientes com colite ulcerativa. A maioria dos 
pacientes estava em remissão clínica da doença (doença de Crohn: 88,89%; colite ulcerativa: 87,36%). O estado nutricional de acordo com o IMC foi 
48,15% eutrófico e 40,74% sobrepeso/obesidade para doença de Crohn; entre os indivíduos com colite ulcerativa, 52,87% foram classificados como 
sobrepeso/obesidade. Ao se considerar dobra cutânea do tríceps, observou-se obesidade em ambos os grupos (doença de Crohn 75,93%; colite ulcer-
ativa: 72,42%). Pacientes com doença de Crohn apresentam maiores variações de composição corporal quando comparados com pacientes com colite 
ulcerativa (IMC: 24,88 kg/m² x IMC: 26,56 kg/m², P=0,054; área do músculo do braço: 35,11mm x área do músculo do braço: 40,39 mm, P=0,040; 
ângulo de fase: 6,46° x ângulo de fase: 6,83°, P=0,006). Conclusão – Pacientes com doença inflamatória intestinal apresentaram alta prevalência de 
sobrepeso e obesidade. Indivíduos com doença de Crohn apresentaram parâmetros de composição corporal e de antropometria mais comprometidos, 
quando comparados com indivíduos com colite ulcerativa.

DESCRITORES – Doenças inflamatórias intestinais. Doença de Crohn. Colite ulcerativa. Composição corporal. Avaliação nutricional.
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INTRODUCTION

Gastrointestinal (GI) symptoms are quite frequent in the 
population, and some of  the symptoms are common, such as 
constipation, diarrhea, bloating, abdominal pain and distension, 
although their prevalence are little known, mainly in Latin coun-
tries(4,10,18,23,33,36,38,40). Gastrointestinal symptoms encompass differ-
ent digestive symptoms that are widely observed in the general 
population(38,40). The type, frequency and intensity of these symp-
toms vary between subjects(23), and may impact their daily life(38). 
Abdominal pain/discomfort and bloating are often reported as the 
more troublesome and frequent symptoms, especially in patients 
with irritable bowel syndrome (IBS)(4,36). Due to hormonal issues, it 
is assumed that women are most affected by them, especially with 
regard to constipation(32).

When these symptoms, generally associated to multiple fac-
tors, cannot be explained by any abnormality in the structure of 
the organs or biochemical markers, the GI symptoms is defined 
as a functional bowel disorder, such as irritable bowel syndrome 
(IBS) and functional constipation(6,10,12,21). When the etiology of 
the problem is related to the structural or biochemical function, 
the problem is defined as organic(10). According to Costa et al.(10), 
differentiate a functional bowel disorder from an organic disease 
is essential to alleviate the impact on the lives of patients and the 
public health service.
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The installation of functional bowel disorders is directly related 
to lifestyle, and insufficient physical activity and poor diet are fac-
tors that can determine this scenario(16,32). The emotional and stress 
state of the subject, factors comprising the lifestyle, are also closely 
related to GI symptoms(17,20,30). Women seem to be more affected 
emotionally and have their quality of life (QoL) more affected by 
them than men(1).

The perception of the bowel may be affected by the emotional 
state of the individual. Currently, the study of the relationship be-
tween the bowel and brain is being widely spread. In the gut-brain 
axis, there is clear reciprocal relationship between these two major 
organs, where the operation of one influences the other. The corti-
cotropin-releasing hormone - serotonin - is an important mediator 
of stress responses, influencing the brain and bowel(17,20,21,30). The 
neuroendocrine system, and in particular, serotonin, are currently 
considered relevant factors in the context of GI symptoms because 
they relate to the functioning of the bowel(10,14,22,24). The literature 
has shown that the composition of the intestinal microbiota also 
interferes with brain activity in humans, especially in the regions 
that control the sensations and emotions(39).

Understanding how the QoL of  healthy subjects can be af-
fected by GI symptoms is an expanding area of research(18), with 
experimental designs drawn by the fascinating organic relationship 
of the gut-brain axis. In this context, this study is justified by the 
scarce scientific literature on intestinal health of Brazilian women, 
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especially in relation to the prevalence of GI symptoms and their 
impact on the QoL of the female population. The purposes of this 
study is describe, characterize and quantify the main GI symptoms 
reported by Brazilian women, their causes, the sensations related and 
the impact of these GI symptoms on the Brazilian women QoL, as 
well as the solutions adopted by women against the GI symptoms.

METHODS

Observational study on a national scale, conducted in two 
phases, as follows.

Qualitative phase
This stage aimed to characterize the main profiles of women 

who reported GI symptoms and identify how these women ex-
pressed such problems, through sensations and images. Individual 
interviews with psychologists (lasting an hour and a half) and 
individual journaling for 15 days were conducted with 21 female 
volunteers (aged from 25 to 70 years, in the city of  São Paulo). 
At this stage, through the journal, the women were able to report 
in depth the feelings in the very moment they were experiencing 
them, also expressing their feelings through drawings and images. 
In the interviews, it was possible to access and discuss the individual 
experiences of each one of them.

Quantitative phase
Based on the results obtained in the qualitative phase, we 

structured a questionnaire entitled “Tell us the story of your lat-
est GI problem” with 49 questions. At the beginning, through a 
list of symptoms, the women were asked to indicate the different 
GI symptoms that might concern them in general and to report 
whether they were “often”, “occasionally” or “not at all” concerned 
by GI symptoms. After that, the questionnaire focused on the most 
recent GI symptom and asked to the women identified it from a 
list of  usual symptoms previously described, associating this GI 
symptom with a series of pictures and images representing their 
sensations during the episode(7,8). 

The questionnaire was very didactical including general instruc-
tions at the beginning and at the sub sections in order to facilitate 
the understanding and the questions were focused on time, place 
of occurrence, severity, supposed trigger and consequences (social, 
emotional and physical) of the last GI symptom experienced, in-
cluding the main strategies adopted to management the situation. 
The language was friendly and the structure was multiple choice. 
Here is an example of a question and the possible answers showed 
in Figure 1.

The questionnaire was made available electronically (web sur-
vey), self-administered, for women to access and fill in their homes, 
what facilitated the ability to complete the survey in the privacy 
of their homes and anonymously which encourages more truthful 
answers and the ability to complete the survey at the respondent’s 
convenience. 

In this data collection way (web survey), the respondents were 
not influenced by the interviewer, and the information could be 
collected in a variety of locations from a large number of respond-
ents (sample size) with increased power of the statistical analysis. 
The sample consisted of 3.029 women who were selected volun-
tarily, to achieve a number of  2.000 women who reported some 
GI symptom. Pregnant women and those who had very serious 
digestive complaints were excluded. The selected women were from 
ten Brazilian capitals (São Paulo, Rio de Janeiro, Belo Horizonte, 
Curitiba, Porto Alegre, Salvador, Recife, Fortaleza, Manaus and 
Federal District-Brasilia), aged from 18 to 60 years, of classes A, 
B and C according to the economic classification criteria in Brazil, 
of the Brazilian Association of Research Companies (ABEP)(11).

Statistical tests
With the descriptive statistical analysis, we obtained the fre-

quency of GI symptoms, when they occurred, the reported causes, 
symptoms and sensations attributed by women, commonly used 
solutions and impact on QoL.

By grouping the type of symptoms, with Bayesian statistical 
analysis, we defined sets (clusters) of GI symptoms and their conse-
quences related to age group, social class and regions of the country.

RESULTS

Qualitative phase
Four women profiles were identified based on their behavior in 

relation to the way they related to the GI symptoms they reported. 
These profiles have been defined from the way of  involvement 
women had with their GI symptoms, which moved in a shaft that 
went from emotional to rational; and how women dealt with the 
problem, what was its management measures, which transitioned 
from functional to emotional. Figure 2 shows the main charac-

In the morning 
In the afternoon
In the evening
In my sleep (night time or 
nap) 

In the week
At the weekend 

I was at home
I was outside home

Today/yesterday
One week ago
2 weeks ago
1 month ago
More than one month ago

FIGURE 1. Example of possible answers, where only one choice was pos-
sible, to the questionnaire question: “Describe your circumstances when 
your latest GI problem you are telling us about started” FIGURE 2. Women profiles identified in the qualitative phase
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teristics of  the four profiles found: fatalistic, experts, anxious 
and undisciplined.

Based on the reports of  these women, four categories of  GI 
disorders were also identified (constipation, diarrhea, gastric heavi-
ness and abdominal distention), as well as how women expressed 
such problems through sensations reported and images associated 
with these problems (Figure 3).

Important findings were reported by the women during this 
study phase: i) to go to the bathroom outside home is an obstacle 
to meet their physiological needs; ii) they feel fear and shame, when 
other people could notice what they were doing in the bathroom.

Quantitative phase
Of the 3029 women who responded to the questionnaire, 2000 

reported GI symptoms, that is, two out of every three women. Of 
these, 46% reported having the problem weekly, 8% monthly and 
12% every two months or less. Most women (72%) stated that the 
problems occurred during the week and almost half (42%) reported 
having the last GI symptom less than a week before. 

The respondent study sample who reported GI symptoms 
showed the following distribution according to age group: 48% 
between 18 and 29 years, 28% from 30 to 39 years, 15% between 
40 and 49 years, and 9% between 50 and 60 years. According to the 
classification by the Brazil criteria(11), 17% of women were from the 
social class defined as A, 51% belonged to class B and 32% to class 
C (considering the respondent study sample). The geographical 
distribution of the respondent sample was 3% in the North, 10% 
in Northeast, 7% in the Midwest, 63% in the Southeast and 17% 
in the South regions.

Among the causes for GI symptoms, those related to lifestyle 
that were reported most frequently were stress (61%) and insuf-
ficient physical activity (52%). Among the causes related to eating 
habits, 77% of women reported the consumption of fatty foods as 
the main cause of GI symptoms, and 46% of them said it was the 
sparkling water or soft drinks. The hasty lifestyle that includes the 
work routine and lack of time was mentioned as a major impedi-
ment for women to adopt a healthier lifestyle, controlling stress, 
practicing more physical activities and having a more balanced 
diet. Women mentioned some specific situations as aggravating to 
the problem, as eating in a hurry, staying seated for long periods, 
anxiety and stress.

Sensations reported in this stage of the research were quantified 
as shown in Table 1, which also displays the images associated with 
the sensations as they were presented in the questionnaire.

Categories Sensations Images

Constipation

anguish, suffering, sadness, 
difficulty, pollution, 

imprisonment, obstruction, 
immobility, weight, stress, 

bad mood

Gastric 
Heaviness

weight, explosion, burning, 
aggression

Abdominal 
Distention

pressure, discomfort, malaise, 
depression, decay, ugliness, 

shame

Diarrhea

urgency, pain, sadness, 
confusion, disorganization, 
disruption, lack of control, 

isolation

TABLE 1. Frequency of sensations reported by women

Sensations Frequency (%) Questionnaire images

Abdominal 
Distention / Weight 29

Burning 21

Gripes 17

Lazy Intestine 14

Bubbling 8

None 11
FIGURE 3. Main sensations and images associated with the categories 
of gastrointestinalconditions
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According to the typology of  the symptoms, the Bayesian 
statistical analyzes defined 13 sets (clusters) as shown in Table 2. 
The most prevalent symptoms were gases in 46%, and abdominal 
distention and constipation, both in 43%. The sets (clusters) most 
prevalent in the age group from 18 to 29 years were the clusters 2, 6 
and 11. The cluster 1 was the most prevalent for the age groups from 
30 to 39 years and from 40 to 49 years. For the age group from 50 
and 60 years, the most prevalent was cluster 7. There was no statisti-
cal difference between them for social class and geographic region. 

Most women (62%) reported that GI symptoms affected their 
QoL in general. Almost 70% of them said that the problems inter-
fered in the mood, 66% said they affect the concentration and 57% 
state they affected their sex life (Figure 4). Assessing specifically 
women who reported any problem related to the slow intestinal 
transit time, it was found that the impact on their QoL was even 
more significant: for 89% there was an impact on mood, for 88% 
there was an impact on concentration and for 79% on sexual life. 

TABLE 2. Definition and occurrence of clusters based on the type of 
symptoms

Cluster Occurrence Symptoms

1 9.8% Constipation + abdominal distention + 
weight + gas + spasm + bubbling + 
plentiful stool + painful evacuation +  
body pain

2 10.3% Constipation + gases + bubbling + 
plentiful stool + painful evacuation

3 7.9% Abdominal distention + weight + gases + 
plentiful stool + painful evacuation +  
body pain + constipation

4 5.3% Full + bloated stomach

5 7.4% Constipation + painful evacuation + gases

6 7.8% Constipation + painful evacuation

7 5.9% Diarrhea + weight + abdominal 
distention + gases + bubbling + spasms + 
plentiful stool + acid reflux + body pain

8 5.1% Bubbling + spasms + gases + diarrhea

9 7.4% Nausea + bloated stomach

10 7.1% Weight + pressure + bloated stomach + 
acid reflux + body pain

11 7.5% Diarrhea + cramps

12 7.4% Plentiful stool

13 11.0% Bubbling 

In an effort to “solve” the disorders, 73% of women reported 
drinking water, 40% reported taking herbal tea, 38% reported eating 
foods rich in fiber, 36% reported consuming probiotic yogurt, 34% 
reported eating papaya and 33% reported eating yogurt was the 
strategy adopted. None of the women who answered the question-
naire sought medical help to solve GI symptoms. They justified this 
behavior with the reasons described in Table 3.

TABLE 3. Frequency of the reasons why women who reported gastroin-
testinal conditions did not seek medical attention

Reason Frequency (%)

I do not consider it a disease 25.5

I expect the problem to be solved on its own 20

I take medications that do not require a 
prescription

18.5

Doctors do not treat this problem seriously 
enough

17

I know that the cause is my poor eating habits, 
so I take medicine

5

Other 14

DISCUSSION

The SIM (Women’s Gastrointestinal Health) study allowed 
for the first time a representative and comprehensive evaluation 
of the intestinal health of Brazilian women, once that this study 
is the first one done in country and also in Latin America on this 
topic. According SIM study, in Brazilian female population, the 
GI symptoms are related by two-thirds of women, affecting their 
QoL, showing that this is an important topic to be discussed and 
addressed in medical community. The main GI symptoms reported 
were functional and the main causes attributed by women were 
those related to lifestyle and to eating habits, affecting their QoL 
in general (mainly mood, concentration and sexual life). 

According Longstreth et al.(23), the IBS symptoms are predomi-
nant in female population occurring in 10% to 20% of adults and 
adolescents around the world, and these symptoms come and go 
over time impacting QoL. The main symptoms are bloating (present 
in 96% of IBS patients, more prevalent in women); constipation 
(present in around 30% of people throughout the world and also 
more common in women); and functional diarrhea. 

In Brazil, in a recent cross-sectional study performed in Flori-
anópolis with 605 women, with 40 years old (median age), visiting 
a public health service for reasons that were not related with GI 
symptoms, the constipation was self-reported by 24.5%(32). Around 
the world, in a cross-sectional study in the USA, through telephone 
survey, 2510 subjects (men and women) answered questions about 
their GI symptoms in the month previous to the research, focusing 
on the frequency, duration, intensity and impact of  symptoms, 
and 40.5% of respondents reported having had one or more symp-
toms in the previous month(33). A study conduct in Netherlands, 
shows that 26% of the population reported GI symptoms, with a 
higher prevalence among female population, and flatulence (71%),  

FIGURE 4. Gastrointestinal conditions impact on Brazilian women 
quality of life

(%)
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bloating (63%) and borborygmi (60%) were the most frequently 
symptoms(38). In a survey performed by Silva et al.(35), it is estimated 
that constipation affects from 2% to 28% of  the population in 
Western countries, and it is difficult to estimate the true prevalence 
of this problem because there are different classifications for di-
agnosis. These studies reinforce the importance of findings of this 
SIM study, where 66% of the Brazilian women had some type of 
GI symptoms with significant impact on their QoL.

The causes of GI symptoms considered functional are related 
to multiple factors, and lifestyle seem to be play an important 
role in this process(2,21,34,35). It is known that diet composition is 
extremely important to bowel function(16) and the stress also exerts 
great influence on the functioning of the GI tract(17,20). Also, the 
lifestyle is a factor responsible for the composition of the intestinal 
microbiota(3,25) and stress can directly affect its composition(5,30). 
According to Bailey et al.(5), exposure to stress affects the stability 
of the microbiota and may result in bacterial translocation. The 
diet also changes the composition of the microbiota(19), which in 
turn can determine bowel function. According to Annalisa et al.(3), 
intestinal microbiota is influenced by several factors such as age, 
diet habit and lifestyle.

The human body is populated by a multitude of microorgan-
isms called human microbiota. They inhabit surfaces of the human 
body(5), with a genetic diversity superior to men, since they make 
up to 100 trillion cells, which is ten times more than the number 
of human cells(27). Many of these microorganisms are part of the 
intestinal microbiota, with over 500 species of  bacteria, which 
due to such expressive characteristics have an ability to interact 
with their host, impacting their health and well-being(5,6,9,15,18,25,27). 
The composition of  the intestinal microbiota may be related to 
GI symptoms, mainly related to abdominal pain and abdominal 
distention. According to Jalanka-Tuovine et al.(18), subjects who 
had abdominal pain showed five times less Bifidobacterium than 
those without pain. Also, may be related with well-being. In a 
study with rats, Bercik et al.(6) concluded that the composition of 
the intestinal microbiota influences behavior and brain chemistry, 
and GI symptoms and intestinal dysbiosis can contribute to psy-
chiatric disorders. Tillisch et al.(39) conducted a study with women 
to investigate the relationship between brain function and probiotic 
yogurt consumption, which acts in the modulation of the intesti-
nal microbiota. The authors concluded that the consumption of 
fermented yogurt with probiotics (for 4 weeks, 250 grams per day) 
interferes with brain activity, with greater emphasis on regions of 
emotions and sensations(39). 

It is important to note that the way the slow intestinal transit 
is seen in society directly affects the occurrence of GI symptoms 
and may even be their cause. This fact is seen as a taboo especially 
among women and has a psychological impact, since in this SIM 
study (during the first phase) they reported that the fact of having 
to go to the bathroom outside home is an obstacle to meet their 
physiological needs. Thus slowing the defecation reflex, an essential 
factor that causes constipation. The anal sphincters are a complex 
system between the inner smooth muscle, the striated muscle and the 
external puborectalis muscle, which are organized to execute fecal 
continence mechanism in conjunction with a network of nerves 
and the central nervous system(28,29,31). According to Rajasekaran 
et al.(29), the internal smooth muscle is primarily responsible for the 
pressure of the anal canal on rest and the external striated muscle 
has greater responsibility on the increase in anal canal pressure, with 
voluntary tightening of the sphincter. The behavior of inhibiting 

the reflection of the anal sphincter, slowing it, can contribute to 
constipation. According to Oliveira et al.(26), constipation is more 
prevalent in women, and among the factors that could explain 
this scenario, in addition to psychological and hormonal issues, 
are births and gynecological surgeries that can damage the pelvic 
muscles and their innervation. In postmenopausal women, genital 
prolapses are more frequent and also help to explain constipation(26). 

The emotional aspect related to the functioning of the bowel 
is often overlooked, but imprints an important relationship with 
it(17). Serotonin, a hormone related to wellbeing sensation, is closely 
related with the bowel(10), since most of this hormone is synthesized, 
stored and released in the intestine(24). The enterochromaffin cells 
are neuroendocrine cells in the mucosa of  the GI tract and are 
responsible for the serotonin synthesis(14,22,24). According to Mawe 
and Hoffman(24), serotonin is altered in patients with GI symptoms, 
especially with the slow intestinal transit, a factor that impacts 
the individual’s wellbeing sensation. The corticotropin-releasing 
hormone acts on the gut-brain axis, mediating stress responses 
and influencing both brain and intestine, and the perception of 
the latter is affected by the emotional state of the subject(17,21,30). 

The age range is related to gastrointestinal symptoms and 
their occurrences. In the present study, it was observed that the 
symptoms of clusters 1 and 7 were the most frequent in the age 
groups that includes the menopause and postmenopausal period 
(ranging in this study from 40 up to 60 years). These sets (clusters) 
are the ones that concentrate the largest combination and variety 
of symptoms, which might be related to the tangle of feelings that 
affect women in these age groups due to the hormonal decline that 
is characteristic of menopause.

Empirically, women relate dietary factors as an adjunct in the 
solution of GI symptoms. In addition to the increased consumption 
of fiber and water(34), probiotic yoghurt is an important factor in the 
improvement of GI symptoms, since the probiotic microorganisms 
are able to modulate the intestine microbiota and determine bowel 
function. In a review study conducted by Waitzberg et al.(41), the 
authors evaluated two clinical trials on the action of a fermented 
milk product with Bifidobacterium animalis lactis CNCM I-2494 
and four other probiotics on the health of the host, especially with 
regard to digestive health and the functions of the GI tract. It was 
found that consumption of the product for four weeks had health 
benefits for healthy women, with a significant decrease in GI symp-
toms and increased digestive comfort(41). Probiotics, by imprinting 
a relationship with the intestinal functions, contribute to the health 
and wellbeing of the subject(9,13). This fact was also observed in the 
SIM study, where some women were using probiotics to solve their 
GI problems, especially those with slow intestinal transit.

Negative impact on QoL in healthy subjects can be one of the 
disorders generated by GI symptoms(18). In a Brazilian study, per-
formed in Florianópolis, with 605 adult women, visiting a public 
health service for reasons that were not related with GI symptoms, 
25.1% had the diagnosis for constipation and about 80% of them 
stated that constipation had medium or great interference in their 
lives(32). The SIM study showed similar results, where GI symptoms 
affected the QoL in general of the most of the evaluated women.

Around the world, other studies showed similar data. In a study 
conducted in France with 253 subjects with IBS, through telephone 
survey, Amouretti et al.(1) found that those subjects with IBS had 
lower QoL scores, statistically significant when compared with the 
French general population. Low scores in HRQoL (Health-Related 
Quality of Life) were correlated with greater intensity of abdominal 
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pain and discomfort. The same results were found in Netherlands, 
comparing the population with and without GI symptoms: the 
impact on the QoL was significantly more negative in the popula-
tion with GI symptoms (P<0.01)(38). Another study of Sandler et 
al.(33) showed that 65% of respondents reported that the symptoms 
had moderate to severe intensity and that these symptoms affected 
daily activities, impacting significantly the day-to-day life of the 
American population studied. Daily activities such as work, are af-
fected by GI symptoms, which impacts on the economy. In a study 
by Sun et al.(37), with data from the National Health and Wellness 
Survey (NHWS), where 1.430 subjects had chronic constipation, 
the authors found a statistically significant impact (P<0.01) of this 
health condition with the loss of productivity at work, with more 
absenteeism in those with chronic constipation compared with the 
control group (9.08% vs 5.20%).

GI symptoms are seen as harrowing and stressful by most 
women. According to Amouretti et al.(1), women’s QoL is most 
affected by GI symptoms. Once the GI problem happens, many 
women deal with it with distress and anxiety, which acts against 
the improvement of symptoms and so on in a vicious cycle, a be-
havior complicating the other, confusing cause and consequence of 
the problem. As previously mentioned in results section, most of 
women said that their problems occurred during the week, i.e. on 
working days, which may be related to the period of increased stress 
and haste of women. Anxiety and depression are related to mood 
swings, which have great influence in the GI tract, contributing to 
the occurrence of functional bowel disorders(17).

Besides this psychological scenario of stress and anxiety, feel-
ings of shame are assigned to the act of defecating. Some women 
in the SIM study said (in the first phase) that the mere fact that 
other people could notice what they were doing in the bathroom, 
make them feel fear and shame. Such event can be explained pre-
cisely by the association of evacuation to the feeling of rejection, 
threatening the human search for belonging and acceptance. For 
Sandler et al.(33), women were more likely to report their problems 
than men when they were not related to the stool itself, but for 
diarrhea or sift stool, the numbers were similar between women 
and men (27.1% vs 26.7%)(33). This relationship between the stool 
and the emotional commitment was also reported by Amouretti 
et al.(1), who observed in his study in the French population that 
subjects with diarrheal IBS had a worse emotional domain score 
in HRQoL when compared to the scores of individuals with IBS 
with constipation predominance.

Functional bowel disorders should not be seen as less important 
neither by the population that suffers from them or health profes-
sionals. The education of  professionals on the matter, with the 
correct and transparent approach to the subject with their patients 
can ease the intensity, frequency and duration of them. It is known 
that the adoption of a healthier lifestyle, effectively contributes to 
the treatment of functional bowel disorders(2,21,34,35). It is the role 
of health professionals to advise and recommend to their patients 
the adoption of a healthier lifestyle, an attitude that would cause 
them to have an adequate motility and consequently decrease the 
consumption of  laxative medications. The exceptions would be 
for those with chronic constipation, where laxatives are indicated, 
under medical supervision, as initial part of the treatment(34). The 
misuse and abuse of laxatives may cause unnecessary side effects 

and major impacts on the health of subjects, since these substances 
can cause side effects and change motor, secretory and absorptive 
functions of the GI tract(2,34).

Is important to reinforce that the SIM study is the first one 
done in Brazil and Latin America, allowing a representative and 
comprehensive evaluation of  the intestinal health of  Brazilian 
women for the first time. Its data allow some considerations:  
i) educational measures are necessary for clarification of the popula-
tion that bowel function is a normal physiological function, which 
acts directly to the proper functioning of the organism as a whole, 
including the mental and emotional aspects; ii) besides the general 
population, health professionals should be better instructed to have 
a more transparent approach to GI symptoms with their patients, 
which certainly ease the psychological impact of talking about this 
topic, as well as physiologically abbreviate intensity, frequency and 
duration of GI symptoms; and iii) its demystifying is critical, as it is 
still seen as a taboo by society, especially in the female population.

One of the main limitations of the second phase of the study, 
related to the way of questionnaire administration (web survey), 
was the possible lack of  access to the Internet. Also, language, 
cultural differences and regional expressions that exist in the dif-
ferent parts of the country, and the potential for respondents to 
misunderstand questions or the terms being used. In this survey, the 
use of items that were easy to understand and images to facilitate 
communication, minimized this latter risk. 

CONCLUSION

This observational study on national scale shows that GI 
symptoms are present in the day-to-day life of two-thirds of Bra-
zilian women without social class distinction and in all regions of 
the country, affecting more significantly their QoL. The main GI 
symptoms reported were functional and the causes attributed by 
women were those related to lifestyle and eating habits.

Most of the evaluated women reported that GI symptoms af-
fected their QoL in general, affecting mainly mood, concentration 
and sexual life. Such evidence allows to conclude that the bowel, 
because of  its tenuous connection with the brain, becomes an 
important emotional catalyst, and may modulate negatively the 
psychological behavior of women, giving rise to a psycho-physio-
logical vicious cycle that begins with negative feelings such as low 
self-esteem, stress, distress, anger and anxiety, triggering intestinal 
discomfort, which through their physical symptoms, reports the 
internal imbalance in the female body. Thus, uncomfortable with 
the GI reactions, the QoL of  these women is directly affected, 
which invariably aggravate and make chronic the emotions that 
stimulate the initial cycle.

Social standards and lifestyle directly affect the female perspec-
tive on the intestine as an organ. The confrontation of the taboo of 
evacuating as a natural need is critical, requiring public awareness 
that the intestine is part of the body, and that with all its complexity 
of operation, it has immense relevance.
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RESUMO – Contexto – Sintomas gastrointestinais parecem afetar mais as mulheres, devido a problemas hormonais e emocionais, afetando a qualidade 

de vida. O estado emocional pode afetar o funcionamento do intestino por meio de um sistema de comunicação bidirecional entre o intestino e 
o cérebro que envolve o sistema neuroendócrino. Alterações da função intestinal e sintomas gastrointestinais podem afetar a qualidade de vida.  
Objetivo – O estudo SIM teve como objetivo descrever, caracterizar e quantificar os sintomas gastrointestinais relatados por mulheres brasileiras, suas 
causas, sentimentos e impacto. Métodos – Questionário eletrônico estruturado foi desenvolvido após a fase qualitativa para formatação semântica, 
e foi administrado a mulheres voluntárias em 10 cidades brasileiras. Foram realizadas análises estatísticas descritivas e Bayesiana. Resultados – A 
partir dos 3029 respondentes, 66% relataram sintomas gastrointestinais. Os sintomas mais prevalentes foram gases (46%), distensão abdominal e 
constipação (43%). As principais causas relatadas foram estilo de vida e hábitos alimentares. Sintomas gastrointestinais afetaram a qualidade de 
vida da maioria das mulheres (62%), especialmente a constipação (humor (89%), concentração (88%) e vida sexual (79%)). As soluções mais comuns 
adotadas foram beber água, chás, comer alimentos ricos em fibras e probióticos. Conclusão – Sintomas gastrointestinais são altamente prevalentes 
nas mulheres brasileiras e impactam negativamente diferentes aspectos da qualidade de vida (humor, concentração e sexualidade). O intestino é um 
catalisador emocional importante que pode modular o comportamento psicológico. Melhor compreensão da interação entre o intestino e o cérebro 
pode ajudar na gestão dos sintomas gastrointestinais para melhorar a qualidade de vida das mulheres.

DESCRITORES – Trato gastrointestinal. Saúde da mulher. Qualidade de vida. Inquéritos e questionários. 
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INTRODUCTION

Severe Acute Liver Failure (SALF) is a syndrome with high 
morbidity and mortality rates and low prevalence. It is charac-
terized by sudden onset in patients with previously normal liver 
with rapid progress, leading to hepatocellular insufficiency, which 
translates into extensive metabolic disturbances, particular sus-
ceptibility to bacterial or fungal infections, collapse of  multiple 
organs, coagulopathy, and central nervous system disorders, with 
mortality reaching 80%(6,24,27). The severe acute attack on the hepatic 
parenchyma can have different etiologies, such as drugs, xenobiotics 
and viruses. At present, the treatment of excellence in most cases is 

Action of vitamin E on experimental severe  
acute liver failure

Fabiano Moraes MIGUEL1,5, Elizângela Gonçalves SCHEMITT2,5,6, Josieli Raskopf COLARES2,5,6,  
Renata Minuzzo HARTMANN2,5,6, Maria Isabel MORGAN-MARTINS4 and Norma Possa MARRONI1,2,3,5,6

Received 15/8/2016

Accepted 28/11/2016

ABSTRACT – Background – Severe Acute Liver Failure (ALF) is a life-threatening clinical syndrome characterized by hepatocyte necrosis, loss of hepatic 
architecture, and impairment of liver functions. One of the main causes of ALF is hepatotoxicity from chemical agents, which damage hepatocytes 
and result in increase of reactive oxygen species. The vitamin E isoform is the one with the strongest biological antioxidant activity. Objective – To 
evaluate the antioxidant effect of vitamin E in this ALF model. Methods – We used 56 rats (mean weight of 300 g) divided into eight groups, four 
groups assessed at 24 hours and 4 assessed at 48 hours after induction: control group (CO); Vitamin E (Vit. E); Thioacetamide (TAA) and Thioacet-
amide + Vitamina E (TAA+Vit.E). Rats were submitted to injections of thioacetamide (400 mg/kg i.p.) at baseline and 8 hours later. Vitamin E (100 
mg/kg ip) was administered 30 minutes after the second dose of thioacetamide. The 48-hour group rats received two additional doses of vitamin E 
(24h and 36h). At 24h or 48 hours after the administration of the first dose of TAA, rats were weighed and anesthetized and their blood sampled for 
evaluation of liver integrity through enzymes aspartate aminotransferase (AST) and alanine aminotransferase (ALT). Liver tissue was sampled for 
assessment of lipid peroxidation (LPO) by the technique TBARS, antioxidant enzymes SOD, CAT, GPx and GST activity, levels of the NO2/NO3 
and histology by H&E in two times. The results were expressed as mean ± standard deviation and statistically analyzed by ANOVA followed by Stu-
dent-Newman-Keuls, with P<0.05 considered as significant. Results – After treatment with vitamin E, we observed a reduction in liver enzymes AST 
(U/L) (101.32±19.45 in 24 hours and 97.85±29.65 in 48 hours) related to the TAA group (469.56± 0.69 in 24 hours and 598.23±55.45 in 48 hours) 
and ALT (U/L) (76.59±8.56 in 24 hours and 68.47±6.49 in 48 hours) compared to the TAA group (312.21±10.23 in 24 hours and 359.15±17.58 in 48 
hours). There was a reduction of LPO (nmol/mg Prot) in the TAA+Vit.E group (0.77±0.07 in 24 hours and 0.95±0.08 in 48 hours) compared to the 
TAA group (1.50±0.07 in 24 hours e 1.65±0.16 in 48 hours). SOD decreased in the TAA+Vit.E group (49.48±9.47 in 24 hours and 62.45±18, 47 in 
48 hours), related to the TAA group (98.46±15.48 in 24 hours and 154.13±21.46 in 48 hours), as well as GST (nmol/min/mg Prot) in the TAA+Vit.E 
group (350.57±36.93 in 24 hours and 453.29±13.84 in 48 hours) compared to the TAA group (561.57±64.56 in 24 hours and 673.43±38.13 in 48 hours). 
There was an increase in CAT (pmol/min/mg Prot) in the TAA+Vit.E group (3.40±0.44 in 24 hours and 3.0±0.35 in 48 hours) compared to the TAA 
group (1.65±0.21 in 24 hours and 1.86±0.42 in 48 hours). The GPx (nmol/min/mg Prot) increased in 24 hours in the TAA+Vit.E group (1.01±0.16) 
compared to the TAA group (0.41±0.04) and decreased in 48 hours (1.19±0.17) compared to the TAA group (1.76±0.21). There was a reduction in 
NO2/NO3 (mmol/L) levels in the TAA+Vit.E group (31.47±4.26 in 24 hours and 38.93±5.20 in 48 hours) compared to the TAA group (49.37±5.12 in 
24 hours and 53.53±5.97 in 48 hours). The histopathological evaluation showed a decrease in liver injury (necrosis and inflammation) in both studied 
times. Conclusion – These results suggest that vitamin E was able to protect the liver from lesions caused by thioacetamide.
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liver transplantation. The availability of organs is limited, however, 
precluding the use of such therapy in all necessary cases. Further-
more, few are the hospitals that have competent surgical teams to 
effectively perform liver transplantation. The acknowledged thera-
peutic effectiveness of N-acetylcysteine in cases of SALF triggered 
by intake of large doses of paracetamol gives us an indication of the 
possible therapeutic application of other compounds that can act in 
such situations. So, attentions have been focused on the possibility 
of restoring liver mass and function through various treatments, in 
an attempt to delay or arrest the progress of the disease(18,24,28,29,31).

Research on experimental models of ALT play an extremely 
important role for the study of its pathogenesis and the many stages 
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of its course. Thioacetamide (TAA) is a xenobiotic known as a 
potent hepatotoxic, carcinogenic and cirrhosis-inducing agent in 
rats(5,12). Its administration causes the death of hepatic cells by both 
centrilobular necrosis and apoptosis(10,14,20). This process involves 
reactive oxygen species (ROS), which leads to oxidative stress (OS), 
with increased damage to DNA, proteins and lipids from the exces-
sive generation of free radicals (FR)(15,29).

Both ROS and reactive nitrogen species (RNS) as well as other 
free radicals are critical intermediaries in the physiopathogenesis 
and physiopathology of  hepatocyte lesion(9). Bioactive products 
resulting from lipoperoxidation are highly implicated as being key 
abnormalities responsible for the hepatic injury(11).

The organism relies on an antioxidant defense system against 
ROS and RNS, which is divided in two main types: enzymatic, such 
as enzymes superoxide dismutase (SOD), glutathione peroxidase 
(GPx), catalase (CAT) and glutathione S-Transferase (GST); and 
non-enzymatic, such as glutathione (GSH), ascorbic acid (vitamin 
C), flavonoids, vitamin E, among others(26).

Vitamin E is a component of  vegetable oils that is found in 
nature in four different forms: α, β, γ, and δ-tocopherol. Vitamin 
E is the main antioxidant vitamin transported in the blood flow by 
the lipid phase of plasma lipoprotein particles(16).

The α-tocopherol isoform is the one with the strongest bio-
logical antioxidant activity and is widely distributed in tissues and 
plasma. In the non-hydrophobic portion of a-tocopherol there is the 
hydroxyl radical (HO), whose atom of hydrogen is easily removable. 
So, when peroxyl and/or alcoxyl radicals are generated during lipid 
peroxidation, they are likely to combine with fatty acids of the tail 
of vitamin E, thus stopping to withdraw electrons from membrane 
fatty acids. Therefore, vitamin E, owing to its structural character-
istics, acts as chain breaker, i.e. a scavenger of free radicals, thus 
precluding lipoperoxidation (LPO)(30).

Given the physiopathogeny of  severe SALF involving the 
formation of ROS and RNS, the hepatotoxic ability of TAA and 
the antioxidant effects of  Vitamin E, this work was designed to 
investigate the action of this vitamin on SALF in rats.

METHODS

Ethical considerations
Animal handling complied with the ethical principles estab-

lished by Federal Law No. 11.794, which regulates the scientific 
use of experimental animals in Brazil. This project was approved 
by the Ethical Research Committee of Universidade Luterana do 
Brasil (ULBRA) for Animal Use (CEUA- Protocol 2012 – 43P).

Animals and research design
Fifty-six male Wistar rats with mean weight of 300 g were used, 

divided in two experiments according to time of interest, 24h and 
48h (28 animals per experiment). Each experiment comprised four 
groups: control (CO) group, Vitamin E (Vit. E) group, Tioacetamide 
(TAA) group and Tioacetamide + Vitamin E (TAA+Vit. E). Each 
experimental group was composed of  7 animals (n=7 based on 
sampling calculation) obtained from the animal facility of ULBRA. 
Along the study period the animals were kept in plastic boxes lined 
with wood shavings on a 12h light/dark cycle and room tempera-
ture between 20 and 25ºC. They had free access to food and water.

Thioacetamide (Sigma Chemical Co., St. Luis, MO, USA) 
was diluted in 1 mL of 0.9% NaCl vehicle and administered with 
intraperitoneal injection (i.p.). Vitamin E (α–tocopherol), sup-

plied in gelatinous capsules with oil by Importadora Química  
DELAWERE®, was administered at a dose of 125 mg/kg (i.p.)

Experimental protocol
The CO-24h group received three doses of 0.9% NaCl vehicle, 

with the second dose given 8 hours after the first and the third and 
last dose 30 minutes after the second. Thioacetamide was admin-
istered at two doses of 400mg/Kg (i.p.) each with an interval of 8 
hours, while vitamin E was given at a dose of 125 mg/kg (i.p.) 30 
minutes after the second dose of TAA. In the 48-hour experiment, 
two additional doses of vitamin E were administered, with the sec-
ond dose given 24 hours after the start of the experiment and the 
third, 36 hours after it. Doses of vehicle at the same dilution (0.9% 
NaCl, 1 mL) were administered to the groups in both experiments 
in order to expose the animals to the same number of administra-
tions. At the end of each experiment, animals were weighed and 
anesthetized with ketamine 95 mg/kg and xylazine hydrochloride 
8 mg/kg (i.p.). Blood samples were collected from the retro-orbital 
plexus for hepatic integrity assays and livers were dissected out for 
posterior analyses. At the end of each experiment (24h and 48h), 
animals were killed by exsanguination under deep anesthesia.  

Plasma analyses
Liver integrity was determined by evaluation of  enzymes 

aspartate aminotransferase (AST) and alanine aminotransferase 
(ALT) in plasma using the commercial kit Boehriner Mannheim 
(Germany). AST (340 nm) and ALT (340 nm) activities were ob-
tained by kinetic assay using the commercial liquiform kit Labtest®.

Liver homogenates
Nine mL of phosphate buffer solution (1.15% KCL) per gram 

of  tissue (liver) and phenylmethylsulfonyl fluoride (PMSF) at a 
concentration of 100 mM in isopropanol (10 µL/mL of KCl) were 
used. The tissue was homogenized in ULTRA-TURRAX for 40 
seconds at 0-2ºC and subsequently centrifuged for 10 min at 3000 
rpm in refrigerated centrifuge. The precipitate was discarded and 
the supernatant removed and frozen at -80ºC for posterior bio-
chemical analyses(19).

Protein
The Bradford method (1976) was used to quantify proteins, 

with bovine albumin as standard (SIGMA). The samples were 
spectrophotometrically measured at 595 nm, and the concentrations 
expressed in mg/mL and used to calculate thiobarbituric acid reac-
tive substances (TBARS) levels and antioxidant enzyme activity. 

Lipoperoxidation
The amount of malondialdehyde generated by lipoperoxidation 

was measured by TBARS, a technique that measures the quantity 
of  substances reacting with thiobarbituric acid. Tissue samples 
were placed in test tubes with a mixture of 10% thrichloroacetic 
acid (TCA) and 0.67% thiobarbituric acid (TBA). They were sub-
sequently warmed in bath for 30 min and chilled in ice for about 
5 min. After chilling the samples, 1.5 mL of n-butyl alcohol was 
added to extract the pigment formed. After this procedure they 
were placed in stirrer for 45 sec and centrifuged for 10 min at 3000 
rpm. Finally, the stained product, present in the upper fraction, 
was read spectrophotometrically at a wavelength of 535 nm. The 
obtained TBARS concentration was expressed as nmol per mil-
ligram of protein(4).
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Analyses of antioxidant enzymes
Glutathione S-transferase (GST) is based on an enzyme that 

catalyzes the formation of 1 mmol of DNP-SG per minute at 30°C 
using 1mM of the concentration of  (reduced) GSH and CDNB, 
detected spectrophotometrically at 340 nm, values expressed in 
mmol/min/mgprot(21). The analysis of superoxide dismutase (SOD) 
activity is defined as its ability to inhibit a detection system that 
reacts with O-

2. The technique of  measuring SOD is based on the 
inhibition of  this reaction with adrenalin, detected spectrophoto-
metrically at 480 nm. The data were expressed as units of  SOD 
per milligram of  protein (USOD/ mg prot.)(25). The analysis of 
catalase activity (CAT) is defined by the breakdown of  hydrogen 
peroxide in water and oxygen, being directly proportional to its 
enzymatic activity, detected spectrophotometrically at 240 nm. 
The results were expressed in µmoles per milligram of  protein 
(mmoles of  H2O2)(3). Glutathione peroxidase (GPX) can be 
studied by measuring the rate of  consumption of  nicotinamide 
adenine dinucleotide (NADPH) in the reduction of  glutathione 
oxidase, detected spectrophotometrically at 340 nm and its activity 
expressed in nmoles per minute per milligram of  protein (nmol/
min/mg prot)(13).

Evaluation of nitric oxide metabolites – nitrites e nitrates
Nitric oxide production was measured indirectly through a 

colorimetric quantitative test by the Griess reaction. It is based 
on the enzymatic reduction of nitrates to nitrites in the presence 
of nitrate reductase and NADPH, and posterior reaction of the 
formed nitrites (or initially present in the samples) with Griess 
reagent (mixture of sulfanilamide and naphthyl ethylenediamine, 
specific for NO2

-). However, as the excess of NADPH used inhibits 
the Griess reaction, it is necessary to oxidize all of the NADPH not 
used in the reduction of nitrates. This is achieved by adding nitrate 
reductase. The reading was performed in a microplate reader at 
540nm and the results expressed in mmol of NO2/NO3.

Histological analysis
Histological analyses were performed on liver samples preserved 

in 10% formaldehyde solution for 24h, which were then embed-
ded in paraffin and cut in 3 mm slices using a rotating microtome. 
Histological examinations were performed using hematoxylin-eosin 
staining. A single pathologist, blinded to experimental protocol, 
analyzed all livers under a binocular Labophot NIKON microscope, 
at 100X magnification.

Statistical analysis
The results were expressed as mean ± standard error for each 

experimental group. The software GrapPad Instat, version 3.0 
was used for the statistical analysis. For symmetrical data, simple 
ANOVA was used to compare the differences found in each studied 
parameter. The complementary Student-Newman-Keuls test was 
used as well for multiple comparisons. The level of significance for 
each comparison was at least 5% (P<0.05).

RESULTS

Liver integrity
Table 1 shows the results of AST and ALT evaluation at 24h 

and 48h. The TAA groups showed a significant increase (P<0.001) 
as compared to the CO group at both times, while the TAA groups 
receiving Vit. E (125 mg/kg) reduced these enzymes significantly 

(P<0.001) at both these times, decreasing and protecting from the 
damage triggered by TAA. It was thus demonstrated that Vit. E 
doses contributed to a protective effect on the liver tissue. 

TABLE 1. Evaluation of enzymes AST and ALT (U/L) in the different 
experimental groups at the two studied times (24h and 48h)

Grupos CO VIT. E TAA TAA + Vit. E

24 h

AST 39.05±6.55 39.99±5.23 469.56±0.69a 101.32±19.45b

ALT 22.36±3.45 21.56±2.64 312.21±10.23a 76.59±8.56b

48 h

AST 43.12±5.63 41.56±3.45 598.23±55.45a 97.85±29.65b

ALT 29.48±3.12 32.45±3.05 359.15±17.58a 68.47±6.49b

CO: control group, Vit. E: Vitamin E group; TAA: Thiocetamide group; TAA+Vit.E: Thio-
cetamide with Vit. E group). Data are expressed as mean ± standard error of mean. n=7 per 
group, where a= significant increase (P<0.01) of TAA vs Controls, and b= indicates significant 
decrease (P<0.001) of TAA+Vit.E vs TAA.

Lipoperoxidation measurement
LPO results for the 24h and 48h groups can be seen in Figure 1, 

where a significant increase (P<0.001) of LPO was found in TAA 
groups as compared to the others. As Vit. E is administered at 24 h, 
LPO is reduced as compared to the TAA group (P<0.001), and 
the same was found at 48h. This is clear evidence that Vit. E ad-
ministration in the TAA group reduces LPO at both studied times. 

Antioxidant enzymes
SOD, CAT, GPx and GST activities were assessed at 24h and 

48h (Table 2). GST and SOD activities were significantly increased 
in the TAA groups as compared to control groups at 24h and 
48h, and decreased in the TAA+Vit.E groups as compared to the 
TAA groups at both times. Cat activity was significantly reduced 
in the TAA groups as compared to controls at 24h and 48 h, and 
increased in the TAA+Vit.E groups as compared to TAA at both 
studied times. GPx showed a different pattern across the studied 
times. At 24h GPx activity was reduced in the TAA as compared 
to controls and the TAA+Vit.E group had increased GPx activity 
as compared to the TAA group. At 48h, GPx activity was increased 
in the TAA group as compared to controls and was reduced in the 
TAA+Vit.E group as compared to TAA.

FIGURE 1. Evaluation of lipoperoxidation through TBARS (nmol/
mg prot) in the different experimental groups assessed at 24h and 48h.  
CO: control group, Vit. E: Vitamin E group; TAA: Thiocetamide group; 
TAA+Vit.E: Thiocetamide with Vit. E group. Data are expressed as mean 
± standard error of mean. n=7 per group. *Significant increase (P<0.05) of 
TAA vs Controls and #significant decrease (P<0.05) of TAA+Vit.E vs TAA.
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Nitrites e Nitrates
Figure 2 shows that nitric oxide metabolites increased signifi-

cantly (P<0.001) in the TAA groups at both times and were signifi-
cantly reduced in the Vitamin E-supplemented groups (P<0.001) 
at both studied times. 

TABLE 2. Evaluation of antioxidant enzymes SOD, CAT, GPX and GST activities in the different studied groups and two studied times: 24h and 48h

Groups SOD
(USOD/min/mg Prot)

CAT
(pmol/min/mg Prot)

GPX
(nmol/min/mg Prot)

GST
(nmol/min/mg Prot)

24 h
   CO 36. 47 ± 7.49 3.43 ± 0.68 0.76 ± 0.09 246 ± 11.41
   Vit. E 28.46 ± 5.13 4.60 ± 0.21 0.73 ± 0.08 262.57 ± 8.68
   TAA 98.46 ± 15.48ª 1.65 ± 0.21c 0.41 ± 0.04c 561.57 ± 64.56a

   TAA + Vit. E 49.48 ± 9.47 3.40 ± 0.44d 1.01 ± 016b 350.57 ± 36.93b

48 h
   CO 31.54 ± 7.68 3.299 ± 0.23 0.68 ± 0.08 318.71 ± 18.94
   Vit. E 12.96 ± 6.48 3.45 ± 0.24 0.71 ± 0.07 299.57 ± 11.81
   TAA 154.13 ± 21.46a 1.86 ± 0.42ª 1.76 ± 0.21a 673.43 ± 38.13a

   TAA + Vit. E 62.45 ± 18.47b 3.015 ± 0.35b 1.19 ± 0.17b 453.29 ± 13.84b

CO: control group, Vit. E: Vitamin E group; TAA: Thiocetamide group; TAA+Vit.E: Thiocetamide with Vit. E group. Data are expressed as mean ± standard error of mean. n=7 per group. 
a= significant increase (P<0.001) TAA vs Controls; b= significant decrease (P<0.001) of TAA+Vit.E vs TAA; c= significant increase (P<0.05) of TAA vs Control groups, and d= significant 
decrease (P<0.01) TAA+Vit.E vs TAA.

Histology
Histological evaluation of  liver tissue was performed by he-

matoxylin & eosin (HE) staining at 200x magnification. As can be 
seen in Figures 3A and B (24h) and 4-A and B (48h), the CO and 
Vit.E groups showed normal hepatic parenchyma, with clear-cut 
hepatocyte cordons with well-preserved cytoplasms and nuclei. In 
the histology of the TAA group, shown in Figures 3C (24h) and 
4C (48h), there is evidence of hepatocyte cordon disorganization, 
inflammatory infiltrate, and necrosis. In the TAA+Vit.E group, 
seen in Figures 3D (24h) and 4D (48h), note the preservation of 
hepatocyte cordons and decreased incidence of necrosis and inflam-
matory infiltrate in response to Vitamin E. 

FIGURE 2. Evaluation of nitric oxide metabolites - nitrites and ni-
trates (mmol/L) in the different experimental groups at 24h and 48h.  
CO: control group, Vit. E: Vitamin E group; TAA: Thiocetamide group; 
TAA+Vit.E: Thiocetamide with Vit. E group. Data are ex pressed as 
mean ± standard error of mean. n=7 per group. a = significant incre-
ase (P<0.001) TAA vs Controls; b = significant decrease (P<0.001) of 
TAA+Vit.E vs TAA.

FIGURE 3. Photomicrograph of hepatic tissue by hematoxylin & eosin 
(HE) stain in the different experimental groups at 24h. Magnification: 
200X. A = CO group, B = Vit. E group, C = TAA group and D = 
TAA+Vit.E group. Arrow 1: Necrosis. Arrow 2: Inflammatory infiltrate.

FIGURE 4. Photomicrograph of hepatic tissue by hematoxylin & eosin 
(HE) stain in the different experimental groups at 48h. Magnification: 
200X. A = CO group, B = Vit. E group, C = TAA group and D = 
TAA+Vit.E group. Arrow 1: Necrosis. Arrow 2: Inflammatory infiltrate.
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DISCUSSION

Severe SALF is an acute hepatic disorder with varied, poorly 
known physiopathogeny and established physiopathology with 
variants concerning etiology. Knowledge of  these mechanisms 
is important to determine the pathways of  the lesion and any 
potential effects of  external intervention. The utilization of  ex-
perimental models and antioxidant drugs comes to contribute to 
its understanding. Drugs that can delay the progress of the disease 
or reorganize the hepatic parenchyma are potential therapeutic 
agents for the disease.

In the present study, vitamin E was found to attenuate oxida-
tive stress and inflammation in TAA-induced SALF. Enzymes 
AST and ALT were increased by about 1200% in the groups 
receiving TAA as compared to controls at 24h and 48h. Other 
authors also obtained similar results by inducing toxicity in 
rat livers through administration of  AA doses (350 mg/kg). In 
Vitamin E-treated groups, there was a significant decrease of 
about 75% in AST and ALT as compared to TAA groups at 24h 
and 48h(7,28). In another study also observed a reduction of  these 
parameters in an experimental model of  toxicity, treating with 
flavonoid quercitin(8). 

In LPO evaluation, TBARS presented an increase of  59.5% 
and 94.1% at 24h and 48h, respectively, in the TAA group. In the 
Vit. E group, however, values were similar to those of the control 
group and significantly reduced as compared to TAA groups, 
with reductions of 51.3% and 42.4% at 24h and 48h, respectively. 
Such reduction demonstrates decreased LPO in the hepatic tissue 
due to the antioxidant action of vitamin E administered to these 
animals, which can be evidenced by histology, where one notes 
reorganization of the hepatic tissue and reduction of the inflam-
matory infiltrate and necrosis(2,17,28).

Administration of  Vitamin E significantly reduced SOD ac-
tivity by 49.7% at 24h and 59.48% at 48h, suggesting decreased 
production of  O2

•, and consequent decreased LPO, as demon-
strated by histology and TBARS levels. In a study investigating 
the preventive effect of  quercetin in animals with TAA-induced 
SALF, de Oliveira et al., showed significantly increased SOD 
activity from the administration of  the flavonoid. Other works 
have reported decreased SOD activity from the administration 
of  other antioxidants(8,22,23). 

CAT activity was significantly reduced in TAA groups as 
compared to CO groups by 51.9% and 43.6% at 24h and 48 h, 
respectively. TAA acts directly on the formation of O2

•-, which act 
on membrane lipids and form hydroperoxide lipids, thus accounting 
for reduced CAT activity. The use of Vit. E significantly restored 
CAT activity at 24h and 48h, with increases of 106% and 61.8%, 
respectively, making it similar to CO groups and reinforcing the 
antioxidant effect of Vitamin E. Another study found significant 
reduction of CAT activity in rats, evaluating the damage caused 
by oxidative stress induced by high-carbohydrate diet in a model 
of hepatic encephalopathy(1). 

The behavior of GPx activity varied across the studied times. 
While in the TAA group there was a reduction of  46% in GPx 
activity in relation to the CO group at 24h, there was an increase 
of it (158.8%) at 48h, possibly explained by the reestablishment of 
the hepatic tissue. As compared to the TAA group, GPx activity 
in the TAA+Vit.E group presented an increase of 146.3% at 24h 
and a decrease of  32.3% at 48h, which can be explained by the 
decreased tissue aggression due to the protective effect of Vit. E, 

evidenced by lower TBARS levels and histology. The increase in 
GPx appears to accompany the accumulation of organic peroxides 
formed by LPO caused by TAA. Similar results were reported in a 
work using antioxidant quercetin and glutamine(7,31). 

The high toxicity of TAA in hepatocytes triggered an increase 
in enzyme GST, through its detoxifying protective action, with 
increases of 128.2% and 111% at 24h and 48h, respectively. In the 
Vitamin E-treated group, however, the reduction was of  37.5% 
and 32.6% at 24h e 48h, respectively, owing to the preservation 
of hepatocytes by the exogenous antioxidant, as evidenced again 
by decreased TBARS levels and liver histology. Our findings cor-
roborate those of  other authors who evaluated GST activity in 
experimental model, using TAA as hepatotoxic inducer(31).

On histological evaluation of hepatic tissue using hematoxylin 
& eosin (HE) staining at a magnification of  200x, CO and Vit. 
E groups showed hepatic cells arranged in hepatocyte cordons 
around capillaries with aspects of  normal distribution, and 
visible nuclei without inflammatory infiltrates or necrosis. On 
the other hand, the hepatic tissue in the TAA group displayed 
disorganization of  hepatocytes, inflammatory infiltrates, and 
necrosis, which accounts for increased TBARS levels at both 
times. Histological evaluation of  the Vit.E-treated group showed 
a reorganization of  hepatocyte cordons and smaller incidence 
of  inflammatory infiltrate or necrosis. These evidences coincide 
with significant reduction of  TBARS and lower lipoperoxidation 
in the hepatic parenchyma at both studied times, promoted by 
Vitamin E antioxidant action. Another author also demonstrated 
Vitamin E antioxidant role when administered at 200 mg/Kg/
day for 3 days(28). 

The rise of metabolites NO2 and NO3 indicates an increase in 
NO production, which participates closely in the inflammatory and 
destructive process of the hepatic tissue(9). Animals in TAA groups 
presented increase of NO metabolites that associate with the su-
peroxide anion to form peroxinitrite, which is extremely damaging 
to hepatocytes. This increase was of 476% (24h) and 646% (48h) in 
relation to control groups, while Vitamin E-supplemented groups 
showed a reduction of 36.2% (24h) and 29.8% (48h) as compared 
to groups receiving TAA, which in a way can be explained by the 
improvement of  the hepatic parenchyma. Similar findings were 
reported by other authors who assessed nitric oxide levels(7, 22).

From the findings it is possible to see that the Vitamin E group 
at 48h, despite having received two additional 100 mg/Kg doses 
of Vitamin E, presents values that are close to those obtained at 
24h, suggesting that the dose of  100 mg/Kg administered intra-
peritoneally thirty minutes after TAA administration was already 
sufficient to protect the liver against the oxidative stress triggered 
by the drug.

CONCLUSION

Oxidative stress plays a key role in the aggravation of  liver 
injury and structural and/or functional disorders of  the liver. 
The use of  antioxidants, such as vitamin E, seems promising as 
an attempt to prevent the complications resulting from oxidative 
stress and in the continuation of  the disease. In the present study, 
TAA administration induced liver damage in rats at both 24h and 
48h and administration of  Vitamin E was effective in protecting 
the tissue at both these times. We suggest that Vitamin E can 
be an effective tool in the treatment of  SALF and its resulting 
complications. However, studies with new approaches taking in 
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consideration apoptosis markers, inflammatory route, and DNA 
damage caused by oxidative stress will be helpful in elucidating 
these mechanisms.
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RESUMO – Contexto – A Insuficiência Hepática Aguda Grave (IHAG) é uma síndrome clínica potencialmente fatal, na qual ocorre necrose dos 

hepatócitos, perda da arquitetura hepática e deterioração de suas funções. Dentre as principais causas da IHAG está a hepatotoxicidade decorrente 
de agentes químicos, que lesam os hepatócitos e acarretam aumento das espécies reativas de oxigênio. A vitamina E tem alta atividade antioxidante 
biológica e é amplamente distribuída nos tecidos. Objetivo – Avaliar o efeito antioxidante da Vitamina E no modelo de IHAG. Métodos – Foram 
utilizados 56 ratos, com peso médio de 300 g, divididos em oito grupos, quatro grupos avaliados em 24 horas e quatro em 48 horas após a indução: 
grupo controle (CO); Vitamina E (Vit.E); Tioacetamida (TAA) e Tioacetamida + Vitamina E (TAA+Vit.E). Os ratos foram submetidos a injeções de 
tioacetamida, na dose de 400 mg/Kg de peso i.p., no início do experimento e, posteriormente, após 8 horas. A vit E (100 mg//Kg i.p.) foi administrada 
30 minutos após a segunda dose de tioacetamida. Os animais do tempo 48 horas receberam mais duas doses de vit. E (24h e 36h). Transcorridas 24 ou 
48 horas após a administração da primeira dose de TAA, os animais foram pesados, anestesiados e o sangue retirado para a avaliação da integridade 
hepática através das enzimas Aspartatoaminotransferase (AST) e Alanina aminotransferase (ALT). O tecido hepático foi retirado para avaliação 
da lipoperoxidação através da técnica de TBARS, atividade das enzimas antioxidantes SOD, CAT, GPx, e GST, avaliação de NO2/NO3 e avaliação 
histológica pela coloração de hematoxilina e eosina nos dois tempos. Os resultados foram expressos como média ± erro padrão e a análise estatística 
utilizada foi ANOVA, seguido de teste de Student-Newman-Keuls, considerado significativo P<0,05. Resultados – Após o tratamento com a vit. E, 
observamos uma redução nas enzimas de integridade hepática AST (U/L) (101,32±19,45 em 24h e 97,85±29,65 em 48h) relacionado ao grupo TAA 
(469,56±20,69 em 24h e 598,23±55,45 em 48h) e ALT (U/L) (76,59±8,56 em 24h e 68,47±6,49 em 48h) comparado ao grupo TAA (312,21±10,23 
em 24h e 359,15±17,58 em 48h). Houve uma redução da LPO (nmol/mg Prot), no grupo TAA+Vit.E (0,77±0,07 em 24h e 0,95±0,08 em 48h) com-
parado ao grupo TAA (1,50±0,07 em 24h e 1,65±0,16 em 48h). A SOD (USOD/min/mg Prot) diminuiu no grupo TAA+Vit.E (49,48±9,47 em 24h 
e 62,45±18,47 em 48h) relacionado ao grupo TAA (98,46±15,48 em 24h e 154,13±21,46 em 48h), assim como a GST (nmol/min/mg Prot) no grupo 
TAA+Vit.E (350,57±36,93 em 24h e 453,29±13,84 em 48h) comparado ao grupo TAA (561,57±64,56 em 24h e 673,43±38,13 em 48h). Houve aumento 
da CAT (pmol/min/mg Prot) no grupo TAA+Vit.E (3,40±0,44 em 24h e 3,01±0,35 em 48h) em relação ao grupo TAA (1,65±0,21 em 24h e 1,86±0,42 
em 48h). A GPx (nmol/min/mg Prot) aumentou em 24h no grupo TAA+Vit.E (1,01±0,16) comparado ao grupo TAA (0,41±0,04) e diminuiu em 
48h (1,19±0,17) em relação ao grupo TAA (1,76±0,21). Verificou-se redução nos níveis de NO2/NO3 (mmol/L) no grupo TAA+Vit.E (31,47±4,26 em 
24h e 38,93±5,20 em 48h) em relação ao grupo TAA (49,37±5,12 em 24h e 53,53±5,97 em 48h). A avaliação histopatológica mostrou diminuição da 
lesão hepática (necrose e inflamação) em ambas os tempos estudados. Conclusão – Estes resultados sugerem que a vitamina E foi capaz de proteger 
o fígado de lesões causadas por tioacetamida. 

DESCRITORES – Falência hepática aguda. Tioacetamida. Estresse oxidativo. Antioxidantes.
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INTRODUCTION

EAEC is an emerging diarrheal pathotype described in the 
diarrheagenic E. coli group (DEC) and has been characterized by 
the aggregative adherence (AA) pattern where bacteria adhered to 
the HEp-2 cells (line derived from human laryngeal carcinoma) in 
a similar arrangement of “stacked bricks”(17).

Associated with cases of acute and persistent diarrheal disease 
EAEC affect children and adults in all regions of the world, patients 
in developing countries infected with human immunodeficiency 
virus (HIV), travelers from industrialized countries visiting less 
developed regions and residents of industrialized countries with 
foodborne gastroenteritis outbreaks(6).

Several putative virulence factors are involved in the patho-
genesis, which remains uncertain due to it is complexity. It was 
suggested a three-stage model: i) adhesion of  bacteria to the 
intestinal mucosa; ii) mucus secretion stimulated by bacteria form-
ing a biofilm, which could favor the persistent colonization; and  
iii) production of toxins and inflammatory response involved in 
the damage to the intestinal mucosa(11). 

Most of  the knowledge about the interactions of  bacteria 
and intestinal organs has been obtained from studies with human 
biopsies collected during surgical intervention or from samples 
obtained from elderly individuals at autopsy(8). In order to elu-
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ABSTRACT – Background – The diarrheal syndrome is considered a serious public health problem all over the world and is considered a major cause 
of morbidity and mortality in developing countries. The high incidence of enteroaggregative Escherichia coli in diarrheal syndromes classified as an 
emerging pathogen of gastrointestinal infections. After decades of study, your pathogenesis remains uncertain and has been investigated mainly using 
in vitro models of adhesion in cellular lines. Objective – The present study investigated the interaction of enteroaggregative Escherichia coli strains 
isolated from childhood diarrhea with rabbit ileal and colonic mucosa ex vivo, using the in vitro organ culture model. Methods – The in vitro adhesion 
assays using cultured tissue were performed with the strains co-incubated with intestinal fragments of ileum and colon over a period of 6 hours. Each 
strain was tested with three intestinal fragments for each region. The fragments were analysed by scanning electron microscopy. Results – Through 
scanning electron microscopy we observed that all strains adhered to rabbit ileal and colonic mucosa, with the typical aggregative adherence pattern 
of “stacked bricks” on the epithelium. However, the highest degree of adherence was observed on colonic mucosa. Threadlike structures were found in 
greater numbers in the ileum compared to the colon. Conclusion – These data showed that enteroaggregative Escherichia coli may have a high tropism 
for the human colon, which was ratified by the higher degree of adherence on the rabbit colonic mucosa. Finally, data indicated that in vitro organ 
culture of intestinal mucosa from rabbit may be used to elucidate the enteroaggregative Escherichia coli pathogenesis.
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cidate the mechanisms of  EAEC pathogenesis, models of  study 
in organ culture in vitro (IVOC) from intestinal fragments from 
different portions of the small or/and large intestines of pediatric 
patients(1,2,10,18,23) and of adults(2,15,23) have been developed. Here we 
propose a more feasible animal study model in order to apply our 
understanding on the pathogenesis mechanism of EAEC strains. 

METHODS

Bacterial strains
EAEC strains were isolated from the faeces of children under 

two years of age with acute diarrhea coming from the urban area 
of Rio de Janeiro, Brazil. Diarrhea was defined as the occurrence 
of  one or more elimination of  liquid faeces in a period of  24 
hours(20). As a positive control, the prototype strain EAEC 042, 
isolated from children with diarrhea in outbreak in Peru(16) was 
used to infect the ileal and colonic fragments. As a negative control, 
non-infected intestinal fragments were used. The EAEC strains 
were previously characterised by DNA hybridization probe(3) or by 
polymerase chain reaction (PCR)(21) for putative virulence factors 
of EAEC(7,20). Adhesion assays in intestinal cell lines after 6 hours 
of  incubation was used to characterize the aggregative pattern 
(Table 1). All strains were stored at -70°C in Trypticase Soy Broth 
(TSB, Merck) supplemented with 20% glycerol.

AG-2016-95
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Rabbit selection and preparation
New Zealand white male rabbits (1.0-1.5 kg) supplied by biote-

rium of Institute Vital Brazil (Rio de Janeiro, RJ) were used to ob-
tain intestinal tissue for experiments. Previously, rabbit faeces were 
collected, seeded in TSA (Difco lab), Mac Conkey agar (Merck) and 
CLED agar (Merck) and incubated at 37°C for a period of 24 hours 
to certify that the animals were not infected with enteropathogens. 
Samples tested did not show growth of microorganisms. The rabbits 
were subjected to fasting for 24 hours before experimental proce-
dures. They were observed for any gastrointestinal manifestations 
and were used only if  found to be symptom-free.

Rabbit in vitro organ culture adhesion assay
To obtain intestine fragments of ileum and colon, the animals 

were anesthetized and euthanized by intravenous application Tio-
pentax (sodium thiopental, 10 mg/kg, Cristália, São Paulo, Brazil). 
Then the trichotomy of the abdominal region was performed and, 
subsequently, asepsis of the incision site with iodized alcohol. The 
gastrointestinal tract was exteriorized through a ventral midline 
incision and the mucosa was washed with saline and it was made 
identification of anatomical sites of the intestinal tract. 

The adhesion assays were performed as previously de-
scribed(10,14) with some modifications. Briefly, 2- to 3-mm2 frag-
ments of  tissues were oriented mucosal surface upward on sterile 
foam squares placed into a 6-well plate (about 35-mm-diameter). 
The foam was saturated with Dulbecco’s Modified Eagle’s Me-
dium (DMEM; Gibco) supplemented with 10% fetal calf  serum 
(FCS) and 0.5% D-mannose. The level of  DMEM medium was 
adjusted to cover the biopsy specimens with a thin film of medium 
by capillary action. 

Bacterial strains were inoculated in 3 mL of TSB (Merck) and 
incubated for 18 hours at 37ºC and aliquots of 50 µL standard-
ized bacterial suspensions (approximately 107 CFU mL-1) was 
inoculated on the mucosal surface of the fragments and the 6-weel 
tissue culture plate was then incubated at 37˚C in an atmosphere 
with 5% CO2 for 6 hours. The culture medium was changed com-
pletely every 2 hours to maintain pH and nutrient levels, without 

reinoculation with the bacterial culture. After these incubation 
periods, biopsy samples were washed and prepared for scanning 
electron microscopy (SEM). EAEC strains were tested with three 
intestinal fragments of each intestinal region.

Tissue processing 
The fragments collected were washed with 0.9% sterile saline 

and 0.1M sodium cacodylate buffer, pH 7.2 and fixed with 2.5% 
glutaraldehyde and 2% formaldehyde in 0.1 M sodium cacodylate 
buffer, pH 7.2. Later, the fragments were washed three times in 
0.1 M sodium cacodylate buffer, pH 7.2 and dehydrated through 
a graded series of  ethanol solutions (30%, 50%, 70%, 90% and 
100%). Then, the fragments were transferred to baskets and 
subjected to the drying apparatus chambre (Bal-Tec CPD 030) 
by the critical point of  carbon dioxide method, to be performed 
replacing absolute ethanol by carbon dioxide. Subsequently, 
specimens were mounted on stubs with the vili upward with the 
aid of  a stereoscopic microscope, coated with gold in sputter 
(Balzers Union FL-9496) to become conductors. The observa-
tions were performed in the Ultrastructure Cellular Laboratory 
Hertha Meyer of  the Universidade Federal do Rio de Janeiro 
(LCU, UFRJ) in scanning electron microscope (QUANTA 250, 
FEI) operating at 15 Kv.

Ethical considerations
The study protocol used was approved by Ethic Committee 

(Comitê de Ética Para o Cuidado e Uso de Animais Experimentais) 
of Biology Institute Roberto Alcântara Gomes of Universidade do 
Estado do Rio de Janeiro (UERJ) n° CEA/236/2008.

RESULTS

EAEC strains interaction with ileal mucosa fragments
Analysis by SEM of non-infected ileum showed that fragments 

presented the mucosa preserved (Figure 1A). The prototype EAEC 
042 strain adhered to the ileal mucosa in the aggregative charac-
teristic pattern of “stacked bricks” (Figure 1C). 

TABLE 1. Enteroaggregative Escherichia coli (EAEC) and prototype strains and their serotypes, phylogenetic groups, virulence factors and adherence 
patterns

Strains Serotype a Phylogenetic Group Virulence factors b

Adherence Patternsc

Caco-2 T84

H92/3 O86:H18 D pAA*, aggA, aggR, aap, fyuA, irp2, pic AA AA

I18/2 O86:H11 D pAA*, aggR, aap, fyuA, irp2 AA AA

I34/4 O111:H21 D pAA*, agg3A, aggR, aap, astA, fyuA, irp2, pet, pic AA AA

I49/3 O26:H27 A pAA*, agg3A, aggR, aap, astA, irp2, pet, pic NA AA

042 O44:H18 D pAA*, aafA, aggR, aap, astA, fyuA, irp2, pet, pic AA AA

a O, somatic antigen polysaccharide; H, flagellar antigen. b pAA, aggregative adherence plasmid; aggA, aggregative adherence fimbriae I; aggR, transcriptional regulator; aap, dispersin; fyuA and 
irp2, genes involved in iron caption; pic, protein involved in colonization; agg3A, aggregative adherence fimbriae III; astA, thermostable protein; pet, plasmid enconded toxin; aafA, aggregative 
adherence fimbriae II. *detection by hybridization with DNA probe. c AA, aggregative adherence; NA, non-adherence.
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The intestinal fragments infected with the EAEC strains re-
vealed bacterial aggregates as observed in cell lines Caco-2, cell 
line of human colorectal adenocarcinoma with phenotypic char-
acteristics of  the ileum, adhered directly on the epithelium with 
isolated points of mucus produced above the mucosa (Figures 2A 
and 2C). Although the I49/3 strain did not display the standard 
AA in Caco-2, this was presented in IVOC rabbit model.

Threadlike structures (Figure 2E) were found in all strains, 
except the positive control, in greater numbers in the ileum com-
pared to colon fragments apparently mediating bacteria-bacteria 
and bacteria-epithelium interactions.

EAEC strains interaction with colonic mucosa fragments
Analysis by SEM of the colonic fragments non-infected showed 

mucosa preserved (Figure 1B). The prototype EAEC 042 strain 
adhered to the colonic mucosa in the aggregative characteristic 
pattern of “stacked bricks” and were able to form a thick three-
dimensional biofilm (Figure 1D). Also it was observed the opening 
of colonic crypts with discharge of mucus (Figure 1E). 

The intestinal fragments infected with the EAEC strains 
revealed intense adherence with large bacterial aggregates as ob-
served in cell lines T84, cell line of human colon carcinoma with 
phenotypic characteristics of  the colon, adhered directly on the 
colonic epithelium (Figures 2B and 2D). 

The analysis of adherent bacteria by SEM revealed the highest 
number of bacteria adherent in the colon fragments when compared 
to the ileum fragments. 

DISCUSSION

Since EAEC has been isolated from several patients suffering 
from acute or chronic diarrhea in a number of regions of the world 
and from various socioeconomic strata your research is also chal-
lenging. In addition to this the genetic heterogeneity of the pathotype 
which considerably complicates our understanding of the patho-
genicity, the therapeutic approaches and international surveillance(11).

FIGURE 1. A) (1000X; bar- 10 µm), B) (1000X; bar- 10 µm), C) (5000X; 
bar-10 µm), D) (5000X; bar-10 µm) and E) (1000X; bar- 5 µm). Micro-
graph of the intestinal rabbit mucosa ex vivo, after 6 hours of incubation, 
observed by scanning electron microscopy. Mucosa preserved on the ileum 
(A) and on the colon (B) epithelium non-infected. Infected tissue with 
EAEC 042 showed large bacterial aggregates in a “stacked bricks” pattern 
(➞) adhered to the epithelium of the ileum (C) or forming a thick three-
-dimensional biofilms on the colon (D). The opened and dilated crypts 
(✩) with discharge of mucus (*) showed in the colon (E). 

FIGURE 2. A) (3500X; bar- 10 µm), B) (3500X; bar- 10 µm), C) 
(3500X; bar-10 µm), D) (5000X; bar-10 µm) and E) (5000X; bar- 1 
µm). Micrograph of the EAEC strains interaction with intestinal rabbit 
mucosa ex vivo, after 6 hours of incubation, observed by scanning elec-
tron microscopy. Interaction with I34/4 strain with bacterial aggregates 
(➞) and isolated points of mucus (*) above the ileum (A) and colonic 
(B) epithelium. Interaction with I49/3 strain with bacterial aggregates 
(➞) and isolated points of mucus (*) directly on the ileum epithelium 
(C) and intense adherence with large bacterial aggregates on the colonic 
epithelium (D). Ileal mucosa showed threadlike structures (➞) mediating 
the link between bacteria-bacteria and bacteria-cell (E). 
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The study of EAEC in several models, such as in the in vitro/in 
vivo assays in animals(22,23), in the in vitro organ culture  in cellular 
lines(1,9,18) and with human intestinal fragments(1,2,10,15,18,23) has been 
widely used by more faithfully mimic the EAEC action in the host. 

Thus, IVOC represents ideally a good model for study of the 
bacterial pathogenesis in intestinal explants which remain structur-
ally intact for periods of hours in culture(10). This technique has 
utilized human tissue biopsies, tissue fragments extracted during 
colonoscopy and even of animals. 

In the present study, the EAEC strains challenged in the ex vivo 
rabbit model were able to adhere to both intestinal fragments, ileum 
and colon, in the analysis by SEM, and they formed bacterial ag-
gregates with a similar pattern of “stacked bricks” adhered directly 
on the epithelium with isolated points of mucus in some strains. 
Still, it was possible to infer a higher number of bacteria adherent 
to colon fragments when compared to the ileum fragments. 

Studies conducted by Yamamoto et al.(23) and Nataro et al.(18) 
are consistent with ours. Yamamoto et al.(23) showed that the 
EAEC strain 0127:H2 exhibited lower levels of adherence in the 
jejunal and ileal mucosa and higher levels of adherence to colonic 
mucosa fixed in formalin. Already Nataro et al.(18) from jejunal, 
ileum and colon mucosa explants obtained from three pediatric 
patients revealed that the number of bacteria adherent to colon 
specimens was significantly higher than the adhering bacteria to 
mucosal samples of small intestine. 

The adhesion of  EAEC to the large intestine but not to the 
mucosa of  human small intestine, not only demonstrates that 
EAEC possess properties enteroadherent, but also suggests that 
this may be the preferred site of  colonization of this pathotype. 
Still, the lack of adhesion to ileal mucosa could be due to a lack of 
receptors for EAEC(15). Additionally, Kang et al.(13) suggested that 
the degree of cell differentiation and maturation may also affect the 
receptor concentration and such differences in receptor expression 
may have an important role in determining the EAEC binding site.

Andrade et al.(2) analyzing the interaction of  EAEC strains 
with pediatric and adults human intestinal fragments of  ileum 
and colon, demonstrated that all EAEC strains adhered to both 
regions evaluated on a layer of thick mucus and sometimes directly 

to the mucosa. In all cases in which the strains were adherent to 
the mucosa in significant numbers, they did into aggregates with 
the pattern of “stacked bricks” similar to that observed in HEp-2 
cell culture.

In the present study threadlike structures were observed in all 
strains, except the positive control, in greater numbers in the ileum 
compared to colon fragments. The aag and agg3 genes encode 
AAF/I and AAF/III, respectively, and are long and flexible fimbriae 
which are involved in the cohesion of bacterial aggregates and bind-
ing with intestinal cells(4,5). This may explain why these structures 
were observed in our strains and was not observed in EAEC 042 
strain, which has a short and rigid fimbriae. 

Our results are consistent with studies conducted by Andrade et 
al.(2) that observed non-characterized fimbrial structures on bacte-
rial surface interacted with the human ileum fragments, apparently 
mediating bacteria-bacteria and bacteria-cell interactions. Pereira 
et al.(19) observed that bacterial aggregates forming biofilms in 
abiotic surface were mediated by non-bundle forming, flexible pili 
and that the increased adherence might be mediated by putative F 
pili expressed by EAEC strains. The I18/2 strain not possess any 
of the genes described for the fimbriae AAFs. Possibly the visual-
ized threadlike structures could be a novel aggregative adherence 
fimbria variant (AAF/V) as suggested recently by Jonsson et al.(12). 
Further investigation is needed to better understand the main role 
of  these structures in the pathogenesis of  these heterogeneous 
pathotype, once that a wide diversity of adhesive structures include 
uncharacterized nonfimbrial and fimbrial adhesins.

In conclusion, all challenged EAEC strains adhered to both 
intestinal fragments, with the highest tropism in the colon, ratifying 
the use of the IVOC model as a tool for studying the pathogenesis 
of this pathotype. Finally, the present study is pioneer in the use 
of rabbit IVOC to evaluate the pathogenic role of EAEC strains.
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RESUMO – Contexto – A síndrome diarréica é considerada um grave problema de saúde pública em todo o mundo e é considerada uma das princi-

pais causas de morbidade e mortalidade nos países em desenvolvimento. A elevada incidência de Escherichia coli enteroagregativa nas síndromes  
diarreicas a classificou como um patógeno emergente de infecções gastrintestinais. Depois de décadas de estudo, sua patogênese ainda é incerta e tem 
sido investigada usando principalmente modelos in vitro de adesão em linhagens celulares. Objetivo – O presente estudo investigou a interação de 
cepas de Escherichia coli enteroagregativa isoladas de diarreia infantil com mucosa ileal e colônica de coelho ex vivo, utilizando o modelo de cultura 
de órgão in vitro. Métodos – Os ensaios de adesão in vitro utilizando tecido cultivado foram realizados com as cepas co-incubadas com fragmentos 
intestinais de íleo e de cólon durante um período de 6 horas. Cada cepa foi testada em três fragmentos intestinais para cada região. Os fragmentos 
foram analisados por microscopia eletrônica de varredura. Resultados – Através da microscopia eletrônica de varredura observamos que todas as cepas 
aderiram a mucosa ileal e colônica de coelho, com o padrão de aderência agregativo típico de “tijolos empilhados” no epitélio. Entretanto, o maior 
grau de adesão foi observado na mucosa do cólon. Estruturas filiformes foram encontradas em maior número no íleo em comparação com o cólon. 
Conclusão – Esses dados mostraram que Escherichia coli enteroagregativa pode ter um maior tropismo para o cólon humano, o que foi ratificado 
pelo maior grau de aderência na mucosa do cólon de coelho. Finalmente, os dados indicaram que a cultura de órgão in vitro da mucosa intestinal de 
coelho pode ser utilizado para elucidar a patogênese de Escherichia coli enteroagregativa.

DESCRITORES – Escherichia coli. Mucosa intestinal, ultraestrutura. Técnicas de cultura de órgãos. Coelhos. Microscopia eletrônica de varredura. 
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INTRODUCTION

Dietary patterns have undergone drastic changes in recent 
years, due to the replacement of fresh foods by processed foods, 
and unfortunately, these changes have resulted in an increasing 
number of people becoming affected by diseases of the digestive 
tract, such as gastritis, ulcers and carcinomas(11,13).

The development of gastritis, ulcers and other gastric disorders 
is not well understood. They may be associated with endogenous 
factors such as autoimmune diseases and gastric hypersecretion 
and exogenous factors such as stress, alcohol, caffeine, nonsteroidal 
anti-inflammatory drug (NSAID), infection by Helicobacter pylori, 
among others(7).

Given the large number of people affected by gastritis and the 
possibility of  the evolution to clinical ulcer, the search for new 
drugs and alternative treatments with fewer adverse side effects is 
vital, as well as the demand for food or plants that can help protect 
the stomach(11).

Several experimental studies have highlighted the functional 
benefits of  fruits, vegetables and plants, due to the presence of 
bioactive compounds that can be used in the prevention and treat-
ment of various diseases(3,9,11,17).

Considering the evidence of promising active principles, such as 
flavonoids and terpenes, present in wild fruit trees, we have selected 
the following species to evaluate the gastroprotector potential: 
Myrcianthes pungens, Marlierea tomentosa and Inga vera. 

Myrcianthes pungens popularly known as “guabiju”, belongs 
to the Myrtaceae family. This plant is found mainly in South 
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America, where it is used in popular medicine to regularize intes-
tinal functions(2,6).

Marlierea tomentosa Cambess, a tree that grows in the coastal 
forests of Brazil, is popularly known as “guarapuruna” and also 
belongs to the Myrtaceae family, which is known to present flavo-
noids and terpenes with analgesic properties(1,12,14). 

Inga vera Willd, popularly known as “ingá-banana”, grows in 
the Atlantic Forest and areas of riparian vegetation. It belongs to 
the family Fabaceae and subfamily Mimosoideae, with about 40 
genera and 350-400 species(5).

The aim of this study was to evaluate the gastroprotective action 
of the extracts of wild fruit trees of Myrcianthes pungens (guabiju); 
Inga vera Willd. (ingá-banana) and Marlierea tomentosa Cambess. 
(guarapuruna) in vivo pharmacological models. 

METHODS

Plant material and preparation of extracts
Selected wild fruit trees were collected in February 2013 in the 

state of Santa Catarina, Brazil and identified by Dr. Oscar B. Iza 
(Universidade do Vale do Itajaí). 

Leaves and seeds from Myrcianthes pungens, pulp and seeds 
from Inga vera, peel and seeds from Marlierea tomentosa, were 
cut into small pieces and extracted by maceration with methanol 
at room temperature for approximately seven days. The resulting 
macerates were filtered and concentrated under reduced pres-
sure, using a rotatory evaporator, to yield the respective crude 
methanol extracts. 

AG-2016-96
dx.doi.org/10.1590/S0004-2803.201700000-13
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Drugs, reagents, and solvents
Indomethacin and cimetidine were purchased from Sigma-

Aldrich (St. Louis, MO, USA). All the other reagents and solvents 
used were of analytical grade.

Evaluation of gastroprotective activity
Male Balb/c mice (20-35 g) were provided by the Central Animal 

House of the Universidade do Vale do Itajaí (UNIVALI) (Itajaí, 
SC, Brazil). The animals were housed in groups of five, in standard 
cages, at room temperature (22 ± 2°C) with 12 h dark/12 h light 
cycles, and received food and water ad libitum.

Twelve hours prior to the experiments, they were transferred 
to the laboratory and given only water ad libitum. In all the experi-
ments, the animals were kept in cages with wide-mesh raised floors 
to prevent coprophagy. The animals used in the present study were 
housed and cared for in accordance with the Federal Government 
legislation on animal care. Also, the experiments were authorized 
by the Ethical Committee for Animal Care of the Universidade do 
Vale do Itajaí (process number 041/13).

Ethanol/HCl-induced ulcer
The experiment was performed according to the method de-

scribed by Mizui and Doteuchi(15), with some modifications. After 
12 h of fasting, 48 animals were randomly divided into 8 different 
groups of 6 animals each and pre-treated orally with cimetidine 
(positive control – 100 mg/kg), vehicle (negative control - distilled 
water) and the methanol extracts from each part of the plants at 
a dose of 250 mg/kg. All treatments were administered by gavage.

One hour after treatment, all animals received 0.1 mL / 10 g (body 
weight) of a 0.3 mol/L HCl in 60% ethanol solution (ethanol/HCl) 
to induce gastric ulcer. Another hour later, the animals were sacri-
ficed by cervical dislocation, and the stomachs removed and opened 
along the greater curvature. The stomachs were gently rinsed with 
water to remove the gastric contents and blood clots, for subsequent 
scanning. The images obtained were analyzed using specific “EARP” 
software to measure each lesion point. The results were expressed as 
total lesion area (mm2) and relative lesion area (%).

Nonsteroidal anti-inflammatory drug-induced ulcer
Experiments were carried out according to the method de-

scribed in Rainsford(18), with a few modifications. After 12 h of 
fasting, the animals were randomly divided into different groups 
of six animals each and pre-treated orally with cimetidine (positive 
control – 100 mg/kg), vehicle (negative control – distilled water) 
and the methanol extracts from each part of the fruits, at a dose 
of 250 mg/kg. All treatments were administered orally. 

One hour after treatment, all the mice received indomethacin 
(100 mg/kg, p.o.) to induce gastric ulcer. Twelve hours after treat-
ment with indomethacin, the animals were sacrificed by cervical 
dislocation, and the stomachs removed and opened along the 
greater curvature. The images were scanned and analyzed using 
image analysis software EARP to determine the number and size 
of the lesions. The results are expressed as total lesion area (mm2) 
and relative lesion area (%).

Statistical analysis
The data are reported as mean ± standard error of the mean 

(SEM) and were compared using one-way analysis of  variance 
(ANOVA), followed by Dunnett’s pairwise test, and P values <0.05 
were considered significant.

RESULTS

The gastroprotective potential of  M. pungens, M. tomentosa 
and I. vera extracts was initially demonstrated by a significant 
reduction in damaged areas of the stomach when compared with 
the negative control (Table 1) in rats with ethanol-induced ulcer, 
a necrotizing agent.

TABLE 1. Effect of oral administration of plant extracts in mice (n=6) 
subjected to induction of acute ulcer ethanol

Treatments Dose Total area of 
lesion (mm²)

Relative area of 
lesion (%)

Negative control 250 mg/kg 56.472 ± 9.315 10.615 ± 1.273

M. tomentosa (peel) 250 mg/kg 5.029 ± 2.36** 0,99 ± 0.47**

M. tomentosa (seed) 250 mg/kg 6.195 ± 2.52** 1.591 ± 0.62*

M. pungens (seed) 250 mg/kg 9.212 ± 5.57** 0.731 ± 0.41**

M. pungens (leaves) 250 mg/kg 29.529 ± 11.37* 2.797 ± 0.67*

I. vera (seed) 250 mg/kg 4.823 ± 2.27** 0.94 ± 0.39**

I. vera (pulp) 250 mg/kg 3.868 ± 1.94** 0.407 ± 0.12**

Positive control 100 mg/kg 3.79 ± 1.01** 1.782 ± 0.62*

Results as mean ±SEM for six rats or mice. Statistical comparison was performed using 
ANOVA followed by Dunnett’s post test.*P<0.05 and **P<0.01 compared with the negative 
control group.

All the extracts were analyzed separately, as the lesion area 
on the methodology of  induction of  acute ulcer by ethanol.  
I. vera extracts showed gastroprotective effect in both studied parts 
(pulp and seed), which had significant differences when compared 
to the negative control and to the extracts of M. pungens (leaves 
and seeds) (Figure 1). 

FIGURE 1. Gastroprotective effect of plant extracts (250 mg/ kg) in mice 
in the ethanol-induced acute ulcer methodology. Results as mean ±SEM 
for six rats or mice. Statistical comparison was performed using ANOVA 
followed by Dunnett’s post test. *P<0.05 and **P<0.01 compared with 
the negative control group.
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Table 2 shows the gastroprotective activity of the plant extracts, 
in which the total lesion area and relative lesion area were reduced 
at the dose of  250 mg/kg. All the extracts had significantly lower 
values when compared with the negative control. It is possible 
that the extracts possess protective action through the produc-
tion or maintenance of  the mucus against the damage induced 
by this NSAID. 

Administration of the extracts of M. tomentosa (peel and seeds) 
and I. vera (pulp and seed) were effective in gastroprotection tests, 
resulting in a significant decrease in relative area of the lesions when 
compared with the negative control (Figure 2).

DISCUSSION

The model of  acute ethanol-induced ulcers gives significant 
indications of mechanisms of action of the extracts, which can be 
associated with antioxidant factors and/or anti-inflammatory fac-
tors, and the reduction of acid secretion and mucus production(4,11).

In the ethanol-induced gastric lesions model, there were ex-
tensive areas of necrosis and hemorrhage in the gastric mucosa of 
control animals, which proves the toxicity of this agent. One of the 
main mechanisms attributed to the toxic effect of  ethanol is the 
alteration in gastric cell homeostasis and tissue damage resulting 
from its direct action on the mucosa and the formation of  free 
radicals and reactive oxygen species(19,20). 

The production of free radicals is controlled by various antioxi-
dants, which may be of endogenous origin (superoxide dismutase) 
or from the diet, such as polyphenols. Antioxidants are capable 
of stabilizing or deactivating free radicals before they attack the 
biological targets of the cell(22).

The results obtained by ethanol-induced induction of  acute 
ulcer assume that the plant extracts studied possess bioactive 
compounds capable of  acting as antioxidants. However, further 
phytochemical studies are necessary to characterize and quantify 
these compounds.

Previous studies evidenced the antinociceptive/analgesic ac-
tivity and the presence of the triterpenes α-amyrin and β-amyrin 
and some flavonoids in M. pungens and M. tomentosa leaves(14,16). 
There is no scientific evidence on pharmacological activity and 
phytochemical analysis of I. vera species. 

In nonsteroidal anti-inflammatory drug-induced ulcer model, 
indomethacin was the NSAID chosen due to its high ulcerogenic 
potential when compared with other drugs. Although its mecha-
nism of  action is not completely understood, it is believed that 
indomethacin induces gastric damage, mainly due to its systemic 
effect, inhibiting COX-1 and COX-2 and reducing the local con-
centration of prostaglandins (PGs), which are involved in mucus 
and bicarbonate production(10,23). 

Extracts of M. pungens (leaves and seeds) M. tomentosa (peel 
and seeds) and I. vera (pulp and seed) showed gastroprotective 
activity and obtained significantly better results when compared to 
the negative control (indomethacin). It is supposed that the plant 
extracts contain bioactive compounds with gastroprotective action, 
demonstrating a decrease in gastric lesions caused by this NSAID(9).

The role of  reactive oxygen species is also described for 
indomethacin-induced lesions. According to Hassan, Martin and 
Puidg-Parellada(8), 2 hours after oral administration of indometha-
cin there was sharp increase in the production of superoxide and 
hydrogen peroxide in the gastric mucosa. Studies have indicated 
that flavonoids and terpenes, constituents of the plants in question, 
exhibit pronounced gastroprotective activity in distinct experimen-
tal models of ulcer in rat or mice(9,21). 

CONCLUSION

This study demonstrates, for the first time, the gastroprotective 
potential of M. pungens, M. tomentosa and I. vera extracts. All the ex-
tracts showed gastroprotective activity for different parts of the plants, 

TABLE 2. Effect of oral administration of plant extracts in acute ulcer 
induced by NSAID (indomethacin) in mice (n=6)

Treatments Dose Total area of 
lesion (mm²)

Relative area 
of lesion (%)

Negative control 250 mg/kg 2.781 ± 0.88 1.06 ± 0.21

M. tomentosa (peel) 250 mg/kg 0.583 ± 0.14 0.143 ± 0.03**

M. tomentosa (seed) 250 mg/kg 0.886 ± 0.16 0.233 ± 0.04**

M. pungens (seed) 250 mg/kg 1.531 ± 0.55 0.334 ± 0.12**

M. pungens (leaves) 250 mg/kg 2.193 ± 0.33 0.531 ± 0.08*

I. vera (seed) 250 mg/kg 1.212 ± 0.58 0.253 0.12**

I. vera (pulp) 250 mg/kg 0.761 ± 0.24 0.193 ± 0.06**

Positive control 100 mg/kg 0.899 ± 0.27 0.230 ± 0.07**

NSAID: nonsteroidal anti-inflammatory drug. Results as mean±SEM for six rats or mice. 
Statistical comparison was performed using ANOVA followed by Dunnett’s post test. *P<0.05 
and **P<0.01 compared with the negative control group.

FIGURE 2. Effect of oral administration of plant extracts at a dose of 
250 mg/kg and indomethacin (100 mg/kg). Statistical comparison was 
performed using ANOVA followed by Dunnett’s post test. *P<0.05 and 
**P<0.01 compared with the negative control group.

Each plant extract was separately analyzed in relation to the 
results for relative area of the lesion (%). Extracts of M. pungens 
(leaves and seeds) M. tomentosa (peel and seeds) and I. vera 
(pulp and seed) showed gastroprotective activity and obtained 
significantly better results when compared to the negative control 
(indomethacin) (Figure 2).
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with greater emphasis the pulp of I. vera, against the aggressors used 
– ethanol and indomethacin – being more effective against the first.

It is supposed that the wild species studied possess bioactive 
compounds, possibly terpenes and flavonoids with antioxidant 
activity, which could help control the levels of  reactive oxygen 
species in the mucosa, protecting the mucosal damage caused by 
ethanol and indomethacin. These compounds could be capable 
of influencing the prostaglandins levels, maintaining mucus and 
bicarbonate production, and protecting the gastric mucosa. Phyto-
chemical studies are necessary to determine the major compounds 
responsible for the gastroprotective activity. Studies to determine 
the antioxidant enzymes involved in the processes related to the 
protective action of the mucous membrane are also relevant. 
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INTRODUCTION

Obesity has been considered a worldwide epidemic, and projec-
tions indicate that by 2030, 55 million individuals will die because of 
obesity(11,13,19). Developing countries, such as Brazil, are experienc-
ing an alarming growth of obesity and chronic non-communicable 
diseases. Data from the Ministry of  Health show that 50.8% of 
Brazilian adults (men=54.7% and women=47.4%) are overweight(3). 
And both behavior modification therapy and drug therapy have low 
adherence. So, gastric bypass has shown effective results in both 
reducing weight and improving comorbidities.

Obesity is closely related with increased risk of morbidity and 
mortality in 44% of cases of type 2 diabetes (T2DM), 23% of all 
cases of cardiovascular disease (CVD)(12,20). In addition, the problem 
of obesity arises out of the fact that some obese individuals exhibit 
a set of cardiometabolic risk factors called Metabolic Syndrome 
(MetS)(19). Such factors include mainly carbohydrate metabolism 
disorders (hyperinsulinemia, insulin resistance, T2DM and intol-
erance of glucose and fats (increased triglycerides and decreased 
high-density lipoprotein [HDL-c]), abdominal obesity, high blood 
pressure (hypertension), and coagulation disorders(1).

In addition, studies have shown that treatments that involve 
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lifestyle changes are promising, such as adopting a healthy, bal-
anced diet and regular physical exercise to reduce weight and the 
components of MetS. However, the literature has recently shown 
that for obese class II and III MetS patients, neither behavior and 
lifestyle modification nor even drug therapy show good clinical 
results because such treatments have relatively poor success and 
especially poor adherence(9). Therefore, bariatric surgery is recom-
mended not only for weight loss but also for the treatment of 
T2DM, hypertension, and dyslipidemias, being the most effective 
treatment(9).

Roux-en-Y Gastric Bypass Surgery (RYGB) is currently excel-
lent technique due to weight loss and improvement in long-term 
comorbidities. Most importantly, the RYGB promotes reduced 
secretion of hormones such as ghrelin, insulin, and leptin, which 
are related to appetite, weight gain, energy balance, and metabolism 
and storage, respectively, and play a central role in the reduction 
of obesity and associated comorbidities(9).

The favorable effects of  this gastric surgical intervention on 
MetS components are evidenced in some studies. For example, in 
a longitudinal analysis of cardiovascular parameters after gastric 
bypass surgery, in 937 subjects, Dallal et al.(5) concluded that the 
procedure resulted in dramatic improvement in cardiovascular 
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risk factors. In addition, in a cohort study of 131 diabetic patients 
who underwent RYGB, Aminian et al.(2) demonstrate a remark-
able control of T2DM, dyslipidemias, and hypertension, which is 
associated with a reduction in the risk of complications such as 
nephropathy, retinopathy, and CVD. Significant weight loss, and 
cardiometabolic disease risk reduction, was observed among 633 
Hispanic adults(6). However, studies evaluating the impact of RYGB 
on drugs’ use are still lacking.

In this context, this study aimed to evaluate the impact of 
RYGB on both MetS components and the use of associated drugs 
in obese patients.

METHODS

A retrospective cohort study was performed.

Population and sample
The population studied included obese patients who underwent 

Roux-en-Y Gastric Bypass Surgery (RYGB) in the Integrated 
Center for Obesity Treatment (Centro Integrado de Tratamento da 
Obesidade – CINTRO) in the city of Porto Alegre between January 
2007 and March 2014. The sample consisted of 273 obese class II 
and class III (morbid) individuals, aged ≥20 years. All patients who 
underwent Roux-en-Y Gastric Bypass Surgery (RYGB) between 
January 2007 and March 2014 were included in the study and were 
monitored for 2 months after surgery. The individuals underwent 
gastroplasty through gastrojejunal bypass with Roux-en-Y re-
construction(17). Patients who did not return after the surgery for 
nutritional and clinical assessments were excluded.

Data collection
All of the information regarding sociodemographic and anthro-

pometric data, clinical and biochemical exams, and drugs used by 
the patients included in this study, both before and after surgery, 
were collected from the patients’ medical records. The variables 
obtained were height, weight, body mass index (BMI); MetS com-
ponents [blood pressure (BP), triglycerides (TG), HDL-c, fasting 
glucose (FG)]. MetS components were classified in accordance to 
the Third Report of the National Cholesterol Education Program 
Adult Treatment Panel NCEP-ATPIII(8) (WC >88 cm for women 
or >102 cm for men; HDL-c <50 mg/dL for women or <40 m/dL 
for men; TG >150 mg/dL; BP >130/85 mmHg; FG >110 mg/dL). 
Drugs used by the patients were obtained and classified by the 
Anatomical Therapeutic Chemical (ATC) system, which divides 
the active ingredients into different therapeutic groups according 
to their sites of  action and their pharmacological and chemical 
characteristics(21). For this purpose, the 2000 revision and updates 
were used. In ATC, drugs are classified according to their most 
important therapeutic use(21).

Statistical analysis
Data were stored in an Excel database and analyzed with 

statistical software SPSS® 17.0 version. The descriptive analysis 
was performed using frequency, central tendency, and dispersion 
measures.  The t test for paired samples was used to assess the 
equality of means of numerical variables in the pre and postopera-
tive periods, and the McNemar test was used to analyze changes in 
the frequency of categorical variables in the pre and postoperative 
periods. A 5% level was established to determine the significance 
of the tests (P≤0.005).

TABLE 1. General characteristics of obese patients who underwent RYGB

Variables N (%)

Gender 

   Female 236 (86.4)

   Male 37 (13.6)

Age group (years)

   20-29 64 (23.4)

   30-39 102 (37.4)

   40-49 51 (18.7)

   ≥50 56 (20.5)

Educational level

   Primary school 1 (0.4)

   Secondary school 3 (1.1)

   Higher education 134 (49.1)

   Specialization 119 (43.6)

   Masters/Ph.D. 14 (5.1)

   Vocational training course 2 (0.7)

Marital status 

   Married 172 (63.0)

   Single 74 (27.1)

   Divorced 20 (7.3)

   Widower 7 (2.6)

RYGB: Roux-en-Y gastric bypass surgery

Ethical considerations
The study was approved by the Ethics Committee on Human 

Research of  the Pontifical Catholic University of  Rio Grande 
do Sul (Pontifícia Universidade Católica do Rio Grande do Sul – 
PUCRS) (protocol no. 506.428; CAEE 23315213.7.0000.5336). The 
CINTRO researcher was asked to sign a confidentiality agreement, 
and the CINTRO coordinator was asked to sign a declaration 
authorizing the use of medical records in the research, which con-
tained information on all of the participants. All of the patients 
who entered the cohort from January 2014 to March 2014 signed 
an informed consent form.

RESULTS

The sample consisted of  273 subjects with mean age of 
38.4±11.2 years (range 20-69 years), 236 (86.4%) females and 37 
(13.6%) males, with follow-up period of 2 months (60 days) after 
surgery. The age group with the highest number of patients was 
30-39 years, with 102 individuals (37.4%). The majority of  the 
sample consisted of married individuals (63.0%) and with higher 
education (49.1%) (Table 1).

Regarding pre and postoperative results of the anthropometric 
variables, Table 2 shows that the anthropometric measurements 
(weight, BMI, and WC) showed a significant difference (P<0.001), 
60 days after bariatric surgery. The MetS components such as 
BP [diastolic blood pressure (DBP) and systolic blood pressure 
(SBP)], triglycerides (P<0.001) and fasting glucose (P=0.005) 
showed a significant reduction in their postoperative levels, except 
for HDL-c (P=0.112).
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Table 3 shows the changes in the frequency of each of the posi-
tive criteria for the diagnosis of MetS observed in the preoperative 
period and 60 days after surgery. The analyses showed that at the 
assessed range, there was a significant decrease in the frequency 
of individuals with hypertension (P=0.001), hypertriglyceridemia 
(P=0.006) and hyperglycemia (P<0.001). Only the frequency of 
individuals with altered HDL-c levels showed no significant dif-
ference (P=0.083).

Regarding the use of drugs associated with obesity and MetS, 
the results showed that after surgery, there was a significant reduc-
tion in the use of  antihypertensive drugs (P<0.001), antiobesity 
(P=0.010), hypoglycemic agents (P=0.013), lipid-lowering drugs 
(P<0.001), among others (Table 4). However, there was a signifi-
cant increase in the postoperative use of  gastroprotective drugs 

TABLE 2. Comparison of pre and postoperative (60 days after surgery) anthropometric measures, and metabolic syndrome components in obese  
patients who underwent RYGB

Pre/post
operative variables N Mean ±SD

Difference
P*

Mean ±SE 95% CI

Pre Weight
207

112.70±19.42
16.90±0.39 (16.14-17.67) <0.001

Post Weight 95.80±17.14

Pre BMI
207

41.79±5.14
6.22±0.14 (5.95-6.50) <0.001

Post BMI 35.57±4.57

Pre WC
84

120.39±17.18
12.15±0.60 (10.97-13.34) <0.001

Post WC 108.24±15.00

Pre SBP
97

135.05±19.21
11.86±2.00 (7.87-15.84) <0.001

Post SBP 123.20±13.27

Pre DBP
97

86.29±11.05
6.08±1.28 (3.54-8.62) <0.001

Post DBP 80.21±8.16

Pre Glucose
55

114.73±42.95
14.33±4.84 (4.63-24.03) 0.005

Post Glucose 100.40±29.04

Pre HDL-c
74

48.12±14.75
2.64±1.64 (-0.63-5.91) 0.112

Post HDL-c 45.48±13.35

Pre TG 
70

175.16±98.42
65.36±11.13 (43.16-87.57) <0.001

Post TG 109.79±43.21
RYGB: Roux-en-Y gastric bypass surgery. *T-test for paired samples, considering the preoperative results compared to postoperative results at 60 days; BMI: body mass index in kg/m2; WC: 
waist circumference in cm; SBP: systolic blood pressure in mmHg; DBP: diastolic blood pressure in mmHg; HDL-c: high-density lipoprotein in mg/dL; TG: triglycerides in mg/dL.

TABLE 3. Comparison of the frequency of diagnostic criteria for metabolic 
syndrome in the preoperative period and at 60 days of the postoperative 
period in obese patients who underwent RYGB

Criteria for 
metabolic syndrome 
diagnosis

N Preoperative
N (%)

Postoperative
N (%) P*

Increased WC 84 84 (100.0) 75 (89.3) †

Hypertension 117 88 (75.2) 36 (30.8) 0.001

Low HDL-c 74 40 (54.1) 53 (71.6) 0.083

Hypertriglyceridemia 70 37 (52.9) 11 (15.7) 0.006

Hyperglycemia 55 23 (41.8) 10 (18.2) <0.001

RYGB: Roux-en-Y gastric bypass surgery. *McNemar Test; WC: waist circumference; HDL-c: 
High-density lipoprotein; † No measures of association are computed for not increased waist 
circumference, preventing an analysis.

TABLE 4. Comparison of the frequency of the use of drugs in the pre 
and postoperative period (60 days after surgery) in obese patients who 
underwent RYGB

Drugs in use † N Preoperative
N (%)

Postoperative
N (%) P*

Antihypertensive 273 156 (57.1) 14 (5.1) <0.001
Antiobesity 273 9 (3.3) 1 (0.4) 0.010
Drugs used in 
diabetes 273 29 (10.6) 16 (5.9) 0.013

Cardiac therapy 273 6 (2.2) 0 (0.0) ‡
Drugs for acids 
related disorders 273 21 (7.7) 159 (58.2) <0.001

Lipid modifying 
agent 273 21 (7.7) 1 (0.4) <0.001

Multivitamins 
combinations 271 4 (1.5) 262 (96.7) <0.001

Iron 273 3 (1.1) 126 (46.2) <0.001
RYGB: Roux-en-Y gastric bypass surgery. *McNemar Test. †The drugs were classified by the 
Anatomical Therapeutic Chemical (ATC) system recommended by the World Health Orga-
nization(21); ‡No measures of association are computed for cardiac therapy in postoperative, 
preventing an analysis.
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(P<0.001), multivitamin and mineral supplements (P<0.001), and 
iron alone (P<0.001) (Table 4). After bariatric surgery, a significant 
reduction was also observed in the number of drugs used by the 
patients that were associated with obesity and MetS. Before the 
surgery, the mean ±standard deviation (SD) of drug use was 2.1±1.9 
units, which decreased to 0.6±1.0 units after surgery, resulting in a 
mean difference ±standard error (SE) of 1.4±0.1 (95% CI=1.2-1.7) 
drugs (P<0.001). The mean ±SD of the use of vitamins, minerals 
and gastroprotective drugs creased from 0.1±0.4 to 2.3±1.1 units 
from the pre to the postoperative period, which shows a mean 
difference ±SE of -2.2±0.1 (95% CI= -2.3 and -2.0), which is also 
significant (P<0.001).

DISCUSSION

The literature has shown that weight loss decreases MetS 
markers, thus reducing risk factors for CVD, T2DM, some types 
of cancer, and skeletal abnormalities, which positively affects indi-
viduals’ quality of life(22). However, the literature also suggests that 
interventions advocating behavioral and lifestyle changes (i.e., diet 
and exercise) and drug therapy have little success and low adherence 
over time for obese class II and III patients with comorbidities(9). 
In this context, RYGB is important not only for decreasing body 
weight but also for playing the role of metabolic regulator. RYGB 
is a mixed surgery that combines malabsorption and restriction of 
food intake by bypassing a portion of the jejunum.

The results of  this study showed that RYGB had significant 
statistical and clinical impact on weight reduction, BMI, and com-
ponents of MetS, especially WC, BP, and triglyceride levels, which 
resulted in a significant reduction in the use of drugs associated 
with cardiovascular risk. It should be noted that these changes oc-
curred within a short period (60 days after surgery). However, this 
study did not observe significant changes in HDL-c level, which is 
an important component of MetS. Conversely, it was found that 
there was a significant increase in the use of vitamins, minerals, iron, 
and gastroprotective drugs after surgery, which the literature and 
clinical practice have demonstrated as the standard treatment for 
patients who have undergone bariatric surgery(4,10). It is noteworthy 
that the absorption of  some vitamins and minerals is decreased 
by several factors: restriction of  food intake, change in nutrient 
absorption, and the use of gastroprotective drugs that change the 
pH of the stomach and decrease the absorption of iron and cal-
cium. Additionally, gastroprotective drugs are associated with the 
depletion of some micronutrients, such as iron(13). Iron and folic 
acid are micronutrients that are essential for normal metabolism, 
and deficiencies of these micronutrients may cause health hazards, 
including the development of chronic diseases such as CVD(10).

Studies have shown that with the weight loss and caloric re-
striction caused by the RYGB, there is an improvement in energy 
metabolism, which results in improved regulation of  lipid mol-
ecules, appetite-regulating hormones, satiety, energy storage, and 
glycemic control(10). Thus, our findings corroborate those of  the 
literature, showing a beneficial impact not only in short-term weight 
reduction but also in the suppression of important cardiovascular 
risk factors, such as hypertension, increased WC, T2DM, and 
dyslipidemia, which combined are closely related to the increased 
mortality rate of obese individuals(15). Reduction of body-fat mass 
has an important beneficial impact on metabolism because with the 
reduction of adipose tissue, especially intra-abdominal tissue, there 
is a reduction in the inflammatory and oxidative process, which 

contributes to increased insulin sensitivity and improved regula-
tion of glucose levels, blood pressure, and lipid particles, primarily 
triglycerides. The hypoglycemic effect of bariatric surgery is most 
likely due to the improved hormone metabolism associated with 
diabetes. Bariatric surgery may affect the balance of β cells due to 
changes in the gastrointestinal tract(16). In addition, with weight 
loss and therefore improved insulin sensitivity, musculoskeletal 
tissue becomes more active, which increases energy consumption. 
Additionally, weight reduction and increased insulin sensitivity 
allow for less vasoconstriction and cardiac output, lower retention 
of sodium/water in renal tubules, and improved regulation of the 
proliferation of  smooth muscle in artery walls. These modifica-
tions have a favorable impact on the reduction of blood pressure 
levels and therefore on hypertension and the use of drugs to treat 
it. Several studies have reported that weight loss alone is the 
most effective non-pharmacological intervention for controlling 
hypertension, and even discrete weight reductions have signifi-
cantly decreased BP(7). In addition, due to the caloric restriction 
promoted by RYGB, the decreased influx of large amounts of fatty 
acids to the liver will lead to reduced gluconeogenesis, decreased 
secretion of very low-density lipoprotein (VLDL), and decreased 
insulin resistance, thus promoting improvements or even healing 
of comorbidities associated with obesity and MetS components, 
especially hypertriglyceridemia(4).

The favorable effects of gastric bypass in MetS are shown in 
some studies, including Aminian et al.(2) and Halperin et al.(11) of  
obese patients with T2DM; those studies compare bariatric surgery 
using the bypass technique with the clinical treatment of lifestyle 
changes in a randomized trial over 1 year. The authors concluded 
that although both treatments improved patients’ quality of life, 
bariatric surgery has a higher impact on weight loss and improved 
glycated hemoglobin and cardiometabolic risk levels.

In patients with obesity class I (mild obesity), T2DM and 
BMI between 30 and 35 kg/m2 who used oral hypoglycemic agents 
(and some of whom are insulin-dependent), the bypass technique 
is effective to improve these parameters. In a study by Lanzarini 
et al.(14), all patients who underwent bariatric surgery with gastric 
bypass exhibited improved glycemic control, and 93.6% met the 
criteria for T2DM remission. This study involves patients who 
underwent bypass surgery from July 2008 to October 2010 at the 
University Hospital of Santiago de Chile, with a 24-month follow-
up. Although the mean postoperative follow-up was short, it was 
evident that bariatric surgery may be more effective than the avail-
able treatments. Most importantly, studies have shown that obesity 
is closely related to the development of MetS and to decreased life 
expectancy. In this regard, a 2009 meta-analysis of 57 prospective 
studies with 894,576 European and American participants with a 
mean age of 46±11 years showed that people with BMI between 
22.5 and 25 kg/m2 have lower mortality rates compared to people 
with BMI greater than 25 kg/m2. It was found that for every 5 kg/ m2 
increase in BMI, overall mortality rate increases by 30%. When 
associated with other risk factors, this rate increased by 40% in 
cases of vascular disease and 60%-120% in cases of diabetes and its 
complications. In terms of years, obesity classes I and II (between 
30.0 and 39.9 kg/m2) decreased life expectancy by 2 to 4 years. 
In obesity class III (above 40 kg/m2), the decrease was between 8 
and 10 years(18). This evidence shows the importance of bariatric 
surgery for these individuals, not only to decrease cardiovascular 
risk factors and comorbidities but to decrease the mortality rate 
and thus to increase life expectancy.
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This study has some limitations, the most important of which 
is related to retrospective data collection from medical records. 
Another limitation of this study relates to it’s a short follow-up 
period, which does not allow to verify the long-term impact of 
surgery in the investigated parameters. However, cohort studies 
on the impact of the bypass components of MetS and the use of 
associated drugs conducted in Brazilian samples are still scarce. In 
addition, even a short follow-up study showed promising results, 
demonstrating the effectiveness of bypass in the investigated pa-
rameters, which surely will have a beneficial impact on health and 
quality of life of patients.

CONCLUSION

The results of  this study show that RYGB significantly re-
duces a patient’s weight and WC within a short period (60 days 
after surgery), improving their metabolic profile. These changes 
contribute to reducing both MetS components and the use and 
amount of  drugs taken for both obesity and MetS. Conversely, 
it is important to consider that the RYGB procedure and the 

use of  gastroprotective drugs result in lower absorption rates 
of  micronutrients such as iron. Thus, medical and nutritional 
postoperative follow-up are essential to ensure these patients’ 
continued health and quality of  life.
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INTRODUCTION

Previous publications have shown the possibility of  differ-
ences between men and women in esophageal motility(11-14). The 
results were found using different methods for esophageal motil-
ity evaluation, mainly by the water perfusion method. Nowadays 
high-resolution manometry (HRM) is the best way to perform this 
evaluation. It can give different parameters from the traditional 
water perfusion or solid state manometric methods(3,13).

The investigations about gender influence on esophageal motil-
ity have described that: integrated relaxation pressure of the lower 
esophageal sphincter (LES) is higher in women than in men(11); 
contractions in proximal esophagus have a higher area under the 
curve in women(7); women have an increase in contraction dura-
tion in distal esophagus(8); women have a higher LES pressure, 
higher distal amplitude, longer distal contraction duration and 
slower distal velocity of peristaltic contraction(14). Gender does not 
influence whether esophageal motility is normal, spastic or with a 
non-specific motor disorder(1).

The confirmation of difference between men and women on 
esophageal motility is important in the definition of normal pa-
rameters and in the better understanding of esophageal physiology. 
Esophageal motility has the influence of body position(2,4,6,10,12) and 
the characteristics of the swallowed bolus(2,5,6,10), and may also have 
the influence of gender.

A previous evaluation of  the effect of  gender in esophageal 
motility with the method of HRM, with the main focus on distal 
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esophagus, described the difference of high integrated relaxation 
pressure (IRP) in women compared with men as unique(11), being 
measured in both supine and sitting positions and with a 5 mL 
saline bolus. In the present investigation our objective was to 
evaluate, by HRM in the sitting position and swallows of a 5 mL 
saline bolus, the proximal and distal esophageal motility in men 
and women, with the hypothesis that the esophageal contraction in 
women has some differences when compared with the esophageal 
contraction of men.

METHODS

The esophageal motility of 10 men with mean age 37.5 (8.1) 
years and 12 women with mean age 38.7 (7.5) years was evaluated 
(Table 1). Volunteers did not have any symptoms or any gastro-
enterologic, neurologic, endocrinologic diseases, previous surgery 
in the digestive tract and no disease at the time of the esophageal 
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TABLE 1. Men and women involved in the investigation. Mean (SD)

Men (n=10) Women (n=12)

Age (years) 37.5 (8.1) 38.7 (7.5)

Weight (kg) 82.8 (13.9) 79.2 (13.3)

Height (m) 1.73 (0.06) 1.61 (0.06)

BMI (kg/m2) 27.6 (3.6) 30.4 (3.8)

BMI: body mass index; SD: standard deviation.
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motility evaluation. The investigation was approved by the Human 
Research Committee of the University Hospital of Ribeirão Preto 
and all volunteers gave written informed consent to participate in 
the investigation.

The evaluation of esophageal motility was done with a 32-chan-
nel solid state catheter and the InSIGHT High Resolution Imped-
ance Manometry System (Sandhill Instruments, Highlands Ranch, 
CO, USA). After the calibration of  the catheter at pressures 0 
mmHg and 100 mmHg, with at least 6 hours of fasting and with 
the volunteers sitting on a chair, the manometric catheter was intro-
duced via the nose until the distal channels were inside the stomach, 
in a position which permits the registration of the pressure from the 
pharynx to the stomach. After an enough time for the stabilization 
of the register, each volunteer performed, in the sitting position, 
10 swallows of a 5 mL bolus of saline at room temperature, with 
an interval of at least 30 seconds between swallows. The volunteer 
performed only one swallow of each 5 mL bolus volume. Double 
swallows were excluded, and another swallow was performed.

Each examination was analyzed for the integrated relaxation 
pressure (IRP) of the lower esophageal sphincter, the contraction 
front velocity (CFV), distal contraction integral (DCI), distal 
latency (DL), proximal contraction extension (PCE), proximal 
contraction integral (PCI), proximal contraction duration >30 
mmHg (PCD >30 mmHg), proximal contraction duration (PCD), 
and upper esophageal sphincter (UES) pressure. The method for 
measurement of each variable was previously described(3,10).

Data were tested for normality using the Shapiro-Wilks test. 
To test the comparisons between men and women, a two-tailed 
Student’s t test was used in normal distribution data and the Mann-
Whitney U test in data which did not have normal distribution. 
The results are shown in mean, median, standard deviation (SD). 
A P≤0.05 was considered as significant. 

RESULTS

There was no difference between men and women in all meas-
urements performed (Table 2). 

The IRP in women had a median of 8.2 mmHg (limits: 1–18.1 
mmHg), and men a median of 5.0 mmHg (limits: 3.2–12.5 mmHg). 
Statistical analysis of these results did not find significance (P=0.18, 
Figure 1).

DISCUSSION

In this investigation, using HRM and evaluation of  the es-
ophageal motility in the sitting position with low viscous liquid 
bolus, differences between men and women in esophageal motility 
were not found.

Esophageal motility is different when the individual is in the 
sitting or in the supine positions. In the sitting position the propor-
tion of abnormal contractions increase(2,10,12), the distal contraction 
integral and the amplitude of contractions decrease(4,6,11,12). It could 
be, at least in part, the explanation for the absence of difference 
between men and women. Esophageal manometric studies using 
the water perfusion method were performed in the supine position 
and in this investigation it was performed in the sitting position. 
The absence of  difference found in the sitting position did not 
exclude the possibility of difference in another position. However, 
the results of comparison between men and women in esophageal 
motility using HRM found a higher integrated relaxation pressure 
(IRP) in women than in men in both positions(11). The median of 
IRP in women was 9.01 mmHg (95th percentile: 4.26-20.73 mmHg) 
and in men was 7.02 mmHg (95th percentile: 3.26-14.68 mmHg, 
P=0.04) in the sitting position, and in the supine position it was 
8.06 mmHg (95th percentile: 4.04-18.96 mmHg) in women and 
7.40 mmHg (95th percentile: 4.16-14.46 mmHg, P=0.04) in men. 

TABLE 2. Results of high resolution esophageal manometry in men (n=10) and women (n=12)

Men Women
P value

Mean (SD) Median Mean (SD) Median

IRP (mmHg) 6.0 (3.1) 5.0 8.4 (5.4) 8.2 0.18

CFV (cm/s) 4.9 (2.2) 4.4 5.2 (2.0) 4.4 0.75

DCI (mmHg.s.cm) 1441.6 (1126.3) 1355.3 913.8 (735.8) 803.8 0.15

DL (s) 6.8 (1.0) 6.9 6.8 (0.9) 6.6 0.93

PCE (cm) 4.4 (1.1) 4.4 4.7 (1.2) 4.7 0.57

PCI (mmHg.s.cm) 347.7 (215.6) 312.5 248.8 (170.7) 248.6 0.39

PCD >30mHg (s) 2.0 (0.8) 1.8 1.7 (0.5) 1.7 0.30

PCD (s) 2.6 (0.9) 2.4 2.2 (0.6) 2.3 0.17

Maximal UES
Pressure (mmHg) 461.9 (80.9) 457.5 475.6 (93.0) 507.4 0.73

IRP: integrated relaxation pressure; CFV: contraction front velocity; DCI: distal contraction integral; DL: distal latency; PCE: proximal contraction extension; PCI: proximal contraction integral; 
PCD: proximal contraction duration; PCD: proximal contraction duration; UES: upper esophageal sphincter.

FIGURE 1. Box plot of the integrated relaxation pressure (IRP), in 
mmHg, of men (n=10) and women (n=12).
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The data of IRP of the present investigation suggested the same 
interpretation, however the difference did not reach statistical 
significance (P=0.18). It is possible that the number of  subjects 
included in the groups was not large enough to demonstrate a pos-
sible difference. Also, the use of a statistical method which takes 
in consideration the Bayes factor, which include in the analysis 
the results of similar experiments, could modify the conclusion(9).

HRM is a modern method for esophageal motility evaluation, 
however the examination performed in different countries did not 
found the same results(4). The type of HRM system, catheter diam-
eter, demographic factors, body position during the test, consistency 
of the bolus swallowed and esophageal length have influence on 
the results of the examination(10).

The IRP is an important measure defined in HRM. It repre-
sents the mean esophageal gastric transition pressure measured for 
four contiguous or non contiguous seconds of relaxation in the 10 
seconds window following deglutitive upper esophageal sphincter 
relaxation(10). An increase in IRP means an outflow obstruction at 
the esophageal gastric transition(13). If  the difference between men 
and women is true it means that it is necessary to have a normal 
upper limit value for men and another for women. This investigation 
was not able to demonstrate this, however it is suggested that the 

ideal is to have different sets of normal values taking in considera-
tion the factors that could influence the results(10).

This investigation has limitations. If  the number of volunteers 
was higher the results could reach a more conclusive answer. Dif-
ferent characteristics of bolus swallowed, in terms of volume and 
consistency, could demonstrated a difference between men and 
women. It not easy to performed HRM in normal volunteers. It is 
an invasive examination which causes significant discomfort. What 
was described is that there is no difference between the esophageal 
motility of men and women however, if  difference exist it is likely 
that do not have clinical implication.

In conclusion, there is no significant difference in esophageal 
motility between men and women, evaluated in the sitting position 
with swallows of liquid low viscous bolus.
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RESUMO – Contexto – É descrita a existência de diferenças na motilidade de esôfago entre homens e mulheres. A maioria destes trabalhos utilizaram o 

método de perfusão continua com água para a manometria esofágica. Nesta investigação foi comparada a motilidade do esôfago de homens e mulheres 
com o método de manometria de alta resolução, realizada na posição sentada e com deglutição de bolo líquido. Objetivo – Comparar a motilidade 
do esôfago em homens e mulheres, na posição sentada, com o método de manometria de alta resolução. A hipótese é que homens e mulheres têm 
diferenças na motilidade do esôfago. Métodos – Manometria de alta resolução foi realizada em voluntários saudáveis, 10 homens [média de idade: 
37,7 (8,1) anos] e 12 mulheres [média de idade: 38,7 (7,5) anos], na posição sentada e com 10 deglutições de 5 mL de solução salina. Foram avaliadas 
a pressão integrada de relaxamento do esfíncter inferior do esôfago, velocidade da contração peristáltica, integral da contração distal, latência dis-
tal, extensão da contração proximal, duração da contração proximal >30 mmHg, duração da contração proximal, integral da contração proximal, 
pressão máxima do esfíncter superior do esôfago. Resultados – Não houve diferença significativa entre homens e mulheres nas variáveis medidas. 
Conclusão – Não há diferença entre homens e mulheres na motilidade do esôfago avaliada pelo método de manometria de alta resolução, na posição 
sentada e com deglutição de um bolo líquido.

DESCRITORES – Motilidade gastrointestinal. Manometria, métodos. Fatores sexuais. 
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INTRODUCTION

Depletion of nutritional status has been associated with many 
unsatisfactory clinical outcomes in hospitalized patients and in 
various clinical situations(3,4,14,24,32). For many years, many studies 
have reported undesirable outcomes that may occur during the 
hospital stay of patients diagnosed with malnutrition or even at 
some nutritional risk(28,31). These findings have been observed in 
patients with neoplasms, digestive tract diseases, and other clinical 
situations(22,24,31).

Hence, malnutrition, nutritional risk, recent weight loss, and 
low energy intake are considered risk factors for poor clinical 
outcomes in hospitalized patients, regardless of  the underlying 
disease(3,4,14,22,28,31,32).

Given this hospital setting reality, many studies(3,4,22,28,29,34) have 
used different nutritional status assessment methods, especially 
the nutritional risk screening (NRS-2002)(28,29,34), subjective global 
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assessment(22,28,29,34), biochemical parameters(24,29), and anthropo-
metry(3,22,24,29) to investigate the relationship between poor nutri-
tional status and bad clinical outcomes, and many of these methods 
have been considered good predictors of  bad clinical outcomes 
during hospital stay(24,28). Yet, other studies have suggested the 
combination of subjective and objective methods(29) for nutritional 
status assessment.

The findings of  the abovementioned studies have indicated 
a need of  implementing nutritional care actions and nutritional 
education strategies in the hospital routine, which can contribute 
to early detection of  malnutrition and consequently, increase the 
effectiveness of  actions that reestablish an adequate nutritional 
status in hospitalized patients(11,12,13). The objective of  this study 
was to determine the relationship between nutritional status and 
the clinical outcomes of  patients with and without neoplasms 
during hospital stay using the multiple correspondence analysis 
technique.

AG-2016-55
dx.doi.org/10.1590/S0004-2803.201700000-05
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METHODS

Study characteristics, location, cases, ethical approval, 
and sample size

This cross-sectional study lasted two years (2014-2015). The 
sample consisted of  600 hospitalized patients with and without 
neoplasms from the surgery ward of  the Hospital and Maternity 
Hospital Celso Pierro of  the Pontifical Catholic University of 
Campinas-SP-Brazil. The study site is a general hospital institu-
tion that provides clinical care, surgery, elective treatment, and 
emergency care. All study patients were surgical patients because 
they were recruited at the surgical ward. The group of  patients 
with neoplasms (N=300) regarded patients submitted to cancer 
surgery (patients with gastrointestinal tract, pulmonary, and head 
and neck cancers). The group of  patients without neoplasms 
(N=300) had undergone different types of  surgery, such as es-
ophagectomy to treat megaesophagus, other gastrointestinal tract 
surgeries, cholecystectomy, colectomy, fundoplication to correct 
esophageal hiatal hernia (patients with gastrointestinal tract dis-
eases, abdominal wall hernias, megacolon, and megaesophagus). 
The study was approved by the local Research Ethics Committee 
(protocol no. 393.937).

Inclusion and exclusion criteria
The inclusion criteria were: nutritional assessment within 

48 hours of  hospital admission, all nutritional assessment data 
recorded in the medical records of the institution, and age above 
20 years. The exclusion criteria were: patients with edema, ascites, 
or terminal disease; patients undergoing hemodialysis; isolated 
patients; or patients hospitalized only for tests or clinical investiga-
tion. Bedridden patients and patients who could not communicate 
were also excluded as it was not possible to obtain body weight 
and energy intake data. 

Data collection
The data collected from the medical records included gender, 

age, length of hospital stay (LOHS), type of disease, complications, 
mortality, and nutritional indicators to determine nutritional status 
and nutritional risk. 

Variables for nutritional status diagnosis
The following nutritional indicators were analyzed: subjective 

global assessment (SGA), nutritional risk screening (NRS), an-
thropometric data, and habitual energy intake (HEI). Nutritional 
status was classified according to the established cut-off  points for 
each one of these indicators. 

1. Subjective global assessment (SGA)
SGA data were analyzed as recommended by Detsky et al.(10). 

SGA makes a subjective assessment by scoring weight loss, food 
intake, and clinical and physical signs of malnutrition, classifying 
individuals as well-nourished, mildly malnourished, moderately 
malnourished, and severely malnourished(10). Patients classified 
as mildly, moderately, and severely malnourished were considered 
malnourished. 

2. Nutritional risk screening (NRS)
NRS(19,20) is a means of detecting nutritional risk early in hos-

pitalized patients. It has been validated and recommended by the 
European Society of Clinical Nutrition and Metabolism (ESPEN) 

and used in many hospitals globally(27,28,29,34). NRS determines 
nutritional risk by investigating weight loss, body mass index, low 
food intake, and disease severity. A score ≥3 indicates nutritional 
risk, and <3, no nutritional risk(19,20).

3. Anthropometry
Body weight and height, mid-upper arm circumference 

(MUAC), and triceps skinfold thickness (TST) were collected, 
and body mass index (BMI) and mid-upper arm muscle cir-
cumference (MUAMC) were calculated. The body composition 
indicators (MUAC, TST, and MUAMC) were classified according 
to their percentile distribution as recommended by Frisancho(15) 
and Burr & Phillips(6) for adults and older adults aged >65 years, 
respectively. Lean mass depletion (LMD) was defined as MUAC 
and MUAMC equal to or lower than the 15th percentile (≤P15); 
a percentile above the reference percentile for lean mass was de-
fined as MUAC and MUAMC above the 85th percentile (>P85); 
and lean mass preservation (LMP) was defined as MUAC and 
MUAMC between the 15th and 85th percentiles (P15-P85). Fat 
mass depletion (FMD) was defined as TST equal to or below 
the 15th percentile (≤P15); excess fat mass (EFM) was defined as 
TST above the 85th percentile (>P85); and fat mass preservation 
(FMP) was defined as TST between the 15th and 85th percentiles 
(P15-P85)(6,15).

BMI was classified as recommended by the World Health 
Organization(35) and Lipschitz(25) for adults and older adults, re-
spectively. Recent weight loss reported by the patients on hospital 
admission was also investigated and classified as recent weight loss 
(yes) and no recent weight loss (no). 

4. Assessment of habitual energy intake (HEI)
The patients’ habitual energy intake was assessed during an 

interview on admission about the foods consumed on a typical 
day. The interview collected the habitual food history, and the type 
and amount of  foods normally consumed. The energy intake was 
then calculated by nutrition analysis software(33). Habitual energy 
intake (HEI) was determined by analyzing habitual food intake 
data, with subsequent calculation of  percent HEI adequacy in 
relation to individual energy requirement (%HEI/ER). The indi-
vidual energy requirement was estimated by the equation proposed 
by Harris & Benedict(17). This method has already been described 
in other studies(22). Later, HEI was expressed as a percentage of 
the energy requirement. Low energy intake was defined as energy 
intake below 75% of  the individual energy requirement (HEI/
ER<75%)(26,31). 

Clinical outcomes
The clinical outcomes of interest were complications, LOHS, 

and death. Complications were defined as postoperative pulmo-
nary and cardiovascular complications, anastomotic fistula, and 
abdominal abscesses (sepsis). Length of hospital stay (LOHS) was 
classified as ≤6 days or ≥7 days. An outcome was defined as death 
when the patient died during hospital stay. 

Statistical analysis
The study patients were characterized by descriptive analysis, 

namely frequency tables for the categorical variables and meas-
ures of position and dispersion for the continuous variables. The 
chi-square test or Fisher’s exact test(9,30) verified associations or 
compared proportions using a significance level of 5%. 
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Multivariate data analysis included multiple correspond-
ence analysis (MCA), which studies cross-frequency tables 
(contingency tables) that explore the simultaneous relationships 
between variables(5,9,16,21). This exploratory technique uses maps 
to determine whether the interest groups can be differentiated by 
their elements (structures subjacent to the variable set). The maps’ 
interpretation was based on the points located approximately on 
the same direction of  the origin and in the same region of  space 
by parameters such as total inertia, the relative contribution to 
the inertia and supplementary variables(5,9,16,21). Multiple cor-
respondence analysis was chosen because it allows analyzing all 

outcomes simultaneously, characterizing the patients’ profiles and 
considering the three outcomes together with the other explora-
tory variables(5,9,16,21).

RESULTS

The data of 600 hospitalized patients were analyzed by general 
descriptive analysis, comparing the study variables according to 
disease group (with or without neoplasms) and presence of com-
plications (Table 1), death (Table 2), and length of hospital stay 
(LOHS) ≤6 days or ≥7 days (Table 3). 

TABLE 1. Descriptive analysis and comparison of the variables by presence of complications in each disease group. 

Variables

 With neoplasms  Without neoplasms
With complications

N=39
N(%)

Without complications
N=261
N(%)

P-value*
With complications

N=46
N(%)

Without complications
N=254
N(%)

P-value*

Gender 
   Female 13 (33.3) 90 (34.5) 0.89 17 (37.0) 98 (38.6) 0.83 
   Male 26 (66.7) 171 (65.5) 29 (63.0) 156 (61.4)

Age
   <60 years 20 (51.3) 126 (48.3) 0.73 32 (69.6) 138 (54.3) 0.055
   ≥60 years 19 (48.7) 135 (51.7) 14 (30.4) 116 (45.7)

NRS
   At risk 21 (53.8) 100 (38.3) 0.065 17 (37.0) 108 (42.5) 0.48
   Not at risk 18 (46.2) 161 (61.7) 29 (63.0) 146 (57.5)

SGA
   Malnourished 18 (46.2) 62 (23.8) 0.0032 17 (37.0) 51 (20.1) 0.012
   Well nourished 21 (53.8) 199 (76.2) 29 (63.0) 203 (79.9)

BMI
   Excess weight 12 (30.8) 88 (33.7) 0.93 17 (37.0) 92 (36.2) 0.99
   Normal weight 18 (46.2) 117 (44.8) 19 (41.3) 105 (41.3)
   Underweight 9 (23.1) 56 (21.5) 10 (21.7) 57 (22.4)

MUAC
   ≤P15 17 (43.6) 96 (36.8) 0.69 22 (47.8) 84 (33.1) 0.15
   P15 -P85 15 (38.5) 108 (41.4) 17 (37.0) 127 (50.0)
   >P85 7 (17.9) 57 (21.8) 7 (15.2) 43 (16.9)

TST
   ≤P15 7 (17.9) 45 (17.2) 0.94 8 (17.4) 35 (13.8) 0.60
   P15 -P85 21 (53.8) 135 (51.7) 26 (56.5) 135 (53.1)
   >P85 11 (28.2) 81 (31.0) 12 (26.1) 84 (33.1)

MUAMC
   ≤P15 17 (43.6) 100 (38.3) 0.66 20 (43.5) 96 (37.8) 0.63
   P15-P85 17 (43.6) 134 (51.3) 23 (50.0) 132 (52.0)
   >P85 5 (12.8) 27 (10.3) 3 (6.5) 26 (10.2)

Weight loss
   Yes 19 (48.7) 129 (49.4) 0.93 8 (17.4) 126 (49.6) <.0001
   No 20 (51.3) 132 (50.6) 38 (82.6) 128 (50.4)

%HEI/ER
   <75% 19 (48.7) 155 (59.4) 0.21 25 (54.3) 143 (56.3) 0.81
   ≥75% 20 (51.3) 106 (40.6) 21 (45.7) 111 (43.7)
NRS: nutritional risk screening; SGA: subjective global assessment; BMI: body mass index; MUAC: mid-upper arm circumference; MUAMC: mid-upper arm muscle circumference; TST: triceps 
skinfold thickness; %HEI/ER: percent habitual energy intake adequacy with respect to the individual energy requirement. * Chi-square test.
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TABLE 2. Descriptive analysis and comparison of the variables by death in each disease group

Variables

 With neoplasms Without neoplasms

No death
N=289
N(%)

Death
N=11
N(%)

P-value
No death
N=289
N(%)

Death
N=11
N(%)

P-value

Gender 

   Female 100 (34.6) 3 (27.3) 0.75 ** 112 (38.8) 3 (27.3) 0.54 **

   Male 189 (65.4) 8 (72.7) 177 (61.2) 8 (72.7)

Age

   <60 years 143 (49.5) 3 (27.3) 0.15  * 165 (57.1) 5 (45.5) 0.54 **

   ≥60 years 146 (50.5) 8 (72.7) 124 (42.9) 6 (54.5)

NRS

   At risk 113 (39.1) 8 (72.7) 0.031 ** 119 (41.2) 6 (54.5) 0.54 **

   Not at risk 176 (60.9) 3 (27.3) 170 (58.8) 5 (45.5)

ASG

   Malnourished 73 (25.3) 7 (63.6) 0.0097 ** 62 (21.5) 6 (54.5) 0.019 **

   Well nourished 216 (74.7) 4 (36.4) 227 (78.5) 5 (45.5)

BMI

   Excess weight 98 (33.9) 2 (18.2) 0.57 ** 106 (36.7) 3 (27.3) 0.79 **

   Normal weight 129 (44.6) 6 (54.5) 119 (41.2) 5 (45.5)

   Underweight 62 (21.5) 3 (27.3) 64 (22.1) 3 (27.3)

MUAC

   ≤P15 110 (38.1) 3 (27.3) 0.16 ** 102 (35.3) 4 (36.4) 1.00 **

   P15-P85 120 (41.5) 3 (27.3) 139 (48.1) 5 (45.5)

   >P85 59 (20.4) 5 (45.5) 48 (16.6) 2 (18.2)

TST

   ≤P15 51 (17.6) 1 (9.1) 0.59 ** 41 (14.2) 2 (18.2) 0.83 **

   P15-P85 151 (52.2) 5 (45.5) 155 (53.6) 6 (54.5)

   >P85 87 (30.1) 5 (45.5) 93 (32.2) 3 (27.3)

MUAMC

   ≤P15 113 (39.1) 4 (36.4) 1.00 ** 111 (38.4) 5 (45.5) 0.81 **

   P15-P85 145 (50.2) 6 (54.5) 149 (51.6) 6 (54.5)

   >P85 31 (10.7) 1 (9.1) 29 (10.0) -

Weight loss

   Yes 142 (49.1) 6 (54.5) 0.72 * 133 (46.0) 1 (9.1) 0.026 **

   No 147 (50.9) 5 (45.5) 156 (54.0) 10 (90.9)

%HEI/ER

   <75% 168 (58.1) 6 (54.5) 1.00 ** 161 (55.7) 7 (63.6) 0.76 **

   ≥75% 121 (41.9) 5 (45.5) 128 (44.3) 4 (36.4)
NRS: nutritional risk screening; SGA: subjective global assessment; BMI: body mass index; MUAC: mid-upper arm circumference; TST: triceps skinfold thickness; MUAMC: mid-upper arm 
muscle circumference; %HEI/ER: percent habitual energy intake adequacy with respect to the individual energy requirement. * Chi-square test; ** Fisher’s exact test.
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TABLE 3. Descriptive analysis and comparison of the variables by length of hospital stay in each disease group

Variables

With neoplasms Without neoplasms
TI ≤ 6 days

N=143
N(%)

TI ≥ 7 days
N=157
N(%)

P-value*
TI ≤ 6 days

N=143
N(%)

TI ≥ 7 days
N=157
N(%)

P-value*

Gender
   Female 46 (32.2) 57 (36.3) 0.45 61 (37.2) 54 (39.7) 0.66
   Male 97 (67.8) 100 (63.7) 103 (62.8) 82 (60.3)

Age
   <60 years 73 (51.0) 73 (46.5) 0.43 90 (54.9) 80 (58.8) 0.49
   ≥60 years 70 (49.0) 84 (53.5) 74 (45.1) 56 (41.2)

NRS
   At risk 44 (30.8) 77 (49.0) 0.0013 54 (32.9) 71 (52.2) 0.0007
   Not at risk 99 (69.2) 80 (51.0) 110 (67.1) 65 (47.8)

SGA
   Malnourished 26 (18.2) 54 (34.4) 0.0015 27 (16.5) 41 (30.1) 0.0048
   Well nourished 117 (81.8) 103 (65.6) 137 (83.5) 95 (69.9)

BMI
   Excess weight 62 (43.4) 38 (24.2) 0.0021 62 (37.8) 47 (34.6) 0.29
   Normal weight 55 (38.5) 80 (51.0) 71 (43.3) 53 (39.0)
   Underweight 26 (18.2) 39 (24.8) 31 (18.9) 36 (26.5)

MUAC
   ≤P15 44 (30.8) 69 (43.9) 0.059 46 (28.0) 60 (44.1) 0.013
   P15-P85 64 (44.8) 59 (37.6) 89 (54.3) 55 (40.4)
   >P85 35 (24.5) 29 (18.5) 29 (17.7) 21 (15.4)

TST
   ≤P15 21 (14.7) 31 (19.7) 0.064 19 (11.6) 24 (17.6) 0.29
   P15-P85 69 (48.3) 87 (55.4) 89 (54.3) 72 (52.9)
   >P85 53 (37.1) 39 (24.8) 56 (34.1) 40 (29.4)

MUAMC
   ≤P15 50 (35.0) 67 (42.7) 0.14 54 (32.9) 62 (45.6) 0.045
   P15-P85 73 (51.0) 78 (49.7) 90 (54.9) 65 (47.8)
   >P85 20 (14.0) 12 (7.6) 20 (12.2) 9 (6.6)

Weight loss
   Yes 65 (45.5) 83 (52.9) 0.20 76 (46.3) 58 (42.6) 0.52
   No 78 (54.5) 74 (47.1) 88 (53.7) 78 (57.4)

%HEI/ER
   <75% 83 (58.0) 91 (58.0) 0.99 82 (50.0) 86 (63.2) 0.022
   ≥75% 60 (42.0) 66 (42.0) 82 (50.0) 50 (36.8)

LOHS: length of hospital stay; NRS: nutritional risk screening; SGA: subjective global assessment; BMI: body mass index; MUAC: mid-upper arm circumference; TST: triceps skinfold thickness; 
MUAMC: mid-upper arm muscle circumference; %HEI/ER: percent habitual energy intake adequacy with respect to the individual energy requirement.  * Chi-square test.

Complications occurred in 39 (13%) patients with neoplasms 
and 46 (15.3%) patients without neoplasms (Table 1). Comparison 
of  the study variables (gender, age, RWL, BMI, MUAC, TST, 
MUAMC, SGA, NRS, and % HEI/ER) of  non-neoplastic and 
neoplastic patients with and without complications showed that 
only SGA differed in patients with neoplasms (P=0.0032) and 
without neoplasms (P=0.012). In other words, the frequency of 

malnutrition according to the SGA was higher in patients with 
complications than in those without complications. 

Regarding death (Table 2), comparison of the study variables 
of non-neoplastic and neoplastic patients showed that SGA dif-
fered between survivors and deceased with neoplasms (P=0.0097) 
and without neoplasms (P=0.019). The prevalence of malnutrition 
according to the SGA was significantly higher in deceased patients, 
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regardless of disease group. The same occurred in patients at nu-
tritional risk according to the NRS (P=0.031): the frequency of 
death was higher in patients with neoplasms who were at nutritional 
risk according to the NRS. Finally, non-neoplastic survivors lost 
more weight (P=0.026). 

Table 3 shows the comparison of the study variables by LOHS 
(≤6 days and ≥7 days). The rates of  malnutrition according to 
the SGA and nutritional risk according to the NRS differed sig-
nificantly in the two disease groups. Malnutrition according to 
the SGA (P=0.0015) and nutritional risk according to the NRS 
(P=0.0013) were more prevalent in neoplastic patients with a 
hospital stay ≥7 days. Malnourished non-neoplastic patients ac-
cording to the SGA (P=0.0048) and at nutritional risk according 
to the NRS (P=0.0007) also had longer hospital stays. MUAC 
(P=0.013) and MUAMC (P=0.045) also differed significantly 
in non-neoplastic patients, that is, non-neoplastic patients with 
longer hospital stays (≥7 days) had MUAC and MUAMC ≤P15, 
indicating lean mass depletion.

The variables included in the multiple correspondence analysis 
(MCA) were gender, age group, recent weight loss, nutritional status 
according to BMI, MUAC, MUAMC, TST, SGA, and NRS, and 
% HEI/ER. The clinical outcomes of interest, such as complica-
tions, death, and LOHS ≤6 or ≥7days were used as supplementary 
variables. 

The MCA map for neoplastic patients (Figure 1) showed 
that the adjusted inertia for the two first dimensions was 93.5%. 
The first dimension explained 79.7% of data variability, and the 
categories are mainly organized along this axis. The nutritional 
status categories according to MUAC, MUAMC, and TST >85th 

percentile were grouped and not represented by any of the study 
clinical outcomes. On the other hand, underweight according to 
BMI; TST, MUAC, and MUAMC ≤P15; malnutrition according 
to the SGA; nutritional risk according to the NRS; recent weight 
loss; being male; age ≥60 years; and HEI/ER<75% were associated 
and represented by death, presence of complications, and closer to 
a hospital stay ≥7 days. Absence of complications, LOHS ≤6 days, 
and survival represented the categories of well-nourished according 
to the SGA; HEI/ER ≥75%; no nutritional risk according to the 
NRS; no recent weight loss; MUAC, MUAMC, and TST between 
the 15th and 85th percentiles; age <60 years; being female; and 
appropriate BMI. 

The MCA map for non-neoplastic patients (Figure 2) showed 
that the adjusted inertia for the two first dimensions was 94.6%. 
The first dimension explains 68.3% of the data variability, and the 
categories were organized mainly along this axis. MUAC, MUA-
MC, and TST >85th percentile and age ≥60 years were grouped 
and not represented by any of the clinical outcomes. Meanwhile, 
underweight according to BMI; TST ≤P15; malnutrition according 
to the SGA; and nutritional risk according to the NRS were associ-
ated and represented by death. Recent weight loss; excess weight 
according to BMI; MUAC and MUAMC between the 15th and 
85th percentiles; HEI/ER ≥75%; well-nourished according to the 
SGA; being female; and no nutritional risk according to the NRS 
were represented by survivors without complications and with 
LOHS ≤ 6 days. Complications and LOHS ≥7 days represented 
the categories being male; no recent weight loss; HEI/ER <75%; 
MUAC and MUAMC ≤P15; TST between P15 and P85; and age 
<60 years.

FIGURE 1. Multiple correspondence analysis map (projections on the 
first 2 dimensions) for neoplastic patients. The eigenvalues and proportion 
of explained inertia have been corrected with Benzécri/Greenacre formu-
la(26,27). Active variables: gender (female and male); age group (<60 and ≥60 
years); recent weight loss (yes-Y and no-N); BMI (underweight, normal 
weight, excess weight); MUAC, TST, and MUAMC (≤P15, P15-P85, 
and >P85); SGA (M and WN); NRS (at risk and not at risk); %HEI/ER 
(<75% and ≥75%). Sup=supplementary variables: complications (with 
complications and without complications); death (death and no death); 
and length of hospital stay (≤6 days and ≥7 days). 

FIGURE 2. Multiple correspondence analysis map (projections on the first 
2 dimensions) for non-neoplastic patients. The eigenvalues and proportion 
of explained inertia have been corrected with Benzécri/Greenacre formu-
la(26,27). Active variables: gender (female and male); age group (<60 and ≥60 
years); recent weight loss (yes-Y and no-N); BMI (underweight, normal 
weight, excess weight); MUAC, TST, and MUAMC (≤P15, P15-P85, 
and >P85); SGA (M and WN); NRS (at risk and not at risk); %HEI/ER 
(<75% and ≥ 75%). Sup=supplementary variables: complications (with 
complications and without complications); death (death and no death); 
and length of hospital stay (≤6 days and ≥7 days).
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DISCUSSION

This study investigated the nutritional status of a population 
of patients in a surgical ward using different indicators of nutri-
tional status/risk and its relationship with the clinical outcomes 
length of hospital stay (LOHS), complications, and death, using 
multiple correspondence analysis. Many studies have investigated 
the nutritional status of hospitalized patients and its relationship 
with the risk factors associated with clinical intercurrences during 
hospital stay(3,22-24,27,28,31). These studies have found strong associa-
tions between the nutritional status of these patients and the pres-
ence of complications, death, and a lengthy hospital stay, and many 
have established these associations with logistic regression analy-
ses(24,22,28,31). The current study differs from other studies because 
it used MCA to investigate the relationship between nutritional 
status and clinical outcomes. MCA found associations between 
the study variables and demonstrated how they behave inside the 
MCA map. The MCA map for neoplastic patients evidenced that 
the variables death and LOHS ≥7 days were associated with many 
indicators of nutritional risk according to the NRS, malnutrition 
according to the SGA, underweight according to BMI, depletion 
of lean and fat masses according to body composition parameters, 
and recent weight loss. These findings have been described by other 
studies using another type of analysis(1,2,22,23,24). The present study 
has found that nutritional status-related variables are associated 
with routine clinical outcomes during hospital stay. As reported 
by other recent studies(2), malnutrition on hospital admission is 
prevalent and associated with long hospital stay. A strong associa-
tion has also been found between nutritional risk assessed by other 
indices and longer hospital stay in adult patients(7).

The MCA map for neoplastic patients has shown that malnu-
trition according to the SGA and nutritional risk according to the 
NRS are associated with complications, death, and LOHS ≥7 days.

Other studies have also shown that patients at nutritional risk 
according to the NRS have more complications, higher mortal-
ity rates, and longer hospital stays(31). Such findings may suggest 
that NRS variables can be considered independent predictors of 
unsatisfactory clinical outcomes(31). 

Other nutritional indicators, such as the SGA, BMI, low energy 
intake (<50%), and handgrip strength, predict malnutrition and 
are associated with long hospital stays(2).

According to multiple logistic regression, moderate to severe 
nutritional risk, higher age, and emergency hospitalization increases 
LOHS and mortality significantly(24). Many studies(8,18,27,28), have 
shown the importance of using the NRS to detect nutritional risk 
early and its association with clinical outcomes; others have used 
the NRS together with biochemical indicators(8). A study that as-
sessed the impact of nutritional support on the clinical outcomes of 
patients at nutritional risk has found lower rates of complications 

and shorter hospital stays in patients at nutritional risk who receive 
adequate nutritional support during their stay(18).

The MCA map for non-neoplastic patients has shown that 
death was associated with nutritional risk according to the NRS, 
malnutrition according to the SGA, and underweight and fat mass 
depletion according to TST. On the other hand, HEI/ER <75%; 
MUAC and MUAMC ≤P15; TST between the 15th and 85th per-
centiles; and age <60 years were represented by the presence of 
complications and LOHS ≥7 days in males.

Other recent studies confirmed an association between nutri-
tional status deterioration and longer hospital stays, such as the 
prospective study conducted by Allard et al.(1), in Canadian hospi-
tals. In said study the authors administered the SGA and measured 
body weight on hospital admission and discharge, and found, using 
multivariate analysis, that nutritional status deterioration according 
to the SGA and weight loss during hospital stay were significantly 
associated with longer hospitals stays, regardless of other factors, 
such as disease severity(32). 

Using MCA, this study once again confirms the associa-
tion between malnutrition and nutritional risk in a population 
representative of  surgical ward patients. The study hospital has 
a team of  dietitians and other health professionals that screens 
the nutritional status of  its patients routinely. Although some 
study patients had good nutritional status and proper weight on 
admission, other patients were malnourished or at nutritional 
risk. This reality was observed in a sample of  600 patients from 
a large university hospital that provides care to patients from the 
public health care system (SUS) of  the municipality and region of 
a large Brazilian city. One of  the disadvantages of  cross-sectional 
studies is the difficulty of  establishing a relationship of  cause and 
effect. Moreover, the commonly used multivariate techniques 
assess one outcome at a time, while MCA allows assessing all 
outcomes at once. MCA characterizes the patients’ profiles and 
considers the three outcomes together with the other exploratory 
variables(5,9,16,21).

In conclusion, the data provided by MCA confirmed the 
association between unsatisfactory nutritional indicators and un-
desirable clinical outcomes, and may contribute to the nutritional 
and clinical prognosis of neoplastic and non-neoplastic patients. 
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Leandro Merhi VA, Aquino JLB. Relação entre estado nutricional e desfechos clínicos pela técnica da análise de correspondência múltipla em pacientes 
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RESUMO – Contexto – Muitos estudos já vêm relatando há muitos anos, alguns desfechos indesejáveis que podem se manifestar durante o curso da hos-

pitalização em pacientes diagnosticados com desnutrição ou até mesmo com algum risco nutricional. Objetivo – Explorar pela técnica da análise de 
correspondência múltipla a relação entre o estado nutricional e os desfechos clínicos apresentados no decorrer da internação em pacientes hospitalizados. 
Métodos – Estudo transversal com 600 pacientes com e sem neoplasias. Foram estudados os indicadores nutricionais de avaliação subjetiva global, 
screening de risco nutricional, antropometria (IMC, circunferência braquial-CB, circunferência muscular do braço-CMB, prega cutânea triciptal-PCT), 
perda de peso recente e consumo energético habitual (CEH/NE <75%). Como desfechos clínicos, foram considerados a presença de complicações, 
tempo de internação e óbito. Os dados foram analisados pelo teste qui-quadrado ou exato de Fisher, com nível de significância de 5%. Para a análise 
multivariada dos dados, utilizou-se a análise de correspondência múltipla. Resultados – O mapa fornecido pela análise de correspondência múltipla no 
grupo de pacientes com neoplasias, mostrou que as categorias de baixo peso pelo IMC, PCT, CB e CMB ≤ ao percentil 15, desnutrido pela avaliação 
subjetiva global, com risco nutricional pelo screening de risco nutricional, com perda de peso recente, sexo masculino, idade ≥ a 60 anos e CEH/NE 
<75% se associaram e foram representadas pelo óbito, com complicações e mais próximos do tempo de internação ≥ a 7 dias. O mapa fornecido pela 
análise de correspondência múltipla no grupo de pacientes sem neoplasias, mostrou que as categorias de baixo peso pelo IMC, PCT ≤ ao percentil 
15, desnutrido pela avaliação subjetiva global e com risco nutricional pelo screening de risco nutricional se associaram e foram representadas pelo 
óbito. Complicações e tempo de internação ≥ 7 dias representaram as categorias de sexo masculino, sem perda de peso recente, CEH/NE <75%, CB 
e CMB ≤ ao percentil 15, PCT entre percentil 15 e 85 e idade < 60 anos. Conclusão – Os resultados deste estudo confirmaram uma associação entre 
indicadores nutricionais insatisfatórios e desfechos clínicos indesejáveis.

DESCRITORES – Avaliação nutricional. Estado nutricional. Antropometria. Perda de peso. Neoplasias. 
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INTRODUCTION

It is known that cancer is the second cause of  death in the 
world(39) being the colorectal neoplasm the third kind of cancer in 
men and the second in women(38). Due to this high prevalence of 
the disease is important to comprehend the psychological aspect 
of the disease.

The prognosis and treatment response that a cancer patient 
has suffers direct interference of  psychosocial aspects(3,35), and 
environmental conditions(14).

From the point of  view of quality of  life (QOL), it is noted 
that the oncologic patient suffers from some changes that can 
generate a dependence on their formal and informal caregivers, 
harming the physical, psychological, social and spiritual aspects 
of the newly diagnosed individual(17) .Thus, patients with cancer 
of  the oral cavity, oropharynx, hypopharynx and larynx have a 
high prevalence of depressive symptoms and low functional and 
psychological level at the beginning of treatment, which may be 
predictors of increased severity of symptoms and malfunction of 
these post-treatment states(22). Patients with gastrointestinal cancer 
show a decrease in QOL due to the presence of anguish, anxiety 
and depression symptoms(41,42) and those with laryngeal cancer 
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ABSTRACT – Background – The presence of psychiatric symptoms, anger, and personality characteristics are factors that affect the quality of life of 
newly diagnosed digestive system cancer patients. Objective – This study aims to identify which stable characteristics of the individual’s personality 
interfere with quality of life, even when reactive emotional characteristics of falling ill are controlled. Methods – A cross-sectional study was performed 
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and who underwent total or partial laryngectomy also present a 
deficit in social and emotional functions in QOL scores(9) and in 
people with gastric cancer, hopelessness is observed as a major 
impact on QOL(34).

In fact, emotional reactions to cancer are important aspects in 
understanding the patient’s QOL. A study(31) with 68 newly diag-
nosed head and neck cancer patients were consecutively selected 
to declare their perceptions about the disease and the own quality 
of life; it was concluded that the more concerned the patient was 
with the physical symptoms the more intense was the emotional 
reactions related to the disease, and the lower was the QOL scores. 
Other study(12) with 180 hepatic and colon cancer patients that 
answered about stressors aspects, coping and QOL related to the 
disease showed that patients with more active personality and more 
resilient  had higher psychologic well-being and QOL.

Being passive and active attitudes as coping strategies, it is 
important to identify which feelings are evolved in QOL aspects, 
mainly in newly diagnosed patients. It is known that the impact of 
the diagnosis of cancer can cause damage to anger control, with 
the expression of negative affect(37), and that 12% of gastric cancer 
subjects showed anger at facing the disease situation(33). Another 
factor with little scientific information regards to the influence 

AG-2016-70
dx.doi.org/10.1590/S0004-2803.201700000-04



Honorato NP, Abumusse LVM, Coqueiro DP, Citero VA
Personality traits, anger and psychiatric symptoms related to quality of life in patients with newly diagnosed digestive system cancer

Arq Gastroenterol • 2017. v. 54 nº 2 Abr/Jun • 157

that personality characteristics of the subject and its cognitive and 
behavioral form of conflict situations coping act for a psychologi-
cal adjustment of the individual. The personality traits of patients 
with gastric cancer can interfere with QOL(40); it is observed that 
personality type D, which is characterized by traits of negative af-
fectivity and social inhibition, was also investigated in patients with 
colorectal cancer showing that this type of personality interferes 
negatively on the QOL(32). Along the same lines, temperament char-
acteristics and character have not demonstrated clearly interfering 
factors in anxiety and depression(6).

Clinically, these factors are not presented in a fragmented way, 
i.e., feelings, emotions and personality of the newly diagnosed can-
cer patient form one single set in the patient. The importance of 
understanding how these factors work together in newly diagnosed 
patients with digestive system cancer is to develop more information 
that may sustain better psychological treatment to these patients. 
This study aims to identify which stable characteristics of  the 
subject’s personality (trace of anger, temperament and behavior), 
therefore the most difficult aspects to be modified interfere in vari-
ous fields of quality of life, controlling the transitional emotional 
characteristics reactive to the disease (state of  anger, depressive 
and anxious symptoms) that interfere with the expression of the 
patient’s personality.

METHODS

This is a survey study developed between July of 2011 and No-
vember of 2012 at the Oncology Clinic, a multiprofessional facility 
from the Hospital das Clínicas of  the Faculdade de Medicina de 
Marília (FAMEMA), in Marilia – Sao Paulo, Brazil. The hospital 
attends the Marilia region that comprises 62 nearby cities being 
the reference to patients with high complexity diseases as cancer. 

The sample size was estimated to have at least 40 patients, to 
guarantee 10 patients (25% of the included patients)(29) with minor 
psychiatric symptoms. It would improve the statistical analysis 
quality. They were selected by convenience, including all patients 
that comprise the inclusion criteria: have digestive cancer diagnosed 
for less than 6 months and over 18 years old. The exclusion criteria 
were the patients have a mini-mental score below of the minimum 
to the own educational level to avoid patients with cognitive im-
pairment(10), as well as the ones who did severe clinical conditions 
to respond to the questionnaires (either hospitalized or in home 
care). From a population of 792 patients listed in the facility with 
digestive cancer, 120 were included in the study but 10 had severe 
clinical conditions to respond to the questionnaires being excluded. 
Thus, all the 110 eligible patients from the study sample were equally 
invited to participate during their scheduled visit to the clinic. Sixty 
patients (50%) answered a part of  the study protocol but then 
refused to continue alleging it was too much difficult (17 patients) 
or too long enough (43 patients). Only 50 patients completed the 
protocol (Figure 1).

Two psychologists were trained to apply the instruments; to not 
explain the questionnaires in order to avoid bias of answers, and to 
read the questions to the patients in case they have difficulty. The 
patients were approached by them before consultation or medical 
procedure for which had already been scheduled. After filling out 
the Informed Consent, they answered the mini-exam of the mental 
state(10) and a questionnaire to identify the sociodemographic and 
clinical characteristics and the instruments already validated for 
use in Brazil:

1.  Hospital Anxiety and Depression Scale – HADS(7) was applied 
to identify symptoms of anxiety and depression. There are two 
subscales, one about anxiety symptoms (diagnostic sensitivity 
of 93.7% and specificity of 72.6%) and other about depressive 
symptoms (diagnostic sensitivity of 84.6% and specificity of 
90.3%), each ranging from 0 to 21, wherein the higher the score, 
the greater the presence of symptoms; and the cut 8/9 represents 
the absence or presence of symptoms, respectively.

2.  State-Trait Anger Expression Inventory – STAXI(5) was applied 
to identify trait components, state and direction of anger. There 
are six subscales that comprise: a personality trait domain of 
chronic anger, an anger state domain related to the current 
situation, and four domains on the direction of anger (which 
are not used in this study).The results of  the chronic anger 
trait domain and rage state domain are expressed in scores 
and categorized according to percentiles, where scores below 
25 represents that the subject uses excessive denial defenses 
and repression of feelings of anger, many times unacceptable; 
percentiles between 25 and 75 indicates that the score is in the 
range considered normal for these elements; and score above 
75 indicates that the subject is very inclined to experience or 
express feelings of anger to a degree that may interfere with in-
terpersonal relationships, leading him to predispose to develop 
physical and mental disorders.

3.  Temperament and Character Inventory – TCI(20,25) was applied 
to describe personality characteristics through four tempera-
ment factors (novelty seeking - the behavior in response to new 
stimuli; harm avoidance - the inhibition of behavior in response 

720 patients with digestive 
system cancer

120 patients included in the study

110 patients elegible

43 considered  
the protocol too 

long

10 patients

60 patients did not 
complete the protocol 

(missing data)

50 patients completed 
the protocol

17 considered 
the protocol too 

difficult

Applied the inclusion criteria

Applied the exclusion criteria

Applied the informed consent  
and the study protocol

FIGURE 1. Sample description
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to punishment; reward dependence – the need for rewards, and 
persistence – the ability to maintain behavior despite frustration 
or fatigue) and three of character (self-directedness – the au-
tonomy of subject, defining his characteristics of responsibility, 
confidence and direction in relation to a goal; cooperativeness 
– the conception of the subject in relation to society, to other, 
and self- transcendence – the system of the individual’s ideals 
in relation to the universe and to God). The confiability of the 
Brazilian version were satisfatory (alpha- Cronbach of  0.74 
to novelty seeking, 0.81 to harm avoidance, 0,71 to reward 
dependency, 0.43 to persistence, 0.90 to self-directeness, 0.80 
to cooperativeness, and 0.92 to self  -transcendence)(20,25) . As in 
STAXI, the result is expressed in scores and categorized accord-
ing to percentile; the lower or higher the score of each factor, the 
less or more representative Will be the presence of this factor, 
without flexibility, showing inadequacy in the modulation of 
the subject before the presented reality.

4.  WHOQOL-Bref(19) that assesses the quality of  life related to 
health in 4 domains: physical (how the subject deals with pain, 
energy, sleep, mobility, activities of  daily living, dependence 
on medication/treatment and capacity to work), psychologi-
cal (how the subject deals with positive and negative feelings, 
ability to think and learn, self-esteem and body image, and 
spirituality), social relationships (how the subject deals with 
personal relationships, social support and sexual activity) and 
environment (how the subject deals with their physical safety, 
home environment, financial resources, leisure and transport). 
Each domain has a result expressed in percentage: the higher 
the percentage, the better quality of life in that domain. 

A descriptive analysis was performed through the calculation 
of absolute and relative frequencies of the variables, in addition 
to measures of  central tendency (mean, median) and dispersion 
(standard deviation). To assess the relationship between the 
stable variables of personality (trace of anger, temperament and 
behavior), transient emotional states (state of  anger, depressive 
and anxious symptoms) and domains of quality of life, we used 
Spearman correlation test, considering measures from 0.4 as strong 
correlation coefficient(1).

Finally, four multiple hierarchical regression method enter 
were performed to verify if  each outcome variable (QOL domains: 
physical, psychological, environment and social relationship) was 
stable characteristics of the subject’s personality (anger, tempera-
ment and character) after controlling to the transient emotional 
aspects (state of anger, depression and anxiety symptoms). To avoid 
spurious results, each model of regression had the independent and 
control variables defined by the statistical significant results of the 
Spearman correlation.

The significance level used in the analyzes was P<0.05 and 
the analysis was performed using Statistical Package for Social 
Sciences (SPSS) version 20.0. The study was approved by the eth-
ics and research committees of FAMEMA (protocol 465/11) and 
Universidade Federal de São Paulo – UNIFESP (Protocol 1580/11).

RESULTS

Description of the sample and psychosocial variables
The patients were, on average, 56±11 years (33-74 years range); 

in a 16 to 180 days variation, cancer diagnosis time had an average 

of 114±46 days. Other clinical and demographics characteristics of 
newly diagnosed patients with digestive tract cancer are described 
in Table 1.

TABLE1. Clinical and demographics characteristics of newly diagnosed 
patients with digestive system cancer

Characteristics N (%)

Gender: male 33 (66.0)

Live with a partner 38 (76.0)

Scholarship level: up to elementary school 21 (42.0)

Work situation: patient is retired or have a medical license 27 (54.0)

Infradiaphragmatic portion of the tumor in digestive tract 34 (68.0)

Stage degree of the tumor III or IV 38 (76.0)

Presence of comorbidities as hypertension and diabetes 14 (28.0)

Use of psychoactive substances (alcohol and tobacco) 9 (18.0)

Use of psychiatric medication (antidepressives and 
ansyolitics)

10 (20.0)

Table 2 showed the central tendency of the stable and transi-
tional emotional characteristics of  subjects’ personality and the 
quality of life.

TABLE 2. Stable and transitional emotional characteristics of personality 
of newly diagnosed patients with digestive system cancer 

Median Range
Stable characteristics of personality
   Chronic anger trait 17.0 10.0-40.0
   Novelty seeking temperament 14.5 6.0-26.0
   Harm avoidance temperament 15.0 4.0-26.0
   Reward dependence temperament 13.0 4.0-23.0
   Persistence temperament 5.0 1.0-8.0
   Cooperativeness character 33.0 12.0-41.0
   Self-transcendence character 21.5 7.0-32.0
   Self-directedness character 32.0 14.0-44.0
Transient characteristics related to falling ill
   Anger state 10.0 10.0-29.0
   Anxious symptoms 4.00 0-15
   Depressive symptoms 0 0-16
Quality of life domains
   Physical health 61% 21%-79%
   Psychological health 63% 17%-79%
   Social relationships 67% 17%-92%
   Environment 69% 34%-100%

Assessment of stable personality characteristics and 
transient emotional states related to falling ill

Table 3 shows the study of correlation between QOL domains 
and the personality characteristics and transient states of patients 
with newly diagnosed digestive system cancer. Although several 
correlations have shown to be statistically significant, the coefficient 
found showed a higher correlation than or equal to 0.40 only for 
some aspects related to psychological health and the environment. 
The patient’s psychological health was correlated with two charac-
teristics of stable personality traits, reward dependence tempera-
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ment and self-directedness character (r=0.51 and 0.43 respectively; 
P<0.01). QOL due to environment domain was correlated with 
two stable characteristics, harm avoidance temperament and self-
directedness character (r=-0.44 and 0.45 respectively, P<0.01) and 
a transient characteristic and emerged from falling ill, the state of 
anger (r=-0.40, P<0.01). The presence of  depressive symptoms 
correlated with almost all domains (except social relationships), 
although with coefficients lower than 0.4.

In order to assess which personality factors impact on QOL, 
according to the results already shown in Table 3, it was decided 
to build three blocks of linear regression models to explain QOL, 
one block with respect to psychological health and two blocks in 
relation to the environment. The depressive symptoms score was 
the control variable for QOL in both domains, and the environment 
was also controlled by the score state of anger in response to falling 
ill. Table 4 shows the results.

1.  Both self-directedness character and reward dependence 
temperament are associated to quality of  life related to psy-
chological health of patients with newly diagnosed cancer of 
the digestive system, even after the control for depressive symp-
toms score, i.e., regardless of the patient presenting depressive 
symptoms or not, patients with higher score of self-directedness 
character had 42.2% more psychological health than patients 
with lower score. The same occurred to reward dependence 
(patients with higher score of reward recompense temperament 
had 32.3% more psychological health than patients with lower 
score). The variability of  psychological health controlled by 
depression was correlated by self-directedness by 38% and by 
reward dependence by 31%.

2.  Both self-directedness character and harm avoidance tempera-
ment are associated to the quality of life related to the environ-

TABLE 3. Spearman’s correlation coefficients between domains of quality of life and variables of anger, temperament and character, anxious and de-
pressive symptoms

Quality of life

Physical Health Psychological Health Social Relationships Environment

Stable characteristics of personality

   Chronic anger trait 0.01 -0.26 -0.26 -0.33*

   Novelty seeking temperament 0.07 0.12 -0.04 -0.05

   Harm avoidance temperament -0.22 -0.37** -0.21 -0.44**

   Reward dependence temperament -0.07 0.51** 0.22 0.19

   Persistence temperament 0.28* 0.16 0.12 0.24

   Cooperativeness character 0.04 0.33* 0.35* 0.33*

   Self-transcendence character 0.06 0.02 0.22 0.05

   Self-directedness character 0.13 0.43** 0.23 0.45**

Transient characteristics related to falling ill

   Anger state -0.31* -0.22 -0.15 -0.40**

   Anxious symptoms -0.28* -0.18 -0.06 -0.28

   Depressive symptoms -0.32* -0.38** -0.25 -0.29*

* P<0.05; ** P<0.01

TABLE 4. Predictive study of personality factors on the quality of life related to psychological health and environment, controlled for the presence of 
depressive symptoms and anger state

Independent 
variable

Standardized coefficients 95.0% CI for beta

Beta Sig. Lower bound Upper bound

Dependent variable: psychological health SD score .422 .001 .351 1.240

Control variable: depressive symptoms RD score .323 .010 .267 1.890

Dependent variable: environment SD score .349 .011 .156 1.142

Control variable: depressive symptoms HA score -.324 .018 -1.436 -.142

Dependent variable: environment SD score .415 .005 .244 1.301

Control variable: reactive anger state HA score -.389 .010 -1.660 -.233

SD: self-directedness; RD: reward dependence; HA: harm avoidance.
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ment of the newly diagnosed patient, even after the control for 
the depressive symptoms score, i.e., regardless of the patient 
present depressive symptoms or not, patients with higher score 
of self-directedness had 34.9% more quality of life related to 
the environment than patients with lower score. The opposite 
occurred to harm avoidance: patients with higher score of 
harm avoidance had 32.4% less quality of  life related to the 
environment than patients with lower score. The variability of 
the environment controlled by depression was related to self-
directedness by 21% and harm avoidance by 20%.

3.  Both self-directedness character as harm avoidance tempera-
ment are associated to quality of  life related to the environ-
ment of  the newly diagnosed patient, even after controlling 
for state of anger score in response to falling ill, i.e., regardless 
of  the patient to be angry or not, patients with higher score 
of self-directedness had 41.2% more quality of life related to 
the environment than patients with lower score. The opposite 
occurred to harm avoidance: patients with higher score of 
harm avoidance had 38.9% less quality of  life related to the 
environment than patients with lower score. The variability of 
environment controlled by anger was related to self-directedness 
by 14% and by harm avoidance by 12%.

DISCUSSION

Patients diagnosed with cancer of the digestive system for less 
than 6 months showed personality traits that favored, and others 
that have harmed their quality of life, regardless of the emotions 
triggered by falling ill. Besides the impact that personality aspects 
have on the psychological health of  the patient, it was realized 
that the quality of life related to environment was one aspect that 
emerged as susceptible at the time of the disease.

Environment has been an important aspect in quality of life 
of cancer patients in spite of the length of the disease. Compar-
ing 309 colorectal cancer patients in Germany with 15 months of 
diagnostic and general population at same demographic charac-
teristics, Arndt et al.(2) identified a similar quality of life between 
groups but financial aspects were more impaired with the disease. 
The environment quality of life domain relates to how the subject 
deals with their physical safety, home environment, financial re-
sources, leisure and transportation(19); it is then learned that this 
domain explores the impact that a critical situation in life has on 
the day-to-day life of the individual and his need to have access to 
medical treatment. In the first six months of a serious disease, the 
impact of the disease affects the individual in many ways, but even 
considering patients in more advanced stages of digestive system 
cancer, the need for reorganization his daily life is reflected in the 
change of the environment. 

People with a predominance of self-directedness character, that 
is, with autonomy and greater appropriation of their responsibili-
ties, with confidence and able to drive toward a goal (treatment), 
felt with more quality of life to deal with new routine. It is impor-
tant to note that this capability was not impaired by feelings of 
depression or anger at the disease. The self-directedness character 
was also a determining factor for the psychological health of the 
patient, i.e., feeling autonomous helped the patient to deal with 
their positive and negative feelings, and felt self-esteem, regardless 
of the presence of depressive symptoms. These feelings related to 
self-esteem can be found as characteristics of personality(27). Besides 

feelings, other aspects can be affected by cancer, as the social field 
of interpersonal relationships (spouses, family, friends), labor and 
productive life(2,15). Experiencing the process of being ill with cancer 
may lead to consequences or even interrupt the routine, directly 
impacting their quality of life.

Quality of  life related to the environment was impaired in 
patients with harm avoidance temperament, i.e., patients that 
inhibit certain behaviors after feeling punished by something or 
someone, independent of  depressive symptoms or anger in the 
face of  the disease. These patients show signs of  negative feel-
ings, insecurity and fear of threatening and aversive situations(13). 
Thus, when experiencing the disease and treatment, this type of 
patient attempts to distance himself  from the problem, and tends 
to minimize symptoms for a longer period of time than others(13). 

Another aspect found in our study was the state of anger present 
at the moment of treating the disease, which showed relatively low 
score. Jukulsen et al.(23) studied the role of anger in 153 patients 
with cancer in the first 8 months of diagnostic, prospectively. They 
showed that low scores of anger is normal but more important is 
the quality of anger that the patient expresses; which means, anger 
expression and anger control are positive to improve quality of life, 
and anger inhibition decreases it. Other study with 637 colorectal 
cancer patients showed that denial or repression of anger in pa-
tient’s life story is a mark to this kind of cancer(24).

From a clinical point of view, even with low score of anger state, 
the objective of studying was attended: the role of stable character-
istics personality in these patients is relevant to some aspects of the 
quality of life of the newly diagnosed patient with digestive tract 
cancer. This is a problem because these characteristics are more 
difficult to be modified. The health professional who attend these 
patients need to understand their difficulty to deal with the diag-
nostic. Chao(11) suggests more attention to the psychosocial needs 
of patients at the beginning of the adaptation process in order to 
strengthen them and support them emotionally for the return of 
their daily activities more quickly. It is understood that, as it is a 
chronic disease, patients need to live with their clinical situation 
according to their emotional possibilities(4). Staying autonomous 
can foster greater involvement and responsibility with their health 
during treatment in this new life stage(36). Due to the impairment 
caused by the disease and its stigma, it is still observed that this can 
mean deprivation of everyday sociability, segregation, and disrup-
tion of daily, occupational activities, and the absence from work. 
Thus, the access to goods and services are made more difficult(28,30). 
During and after treatment, it is noteworthy, there may be possible 
loss of muscle mass causing functional impairment to the patient(16). 

Furthermore, treatment with chemotherapy, surgery and radia-
tion therapy cause loss of strength and damage to normal tissues, 
and therefore there may be a loss of autonomy(8,26). These changes 
bring psychological distress and the change in daily activities may 
be slowed with certain actions by the family and multidisciplinary 
team who serves them. This patient can benefit when he realizes 
that social support and emotional and physical support can help 
him change his habits improving his health(13,18). This type of care 
interferes positively in coping mechanisms, which provides au-
tonomy by clarifying and promoting his quality of life according 
to his living conditions(21). 

Some limitations of the study must be considered. Although 
the sample size was adequate to our purpose, it was collected by 
convenience and not randomically. Fifty-five percent of the eligible 
patients refused to participate in the study and it was no possible 
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to control the missing data. The instruments together were too 
long to these patients what was the main reason to they decline 
to participate in the study. Other point to be considered is the low 
symptomology of depression and presence of anger state, what can 
be explained by three reasons: in fact a low presence of symptoms; 
the use of antidepressants what could minimize the symptoms; or 
a failure to collect data from who was more depressive or anger. 
Finally, the cross-sectional design does not allow more compre-
hension about the impact of the diagnostic on QOL (in the future 
more data will be present; this paper is a preliminary report of a 
longitudinal study with these patients).”

CONCLUSION

In this study there was a predominance of male patients with 
digestive tract cancer in infradiaphragmatic portion; they had di-
agnostic time of 4 months; presented factors as reward dependence 
and self-directedness character that favoring a better quality of life 

related to psychological health. This psychological well-being was 
reinforced by the self-directedness character; which means that 
patients more autonomous cope better with the disease. The adap-
tive needs to the environment that favoring a better QOL were also 
reinforced by the self-directedness character. On the other hand, 
the harm avoidance temperament (meaning the patient has fear of 
aversive situations) impaired the adaptive capacity to deal with the 
changes of the day-to-day imposed by the disease. Understanding 
these personality traits is important to the health professionals 
drive the patient to more successful treatment using strategies that 
help the patient to adhere well to the treatment. 
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INTRODUCTION

Psychological disorders have an important role in many diseases 
like irritable bowel syndrome (IBS), widely involving individuals 
with any ethnicity and gender (5%-20% of general populations) (2,30). 
It is often associated with other disorders, hence, the patient may 
have to undergo expensive tests and treatments, as a result the 
disease also compels burden to societies. On the other hand, IBS 
influence on patients’ quality of life(7,17,23,28,31).

IBS is one of  the most functional gastrointestinal disorders 
manifesting with cramping abdominal pain, discomfort and also 
defecation disorders (constipation and/or diarrhea)15(15). Onset of 
IBS is more likely to occur as a post infection disease or stressful 
life event, but other etiological factors are still unknown(6,29).

Sleep disturbances is a common complaint in IBS patients 
causing some psychological disorders including neurosis, anxiety, 
and depression that are more prevalent in IBS patients correlated 
with sleep quality(3,4,8,14,16,18,26,28,). High prevalence of sleep distur-
bances has been observed among IBS patients(9,24,27,32), a remarkable 
increase in rapid-eye-movement (REM) sleep is the only unusual 
pattern demonstrated in the patients(11,25). 

Assessing sleep quality associated with the mentioned psy-
chological disorders in IBS patients has been investigated in few 
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studies(20,24), but the results are controversial whether poor sleep 
quality related to the underlying mood disturbances in IBS pa-
tients(5,10). The present study discuss existence of the association 
in the patients using the Pittsburgh Sleep Quality Index (PSQI)(19) 
and depression anxiety stress scale (DASS)(1) which Persian versions 
has been adapted and confirmed. Moreover, the severity of IBS, 
the obtained scores, and demographic features are also analyzed 
to explore interactions.

METHODS

A cross sectional study was carried out between November 
2013 to May 2014. A total of 123 proved IBS patients (Rome III 
criteria) were recruited by convenience sampling from an academic 
hospital clinic and two private clinics. During the time of study all 
IBS patients were asked to fill DASS and PSQI Questionnaires, 
having taken informed consent.

Two trained nurses interviewed the participants about demo-
graphic features and explain instruction of  the questionnaires. 
Then, depression, anxiety, stress and sleep quality information was 
collect via the self-administered questionnaire of DASS and PSQI.

PSQI has 19 questions and seven components including sleep 
quality, sleep latency, sleep duration, habitual sleep efficiency, and 
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sleep disturbances, use of sleep medication, and daytime dysfunc-
tion over the last months. Poor sleep quality defined as score less 
than 5 globally while the total score is 21. PSQI was translated to 
Persian and it was reported suitable questioner in Iranian popu-
lation with acceptable validity and reliability(3,19). The other one, 
DASS, composed of 42 questions to evaluate depression, anxiety 
and stress(1).

Patients those had gastrointestinal symptoms were examined 
by a gastroenterologist. Proven diagnosis of IBS using ROME-III 
criteria was necessary. Patients with comorbidity of a psychiatric 
disorder or organic bowel disease and incomplete questionnaires 
were excluded.

Statistical analysis
Univariate logistic regression applied for evaluating the associa-

tion between independent variables and sleep quality. Multivariate 
logistic regression was used to evaluate simultaneous effect of these 
variables on sleep quality. In another analysis depression, anxiety 
and stress divided into four severity grades to compare groups. P-
value 0.05 was considered as statistical significance.

RESULTS

One hundred and twenty-three IBS patients were assessed. 
The mean age was 29.7±9.8 and 39% was male. About 10% of 
cases had a background disease. Moreover, about 38% of patients 
were constipation dominant, 42.3% were diarrhea dominant and 
19.5% suffered from mixed type (constipation-diarrhea). The 
majority of  IBS patients had depression anxiety and stress (Ta-
ble 1). Classification of  DASS scores by its guideline showed that 
of  123 IBS patients, 70.72% had depression, 75.63% had anxiety, 
and 78.86% had stress.

Moreover, severity of depression, anxiety, and stress in poor 
sleepers was extremely more than good sleepers (Table 2, Figure 
1-3). Totally, seventy-six cases (61.8%) of IBS patients had poor 
sleep quality. 

TABLE 1. Demographic characteristics

Characteristic Frequency n(%)

Gender
   Male
   Female

48 (39.0%)
75 (61.0%)

Background disease
   Yes
   No

12 (9.8%)
111 (90.2%)

IBS type
   Constipation
   Diarrhea
   Mixed

47 (38.2%)
52 (42.3%)
24 (19.5%)

Sleep quality
   Poor
   Good

28 (22.8%)
95 (77.2%)

Depression
   Yes
   No

87 (70.7%)
36 (29.3%)

Anxiety
   Yes
   No

94 (76.4%)
29 (23.6%)

Stress
   Yes
   No

97 (78.9%)
26 (21.1%)

IBS: irritable bowel syndrome

TABLE 2. Severity of depression, anxiety and stress irritable bowel 
syndrome patients

Psychological condition Frequency n (%)

Depression (123 persons)
   Normal
   Mild
   Moderate
   Severe
   Very severe

36 (29.3%)
16 (13.0%)
27 (21.9%)
21 (17.1%)
23 (18.7%)

Anxiety (119)
   Normal
   Mild
   Moderate
   Severe
   Very severe

29 (24.4%)
12 (10.1%)
17 (14.3%)
22 (18.5%)
39 (32.7%)

Stress (123)
   Normal
   Mild
   Moderate
   Severe
   Very severe

26 (21.1%)
13 (10.6%)
21 (17.1%)
40 (32.5%)
23 (18.7%)
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FIGURE 1. Severity of depression by quality of sleep
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The sleep quality score in our patients ranged from 1 to 17 with 
the mean of  7.2±3.5. Twenty-eight (22.7%) were poor sleepers. 
There was no correlation between PSQI and type of IBS (r=0.038, 
P=0.674). 

Simultaneously employing predictors demonstrate that gender, 
background disease, and type of IBS did not statistically signifi-
cant. On the other hand, depression (P=0.034, OR=2.35), anxi-
ety (P=0.011, OR=3.022), and stress (P=0.029, OR=2.77) were 
significantly effect on sleep quality in poor sleepers.

DISCUSSION

Along with the aim of the study to assess sleep quality by utiliz-
ing depression, anxiety, and stress in IBS patients, majority of IBS 
patients suffered from poor sleep quality which fairly associated 
with the psychological conditions. 

Poor sleep quality has been demonstrated in IBS patients; a 
Turkish studies has indicated that 36% of IBS patients were poor 
sleepers in compare with healthy volunteers (18%) using PSQI(33). 
However, the present study does not compare IBS patients with 
other groups, our participants were also 61.8% poor sleepers.

In Iranian population, the prevalence of anxiety and depres-
sion has been estimated, 35% and 16%, respectively, using general 
health questionnaire (GHQ-28)(18). Another study estimated the 

prevalence of anxiety and depression in a local Iranian population 
were 20.8 and 21%(22). Frequency of mood and anxiety disorders in 
IBS patients evaluated in several studies and Frequency of 5%-15% 
for depression and 16%-19% for Anxiety have been reported(12,21). 
These values of depression and anxiety are significantly more than 
general population(2,12,13). While, using PSQI in IBS patients, the 
present study, have been dramatically calculated depression (71%), 
anxiety (76%), and stress (79%). Discrepancy might be because of 
type of  questionnaire and data collection but we suggest doing 
more studies about this subject.

Direct association of  IBS and emotional disorders such as 
anxiety, depression, and stress causing sleep disturbances has been 
a controversial issue, some studies have proved that sleep distur-
bances was totally independent from the bowel problems especially 
IBS(32). Here, the results were confirmed the independency of IBS 
and sleep quality.

This study has some limitations. First, we didn’t have control 
group. Second, we didn’t investigate objective sleep quality because 
there is no sleep lab in our university.

CONCLUSION

Our results confirm few previous studies and indicated that 
IBS patients have poor sleep quality and it is independent from 
the other factors. So we must consider and treat this problem in 
IBS patients. And also we must pay attention to depression more 
than the other psychological disorders in these patients because it 
can worsen sleep quality.
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Baniasadi N, Dehesh MM, Mohebbi E, Hayatbakhsh Abbasi M, Oghabian Z. Avaliação da qualidade do sono e de depressão, ansiedade e estresse em 
pacientes com síndrome do intestino irritável. Arq Gastroenterol. 2017;54(2):163-6.
RESUMO – Contexto – A síndrome do intestino irritável (SII) é um dos transtornos gastrointestinais funcionais mais comuns, com dor abdominal crônica 

e alteração do hábito intestinal sem motivo orgânico aparente. Distúrbios do sono podem estar associados à SII. Objetivo – Avaliar distúrbios do sono 
e sinais de depressão, ansiedade e estresse em pacientes com SII. Métodos – Através de estudo analítico transversal, observou-se entre de novembro de 
2013 e maio 2014, um total de 123 pacientes com SII, recrutados por amostragem aleatória simples. A SII foi diagnosticada usando-se os critérios de 
Roma III. Dados demográficos e básicos foram obtidos de todos os pacientes e o questionário de índice de qualidade de sono de Pittsburg foi utiliza-
do para estimar a qualidade do sono; o questionário DASS (escala de depressão ansiedade stress) foi preenchido para depressão, ansiedade e stress. 
Resultados – A média de idade dos pacientes foi de 29±9 anos, sendo 48 (39%) do sexo masculino. Doze (10%) tinham alguma doença associada. Nos 
subtipos de SII foram incluídos 38% com diarreia, 42% com constipação e 20% de forma alternada. Do total, 87 (71%), pacientes tinham depressão, 
o estresse foi observado em 97 (79%) e 94 (76%) tinham ansiedade. Setenta e seis (62%) pacientes com SII tinham sono de má qualidade. A análise de 
preditores, empregados simultaneamente, demonstrou que o gênero, a doença associada e o tipo de SII não foram estatisticamente significantes. Por 
outro lado, depressão (P=0,034, OR=2,35), ansiedade (P=0.011, OR=3.022) e stress (P=0,029, OR=2,77) contribuíram significativamente no efeito 
da má qualidade do sono. Conclusão – A maioria dos pacientes com SII tem sono de má qualidade. Recomenda-se que o distúrbio do sono deva ser 
considerado e tratado nestes pacientes.

DESCRITORES – Síndrome do intestino irritável. Transtornos do sono-vigília. Depressão. Ansiedade. 
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INTRODUCTION

Inflammatory Bowel Disease (IBD) is an immunological condi-
tion that carries a significant morbidity as well as mortality(1). It 
has been classified as Crohn’s Disease (CD) or Ulcerative Colitis 
(UC). Even though these entities share a common ground, they 
exhibit differences in terms of clinical presentation and therapeutic 
alternatives. During the last few years, there has been a significant 
development of scientific evidence showing the benefit of biological 
therapy – mainly anti-TNF α agents – in both scenarios(7).

Nevertheless, approximately 30% of patients with moderate-
to-severe disease, whether they are CD or UC patients, do not 
respond to anti-TNF α therapy (primary failure)(3) and a significant 
proportion of patients (13% to 25% per year of treatment) may 
develop resistance and hence loss of efficacy to this type of treat-
ment (secondary failure)(27,33). This is why alternative therapeutic 
strategies are needed for these patients so that clinical conditions 
are improved and potentially serious complications can be avoided.

There is some evidence that show the efficacy of calcineurin 
inhibitors for the treatment of patients with severe UC(18). Due to 
the effect that these drugs exert on calcineurin, they can inhibit the 
transcription of the Interleukin-2 gene – among others – which is 
necessary for the activation of T lympochytes(2). As a consequence, 
although the quality of the available evidence is far from ideal, cy-
closporine has been used in this clinical context; much less evidence 
is available in the CD scenario. 
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Bearing this in mind, a class-effect on moderate-to-severe UC 
could be inferred; consequently, the use of other calcineurin inhibi-
tors such as tacrolimus has been proposed. Tacrolimus has the ad-
vantages of oral administration, a well-known safety profile and the 
previous experience of use in other clinical settings(31). However, the 
evidence of the efficacy of its use in moderate-to-severe UC is scarce. 

As a consequence, we sought to carry out a systematic review  
of the available evidence on this matter, with a meta-analysis con-
sidering randomized controlled trials. 

METHODS

A literature search was carried out from 1966 to August 2016 
using the following databases: MEDLINE, Embase, LILACS and 
The Cochrane Library. The search strategy included the following 
MeSH terms: “Inflammatory Bowel Disease” or “Ulcerative Co-
litis” and “Calcineurin Inhibitors” or “Tacrolimus” or “FK-506”. 
Also, we reviewed the bibliographic references of the papers iden-
tified as potentially relevant. Additionally, we manually reviewed 
the abstracts of the Digestive Disease Week and United European 
Gastroenterology Week from 2010 to 2016. 

The two authors performed bibliographic search in an inde-
pendent manner. Potentially relevant abstracts were reviewed to 
check if  they fulfilled inclusion criteria. These criteria were: a) 
studies that addressed the efficacy of tacrolimus in more than five 
UC patients; b) studies performed in adult population. For meta-

AG-2016-111
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analysis performance, studies which fulfilled the aforementioned 
criteria and were randomized controlled trials were included. 
PRISMA recommendations were followed for this purpose. 

Authors’ findings were then compared. If  there was disagree-
ment regarding the inclusion of a study, this would be discussed 
until consensus was reached. If data duplication was suspected, the 
authors of the studies would be contacted to exclude this situation. 

The methodological quality of the included studies would be 
evaluated following the Evidence-Based Gastroenterology Sterring 
Group recommendations(29). In addition, Jadas score was estimated 
for each study. 

Outcome measures were: clinical response, clinical remission 
after induction treatment and, if  available, mucosal healing rate. 

Meta-analysis was performed using REVMAN software (Review 
Manager Version 5.1. Copenhagen: The Nordic Cochrane Center, 
The Cochrane Collaboration, 2011). Heterogeneity was estimated by 
means of I2 test and chi square test. If no significant heterogeneity 
was found, a fixed-effect model would be used for meta-analysis; 
otherwise, a random-effect model would be preferred. Outcome 
measures were described as Relative Risks (RR) with their cor-
responding 95% Confidence Interval (95%CI). Additionally, their 
corresponding Number Necessary to Treat (NNT) were calculated. 

RESULTS

Overall, 755 potentially relevant citations were identified; 48 of 
them were furtherly chosen for analysis. Figure 1 shows the flow 
diagram which describes the reasons for citations exclusion. Finally, 
22 studies(4-6,9-17,20-25,28,30,32,33) that fulfilled eligibility criteria were 
included. Only two studies were randomized controlled trials(24,25) 
(Ogata 2006 and Ogata 2012); these were included for meta-analysis. 

Table 1 describes the main features of the non-controlled studies 
that evaluated the efficacy of tacrolimus in patients with UC. The 
population included in these studies are rather similar – moderate-
to-severe UC patients which are steroid-dependent or steroid-
refractory– but certain discrepancy was found in the way that 
clinical response and clinical remission were defined: some studies 
used Truelove Witts criteria, whereas others used Lichtiger score. 
Some minor differences in terms of follow up time were also found.  
It is worth mentioning that only one of these studies(14) (Ikeya 2015) 
considered mucosal healing as an outcome. The tacrolimus dos-
age was adjusted to obtain a serum level between 10 to 15 ng/ mL. 
Overall, 609 patients were included in non-controlled studies: in 
many of these cases, colectomy was delayed but not avoided.

TABLE 1. Characteristics of observational studies included in the systematic review

Author Year Country
UC severity 

and 
distribution

Remission 
definition (and 

time considered)

Number 
of 

patients
Interventions Concomitant 

treatments Results

Fellermann(10) 2002 Germany Moderate-to-
severe colitis/
steroid-
refractory

Truelove-Witts 
Score. Remission 
evaluation in 2 
weeks. Follow up 
for 6 months

38 IV Tacrolimus  
(0.01-0.02 mg/kg/
day) or P.O. (0.1-
0.2 mg/kg/day)

Antibiotics; 
aminosalicilates; 
steroids; 
thiopurines

28.94% (11/38) = 
clinical remission in 
2 weeks. 16-month 
colectomy rate= 34%

Hogenauer(13) 2003 Austria Moderate-to-
severe colitis/
steroid-
refractory

Truelove Witts 
Score. Evaluation up 
to week 12

9 Tacrolimus 
0.15 mg/kg/day 
(adjusted by serum 
target level: 10-20 
ng/mL)

Steroids; 
thiopurines

66.66% (6/9) = clinical 
remission in 12 weeks. 
3/9= 33.33% of 
colectomy on follow up

Baumgart(4) 2006 Germany Steroid-
dependent or 
refractory (57% 
pancolitis)

Modified Clinical 
Activity Index up to 
30 days

40 Tacrolimus 0.1 mg/
kg/day (adjusted by 
serum target level: 
4-8 ng/mL)

Steroids 45% (18/40) = clinical 
remission in 30 days; 
77.5% (31/40) of 
clinical response. 22.5% 
colectomy on follow up

Ng(22) 2007 England Steroid-
dependent 
moderate-to-
sevre colitis or 
previous failure 
to thiopurines or 
Infliximab

Truelove Witts 
score up to 4 weeks

6 Tacrolimus 0.1 mg/
kg/day (adjusted by 
serum target level: 
5-10 ng/mL)

Aminosalicilates; 
steroids; 
thiopurines; 
probiotics

50% (3/6)= clinical 
remission in 4 weeks; 
66.66% (4/6) of clinical 
response

Benson(5) 2007 USA Steroid-
dependent 
or refractory 
moderate-to-
severe colitis

Clinical variables 
and progression to 
colectomy up to 29 
weeks

32 Tacrolimus 0.2 mg/
kg/day (adjusted 
by serum target 
level:10-12 ng/mL)

aminosalicilates; 
steroids; 
thiopurines

9.37% (3/32)= clinical 
remission; 68.75% 
(22/32) of clinical 
response. 37.5%= 
colectomy on follow up

Continue ➥

FIGURE 1. Flow-Chart showing the selection process of the studies 
included in the systematic review.

755 potentially relevant 
citations identified

48 papers selected for further 
analysis

Studies included in 
Systematic Review (n=22)
– 2 Randomized controlled  
   trials
– 22 Observational Studies

Studies excluded due to:
– Data duplication (n=2)
– Case Reports (n=7)
– Studies on pediatric  
    population (n=5)
– Review articles (n=12)
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Yamamoto(32) 2008 Japan Moderate-to-
severe colitis 
refractory to 
other treatments 
(81.5% 
pancolitis)

Truelove Witts 
Score up to 30 days

27 Tacrolimus 0.1 mg/
kg/day (adjusted 
by serum target 
level:10-15 ng/mL)

aminosalicilates; 
steroids; 
thiopurines

70.4% (19/27)= clinical 
remission in 30 days; 
77.8% (21/27) of clinical 
response. 26.9%= 
colectomy on follow up

Thin(30) 2012 Australia Moderate-to-
severe colitis 
refractory to 
other treatments

Colitis Activity 
Index up to 30 days

24 Tacrolimus 0.1 mg/
kg/day (adjusted 
by serum target 
level:8-12 ng/mL)

aminosalicilates; 
steroids

37.5% clinical remission 
(9/24);  58.3% (14/24) 
clinical response

Schmidt(28) 2013 Germany Steroid-
refractory 
Moderate-to-
severe colitis

Lichtiger score up 
to 12 weeks; need 
for colectomy

130 Tacrolimus 0.1 mg/
kg/day

aminosalicilates; 
steroids; 
thiopurines

72% (94/130) clinical 
remission; 14% 
(18/130)= colectomy on 
follow up

Inoue(15) 2013 Japan Moderate-to-
severe pancolitis 
without steroid 
treatment

Lichtiger score. 
Mayo score for 
mucosal healing up 
to 4 weeks.

11 Tacrolimus 0.1 mg/
kg/day (adjusted 
by serum target 
level:10-15 ng/mL)

aminosalicilates; 
thiopurines

72.7% (8/11) clinical 
remission; 100% (11/11) 
clinical response

Miyoshi(21) 2013 Japan Steroid-
dependent 
or refractory 
moderate-to-
severe colitis

Lichtiger score. 
Mayo score for 
mucosal healing up 
to 12 weeks.

51 Tacrolimus 
initial dose= 5 
mg/day; then, 
oral Tacrolimus 
(adjusted by serum 
target level: 
10-15 ng/mL)

aminosalicilates; 
steroids; 
thiopurines

39.2% (20/51)= clinical 
remission; 62.74% 
(32/51)= clinical 
response

Landy(17) 2013 England Moderate-to-
severe colitis 
refractory to 
other treatments

Truelove Witts 
Score up to 6 
months

25 Tacrolimus 0.1 mg/
kg/day (adjusted 
by serum target 
level:5-10 ng/mL)

aminosalicilates; 
steroids; 
thiopurines

20% (5/25)= clinical 
remission; 24% (6/25)= 
clinical response

Boschetti(6) 2014 France Moderate-to-
severe colitis 
refractory to 
other treatments

UC-DAI at 4 and 
12 weeks

30 Tacrolimus 0.1-
0.2 mg/kg/day 
(adjusted by serum 
target level:10-15 
ng/mL)

steroids; 
thiopurines

47% (14/30)= clinical 
remission; 70% (21/30)= 
clinical response in 4 
weeks

Hiraoka(11) 2015 Japan Colitis 
moderada-
severa cortico-
dependiente/
refractaria

Lichtiger score up 
to 2-3 weeks

47 Tacrolimus 0.05-
0.15 mg/kg/day 
(adjusted by serum 
target level: 10-15 
ng/mL)

aminosalicilates; 
steroids; 
thiopurines

87% (41/47) showed 
remission and/or clinical 
response

Ikeya(14) 2015 Japan Moderate-to-
severe colitis

Colitis Activity 
Index. Mayo score 
for mucosal healing 
up to 12 weeks

44 Tacrolimus 0.1 mg/
kg/day (adjusted 
by serum target 
level:10-15 ng/mL)

aminosalicilates; 
steroids; 
thiopurines

86.4% (38/44)= clinical 
response; 65.9% 
(29/44)= clinical 
remission; 43.8% 
mucosal healing

Kawakami(16) 2015 Japan Steroid-
dependent 
or refractory 
moderate-to-
severe colitis

Lichtiger score up 
to 4 weeks

49 Tacrolimus 0.1 mg/
kg/day (adjusted 
by serum target 
level:10-15 ng/mL)

aminosalicilates; 
steroids; 
thiopurines

89.6%= clinical 
response; 75.6%= 
clinical remission in 4 
weeks

Minami(20) 2015 Japan Moderate-to-
severe colitis 
refractory to 
other treatments

Mayo score up to 8 
weeks

22 Tacrolimus 0.1 mg/
kg/day (adjusted 
by serum target 
level:10-15 ng/mL)

aminosalicilates; 
steroids; 
thiopurines

90.9% (20/22)= clinical 
response; 63.63% 
(14/22)= clinical 
remission in 8 weeks

Hiraoka(12) 2015 Japan Moderate-to-
severe colitis 
refractory to 
other treatments

CAI 24 Tacrolimus 0.1 mg/
kg/day (adjusted 
by serum target 
level:10-15 ng/mL)

aminosalicilates; 
steroids; 
thiopurines

79% (19/24)= remission 
and/or response

Endo(9) 2016 Japan Steroid-
dependent 
or refractory 
moderate-to-
severe colitis

CAI up to 8 weeks 47 Tacrolimus 0.1 mg/
kg/day (adjusted 
by serum target 
level:10-15 ng/mL)

aminosalicilates; 
steroids; 
thiopurines

68.08% (32/47)= 
clinical response; 
55.31% (26/47)= 
clinical remission. 
14.89% (7/47)= 
colectomy on follow up

Yamamoto(33) 2016 Japan Steroid-
dependent 
or refractory 
moderate-to-
severe colitis

UC-DAI up to 12 
weeks

50 Tacrolimus 0.1 mg/
kg/day (adjusted 
by serum target 
level:10-15 ng/mL)

aminosalicilates; 
steroids; 
thiopurines

62% (31/50) = clinical 
response; 40% (20/50)= 
clinical remission

Nuki(23) 2016 Japan Moderate-to-
severe colitis

UC-DAI up to 10 
weeks

21 Tacrolimus 0.1 mg/
kg/day (adjusted 
by serum target 
level:10-15 ng/mL)

aminosalicilates; 
steroids; 
thiopurines

85.7% (18/21)= clinical 
response; 66.7% 
(14/21)= clinical 
remission in 10 weeks

UC: ulcerative colitis. DAI: disease activity index; CAI: colitis activity index.
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Only two studies(24,25) (Ogata 2006 and Ogata 2012) were rando-
mized controlled trials. The features of these trials are shown in 
Table 2. Overall, 127 UC patients were included for meta-analysis. 
Table 3 shows the methodological analysis of  these two trials. 
As witnessed in Figure 2, tacrolimus significantly increased the 
risk of clinical response versus placebo [RR of clinical response 

failure 0.58 (0.45-0.73)], with a NNT of 3. Figure 3 highlights the 
RR of failure of clinical remission versus placebo, which was 0.91 
(0.82- 1), with a NNT of 10. Mucosal healing, as shown in Figure 
4, was also significantly favoured by tacrolimus treatment [RR 0.59 
(0.46-0.74)] with a NNT of 3. According to Egger test, a low risk 
of publication bias was found (P>0.5). 

TABLE 2. Characteristics of randomized controlled trials included in meta-analysis

Author Year Country UC severity and 
distribution

Remission definition (and 
time considered) Number of patients Interventions Concomitant 

treatment
Ogata(25) 2006 Japan 

(17 centers)
Moderate-to-
severe left colitis 
or pancolitis

DAI Score <2 with every 
subitem <1. Clinical 
response: a decrease of 
at least 4 points in DAI. 
Evaluation in 2 weeks and 
then open follow up up to 
week 12. Mucosal healing 
evaluated

65 patients 
randomized; 60 
patients finished study: 
19 in Tacrolimus 
group (high-dosage), 
21 in Tacrolimus low-
dosage group and 20 in 
placebo group

0.05 mg/kg b.i.d. 
(adjusted to serum 
target levels of 5-10 
ng/mL or 10-15 ng/
mL) versus placebo

Aminosalicilates 
and/or oral/IV 
steroids

Ogata(24) 2012 Japan Moderate-to-
severe, steroid-
refractory 
left colitis or 
pancolitis

DAI Score <2 with every 
subitem <1. Clinical 
response: a decrease of 
at least 4 points in DAI. 
Evaluation in 2 weeks and 
then open follow up up to 
week 12. Mucosal healing 
evaluated

62 patients 
aleatorizados; 30 a 
rama placebo y 32 a 
rama tacrolimus

0.5-1 mg b.i.d. 
(adjusted to serum 
target levels of 10-
15 ng/mL) versus 
placebo

Aminosalicilates 
and/or oral/IV 
steroids

UC: ulcerative colitis. DAI: disease activity index.

TABLE 3. Methodological analysis of randomized controlled trials included in meta-analysis

ID Study Concealed random 
allocation

Blinding of patients 
and medical team

Similar interventions 
between groups

Complete 
follow up

Intention to 
treat analysis Jadad score

Ogata 2006(25) Not clear Yes Yes Yes No 4

Ogata 2012(24) Yes Yes Yes Yes Yes 5

Tacrolimus Placedo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% Cl
Ogata 2006 23 44 19 21 58.5% 0.58 [0.42, 0.79] 2006
Ogata 2012 16 32 26 30 41.5% 0.58 [0.42, 0.84] 2012

Total (95% Cl) 76 51 100,0% 0.58 [0.45, 0.73]
Total events 39 45

Heterogeneity: Tau2 = 0.00; Chi2 = 0.00, df = 1 (P=1.00); I2 = 0%
Test for overall effect: Z = 4.47 (P<0.00001)

0.01         0.1               1               10           100
Favours Tacrolimus         Favours Placebo

FIGURE 2. Forest Plot showing meta-analysis on clinical response of tacrolimus versus placebo.

Tacrolimus Placedo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% Cl
Ogata 2006 38 44 20 21 40.9% 0.91 [0.78, 1.06] 2006
Ogata 2012 29 32 30 30 59.1% 0.91 [0.80, 1.03] 2012

Total (95% Cl) 76 51 100.0% 0.91 [0.82, 1.00]
Total events 67 50

Heterogeneity: Tau2 = 0.00; Chi2 = 0.00, df = 1 (P=0.98); I2 = 0%
Test for overall effect: Z = 1.96 (P=0.05)

0.01         0.1               1               10           100
Favours Tacrolimus         Favours Placebo

FIGURE 3. Forest Plot showing meta-analysis on clinical remission of tacrolimus versus placebo.
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The most commonly reported severe adverse events were 
gastroenteritis and sepsis. When considering only the randomized 
controlled trials, there was not a significant increase in the risk 
of serious adverse events versus placebo [RR 3.38 (0.17-68.91)]. 

DISCUSSION

According to the results observed in our systematic review, 
tacrolimus therapy could be a valid alternative in the context of 
moderate-to-severe UC that have not responded to other treatments 
or who are regarded as cortico-dependent or refractory. 

As mentioned before, evidence on the efficacy of calcineurin 
inhibitors derives mainly from the experience of cyclosporine as 
a rescue therapy in the setting of severe UC. In a pioneer study, 
Lichtiger et al.(18) showed that endovenous cyclosporine was useful 
to avoid colectomy in patients with severe UC flares after systemic 
steroid therapy failure. D’Haens et al.(8) concluded that cyclosporine 
is a valid alternative to intravenous steroids in severe flares. Ad-
ditionally, controlled studies have shown that cyclosporine may 
be equivalent to Infliximab in this type of  clinical scenario(18). 
Nevertheless, it should be reminded that cyclosporine has a non-
neglectable adverse event profile and there is much less evidence 
apart from its parenteral use.

Tacrolimus is a well-known calcineurin inhibitor that is widely 
used as immunosupresant therapy in the context of transplant or 
even for the treatment of autoinmmune conditions(31). Tacrolimus 
has the advantage that it can be administered orally and that 
its serum concentration can be easily measured and adjusted to 
reach the adequate level in each case. The initial experience in UC 
patients was originated in referral centers from Japan, and then 
it was adopted by some centers in Europe. According to what is 
witnessed in uncontrolled studies, tacrolimus shows a high pro-
portion of clinical response in the short-term, with a low NNT; 
however, when clinical remission is considered, such proportion is 
lower and more variable. 

It is worth mentioning, according to what is observed from 
uncontrolled studies, the relatively high proportion of patients who 
would eventually require colectomy in spite of  receiving tacroli-
mus(4,5,10,13,28,32) (Fellermann 2002, Hogenauer 2003, Baumgart 2006, 
Benson 2007, Yamamoto 2008, Schmidt 2013). As a consequence, it 

would seem like tacrolimus could delay the need for colectomy in a 
selected group of patients – those moderate-to-severe UC patients 
with prior failure to other therapeutic alternatives. It should also 
be mentioned that no study has considered tacrolimus therapy in 
patients with less severe disease. 

There is a scarcity of  high-quality trials to know the real 
impact of tacrolimus in the management of UC. As a matter of 
fact, as shown by this review, there has only been published two 
controlled trials(24,25) (Ogata 2006 and Ogata 2012), with a relatively 
low number of  patients and a rather short follow up time. One 
strength of these two trials is that mucosal healing was included 
as an outcome, which is known to be a relevant prognostic factor 
and a therapeutic target, particularly when it comes to UC(26). It is 
also worth mentioning that all studies assessed the efficacy of oral 
tacrolimus for the continued treatment of UC patients. 

Evidence on the efficacy of  calcineurin inhibitors in the set-
ting of CD is more scarce: there are only a few controlled trials, 
mainly on patients with perianal disease, and few cohort studies(19). 
Nevertheless, the relatively few alternatives in severe CD may turn 
tacrolimus into a valid therapeutic option, regardless of the few 
scientific evidence available.

Some limitations should be mentioned. First of  all, there 
were few studies included for meta-analysis, so the conclusions 
should be cautiously interpreted. We decided not to perform 
meta-analysis with observational uncontrolled studies, because 
this represents a high risk for relevant biases, which could in turn 
produce a distortion in the conclusions derived from higher-
quality studies. Last but not least, it is worth mentioning that 
most observational studies were retrospective, with the logical 
limitations that this implicate. 

In conclusion, tacrolimus seems to show in both uncontrolled 
studies as well as in placebo controlled trials, a significant efficacy 
to induce clinical response and remission in moderate-to-severe UC. 
However, more evidence is undoubtfully needed to fully estimate 
the magnitude of its benefit. 
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Tacrolimus Placedo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% Cl
Ogata 2006 21 44 19 21 49.6% 0.53 [0.38, 0.74] 2006
Ogata 2012 18 32 26 30 50.4% 0.65 [0.46, 0.91] 2012

Total (95% Cl) 76 51 100.0% 0.59 [0.46, 0.74]
Total events 39 45

Heterogeneity: Tau2 = 0.00; Chi2 = 0.73, df = 1 (P=0.39); I2 = 0%
Test for overall effect: Z = 4.39 (P<0.0001)

0.01         0.1               1               10           100
Favours Tacrolimus         Favours Placebo

FIGURE 4. Forest Plot showing meta-analysis on mucosal healing of tacrolimus versus placebo.
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Lasa J, Olivera P. Eficácia do tacrolimus para indução de remissão em pacientes com colite ulcerosa moderada a grave: uma revisão sistemática e me-
ta-análise. Arq Gastroenterol. 2017. [ahead of print].
RESUMO – Contexto – Há evidências que mostram que os inibidores de calcineurina podem ser úteis para o tratamento da colite ulcerativa severa. No 

entanto, há poucos dados sobre a eficácia do tacrolimus para indução de remissão neste cenário. Objetivo – Desenvolver uma revisão sistemática 
sobre evidências existentes sobre a eficácia clínica do tacrolimus para a indução de remissão em pacientes com colite ulcerosa de moderada a grave. 
Métodos – Realizada pesquisa bibliográfica de 1966 a agosto de 2016 usando MEDLINE, Embase, LILACS e Biblioteca Cochrane. Foram utilizados 
os seguintes termos MeSH: “doenças inflamatórias intestinais” ou “colite ulcerativa “ e “inibidores da calcineurina” ou “tacrolimo” ou “FK506”. 
Foram considerados para revisão estudos que avaliaram a eficácia clínica do tacrolimus para a indução de remissão em pacientes adultos com colite 
ulcerosa. Uma meta-análise foi realizada com esses estudos incluídos que também fossem controlados por placebo e randomizados. Avaliou-se a 
resposta clínica, bem como remissão clínica e a cicatrização da mucosa. Resultados – No total, 755 referências foram identificadas, dos quais 22 
estudos foram finalmente incluídos. Apenas dois deles eram experimentações randomizadas e, placebo-controlada. Um total de 172 pacientes foram 
avaliados. Verificou-se um risco significativamente menor de falha na resposta clínica para tacrolimus versus placebo [RR 0.58 (0.45-0,73)]; Além 
disso, um menor risco de falha na indução da remissão também foi encontrado versus placebo [RR 0,91 (0,82-1)]. Conclusão – Tacrolimus parece ser 
uma alternativa terapêutica válida para a indução de remissão em pacientes com colite ulcerosa moderada a grave.

DESCRITORES – Doenças inflamatórias intestinais. Tacrolimo. Inibidores de calcineurina. 
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mesalazina cada. Embalagens com 10 e 30 unidades. Indicações: anti-inflamatório de ação local no tratamento da colite ulcerativa ativa leve a moderada, na fase aguda (indução 
da remissão) e na manutenção da remissão. Contraindicações: hipersensibilidade aos salicilatos (que inclui o ácido acetilsalicílico), à mesalazina, à sulfassalazina ou a qualquer dos 
componentes da fórmula; pacientes com insuficiência hepática e/ou renal graves; pacientes com úlcera gástrica e duodenal ativa; pacientes com tendência elevada a sangramento. Este 
medicamento é contraindicado para menores de 18 anos. Precauções e advertências: As mesmas precauções e advertências relacionadas com o uso de preparados contendo 
mesalazina ou pró-drogas de mesalazina devem ser consideradas para Mesacol® MMX®. Assim como todos os salicilatos, a mesalazina deve ser utilizada com cautela em pacientes com 
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