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Abstract
AIM: To investigate the association of colorectal ad-
enomas with both Helicobacter pylori  (H. pylori ) infec-
tion and metabolic syndrome. 

METHODS: Using a cross-sectional hospital-based 
study, we analyzed physical examination data from 
9311 healthy subjects with overnight physical examina-
tions performed between January 2004 and December 
2006. Examined data included gender, age, life style, 
anthropometric measurements, blood pressure, bio-
chemical and hematological studies, H. pylori  infection 
detected by esophagogastroduodenoscopy and biopsy 
urease tests, and colorectal adenomas detected with a 
complete total colonoscopy. 

RESULTS: The prevalence values for H. pylori  infec-
tion, metabolic syndrome, and colorectal adenoma were 

39.2%, 18.7%, and 20.7%, respectively. Colorectal ad-
enoma risk factors included male gender [odd ratio (OR): 
2.005, 95% confidence interval (CI): 1.740-2.310, P < 
0.001], advanced age (OR: 1.046, 95% CI: 1.040-1.052, 
P  < 0.001), smoking (OR: 1.377, 95% CI: 1.146-1.654, 
P = 0.001), increased body fat (OR: 1.016, 95% 
CI: 1.007-1.026, P = 0.001), higher white blood cell 
count (OR: 1.038, 95% CI: 1.005-1.073, P = 0.025),  
H. pylori  infection (OR: 1.366, 95% CI: 1.230-1.517, P 
< 0.001), and metabolic syndrome (OR: 1.408, 95% 
CI: 1.231-1.610, P  < 0.001). In addition, concomitant 
H. pylori  infection with metabolic syndrome further in-
creased the probability of colorectal adenomas. 

CONCLUSION: Our study revealed H. pylori  infection 
with concomitant metabolic syndrome might further 
increase the risk of colorectal adenomas.
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INTRODUCTION
Colorectal cancer is an extremely common malignancy 
and one of  the leading causes of  cancer mortality world-
wide. Colorectal adenoma is the premalignant lesion in 
colorectal cancer and develops into colorectal carcinoma 
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through the adenoma-to-carcinoma sequence[1]. The 
direct etiology of  colorectal neoplasms is still unknown. 
However, previous epidemiological studies have identi-
fied family history, dietary factors, smoking, sedentary 
lifestyles, and alcohol consumption as potential contribu-
tors to colorectal neoplasm development[2]. Identification 
of  the etiology of  colorectal neoplasms might assist in 
the development of  strategies targeted toward its pre-
vention.

Helicobacter pylori (H. pylori) is a human pathogen that 
infects the gastric mucosa and causes inflammatory pro-
cess that culminate in chronic gastritis, peptic ulceration, 
gastric lymphoma of  mucosa-associated lymphoid tissue, 
and adenocarcinoma[3]. H. pylori is a gram-negative micro-
aerophilic bacillus, and has been classified by the Interna-
tional Agency for Research on Cancer as a class Ⅰ human 
carcinogen since 1994[4]. The role of  H. pylori in colorectal 
carcinogenesis has been epidemiologically examined in 
recent decades; however, the association has remained 
inconclusive. Several studies have identified an association 
between H. pylori infection and colorectal neoplasms[5-9], 
while others have identified a negative association between 
the two[10-12]. Methodological issues might account for 
some of  the inconsistent results, including the IgG serum 
antibody test and incomplete colonoscopic examinations 
for diagnosis.

Metabolic syndrome is a clinical cluster of  metabolic 
abnormalities. It is also referred to as insulin resistance 
syndrome, and is diagnosed by criteria corresponding to 
the modified National Cholesterol Education Program 
(NCEP) criteria[13]. Diagnosis is fulfilled by the presence 
of  any three of  the following conditions: higher waist cir-
cumference (≥ 90 cm in men and ≥ 80 cm in women), 
elevated triglycerides (≥ 150 mg/dL), lower high den-
sity lipoprotein cholesterol (< 40 mg/dL in men and <  
50 mg/dL in women), elevated blood pressure (systolic 
blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 
85 mmHg), and elevated fasting glucose (≥ 100 mg/dL).  
This syndrome might be a risk factor for type 2 diabetes 
and cardiovascular disease[14,15]. In recent years, metabolic 
syndrome has also been associated with an increased risk 
of  colorectal adenoma. However, there is very limited 
medical literature examining the relationship between 
colorectal adenoma and metabolic syndrome[16-18]. Addi-
tional information on the correlation between metabolic 
syndrome and colorectal neoplasms could result in the 
recommendation for screening of  colorectal neoplasms in 
the patient with metabolic syndrome.

Using a cross-sectional hospital-based study, we in-
vestigated the association of  colorectal adenoma with 
both H. pylori infection and metabolic syndrome. Fur-
ther, the probability of  colorectal adenoma in patients 
with both H. pylori infection and metabolic syndrome 
was evaluated.

MATERIALS AND METHODS
A total of  11 787 asymptomatic subjects were admitted to 
the general physical examination department of  the Bud-

dhist Dalin Tzu-Chi General Hospital for general check-
ups (two-day health examination) between January 2004 
and December 2006. Excluding 2476 subjects aged below 
40 years, a final total of  9311 study participants (3906 
males and 5405 females) were enrolled in the study. The 
demographic data included age, gender, medical past his-
tory, and lifestyle. Clinical data included blood pressure, 
fasting plasma sugar, plasma lipids levels (total cholesterol, 
high density lipoprotein cholesterol, low density lipo-
protein cholesterol, and triglycerides), and hematological 
variables. Anthropometric measurements including height 
(meters), weight (kilograms), and body fat (percent; Body 
Composition Analyzer TBF-410, Tanita, Japan) were also 
examined. 

Metabolic syndrome was diagnosed with the modi-
fied NCEP criteria. H. pylori infection was detected by 
the biopsy urease test (CLO test, Pronto Dry, Gastrex, 
Poland) using standard video esophagogastroduode-
noscopy (EGD) with gastrofibroscopes (GIFXP-240, 
GIFQ260, Olympus Optical, Tokyo Japan). A specimen 
for biopsy urease testing of  each subject was taken from 
the gastric antrum using biopsy forceps and assessed 
within 60 min. The agar color of  the biopsy urease test-
ing turned from yellow to red when the biopsy specimen 
was infected with H. pylori, which contained intracyto-
plasmic urease. Colorectal adenomas were identified by 
complete total colonoscopy using standard video colo-
noscopes (CF 240I, Olympus Optical, Tokyo, Japan) by 
single- and double-handed methods under intravenous 
1% Propofol (Fresenius Kabi, Austria). This study was 
performed under the approval of  our hospital Institu-
tional Review Board.

Statistical analysis
Data for continuous variables were expressed as mean ± 
SD. The t test was applied for continuous variables when 
the data fitted a Gaussian distribution. If  the continuous 
data did not fit the Gaussian distribution, the Wilcoxon 
rank sum test was applied. Categorical variables were 
tested with the χ2 test. Stepwise logistic regression analy-
sis was conducted for significant variable selection. Basic 
model-fitting techniques for regression analysis were ap-
plied to assure the quality of  analysis results, including 
variable selection, goodness-of-fit assessment, and regres-
sion diagnostics. Statistical significance was established 
for two-sided P values < 0.05. All statistical analyses were 
performed with the SAS® software, version 9.1.3 (SAS 
Institute Inc., Cary, NC, USA) and R 2.6.2 (R Develop-
ment Core Team, R Foundation for Statistical Computing, 
2008, Vienna, Austria).

RESULTS
The median ages of  the study participants were 54 years in 
males and 52 years in females. All subjects went through 
complete EGD examination, and 2.8% of  participants 
had incomplete colonoscopy examination. The raw preva-
lence rates of  H. pylori infection, metabolic syndrome, 
and colorectal adenoma were 39.2%, 18.7% and 20.7%, 
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respectively. A total of  1923 adenomas, including 1691 
tubular adenoma, 208 tubulovillous adenomas, and 24 ser-
rated adenomas, were detected. Males were significantly 
older (P < 0.001), were more likely to smoke (P < 0.001), 
drink alcohol (P < 0.001), have heavier body weight (P 
< 0.001), lesser body fat (P < 0.001), and higher systolic 
and diastolic blood pressure values (P < 0.001). Males ad-
ditionally had a higher proportion of  hypertension (P < 
0.001), diabetes (P < 0.001), higher fasting blood glucose 
levels (P < 0.001), higher white blood cell (WBC) counts 
(P < 0.001), lower lymphocyte percentages (P < 0.001), 
and a higher prevalence of  colorectal adenoma (P < 0.001). 
There were no significant differences in total plasma cho-
lesterol levels (P = 0.448), metabolic syndrome frequency 
(P = 0.154), and H. pylori infection frequency (P = 0.096) 
between males and females (Table 1). 

Multivariate logistic regression analysis revealed that 
male gender (OR: 2.005; 95% confidence interval (CI), 
1.740-2.310, P < 0.001), advanced age (OR: 1.046, 95% 
CI: 1.040-1.052, P < 0.001), smoking (OR: 1.377, 95% CI: 
1.146-1.654, P = 0.001), increased body fat (OR: 1.016, 

95% CI: 1.007-1.026, P = 0.001), higher white blood cell 
(WBC) count (OR: 1.038, 95% CI: 1.005-1.073, P = 0.025), 
H. pylori infection (OR: 1.366, 95% CI: 1.230-1.517, P 
< 0.001), and metabolic syndrome (OR: 1.408, 95% CI: 
1.231-1.610, P < 0.001) were associated risk factors for 
colorectal adenoma. Alcohol consumption (OR: 0.990, 
95% CI: 0.826-1.187, P = 0.915) was not a risk factor for 
colorectal adenoma (Table 2). Under analysis with a con-
ditional effect plot, colorectal adenoma risk was positively 
associated with WBC count among paired groups of  
positive and negative H. pylori-infected patients and paired 
groups of  positive and negative metabolic syndrome pa-
tients (Figure 1). 

DISCUSSION
The results of  our study supported the association of   
H. pylori infection with colorectal adenomas and were 
consistent with previous reports that metabolic syndrome 
might increase colorectal adenoma risk. It also showed 
that individuals with concomitant metabolic syndrome 
and H. pylori infection might have a further increased risk 
of  colorectal adenomas.

The inconclusive results of  previous studies con-
cerning the relationship between H. pylori infection and 
colorectal neoplasm might have been due to sample bias, 
small sample size, inadequate consideration of  potential 
confounding variables, and a varying frequency of  cag 
A+ strains in the study populations[19,20]. In addition, in-
complete colonoscopic studies and evaluation of  H. pylori 
infection with the IgG serum test (which cannot represent 
real-time H. pylori infection) might also have contributed 
to the inconsistent results. The advantages of  our study 
include large sample size, detection of  H. pylori infec-
tion with the EGD and biopsy CLO test, and complete 
colonoscopy to the distal terminal ileum after good bowel 
preparation in 97.2% of  the cases. Furthermore, patient 
lifestyle habits including smoking and alcohol consump-
tion, gender, and age were also evaluated in this study. 
These factors might minimize potential variables during 
the data analysis.
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Table 1  Baseline characteristics of the study subjects

Variable Male Female P

n 3906 5405
Age (yr)    54 (48, 61)    52 (47, 59) < 0.001
Smoke, n (%)  884 (22.6)    49 (0.9) < 0.001
Alcohol, n (%)  876 (22.4)  119 (2.2) < 0.001
Body weight (kg) 67.6 (61.8, 74.2) 56.0 (51.3, 61.7) < 0.001
Body fat (%) 22.7 (19.4, 26.1) 30.6 (26.8, 34.9) < 0.001
Systolic BP (mmHg)  128 (116, 141)  122 (111, 138) < 0.001
Diastolic BP (mmHg)    81 (73, 88)    74 (66, 82) < 0.001
Hypertension, n (%)  1518 (38.9)  1575 (29.1) < 0.001
Diabetes, n (%)  317 (8.1)  330 (6.1) < 0.001
Glucose AC (mg/dL)    90 (84, 97)    88 (83, 95) < 0.001
TCH (mg/dL)  191 (168, 215)  190 (169, 215)    0.448
WBC (× 103/μL) 6.31 (5.38, 7.42) 5.90 (5.02, 6.97) < 0.001
Lymphocyte (%) 32.2 (27.0, 37.4) 33.9 (28.7, 39.2) < 0.001
MS, n (%)  755 (19.3)  982 (18.2)    0.154
H. pylori, n (%)  1571 (40.2)  2083 (38.5)    0.096
Adenoma, n (%)  1053 (27.0)  870 (16.1) < 0.001

n: Subject number; BP: Blood pressure; TCH: Total plasma cholesterol; 
WBC: White blood cell; H. pylori: Helicobacter pylori; MS: Metabolic 
syndrome.

Table 2  Multivariate logistic regression analysis of the risk 
factors for colorectal adenomas

Variable β SE P OR 95% CI

Intercept -5.031 0.253 < 0.001 - -
Gender (M vs F)  0.696 0.072 < 0.001 2.005 1.740-2.310
Age (per year)  0.045 0.003 < 0.001 1.046 1.040-1.052
Smoke (yes vs no)  0.320 0.094    0.001 1.377 1.146-1.654
Alcohol (yes vs no) -0.010 0.093    0.915 0.990 0.826-1.187
Body fat (%)  0.016 0.005    0.001 1.016 1.007-1.026
WBC (per 103/μL)  0.038 0.017    0.025 1.038 1.005-1.073
H. pylori (yes vs no)  0.312 0.054 < 0.001 1.366 1.230-1.517
MS (yes vs no)  0.342 0.068 < 0.001 1.408 1.231-1.610

WBC: White blood cell; H. pylori: Helicobacter pylori; MS: Metabolic syn-
drome; OR: Odd ratio; CI: Confidence interval.
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Figure 1  Conditional effect plot of Helicobacter pylori infection status and 
metabolic syndrome on the probability of adenoma positivity. The conditions 
were designed as non-smoking males at 55 years old and 28% body fat with the 
pair of both Helicobacter pylori (H. pylori) positivity and metabolic syndrome (MS) 
positivity vs another three pairs.
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However, there were also some limitations in our 
study. Patients in the study were selected from a popula-
tion who sought routine physical examinations at our 
institute, and their psychosocial behaviors and lifestyle 
habits might differ from those in the general population, 
resulting in a confounding bias that could be ignored 
in the data analysis. Although H. pylori infection can be 
more accurately detected by biopsy CLO test than by 
the serum IgG method logically, in rare instances antral 
biopsies with CLO tests might not be representative of  
all gastric states of  H. pylori infection. In addition, past 
historical data of  diagnosis and treatment of  H. pylori 
infection were not included in the analysis, although the 
enrolled cases were clinically asymptomatic. Additionally, 
blood insulin, gastrin levels, and proinflammatory cyto-
kines were not measured. The study design also did not 
allow the identification of  the pathologic mechanisms 
underlying the association of  colorectal adenoma with 
metabolic syndrome and H. pylori infection. 

The pathogenic mechanisms by which H. pylori ex-
erts its malignant potential in the induction of  colorectal 
neoplasms are not completely understood. A few studies 
have revealed that fecal shedding of  viable H. pylori and its 
antigen occurs under certain circumstances[21,22], suggesting 
that H. pylori moves through the intestinal tract in direct 
contact with colonic mucosa, and could therefore locally 
activate colonic carcinogenesis. H. pylori was recently de-
tected within colorectal carcinoma tissues[23]. The role of  
H. pylori-specific affinity for colorectal neoplasms requires 
further investigation. The presence of  H. pylori might alter 
normal gastrointestinal flora as a consequence of  progres-
sive chronic gastritis with glandular atrophy and decreased 
acid production. This could further influence colorectal 
carcinogenesis. Persistent H. pylori exposure induces hy-
pergastrinemia, which is a putative trophic factor for the 
large bowel mucosa. Cell proliferation and gastrin-induced 
genomic instability can increase the risk of  DNA replica-
tion error and play a role in the development of  colorectal 
neoplasms[24]. H. pylori infection might also result in direct 
damage to the colorectal mucosa or indirect damage to 
the epithelium through inflammatory responses. Contact 
between a repairing epithelium and endogenous or dietary 
carcinogens within the gut might transform the colorectal 
mucosa[25]. The CagA protein is the product of  the cyto-
toxin-associated gene and is produced by cagA+ strains 
of  H. pylori. It might locally activate colonic carcinogenesis 
through the induction of  cytokine expression, including 
cytokines such as interleukin (IL)-8, which is associated 
with colorectal cancer[26]. In summary, H. pylori might result 
in local and distant interactions with colorectal mucosa 
and contribute to the pathogenesis of  malignant transfor-
mation. However, further mechanistic studies are required.

Metabolic syndrome and its association with colorectal 
adenomas have been the subjects of  recent study, and the 
pathogenic mechanisms for this potential association are 
still unclear. Insulin (a core contributor to metabolic syn-
drome) has been demonstrated to promote colorectal car-
cinogenesis in animal studies for more than 10 years[27,28]. It 
is postulated that insulin might exert proliferative effects on 

colonic tumor cells directly or indirectly via the insulin-like 
growth factor pathway[29]. Furthermore, increased produc-
tion of  proinflammatory cytokines and decreased produc-
tion of  anti-inflammatory adiponectin in adipocytes might 
be related to adenoma growth[30]. In addition, hypertriglyc-
eridemia (a component of  metabolic syndrome) might be 
involved in colorectal neoplasm pathogenesis. Triglycerides 
act as potent energy sources for cancer cell growth[31], and 
elevated serum triglyceride levels have been associated with 
increased synthesis of  bile acids, which could promote 
large bowel carcinogenesis, as demonstrated in experi-
mental studies[32]. Metabolic syndrome is associated with 
chronic inflammation, which might explain its possible as-
sociation with colorectal adenoma. Adipose tissue and cir-
culating levels of  inflammatory cytokines [including tumor 
necrosis factor (TNF)-α and IL-6] are increased in obese 
and diabetic patients, and can induce several metabolic 
derangements characteristic of  metabolic syndrome[33,34]. 
IL-6-induced C-reactive protein (CRP) could predict colon 
cancer occurrence; meanwhile, an elevated CRP level is a 
consistent feature of  metabolic syndrome[35]. The findings 
indicate that chronic inflammation might be associated 
with colorectal carcinogenesis. In short, these evidence-
base data suggest that metabolic syndrome might be a risk 
factor for colorectal neoplasm development.

In this study, concomitant with H. pylori infection and 
metabolic syndrome might further increase the risk of  de-
veloping colorectal adenoma. The concomitant effect of  
metabolic syndrome and H. pylori might occur secondary 
to common inflammatory pathways of  colorectal patho-
logical mechanisms associated with metabolic syndrome 
and H. pylori infection. The inflammation-related factors 
of  metabolic syndrome include IL-6, TNF-α, fibrinogen, 
and cyclooxygenase-2. The inflammation-related factors 
of  H. pylori including IL-8, TNF-α, and the Cag A, Vac 
A, and babA2 proteins might display similar inflammatory 
effects attributable to the common inflammatory pathway. 
White blood cell counts are a risk factor of  colorectal ad-
enoma in the multivariate logistic regression analysis and 
might support this hypothesis of  the involvement of  the 
common inflammatory pathway. However, further inves-
tigations on the pathogenesis of  this concomitant effect 
are necessary. Clinically, our results suggested that both  
H. pylori infection and metabolic syndrome should both be 
evaluated for the prevention of  colorectal adenomas and 
carcinomas.

Studies have revealed that moderate alcohol consump-
tion is related to increased insulin-sensitivity[36], while 
smoking exerted the opposite effect[37]. Other studies have 
suggested that both alcohol use and cigarette smoking 
were associated with increased risk of  colorectal adeno-
ma[38,39]. Cigarette smoking was related to colorectal ad-
enomas in this study, although alcohol consumption was 
not. To clarify the association between alcohol consump-
tion and colorectal adenoma, further studies are necessary.

In conclusion, this cross-sectional hospital-based study 
revealed a direct association of  colorectal adenoma with 
H. pylori infection and metabolic syndrome. Furthermore, 
H. pylori infection concomitant with metabolic syndrome 
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might further increase the risk of  colorectal adenoma. 
These results suggest that both H. pylori infection and 
metabolic syndrome should be considered important enti-
ties with regards to the prevention of  colorectal adenoma 
and carcinoma. This is particularly important when a 
patient clinically presents with concomitant H. pylori infec-
tion and metabolic syndrome. The combined effects of  
metabolic syndrome and H. pylori infection should be fur-
ther clarified.
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