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Abstract
This study aimed to investigate the association between the prevalence of peptic ulcer disease (PUD) and mental health problems,
such as severe stress, depressive mood, and suicidal ideation.
The population-based cross-sectional study was comprised of 14,266 subjects participating in the fourth annual Korea National

Health and Nutrition Examination survey from 2007 to 2009. The participants were divided into 2 groups according to the self-
reported questionnaires: the PUD group and the non-PUD group. The association between PUD and mental health problems, such
as severe stress, depressed mood, suicidal ideation, and psychological counseling history, were evaluated by using multivariate
analysis and logistic regression.
Among the 14,266 participants over 19-years old, 813 participants (5.6%) had PUD. Compared to the non-PUD group

(n=13,453), the PUD group had a significantly higher percentage of males, current smokers, and heavy drinkers, lower education
status, lower income, and greater presence of diabetes mellitus, hypertension, metabolic syndrome and mental health problems,
including severe stress, depressed mood, suicidal ideation, and psychological counseling history. After adjustment for lifestyle and
medical and environmental factors, mental health problems were found to be associated with a significantly higher risk for PUD.
Psychological problems, such as severe stress, depressed mood, suicidal ideation, and psychological counseling, were

associated with PUD prevalence.

Abbreviations: BMI = body mass index, CI = confidence intervals, KNHANES = Korean National Health and Nutrition
Examination Survey, NSAIDs = nonsteroidal anti-inflammatory drugs, OR = odds ratio, PUD= peptic ulcer disease, SE = standard
error.
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1. Introduction many symptoms and signs such as dyspepsia, abdominal pain,
Peptic ulcer disease (PUD) is defined as ulcerations and erosions
that occur in the stomach and duodenum.[1] Because of the
disruption of the normal mucosal defense, PUD can provoke
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and hemorrhage.[1–3] The complex and multifactorial pathogen-
esis of PUD has been studied over several decades and has been
found to involve proteolytic pepsin, which plays a key role in the
patho-mechanism of PUD and is mainly activated by gastric acid.
Helicobacter pylori, NSAIDs, neurotransmitters, and corticoste-
roids are also known to influence the release of pepsin and
gastric acid.[4] Among environmental factors, smoking, excessive
alcohol use, and drug use are considered risk factors for PUD;
however, none of them have been identified as an individual
ulcerogenic agent.[5]

Emotional stress and psychological factors are frequently
identified as important contributors to PUD.[6,7] Since the mid-
20th century, stress has been considered as the main cause of
PUD.[8] Several studies suggested that psychological stress may
play a role in the onset and course of PUD.[9] Studies have also
shown that subjects with anxiety disorders,[10,11] personality
disorders,[12] and panic disorders[11] are more likely to have
had PUD. Individuals with neuroticism[13] or with a history of
childhood abuse[14] are also more likely to have PUD. The
detrimental effect of stress on PUD was shown in a Japanese
study that demonstrated a rise in bleeding gastric ulcers in elderly
people after a catastrophic earthquake in Japan.[15] Recently,
Levenstein et al reported that psychological stress increased the
incidence of peptic ulcers. The authors revealed that stress had
similar effects on ulcers associated withH pylori infection as well
as those unrelated to either H pylori or the use of nonsteroidal
anti-inflammatory drugs.[16] However, the relationship between
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psychological problems and PUD is still controversial. In contrast
to previous studies, Lee et al[17] reported that PUD was not
related to stress and depression. The authors revealed that
subjects with depression had a lower risk for PUD compared to a
control group.[17]

Multiple social, psychological, and biological factors contrib-
ute to mental health problems. Among mental health problems,
severe stress, depressive mood, and suicidal ideation are
considered particularly serious problems for contemporaries
who need to adapt to rapidly changing circumstances.
The aim of this study was to investigate the association

between the prevalence of PUD andmental health problems, such
as stress, depressive mood, suicidal ideation, and psychological
counseling history.

2. Materials and methods

2.1. Study population and data collection

In this study, population-based data were obtained from a
representative sample between 2007 and 2009, gathered by
the Division of Chronic Disease Surveillance, a division of the
Korea Centers for Disease Control and Prevention. The Fourth
Korean National Health and Nutrition Examination Survey
(KNHANES-IV) was conducted after approval from the
Institutional Review Board of the Korea Centers for Disease
Control and Prevention (KNHANES-IV, IRBNo. 2007-02CON-
04-P, 2008-04EXP-01-C, 2009-01CON-03-2C). The study
design followed the tenets of the Declaration of Helsinki for
biomedical research. The design required a weighting scheme to
accurately estimate the health status of the Korean population.
The study was conducted using a rolling sampling design that

involved a complex, stratified, multistage, probability cluster
survey of a representative sample of the civilian population of
South Korea. A total of 192 sampling units were randomly
selected from primary sampling units encompassing the target
population. Each sampling unit contained 20 households; 3800
households were surveyed in 1 year. According to the National
Health Enhancement Act, subjects had the right to refuse
participation. All who agreed to take part provided written
informed consent. The Korea Centers for Disease Control and
Prevention obtained consent from the participants to draw blood
during the health interview survey and use the samples for further
research. The KNHANES-IV included 24,871 participants
who agreed to participate in the survey, 78.4% of the selected
31,705 subjects. The survey consisted of 3 components: a health
interview, a nutrition interview, and health examination. All
questionnaires were administered by either physicians or trained
interviewers in person at participant homes.

2.2. Anthropometry and laboratory measurements

Questionnaires were used to collect data on smoking status,
alcohol consumption, regular exercise, educational status, and
medical history such as diabetes and hypertension. Smoking
status was categorized into 2 groups: current smokers and
nonsmokers. The amount of pure alcohol consumed (in grams
per day) was calculated using the average number of alcoholic
beverages consumed by the respondents and the frequency of
alcohol consumption. Respondents who drank >30g/d were
classified as heavy drinkers. Regular exercise was defined as
strenuous physical activity performed for at least 20minutes at a
time at least 3 times a week. The education level was classified as
high if the respondent had completed high school.
2

Subject anthropometric measurements were obtained by a
specially trained examiner. Waist circumference was measured
to the nearest 0.1cm in a horizontal plane at the level of the
midpoint between the iliac crest and the costal margin at the
end of a normal expiration. The body mass index (BMI) was
calculated as an individual’s weight in kilograms divided by the
square of the individual’s height in meters. Systemic hypertension
was defined as systolic blood pressure >160mm Hg and/or a
diastolic blood pressure > 90mm Hg or current use of anti-
hypertensive drugs. Diabetes was defined as a fasting blood
glucose level of > 126mg/dL or current use of antidiabetic
medication. Metabolic syndrome was defined as the presence of
any 3 of the following 5 risk factors: (1) large waist circumference
(≥90cm for males, ≥80cm for females); (2) elevated triglycerides
(≥150mg/dL) or drug treatment for elevated triglycerides;
(3) reduced high-density lipoprotein cholesterol (<40mg/dL
for males, <50mg/dL for females) or drug treatment for reduced
high-density lipoprotein cholesterol; (4) elevated blood pressure
(systolic ≥130 and/or diastolic ≥85mm Hg) or antihypertensive
drug treatment; and (5) elevated fasting glucose (≥100mg/dL) or
drug treatment.
2.3. Definitions of peptic ulcer disease and mental
health problems

PUD was defined as self-reported questionnaires. Participants
who answered “yes” to the questions, “Regardless of the time of
diagnosis, have you been diagnosed as PUD by physician?” were
categorized as the PUD group. 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.
Suicidal ideation was defined as thoughts of committing suicide
during the past year. The subjects were also asked if they received
psychological counseling more than once during the past year.
2.4. Statistical analyses

Statistical analyses were performed using SAS version 9.2
(SAS Institute, Cary, NC) and SUDAAN release 10.1 (Research
Triangle Institute, Research Triangle Park, NC), a software
package that incorporates sample weights and adjusts analyses
for the complex sample design of the survey.
The demographic characteristics of the study participants were

expressed as either means± standard error (SE) or percentage±
SE, as appropriate, for all participants. The survey weights were
taken into account to obtain the SEs of prevalence. Data were
analyzed with a Student’s t test or x2 test, as appropriate, using
the SURVEYMEANS or SURVEYFREQ procedures in SAS to
reflect the study weights, respectively. Multivariate adjusted
logistic regression analysis was conducted to examine the odds
ratios (OR) and 95% confidence intervals (CI) for the association
between PUD and psychological stress perception, depressed
mood, suicidal thoughts, and psychological counseling. Age,
education, smoking history, alcohol consumption, BMI, waist
circumference, hypertension, and diabetes were used as cova-
riates for calculating adjusted ORs. For logistic regression
analyses, the SURVEYLOGISTIC procedure in SAS was used.



Table 1

Comparison of basic characteristics in subjects with or without
PUD (total n=14,266).

PUD (n=813) Non-PUD (n=13,453) P

Age, years 52.5±0.6 44.2±0.3 <.001
Gender, male 58.2±2 49.1±0.4 <.001
Current smoker, yes, % 30.8±2 26.8±0.5 <.005
Heavy drinker, yes, % 24.3±2.1 18.9±0.4 .005
Regular exercise, yes, % 27.5±1.9 25.8±0.6 .355
High education, % 55±2 70.6±0.7 <.001
Income, lowest quantile, % 21±1.6 15.8±0.6 .004
Occupation, % 63.2±2 61.5±0.6 .419
Diabetes, yes % 10.7±1.3 8.1±0.3 .026
Hypertension, % 32.5±1.9 25.8±0.6 <.001
Metabolic syndrome, % 30.2±2.2 24±0.5 .002
Waist circumference, cm 82.4±0.4 81±0.2 .001
BMI, kg/m2 23.5±0.1 23.6±0.04 .569
Severe stress, % 37.6±2 29.6±0.5 <.001
Depressed mood, % 21.5±1.6 14.6±0.4 <.001
Suicidal ideation, % 22±1.8 16.5±0.4 .001
Psychological counseling, % 6.5±1 2.9±0.2 <.001

PUD= peptic ulcer disease.

Table 3

Relationship between the prevalence of PUD and the number of
psychological problems.

Prevalence of PUD

Participants without any of the 3 mental health problems 3.95±0.23%
Participants with 1 of the 3 mental health problems 5.50±0.43%
Participants with 2 of the 3 metal health problems 5.32±0.59%
Participants with all 3 components of the mental
health problems

9.01±1.00%

The mean percentage and standard errors of PUD according to the number of mental health problems
including severe stress, depressed mood, and suicidal ideation in a participant.
PUD= peptic ulcer disease.
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All reported P values were 2 tailed and P < .05 was considered
statistically significant.

3. Results

3.1. Participant characteristics

Of the 24,871 KNHANES-IV participants, 14,266 subjects over
19 years of age responded to the question on PUD history and
were included in this study. Subjects with missing data for
variables in the analysis were excluded. Among the total 14,266
participants, 813 subjects were reported to be diagnosed with
PUD, with a prevalence of 5.7%. Table 1 shows subjects’ basic
characteristics. The PUD group was significantly older and more
male-predominant than the non-PUD group. Subjects with PUD
had a higher habitual history of current smoking and heavy
drinking, and were also more likely to have other comorbidities
such as diabetes, hypertension, and metabolic syndrome than
non-ulcer subjects. Education level and income in the lowest
quantile were also significantly different between subjects with or
without PUD (Table 1).

3.2. Associations between PUD and mental health
problems

Wealso evaluated the association between PUDandpsychological
problems. Subjects with PUD had a significantly higher risk of
stress (37.6±2.0% vs 29.6±0.5%, P< .0001), depressed mood
(21.5±1.6% vs 14.6±0.4%, P< .0001), and suicidal ideation
Table 2

Association between mental health problems and PUD by multivaria

Model 1 OR [95% CI]

Severe stress 1.62 [1.35–1.94] P< .0001 1.6
Depressed mood 1.41 [1.16–1.71] P= .0006 1.4
Suicidal ideation 1.22 [0.99–1.49] P= .0605 1.2
Psychological counseling 1.93 [1.35–2.74] P= .0003 2.0

Model 1= adjusted for age and BMI.
Model 2=Model 1 + adjusted for lifestyle factors (smoking, drinking, and exercise).
Model 3=Model 2 + adjusted for medical and environmental factors (education, income, metabolic sy
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(22.0±1.8% vs 16.5±0.4%, P= .0005) compared to those
without PUD. The PUDgroup also had significantlymore frequent
visits to physicians for psychological counseling (6.5±1.0% vs
2.9±0.2%, P< .0001) compared to the non-PUD group.
To adjust for confounding factors based on the association

between PUD and factors related to psychological problems,
multivariate logistic regression tests were performed. We
examined 3 models adjusted for different variables—Model 1:
age and BMI, Model 2: Model 1 + lifestyle factors (smoking,
drinking, and exercise), Model 3: Model 2 + medical and
environmental factors (education, household income, metabolic
syndrome, and diabetes). Based on the results of multivariate
logistic regression analysis, psychological problems had signifi-
cantly increased ORs for PUD (severe stress, OR=1.62
[1.35–1.94] in Model 1, 1.64 [1.37–1.98] in Model 2, 1.64
[1.37–1.98] in Model 3; depression, OR=1.41 [1.16–1.71] in
Model 1, 1.42 [1.17–1.73] in Model 2, and 1.47 [1.19–1.82] in
Model 3; suicidal ideation, OR=1.22 [0.99–1.49] in Model 1,
1.24 [1.01–1.52] in Model 2, and 1.26 [1.01–1.56] in Model 3;
and psychological counseling, OR=1.93 [1.35–2.74] inModel 1,
2.06 [1.44–2.95] in Model 2, and 2.00 [1.38–2.89] in Model 3,
Table 2).
The relationship between PUD prevalence and the number of

relevant mental health components, including severe stress,
depressed symptoms, and suicidal thoughts, is presented in
Table 3. Higher psychological symptom number predicted PUD.
4. Discussion

In this population-based study, we found a close relationship
between PUD and mental health problems such as severe stress,
depressive mood, and suicidal ideation. The subjects with PUD
were more likely to have psychological problems. Psychological
problems were significantly associated with the history of
PUD even after adjusting for other well-known risk factors such
as age, gender, smoking, drinking, low socio-economic status,
and metabolic diseases.
te logistic regression analysis.

Model 2 OR [95% CI] Model 3 OR [95% CI]

0 [1.33–1.91] P< .0001 1.64 [1.37–1.98] P< .0001
2 [1.17–1.73] P= .0004 1.47 [1.19–1.82] P= .0003
4 [1.01–1.52] P= .0409 1.26 [1.01–1.56] P= .0382
6 [1.44–2.95] P< .0001 2.00 [1.38–2.89] P= .0003

ndromes, and diabetes).
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In previous meta-analyses, the 3 major risk factors for PUD
were H pylori infection (OR=3.3), NSAID use (OR=3.7), and
smoking (OR=1.99), followed by former smoking (OR=1.55),
former alcohol use (OR=1.29), and diabetes (OR=1.13).[18,19]

In a recent study, Levenstein et al[16] reported that stress had
similar effects on ulcers associated withH pylori infection. These
results were consistent with the present study; the ORs for mental
health problems (1.64 for severe stress, 1.47 for depressed mood,
1.26 for suicidal ideation, and 2.00 for psychological counseling)
in the present study were comparable to the well-known risk
factors identified in the previous study.[1]

Interestingly, we found that the more psychological problems
the subjects had, the more likely they were to have PUD (Table 3).
The prevalence of PUD increased with an increase in the number
of mental health problem components. Previous studies found
that there was a relationship between PUD and psychological
problems; however, this study specifically identified significant
association between PUD and mental health problems including
severe stress, depressive mood, and suicidal ideation, and further
clarified that an increased number of mental health problems in a
subject were significantly associated with prevalence of PUD.
Severe stress, depressive mood, and suicidal ideation are strongly
correlated with each other and are not regarded as separate
components of mental health problems. A possible explanation
for this finding is that subjects with more mental health problems
are more likely to have comorbid dependence on nicotine and
alcohol, which are well-known risk factors for PUD.
Possible pathologic mechanisms for the development of PUD

due to mental health problems have been suggested in several
previous studies. First, the GI system and brain are closely
connected via the autonomic nervous system, namely the brain-
gut axis.[20–22] During stressful or depressed conditions,
neurologic function might be disturbed which could increase
the secretion of pepsin and gastric acid[4] and induce mucosal
injury. Second, psychological problems may alter cortisol
secretion by influencing the hypothalamic-pituitary-adrenal
axis.[23] During stressful conditions, the cortisol level is usually
elevated which may lead to an increase in gastric acid secretion
levels.[4] The increased level of cortisol and gastric acid may
hamper the normal inflammatory response in the GI tract. Third,
depressed individuals may be less likely to receive treatment for
mild dyspepsia caused by gastritis or duodenitis, so their
condition could progress to PUD more readily. Fourth, smoking
and alcohol use are more common in people with mental health
problems.[1,21,24] Smoking promotes the production of free
radicals and induces vasoconstrictors to affect mucosal blood
flow. Alcohol also disturbs the mucosal barrier by causing the
release of vasoactive and inflammatory molecules. However, our
results revealed that psychological problems were associated with
the development of PUD after adjusting for the effects of smoking
and alcohol.
This population-based study has several limitations. First, this

study design is cross-sectional and therefore cannot support
allegations of causality. It was not possible to determine if PUD
was a cause or consequence of psychological problems. Also, the
medication and family history of PUD in each subject were not
available in the dataset. We were unable to examine the effects of
GI medications such as a proton pump inhibitors or H2-blockers.
Second, there is a high prevalence of H pylori infection in Korea;
however, testing for H pylori was not included in this study.
Therefore, correlations or confounding due to H pylori infection
cannot be ruled out. Third, although it typically requires an
endoscopic confirmation, PUD was determined based on a
4

previous diagnosis by a physician in this study. The incidence of
endoscopically confirmed PUD in Korea has been reported to be
2.45–7.0%[25–27] which was consistent with our results. Also, as
the lifetime screening rate for stomach cancer during the study
period was about 65%, we believe that the majority of subjects
in this study had been diagnosed with PUD by endoscopy.[28]

Upper gastrointestinal endoscopy is readily available in Korea,
either provided at a low cost or free of charge in the biennial
governmental health examination or yearly employee health
examination. Therefore, self-reported PUD diagnosed by a
physician is considered credible data.
Despite these limitations, the present study has a major

strength since it is a population based-study with a sample that is
representative of the entire Korean population. Therefore, the
results from this study can be applied to disease and mental
conditions in all Koreans. This study also included subjects who
reported whether they felt stress or were depressed in everyday
life, and not only patients with clinician-diagnosed mental illness.
Therefore, this study included a broad range of individuals who
had mental health problems but were not necessarily visiting
psychological clinics.
In summary, mental health problems such as stress, depression,

and suicidal ideation were closely correlated with PUD. These
psychological problems were found to be associated with PUD.
Individuals under severe stress or with a depressed mood might
be more likely to develop PUD. Therefore, physicians should pay
close attention to the close relationship between the prevalence of
PUD and psychological problems.
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