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Background: To evaluate the risk factors associated with the incidence of peptic ulcer disease (PUD), 
study was conducted to assess the relationship between socioeconomic and environmental factors and PUD 
in a large scales data of the Korean population using the Korea National Health and Nutrition Examination 
Survey (KNHANES). 
Methods: We conducted a cross sectional study of 12,095 enrollment in the Health Professionals Follow-
Up Study. The data was collected from KNHANES between 2008 and 2009 by the Division of Chronic 
Disease Surveillance under the Korea Centers for Disease Control and Prevention and the Korean Ministry 
of Health and Welfare. Multiple logistic regression analyses were used to assess the associations of PUD with 
the multiple variables. 
Results: An association between old age, mental and psychosocial factor and PUD could be seen in both 
genders under multivariate analysis. Additionally, PUD in male associated with lower BMI and lesser exercise 
in life. 
Conclusions: These findings suggest that, in Korean, mental health is associated with increased prevalence 
of PUD.
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Introduction 

Although the fact that the etiology of peptic ulcer disease 
(PUD) is multifactorial is widely known, relative impact of 
each risk factors is not well studied. After the discovery of 
Helicobacter pylori (HP) infection, the causes, pathogenesis, 
and treatment of PUD have been rewritten (1). Among 
environmental factors, cigarette smoking is well-known 
etiologic factor that have a close relationship with PUD 

(2,3). Alcohol consumption has been presumed to be 
associated with PUD. The inflammatory changes are likely 
to be related to concurrent HP infection that is common 
among alcoholics (4). The aim of this prospective, Korean 
population-based study using the data from Korea National 
Health and Nutrition Examination Survey (KNHANES) 
was to estimate the effect of environmental and social 
factors and on the risk of subsequent PUD.
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Methods

Data resource 

KNHANES is a national surveillance system that collets 
the health and nutritional status of Koreans since 1998. In 
this study, the data from the KNHANES between 2008 and 
2009 by the Division of Chronic Disease Surveillance under 
the Korea Centers for Disease Control and Prevention and 
the Korean Ministry of Health and Welfare were used (5). 
KNHANES is a research for non-institutionalized civilians 
across the country that used a stratified and multi-stage 
probability sampling design with a rolling survey-sampling 
model (6). The sampling units were based on the population 
and housing consensus from the 2005 National Census 
Registry in Korea, which includes age, sex, and geographic 
area (7). The survey was divided into three sections: a 
health interview survey, a health examination survey, and a 
nutrition survey. At the mobile examination center, physical 
examinations, blood sampling, and urine sampling were 
done (5,6). Ethical approval was waived from institutional 
review board because study used data of national survey 
sample.

Demographic variables 

Alcohol intake, regular exercise, educational status, medical 
history including PUD, and smoking status were used 
as demographic variables. Individuals with the lowest 
household incomes were designated as the low income 
group (5). When the respondent did not graduate middle 
school, the education level was classified as low. Individuals 
were also divided into three groups: non-smokers, ex-
smokers, and current smokers. If the individuals exercise for 
at least 20 minutes at a time for at least three times a week, 
they were classified as regular exercise group. 

Data psychological stress was evaluated from responses 
indicative of cognitive complaints collected with a 
questionnaire using a 4-point Likert scale as follows: 1 (very 
severe), 2 (severe), 3 (moderate), and 4 (low). Meaningful 
cognition of stress was defined as psychological stress 
rated as more than severe (scale 1 or 2). Participants who 
answered “yes” to the question, “During the past year, has 
your daily life been burdened by feelings of hopelessness 
or dejection for more than 2 continuous weeks?” were 
categorized as having depressed mood. When the 
individuals had thoughts of committing suicide for the past 
year, they were designated as suicidal ideation group. To 
gather the data about residential place (rural versus urban) 

and occupation, a face-to-face interview was done (8).

Anthropometric measurements and biochemical 
measurements 

The measurements of the participants were carried out by 
staff who was trained in the Division of Chronic Disease 
Surveillance under the Korea Centers for Disease Control 
and Prevention and the Korean Ministry of Health and 
Welfare (6). Weight was measured to the nearest 0.1 kg with 
participants wearing light indoor clothing, and height was 
measured to the nearest 0.1 cm without wearing shoes (7).  
Waist circumference was measured at the narrowest point 
between the lower border of the rib cage and the iliac 
crest (6). Body mass index (BMI) was calculated using the 
following formula: weight/height2 (kg/m2), standard mercury 
sphygmomanometer was carried out a blood pressure on 
the right arm. It was used in the analysis of the average 
value between 5 minutes measurements. A blood sample 
was collected after fasting for at least 8 hours to measure the 
serum fasting plasma glucose levels (FBG), total cholesterol, 
high density lipoprotein cholesterol (HDL-C), triglyceride 
recovery of (TG) from the pole vein of each participant, 
and insulin, serum D. Serum 25-hydroxy vitamin D blood 
samples were appropriately refrigerated, transported, and 
processed immediately at the Central Testing Institute 
(Seoul, Korea). Blood samples were analyzed within 24 
hours of transportation. 

Definition of disease categories 

The presence of PUD is determined by the health 
interview survey based on history of endoscopic diagnosis 
and its treatment. Metabolic syndrome was defined based 
on the American Heart Association/National Heart, 
Lung, and Blood Institute Scientific Statement criteria 
for Asians (6). Metabolic syndrome, the diagnosis can be 
made in three or more of the following conditions are 
met: waist circumference ≥90 cm for men and ≥80 cm for 
women; fasting TG ≥150 mg/dL or use of lipid-lowering 
medication; HDL-C <40 mg/dL in men and <50 mg/dL in 
women or use of medication; blood pressure ≥130/85 mmHg  
medication or use of antihypertensive medication; and FBG 
≥100 mg/dL or current use of anti-diabetes medication (5).  
Diabetes was diagnosed when fasting blood sugar was 
>126 mg/dL or when the individual was currently using 
anti-diabetic medications. Systolic blood pressure higher 
than 160 mmHg and diastolic blood pressure higher than 
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90 mmHg, or usage of antihypertensive medication was 
defined as systemic hypertension (2).

Statistical analyses 

All data are presented as mean ± standard error or as % 
(percent or proportion). Logarithmic transformation 
was performed to achieve a normal distribution, when 
necessary. P values <0.05 indicate the statistical significance. 
Student’s t-test was employed to compare paired continuous 
variables. To assess the differences in presence of PUD 
according to the variables, Chi-squire exact test was used. 
Multiple logistic regression model was used to assess the 
risk of PUD. A multiple logistic regression is a logistic 
regression with only one response but several predictors. 
In this study predicting PUD status (positive or negative) 
using the number of factors as possible predictors. The 
various potential risk factors for an outcome were identified, 
and stepwise logistic regression models (3 models) were 
constructed for the PUD status variable using Akaike’s 
Information Criterion (AIC) model selection to maximize 
model fit (7). Otherwise, age was adjusted for Model 1, the 
same variables as Model 1 in addition to socio-economic 
factors for Model 2, the same variables as Model 2 with the 
mental health factors for Model 3. Odds ratios and 95% 
confidence intervals were estimated after the adjustment 
for potential confounders (7). Statistical analyses were 
performed using the survey procedure of the statistical 
software package SAS 9.2 to account for the complex 
sampling design.

Results

Study population

Total of 20,277 individuals who were available for entire 
data set were used for this study. Among 20,277, 5,206 
less than 19 years old populations were excluded and legal 
adult in Korea were only included in the primary cohort. 
Among 15,071 individuals, non-responders who reported 
having had a PUD before study entry (n=4,885) were also 
excluded. Finally, 10,166 individuals were included for this 
investigation. A total of 10,166 adults were included in this 
study and Table 1 describes the characteristics of the study 
population by PUD status and gender. Among 10,186 
individuals, there were 4,675 males and 5,511 (54.1%) 
females. 385 (8.2%) males among 4,675 had a PUD and 
4,290 (91.8%) did not have. Female PUD population was 

295 (5.4%) and without PUD were 5,216 (94.6%).

Baseline characteristics of male population 

Men with PUD were significantly older and showed lower 
education level and income. BMI and waist circumference 
are lower in PUD group in male populations (P<0.0001, 
P=0.021, respectively). They showed more vulnerable 
psychiatric indexes: stress recognition, depression 
recognition, and suicidal thoughts (P=0.026, P=0.026, 
P=0.034, respectively) (Table 1).

Baseline characteristics of female population 

Women PUD group significantly older (P<0.0001) 
and more likely to be lower level of education, income 
(P=0.0006, P<0.0001, respectively). PUD population in 
female significantly more to be solo (P=0.0311) and had 
larger proportion of each psychiatric index with higher 
levels: stress recognition (P=0.0063), depression recognition 
P<0.0001), and suicidal thoughts (P=0.0005). Their waist 
circumferences were longer (P=0.0232) and vitamin D level 
was higher than those of non-PUD population (P=0.0047). 
Their sleeping time was shorter than those of non-PUD 
population (P=0.006) (Table 1).

Risk for PUD on both genders using multiple logistic 
regression model

We examined 3 models adjusted for different variables. 
Table 2 shows adjusted odds ratios (ORs) and their 95% 
confidence intervals (CIs) from multiple logistic regression 
analyses controlling for age in Model 1; Model 1 add socio-
economic and physical factors in Model 2; Model 2 add 
Mental health factors in Model 3. On both gender, older 
age was significant risk for PUD in all three models. In 
male, lower BMI and stress was significant risk for PUD. 
Older age and episode of depressed mood were risk for 
PUD in female group. 

Discussion

We demonstrated significant association between mental 
health and PUD in a nationally representative sample 
of Korean population. In male, psychological stress was 
significant risk for PUD, and episode of depressed mood 
was risk in Korean women. Mental health problems were 
significantly associated with the history of PUD even after 
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Table 1 Baseline characteristics with individuals according to PUD

Characteristics 
Male Female

No (n=4,290) Yes (n=385) P value No (n=5,216) Yes (n=295) P value

Age (mean ± SD, year) 52.2±0.2 56.4±0.7 <0.0001 48.8±14.5 55.0±0.7 <0.0001

Residence place (urban, %) 1,787 (41.7) 145 (37.7) 0.131 2,267 (43.5) 119 (40.3) 0.028

Education (graduate high school, %) 2,820 (65.7) 214 (55.6) <0.0001 3,030 (58.1) 118 (40.0) <0.0001

Income (lowest 25% quartile, %) 777 (18.4) 87 (23.0) 0.005 974 (19.0) 91 (31.2) <0.0001

Spouse (yes, %) 4,069 (94.8) 356 (92.5) 0.014 4,265 (81.8) 225 (76.3) 0.004

Occupation (yes, %) 3,351 (78.7) 289 (75.5) 0.017 2,501 (48.0) 151 (51.2) 0.027

DM (yes, %) 495 (12.3) 56 (15.7) 0.013 415 (8.6) 23 (8.4) 0.088

BMI (mean ± SD, kg/m2) 24.1±0.5 23.4±0.2 <0.0001 23.6±0.5 23.8±0.2 0.440

Waist circumference (mean ± SD, cm) 85.1±0.1 84.0±0.4 0.021 79.7±0.1 80.9±0.5 0.023

Vitamin D level (mean ± SD, ng/mL) 21.2±0.1 21.8±0.4 0.129 17.8±0.1 18.9±0.4 0.005

Sleeping time (mean ± SD, hour) 6.8±0.02 6.7±0.1 0.119 6.8±0.02 6.6±0.1 0.006

Smoking (yes, %) 1,854 (43.3) 163 (42.5) 0.041 327 (6.3) 21 (7.1) 0.079

Exercise (yes, %) 1,199 (28.0) 121 (31.5) 0.016 1,302 (25.0) 82 (27.8) 0.031

Hypertension (yes, %) 1,383 (32.4) 132 (34.5) 0.031 1,201 (23.1) 79 (26.8) 0.018

Metabolic disease (yes, %) 1,100 (25.6) 90 (23.4) 0.031 1,260 (24.1) 79 (26.8) 0.032

Stress (yes, %) 1,115 (26.1) 120 (31.3) 0.004 1,601 (30.7) 113 (38.3) 0.001

Depressed mood (yes, %) 452 (10.6) 57 (14.9) 0.003 990 (19.0) 84 (28.5) <0.0001

Suicidal ideation (yes, %) 504 (11.8) 61 (15.9) 0.004 1,155 (22.2) 88 (29.8) 0.001

P value for comparison groups in accordance to presence of PUD. P values are statistically significant (P<0.05). PUD, peptic ulcer disease; 
DM, diabetes mellitus; BMI, body mass index.

the adjustment of other risk factors such as age, socio-
economic status, and physical status.

Each PUD risk factors has different influence on the 
ulcer occurrence in general populations and also in other 
parts of the world (9). 

In this study, lower income and lower level of education 
were associated with higher incidence of PUD in univariate 
analysis on both genders. However, anything of objective 
evidence was not available on socioeconomic factors such as 
income, educational grades. HP infection is a widely known 
major cause for PUD (10-12). 

As low educational background increased the risk, social 
strains, lifestyle and diet habits consists of the multifactorial 
etiology of peptic ulcer (13). Although the prevalence of HP 
has decreased in other developed countries, it still remains 
high in Korea (14-17).

According to the nationwide seroprevalence surveys in 
1998 and 2005 among asymptomatic Korean adults, HP 

prevalence had rates of 66.9% and 59.5% (16). As HP 
infection is generally more frequent in developing and 
underdeveloped countries than in developed countries, 
the socioeconomic status is presumed to play an important 
role in HP infection (18,19). However, it was impossible to 
present HP infection rate in this study, because the data was 
not derived from medical records but nationwide survey. 

Previous studies found that there was a relationship 
between PUD and psychological problems especially 
stress. For example, after the disastrous Hanshin-Awaji 
earthquake in the southern part of Hyogo, Japan, which 
killed more than 6,000 people, incidence of bleeding 
ulcer increased (20). Japanese group also reported that 
stress is an important predictor in a multivariable model 
along with HP, nonsteroidal anti-inflammatory drugs, 
socioeconomic status, and smoking (21). Despite the 
increased knowledge regarding the pathogenesis of PUD, 
the decreasing prevalence of HP infection in the Western 
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societies, and the increased availability of effective 
therapies, approximately 5% and 20% of patients develop 
PUD without any identifiable cause and the burden of 
disease remains high (22,23). Danish study (24) reported 
that psychological stress results in health risk behaviors, 
increasing the incidence of peptic ulcer. Whether ulcers 
were associated with HP or not, stress had similar effects. 
It also increased the risk for both gastric and duodenal 
ulcers, with the adjusted odds ratio of 1.19 per point in 
gastric ulcers and 1.11 in duodenal ulcers (24). 

Despite it was impossible to present the stress in 
quantitative analysis, our study presented the mental health 
problem using survey which was stratified by scale and 
three categories such as stress, depressed mood and suicidal 
thoughts. Our investigation may be different and specific 
in comparison with the previous studies with regards to 
measurement of mental health problem. And we could 
reveal that mental health problem was associated with PUD 
different somewhat between genders.

Possible pathologic mechanisms for the development of 
PUD due to mental health problems have been suggested in 
several previous studies. Stress may enhance the peptic ulcer 
through increasing the acid load, and starting the activation of 
hypothalamic-pituitary-adrenal axis (HPA) on healing, altered 
blood flow, or cytokine-mediated impairment of mucosal 
defenses (25-28). Enteric Nervous System plays an important 
role in the regulation of the physiological gut functions. The 
identification of corticotropin-releasing factor (CRF) and the 
development of specific CRF receptor antagonists helped to 
analyze the neurochemical basis of the stress response (29) in 
three key mechanisms: (I) stress is perceived and processed by 
higher brain centers; (II) the brain collects a neuroendocrine 
response by way of the HPA and the autonomic nervous system 
(ANS), and (III) the brain activates feedback mechanisms 
by stimulating HPA and ANS to restore homeostasis (29). 
Although many contributing factors are enumerated though 
literatures review, the mechanism correlating difference 
between age prevalence is still not clear. Moreover, the results 
supporting those mechanisms showed uneven and scarce until 
now. So, it will be subject which we must reveal the cause and 
effect precisely in future. 

Additionally, a key confounding variable of NSAID 
use is not captured by the analysis; chronic pain may be 
a psychological manifestation of distress and be treated 
with NSAID. Unfortunately, it is just survey based on 
Questionnaire by healthy persons, so it is impossible or 
inaccurate to check it. It is unclear the hypothesis that 
associations may differ for men and women because we 

didn’t check it by statistical evaluation. 
Thi s  s tudy  i s  conducted  upon  the  na t iona l l y 

representative samples of Korean with sufficient power 
for investigation of these relationships and additional 
information availability of relevant confounding factors (30)  
while cross-sectional studies may not be able to clarify 
explicit cause-and-effect relationships as this study only 
reflects a single moment in time. This study does not take 
consideration of past and future moment of the survey. 
Cross-sectional studies results may be also exaggerated 
by recall bias and by the distressing effects of disease (31).  
It  seems the survey asked for present symptoms/
status of the respondent, who was also asked to report 
retrospectively whether they had had a diagnosis of PUD. 
It is main limitation that the present health status may be a 
consequence of the condition, rather than a causative factor. 

Despite limitation, present study offers new information 
that Koreans who have mental health problem were more 
likely to have a higher prevalence of PUD regardless of 
their age, socioeconomic factors, systemic conditions 
in multivariable adjusted models. In the future, further 
prospective studies are needed to confirm this relationship 
and to test possible underlying mechanisms. 

In conclusion, in Korean, mental health is associated 
with an increased prevalence of PUD.
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