
INTRODUCTION

Assessing the combined impact of health-related
behaviors is complex. Several studies have shown that
specific health behaviors, such as smoking, current
drinking, and physical inactivity are associated with poor
health outcomes in Western countries, as well as in
Korea [1-6]. Moreover, in the prevention of chronic
diseases, these modifiable risk factors are an even
greater concern [7,8]. In most studies, independent risks
of health-related behaviors are evaluated using statistical
adjustment for other risk factors and confounders.
However, poor health behaviors and protective factors
often coexist with one another. Thus, identifying
independent risks of health behaviors and assessing them
together, based on a combined impact, are both

important.
One way to assess the impacts of health behaviors is to

evaluate their association with mortality. Morality is
frequently used to quantify the extent of public health
problems and to determine the relative importance of
various causes of death. This enables a direct
comparison between risk factors and protective factors,
and even allows for the estimation of combined effects.
To date, several studies have examined the combined
effects of health behaviors on mortality in Western
countries [9-12]. The EPIC-Norfolk prospective
population study reported an increased risk of all-cause
mortality by 4.04-fold (95% confidence intervals [CIs],
2.95 to 5.54) in people with no healthy behaviors as
compared to those with four healthy behaviors [9].
Another study focused on dietary patterns and lifestyle
factors among individuals aged 70 to 90 years, and
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Objectives: The aim of this study was to evaluate and quantify the risk of both individual and combined health behaviors

on premature mortality in middle aged men in Korea.

Methods: In total, 14 533 male subjects 40 to 59 years of age were recruited. At enrollment, subjects completed a

baseline questionnaire, which included information about socio-demographic factors, past medical history, and life style.

During the follow-up period from 1993 to 2008, we identified 990 all-cause premature deaths using national death

certificates. A Cox proportional hazard regression model was used to estimate the hazard ratio (HR) of each health risk

behavior, which included smoking, drinking, physical inactivity, and lack of sleep hours. Using the Cox model, each health

behavior was assigned a risk score proportional to its regression coefficient value. Health risk scores were calculated for

each patient and the HR of all-cause premature mortality was calculated according to risk score.

Results: Current smoking and drinking, high body mass index, less sleep hours, and less education were significantly

associated with all-cause premature mortality, while regular exercise was associated with a reduced risk. When combined

by health risk score, there was a strong trend for increased mortality risk with increased score (p -trend < 0.01). When

compared with the 1-9 score group, HRs of the 10-19 and 20-28 score groups were 2.58 (95% confidence intervals [CIs],

2.19 to 3.03) and 7.09 (95% CIs, 5.21 to 9.66), respectively.

Conclusions: Modifiable risk factors, such as smoking, drinking, and regular exercise, have considerable impact on

premature mortality and should be assessed in combination.
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reported that adherence to a Mediterranean diet and a
healthy lifestyle was associated with a more than 50%
lower rate of all-cause mortality [10]. The most recent
study that evaluated the influence of combined health
behaviors on mortality reported that, compared to those
with no poor behaviors, persons with four poor health
behaviors had a 3.49-fold increased risk for all-cause
mortality [12].

When quantifying the combined impact, counting
number of poor and good health behaviors is common;
however, this method is only possible under the
assumption that the magnitudes of all poor and good
health behaviors are equal. Realistically, the magnitude of
their effects regarding mortality is not always equal
[11,12]. Thus, weighting the effects of health behaviors by
accounting for their magnitude seems more reasonable.

Because most deaths occur among older persons,
alternative measures, such as premature mortality, have
been proposed to reflect mortality in younger age groups
by weighting deaths occurring at younger ages more
heavily than those occurring in older populations [13].
Despite its importance, few studies have been performed
to evaluate the combined risks of health behaviors on
premature mortality in Korea. Because well-known risk
behaviors, such as smoking and alcohol consumption,
have been studied predominantly in males in Korea, we
examined the risk of both individual and combined
health behaviors on premature mortality in middle aged
men in Korea.

METHODS

I. Study Cohort

The design of the Seoul Male Cohort Study has been
described previously [14-16]. The original cohort was
recruited in January 1992. Criteria for the eligible
population were males aged 40 to 59 years, residing in
or near Seoul, who were beneficiaries of the Korea
Medical Insurance Corporation (KMIC), and who were
confirmed to be disease-free at a biennial health check-
up conducted in 1990. KMIC, now known as the
National Health Insurance Corporation (NHIC), covered
all government employees, school teachers, and
pensioners at the time of the study. For the baseline
evaluation, a self-administered questionnaire survey was
used with stratified cluster random sampling. Four strata
of institutions, according to the size of their source
population, were selected initially. Based on an
estimated questionnaire response rate of 50%, 29 918

subjects were sampled in total. After mailing the 16-
page questionnaire up to three times, 14 533 completed
baseline surveys were collected with information
regarding demographics, past medical history, family
history, dietary habits, and life style characteristics.

II. Assessment of Health Behaviors

Age at entry was grouped into 5-year groups of 40 to
44, 45 to 49, 50 to 54, and 55 to 59 years. Smoking and
alcohol behavior were divided into three categories:
current, former, and never. Body mass index (BMI) was
calculated as weight (kg) divided by squared height (m2),
which was then classified according to the BMI
classification recommended by the World Health
Organization [17].

For assessing physical activity, the question “In the
past year, how many days a week have you spent on
vigorous exercise or physical labor?” was asked. Based
on the response, physical activity was categorized as
none, 1 to 3 times, and ≥4 times. For sleep hours,
respondents were asked to report the usual number of
sleep hours, including naps. Education level response
categories were no education, elementary school, middle
school, high school, community college, university, and
postgraduate. There were also questions about past
medical history, including whether the subjects had
diabetes mellitus or hypertension. 

III. Outcome Assessment

Each cohort participant was followed from January 1,
1993 to December 31, 2008. Mortality data were
collected annually using death certificates from the
National Statistical Office. About 97% of deaths in
Seoul are accompanied by death certificates issued by a
doctor. Causes of death are given with the International
Classification of Disease (ICD)-10 codes.

To define premature death, life expectancy data for
middle-aged men in 1992 from the National Statistical
Office were used. In 1992, life expectancy was 31.54,
27.78, 23.27, and 19.49 for males aged 40, 45, 50, and
55 years, respectively [18]. Any cause of death before
the life expectancy for their age group was defined as a
premature death in this study.

IV. Statistical Analyses

Categorical variables are presented as numbers and
percentages and continuous variables are presented as
means and standard deviations. For evaluating



16 Chul Woo Rhee et al.

J Prev Med Public Health 2012;45(1):14-20

associations and comparing differences between the two
groups, a χ2 test or t-test was used, as appropriate.
Univariate and multivariate Cox proportional hazards
regression models were used to determine the hazard
ratio of each risk behaviors. Variables with p-values
<0.2 in the univariate analysis were selected as potential
confounders for the multivariate model.

Finally, to develop a risk stratification algorithm to
assess combined health behaviors in relation to all-cause
premature mortality, we assigned risk behaviors that
were significantly identified in the multivariate analysis
as variables to calculate the health risk score.
Assessments of health behavior as a health risk score
were developed as described previously [19]. Briefly, we
used the coefficients of the Cox proportional hazard
model and organized the risk and protective factors with
p -values <0.1 into categories. After determining the
reference values for each, we computed how far each risk
factor category was from the baseline category in terms
of the coefficient. We then weighted them with points
proportional to the βregression coefficient values, and
points were rounded to the nearest integer. A health risk
score was calculated for each study participant and they
were grouped according to their total points and all-
cause premature mortality, and hazard ratios were
calculated. Three different risk groups were categorized

according to their magnitude and Kaplan-Meier survival
curves were drawn for the three groups. All analyses
were conducted using the SAS version 9.2 (SAS Inc.,
Cary, NC, USA).

RESULTS

General characteristics are shown in Table 1. Age at
entry, education level, smoking, and drinking status were
significantly different between the live cohorts and
cohorts with premature death. Table 2 shows causes of
death in cohorts with ICD-10 codes. Cancer (54.0%) was
the leading cause of death, followed by cardiovascular
disease (9.6%) and cerebrovascular disease (7.2%).

Of the 14 533 males who completed the baseline
questionnaire survey, after excluding those with cancer,
cerebrovascular disease, or myocardial infarction, a
cohort of 14 205 remained for the multivariate analysis.
Table 3 presents the hazard ratios (HRs) and their 95%
CIs for premature mortality associated with each health
behavior. In the multivariate analysis, higher age group,
current smoking, current drinking, BMI ≥25, sleeping
hour ≤5, education below middle school, and self-
reporting of hypertension and diabetes were associated
with premature mortality, while regular exercise (≥4
times per week) showed a protective effect against
premature mortality. The risk increased linearly with

Table 1. Baseline characteristics of the Seoul male
cancer cohort

Variables
Live cohort

(n = 13 544)

Premature death

(n = 990)

p -

value

Age (y)

40 - 44

45 - 49

50 - 54

55 - 59

Missing

BMI (kg/m2)

Education level

University or more

High school

Middle school or less

Missing

Smoking

Never

Former

Current

Missing

Alcohol drinking

Never

Former

Current

Missing

Self reported hypertension

Self reported diabetes mellitus

50.42±5.14

1837 (13.5)

4511 (33.3)

3704 (27.4)

3326 (24.6)

166 (1.2)0
23.41±2.38

2747 (20.3)

4652 (34.4)

6117 (45.2)

28 (0.21)

3064 (22.6)

3615 (26.7)

6590 (48.7)

275 (2.0)0

3223 (23.8)

1129 (8.3)0

8654 (92.4)

538 (4.0)0

1036 (7.9)0

353 (2.7)0

53.28±5.12

60 (6.1)0

187 (18.9)

269 (27.2)

454 (45.9)

20 (2.0)0
23.37±2.47

150 (15.2)

309 (31.2)

526 (53.1)

5 (0.5)0

148 (14.9)

213 (21.5)

596 (60.2)

33 (3.3)0

187 (18.9)

112 (11.3)

647 (68.4)

44 (4.4)0

102 (11.0)

44 (4.8)0

<0.01

<0.01

0.60

<0.01

<0.01

<0.01

<0.01

<0.01

Values are presented as mean±SD or number (%).

BMI, body mass index. 

Table 2. Causes of death among participants in the
Seoul male cohort

Causes of death (ICD-10 code) n %

All - cancer (C00 - C97)

Type of cancer

Stomach (C16)

Lung (C34)

Liver (C22)

Pancreas (C25)

Biliary tract (C24)

Colon (C18)

Esophagus (C15)

Other cancers

CVD (I05 - I09, I20 - I52, I70 - I99)

Cerebrovascular disease (I60 - I69)

Cerebral hemorrhage (I60 - I62)

CVA/infarct (I63)

Other cerebrovascular disease (I64 - I69)

Liver disease (K70 - K77)

DM (E10 - E14)

COPD (J40 - J47)

HTN (I10 - I12)

Others

Total

535

109

104

77

44

27

36

14

124

95

72

31

21

20

35

16

11

6

220

990

54.0

11.0

10.5

7.8

4.4

2.7

3.6

1.4

12.5

9.6

7.2

3.1

2.1

2.0

3.5

1.6

1.1

0.6

22.2

100.0

ICD, international classification of disease; CVD, cardiovascular disease;

CVA, cerebrovascular attack; DM, diabetes mellitus; COPD, chronic

obstructive pulmonary disease; HTN, hypertension.
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age, with those 55 to 59 years of age having the highest
risk of premature mortality with 9 points; other health
behaviors varied between -1 to 5.

After excluding subjects without information on the
health behaviors selected for the health risk score
calculation, each cohort participant’s total health risk
score was calculated. Mortality risk (%) increased as
total score increased (p-trend < 0.01) (Table 4).
Compared to those with 1 to 3 points, those with 22 to
25 points were at an 11.09-fold higher risk, and those
with 26 to 28 points were at a 16.92-fold higher risk of
premature mortality. Figure 1 shows the Kaplan-Meier
curves stratified into three groups based on risk scores of
1 to 9, 10 to 19, and 20 to 28 points. The corresponding
log-rank test p-value is <0.01.

Table 3. Multivariate Cox proportional hazards analysis and points system for all-cause premature mortality

Risk factors
Number

(n = 14205)

Number of death 

(n = 946)
Hazard ratio (95% CI)

ß regression
coefficient

Points

Age (y)

40 - 44

45 - 49

50 - 54

55 - 59

Missing

Smoking

Never

Former

Current

Missing

Alcohol drinking

Never

Former

Current

Missing

BMI (kg/m2)

18.5 - 22.9

Less than 18.5

23 - 24.9

25 or more

Missing

Regular exercise (wk)

None

1 - 3 times

4 or more 

Missing

Sleep hours (h)

8  or more

6 - 7 

5  or less

Missing

Education level

University or more

High school

Middle school or less

Missing

Hypertension

Diabetes mellitus

1867 (13.14)

4616 (32.50)

3885 (27.35)

3656 (25.74)

0181 (1.27)

3138 (22.09)

3735 (26.29)

7027 (49.47)

0305 (2.15)

3332 (23.46)

1190 (8.38)

9108 (64.12)

0575 (4.05)

6039 (42.51)

0107 (0.75)

4627 (32.57)

3332 (23.46)

0100 (0.70)

2060 (14.50)

6824 (48.04)

4984 (33.51)

0337 (2.37)

3687 (25.96)

9879 (69.55)

0529 (3.72)

0110 (0.77)

2829 (19.92)

4837 (34.05)

6506 (45.80)

0033 (0.23)

1138 (8.15)

0397 (2.84)

059 (6.24)

184 (19.45)

260 (27.48)

425 (44.93)

018 (1.90)

136 (14.38)

202 (21.35)

575 (60.78)

033 (3.49)

179 (18.92)

099 (10.47)

624 (65.96)

044 (4.65)

396 (41.86)

011 (1.16)

302 (31.92)

218 (23.04)

019 (2.01)

167 (17.65)

418 (44.19)

317 (33.51)

044 (4.65)

237 (25.05)

640 (67.65)

058 (6.13)

011 (1.16)

141 (14.90)

295 (31.18)

505 (53.38)

005 (0.53)

102 (11.04)

044 (4.77)

1.00

1.34 (0.98, 1.83)

2.16 (1.59, 2.94)

3.99 (2.98, 5.37)

1.00

1.11 (0.88, 1.40)

1.77 (1.45, 2.17)

1.00

1.17 (0.98, 1.39)

1.40 (1.07, 1.83)

1.00

0.98 (0.82, 1.18)

1.00 (0.85, 1.19)

1.63 (0.97, 2.74)

1.00

0.88 (0.72, 1.09)

0.84 (0.69, 1.02)

1.00

1.04 (0.88, 1.22)

1.53 (1.11, 2.12)

1.00

1.36 (1.09, 1.71)

1.76 (1.42, 2.18)

1.34 (1.06, 1.66)

1.47 (1.07, 2.04)

0.29

0.77

1.38

0.10

0.58

0.15

0.33

-0.01

0.01

0.48

-0.10

-0.16

0.04

0.43

0.31

0.57

0.29

0.39

0

2

5

9

0

0

4

0

1

2

0

0

0

3

0

0

-1

0

0

3

0

2

4

2

3

Values are presented as number (%).

CI, confidence interval; BMI, body mass index.

Table 4. All cause premature mortality risk and
hazard ratio stratified by health risk score

Total
points

No. of

subjects

at risk

No. of
death

Mortality
risk (%)

Hazard ratio
(95% CI)

1 -  3

4 -  6

7 -  9

10 - 12

13 - 15

16 - 18

19 - 21

22 - 25

26 - 28

543

1597

2682

3322

2592

1361

540

124

13

12

37

91

207

211

154

75

28

4

2.21

2.31

3.39

6.23

8.14

11.32

13.89

22.58

30.77

1.00

1.05 (0.55, 2.01)0

1.54 (0.85, 2.82)0

2.88 (1.61, 5.15)0

3.79 (2.12, 6.79)0

5.28 (2.99, 9.68)0

6.64 (3.61, 12.21)

11.09 (5.64, 21.81)

16.92 (5.46, 52.46)

Health risk score was calculated for each study participant according to

health behaviors and the magnitude of their effects on all-cause premature

mortality.

CI, confidence interval.
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DISCUSSION

In this study, we examined both individual and
combined impacts of health behaviors in middle-aged
men in Korea using the Seoul Male Cohort Study. We
found a significantly increased risk of premature
mortality associated with current smoking and drinking,
high BMI, fewer sleep hours, and less education. There
was a strong trend towards an increase in mortality risk
as the score increased and, when stratified into three
groups according to points, the HR of participants with a
score of 20 to 28 points indicated the highest risk of
premature mortality.

Health behaviors such as smoking, drinking, and
physical inactivity are associated with both mortality and
the development of chronic disease among Koreans, as
determined by studies using multivariate modeling with
statistical adjustments for other risk factors and
confounders [20-22]. A study that evaluated smoking
and mortality using the Korean Multicenter Cancer
Cohort reported that smoking was significantly
associated with an increased risk of mortality, especially
lung cancer mortality [20]. Another study that
investigated smoking-attributable mortality among
Korean adults found that the smoking-related death rate
was about 30.8% in male adults [21]. A case-control
study that evaluated the effects of excessive drinking on
mortality found significant adverse effects of alcohol
dependence on both mortality and chronic health
conditions [22]. Other studies have reported a protective
effect of regular exercise and physical activity on both
morbidity and mortality in Koreans [3,23].

Due to complex interactions between health behaviors
and the high correlation between risk factors, recent
studies have focused on the combined impacts of health
behaviors. The EPIC-Norfolk prospective population
study reported that people with no healthy behaviors
were at an increased risk of all-cause mortality, by 4.04
times [9]. The four healthy behaviors used in the EPIC-
Norfolk study were current non-smoking, not physically
inactive, moderate alcohol intake, and plasma vitamin C
>50 mmol/L, indicating a fruit and vegetable intake of
at least five servings per day. The Hale project
investigated the single and combined effects of health
behaviors on all-cause and cause-specific mortality in
elderly European individuals, and used adherence to a
Mediterranean diet, moderate alcohol use, physical
activity, and nonsmoking as four healthy behaviors [10].
In our study, we not only included health behaviors, such
as smoking, drinking, physical activity, and sleeping
hours, but also considered BMI and education level.

Our findings are consistent with previous findings
from studies that have evaluated the combined impact of
health behaviors [9-12]. The presently selected health
risk behaviors overlapped with well-known poor health
behaviors. However, the magnitude of the combined risk
is generally higher in this study as compared with
previous reports [9-12]. Previous studies did not weight
different risk factors, even though there are clear
differences between different risk factors in terms of the
magnitude of their respective effects on mortality. In this
study, we generated a scoring system to weight different
health risk behaviors by considering their actual effect
size on premature mortality. The group with 26 to 28
points had a 16.92-fold higher risk of premature death
than the group with 1 to 3 points in our study. This
suggests that the combined effects of health risk
behaviors should be assessed and weighted in terms of
their impact. 

This health risk score system represents an effort to
make tools available to clinicians to aid in their decision-
making process regarding the practice of preventative
services and to assist them in motivating patients to
adopt healthier behaviors. In our scoring system, non-
modifiable factors such as age and education level were
included. In particular, age had the highest impact on
mortality. It should be noted that this system is one
means of simplifying the assessment of the multi-
factorial nature of mortality. Theoretical and statistical
models were used to develop this scoring system,
therefore applying it to the general population remains to
be validated. This scoring system is one approach for
making complex statistical models useful to practitioners.
The scoring system used in this study has been widely
used to develop scoring systems for cardiovascular

Figure 1. Kaplan-Meier curves for three different risk
group.
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diseases [24-26]. However, one limitation of using a
points system rather than the Cox model is that, to
achieve simplicity in use, we lose some of the
information that is only captured using the entire Cox
model.

This study has several strengths. First, this is a
prospective cohort study with a follow-up period of 15
years. A baseline questionnaire survey was performed at
the initial recruitment and only those who were
considered to be free of disease at the health screening
were included. Thus, there is a clear temporal
relationship between health behaviors and outcome,
which leads to a clear causal relationship. In addition,
there have been nearly 1000 deaths to date in the cohort,
representing about 7% of all study participants.
Methodological advances in considering different effect
sizes when evaluating combined effects of health
behaviors reflect actual phenomena more accurately than
just quantifying risk factors.

Nevertheless, there are some limitations to this study.
First, the questionnaire survey was only performed once
at the baseline period, even with the knowledge that
some health behaviors change over time. However, by
definition, the aim of this study was to identify health-
related behaviors at the time of initial assessment and
their association with premature mortality, and this
should be differentiated from health-related behaviors
over the follow-up period. Generally, it is known that
lifestyle habits are characteristics of a person’s way of
living and reflect life-long health habits [27,28]. Second,
all deaths among participants were counted as premature
deaths. The life expectancy of participants ranged from
19.49 to 31.54 in 1992, and the shortest life expectancy
was still longer than the follow-up period. Thus, there
needs to be a longer follow-up period to ascertain all
premature deaths from the study population. Moreover,
we used all causes of death, even including ‘Others’,
which accounted for 22.2% of all deaths. Third, dietary
habits and laboratory findings were not included in our
analysis to calculate health risk scores. In addition, when
assessing alcohol intake in this study, we used current
and past alcohol drinking rather the total amount of
alcohol intake. To develop a more accurate health risk
scoring system, further studies that incorporate dietary
habits and laboratory findings are required. However, the
aim of the present study was to examine the use of a
simple score that could be conceptually easy to
understand and used in clinical practice, rather than
complex algorithms.

In conclusion, in this prospective cohort study,
smoking, drinking alcohol, physical exercise, sleep

hours, education level, and BMI were associated with
premature mortality. When combined, there was a strong
trend towards increased mortality risk as the score
increased. This finding suggests that modifiable risk
factors, such as smoking, drinking, and physical activity,
have considerable impacts on premature mortality.
Interventions for patients at a high risk of premature
mortality should stress various preventative measures
that consider combined health behaviors. Further studies
are required to validate the developed scoring system
and to focus on not just on all causes of premature
mortality, but also age-specific and cause-specific
premature mortality, such as cardiovascular disease and
cancer mortality.
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