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Objectives: To identify simultaneous behavioral changes in alcohol consumption, smoking, and weight using a fixed-effect model 

and to characterize their associations with disease status. 

Methods: This study included 7 000 529 individuals who participated in the national biennial health-screening program every 2 years 

from 2009 to 2016 and were aged 40 or more. We reconstructed the data into an individual-level panel dataset with 4 waves. We used 

a fixed-effect model for smoking, heavy alcohol drinking, and overweight. The independent variables were sex, age, lifestyle factors, 

insurance contribution, employment status, and disease status. 

Results: Becoming a high-risk drinker and losing weight were associated with initiation or resumption of smoking. Initiation or re-

sumption of smoking and weight gain were associated with non-high-risk drinkers becoming high-risk drinkers. Smoking cessation 

and becoming a high-risk drinker were associated with normal-weight participants becoming overweight. Participants with newly ac-

quired diabetes mellitus, ischemic heart disease, stroke, and cancer tended to stop smoking, discontinue high-risk drinking, and re-

turn to a normal weight. 

Conclusions: These results obtained using a large-scale population-based database documented interactions among lifestyle factors 

over time. 
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INTRODUCTION 

Lifestyle factors such as alcohol consumption, smoking, and 
overweight are known to be important for health. Numerous 
studies of each component have been conducted, but few 
studies have sought to identify causal relationships between 

pISSN 1975-8375 eISSN 2233-4521 

lifestyle factors and health outcomes [1]. Some research find-
ings, such as the so-called obesity paradox and the J-curve as-
sociation between alcohol consumption and cardiovascular 
events, are likely to be attributed to the lack of an established 
causal relationship or the consequences of confounders [2-4]. 
If individuals attempt to lose weight, quit smoking, or abstain 
from alcohol after experiencing a severe disease or serious 
condition, the possibility of reverse causation between life-
style behaviors and disease cannot be ruled out in cross-sec-
tional studies [5-7]. In order to clarify the underlying causal re-
lationships, a combination of various theories, instead of a sin-
gle theory, or more advanced research methods are required 
to understand behavior change and maintenance [1]. 

Alcohol consumption, smoking, and weight often change at 

http://crossmark.crossref.org/dialog/?doi=10.3961/jpmph.18.290&domain=pdf&date_stamp=2019-07-31


235

Interactions of Behavioral Changes Journal of 
Preventive Medicine 
& Public Health

234 Copyright © 2019  The Korean Society for Preventive Medicine

the same time and are related to each other. Drinking alcohol 
has been reported to have a positive association with smoking 
and obesity in various studies [8-12]. In contrast, some studies 
have reported an inverse relationship between obesity and al-
cohol consumption [13-15]. Many studies have reported a 
negative association between smoking and obesity [16-21]. If 
this relationship is not taken into consideration, it is possible 
to derive misleading results because of uncontrolled con-
founding factors. Furthermore, research results can be affect-
ed not only by observable confounding variables, but also by 
unobserved time-invariant confounding variables. To over-
come the problem caused by the latter, fixed-effect models 
are known to be a good alternative for analyses of repeated 
measurement data [22]. Some studies using fixed-effect mod-
els have focused on simultaneous changes in smoking, alcohol 
consumption, and weight [10,23]. Of note, a previous study 
found that socioeconomic factors influenced changes in drink-
ing patterns, underscoring the need for interventions [24]. 
Fixed-effect models can be used to analyze individual behav-
ioral changes that are important for lifestyle modification [25].

The purpose of this study was to identify simultaneous be-
havioral changes in alcohol consumption, smoking, and weight 
with a fixed-effect model and to characterize their associations 
with disease status using the National Health Information Data-
base (NHID) of the National Health Insurance Services (NHIS) in 
Korea. The database, which covers the entire population (about 
50 million) of Korea, includes lifestyle-related variables for about 
10 million people every year [26]. 

METHODS

Data Sources
The National Health Screening Program (NHSP) of Korea in-

cludes a questionnaire with items on smoking, alcohol con-
sumption, and biometric information on height and weight. 
The NHSP includes screening examinations once every 2 years 
(every year for manual workers) for the entire population aged 
40 or over and for employed and self-employed individuals 
under age 40. The participation rate in the general health 
screening program was 77.7% in 2016 [27]. The NHID consists 
of 4 databases: the eligibility database, the national health 
screening database, the health care utilization database, and 
the long-term care insurance database. The health care utiliza-
tion database collects claims data for inpatient and outpatient 
health care services. Because of the fee-for-service payment 

system, the NHID includes diagnosis, procedure, and prescrip-
tion records in the health care utilization database. A retro-
spective cohort of the NHID (customized NHID) from 2009 to 
2016 was used in this study (NHIS-2018-1-145).  

Study Participants and Variables
The subjects of this study were those who participated in 

the NHSP every 2 years from 2009 to 2016 (2009-2010, 2011-
2012, 2013-2014, and 2015-2016) and were aged 40 or more. 
Among the 17 659 972 participants in the NHSP in 2009-2010, 
a total of 9 763 476 received follow-up every 2 years. After ex-
cluding 2 562 947 people under age 40, 7 200 529 were includ-
ed in this study. We reconstructed the data into an individual-
level panel dataset in 4 waves (2009-2010, 2011-2012, 2013-
2014, and 2015-2016).  Each wave panel dataset included sex, 
age, insurance type (the employed insured and dependents, 
and self-employed heads of household and family members), 
insurance-contribution quartile (a proxy indicator for house-
hold income, for which higher quartiles indicate higher income), 
moderate-risk/high-risk drinking status (based on the ques-
tionnaire about alcohol consumption frequency and standard 
drink amount, regardless of the type of alcohol; alcohol con-
sumption of 40 g/d or more for males and 20 g/d or more for 
females [28]), overweight (based on the body mass index [BMI] 
calculated from measured height and weight, using a BMI of 
25 kg/m2 or more as a threshold), and current smoking status 
(based on the questionnaire). From the health care utilization 
database, participants’ medical history of hypertension, diabe-
tes mellitus, ischemic heart disease, stroke, and cancer was in-
cluded in the analysis. Each disease was classified according to 
the primary diagnosis codes of the Korean Standard Classifica-
tion of Diseases based on International Classification of Disease 
codes (hypertension, I10-I15; diabetes mellitus, E10-E14; isch-
emic heart disease, I20-I25; stroke, I60-I64; cancer, C00-C97) 
and medication codes (hypertension and diabetes mellitus). 
Patients were only classified as having ischemic heart disease 
and stroke if they received inpatient care, and patients with 
cancer were defined as those whose medical copayment was 
reduced due to inclusion in the cancer registry.

To minimize selection bias due to regular health-screening 
participation, we created a stratified sampling weight variable 
according to sex, age group (40-49, 50-59, 60-69, 70+), and in-
surance type, which reflected the entire population of Korea 
aged 40 or over. 
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Table 1. General characteristics of the study population

Variables
Year (wave)

2009 (1st) 2011 (2nd) 2013 (3rd) 2015 (4th)

Unweighted total 7 200 529 (100) 7 200 529 (100) 7 200 529 (100) 7 200 529 (100) 

   Sex

      Male 3 568 236 (49.6) 3 568 236 (49.6) 3 568 236 (49.6) 3 568 236 (49.6)

      Female 3 632 293 (50.4) 3 632 293 (50.4) 3 632 293 (50.4) 3 632 293 (50.4)

   Age (y)

      40-49 2 622 490 (36.4) 2 058 368 (28.6) 1 574 252 (21.9) 1 075 524 (14.9)

      50-59 2 430 954 (33.8) 2 593 123 (36.0) 2 648 011 (36.8) 2 632 005 (36.6)

      60-69 1 567 349 (21.8) 1 686 365 (23.4) 1 840 067 (25.6) 2 076 808 (28.8)

      ≥70 579 736 (8.1) 862 673 (12.0) 1 138 199 (15.8) 1 416 192 (19.7)

   Insurance type

      Self-employed 1 112 540 (15.5) 1 020 183 (14.2) 965 289 (13.4) 934 439 (13.0)

      Family member of the self-employed 772 584 (10.7) 683 641 (9.5) 629 221 (8.7) 594 897 (8.3)

      Employed insured 3 133 364 (43.5) 3 247 077 (45.1) 3 285 013 (45.6) 3 253 010 (45.2)

      Dependents of the employed insured 2 182 041 (30.3) 2 243 786 (31.2) 2 310 438 (32.1) 2 398 459 (33.3)

      Household receiving Medical Aid - 4289 (0.1) 8229 (0.1) 15 916 (0.2)

      Family member of a Medical Aid recipient - 1553 (0.0) 2339 (0.0) 3808 (0.1)

   Insurance contribution quartile

      1st 1 464 677 (20.3) 1 470 119 (20.4) 1 457 627 (20.2) 1 448 424 (20.1)

      2nd 1 253 467 (17.4) 1 245 932 (17.3) 1 246 600 (17.3) 1 253 368 (17.4)

      3rd 1 717 145 (23.8) 1 677 163 (23.3) 1 641 710 (22.8) 1 630 762 (22.6)

      4th 2 765 240 (38.4) 2 807 315 (39.0) 2 854 592 (39.6) 2 867 975 (39.8)

   Lifestyle and disease status

      Smoking 1 317 841 (18.3) 1 228 412 (17.1) 1 144 813 (15.9) 996 649 (13.8)

      High-risk drinking 942 810 (13.1) 878 508 (12.2) 836 474 (11.6) 794 664 (11.0)

      Overweight 2 526 131 (35.1) 2 532 956 (35.2) 2 546 065 (35.4) 2 663 915 (37.0)

      Hypertension 2 043 931 (28.4) 2 293 059 (31.8) 2 502 362 (34.8) 2 727 018 (37.9)

      Diabetes mellitus 604 707 (8.4) 720 673 (10.0) 825 966 (11.5) 957 631 (13.3)

      Ischemic heart disease 92 849 (1.3) 107 552 (1.5) 119 158 (1.7) 149 158 (2.1)

      Stroke 57 111 (0.8) 71 123 (1.0) 86 748 (1.2) 121 891 (1.7)

      Cancer 171 452 (2.4) 186 243 (2.6) 221 322 (3.1) 276 161 (3.8)

Weighted total 20 967 236 (100) 20 967 236 (100) 20 967 236 (100) 20 967 236 (100)

   Sex

      Male 10 150 489 (48.4) 10 150 489 (48.4) 10 150 489 (48.4) 10 150 489 (48.4)

      Female 10 816 747 (51.6) 10 816 747 (51.6) 10 816 747 (51.6) 10 816 747 (51.6)

   Age (y)

      40-49 8 453 537 (40.3) 6 441 496 (30.7) 4 838 442 (23.1) 3 274 827 (15.6)

      50-59 5 970 172 (28.5) 6 896 289 (32.9) 7 396 075 (35.3) 7 690 780 (36.7)

      60-69 3 767 128 (18.0) 4 148 668 (19.8) 4 578 118 (21.8) 5 177 941 (24.7)

      ≥70 2 776 399 (13.2) 3 480 784 (16.6) 4 154 602 (19.8) 4 823 687 (23.0)

   Insurance type

      Self-employed 5 253 345 (25.1) 4 503 581 (21.5) 4 121 275 (19.7) 3 862 743 (18.4)

      Family member of the self-employed 3 205 581 (15.3) 2 672 835 (12.7) 2 388 738 (11.4) 2 199 510 (10.5)

      Employed insured 5 159 605 (24.6) 6 369 581 (30.4) 6 851 814 (32.7) 7 070 079 (33.7)

      Dependents of the employed insured 7 348 705 (35.0) 7 397 534 (35.3) 7 561 852 (36.1) 7 757 113 (37.0)

(Continued to the next page)
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Statistical Analysis
The descriptive analysis of the subjects was presented by 

frequency according to their characteristics. We used a fixed-
effect model for smoking status, heavy alcohol drinking, and 
overweight (dependent variable for each model). The inde-
pendent variables were sex, age (as a continuous variable), 
lifestyle factors (smoking, heavy alcohol drinking, and over-
weight, except for the dependent variable of each model), in-
surance contribution quartile, employment status (using in-
surance type), and disease status (hypertension, diabetes mel-
litus, ischemic heart disease, stroke, and cancer). Stratification 
of the fixed-effect model analysis according to sex and age 
was performed. The sampling weights described in the ‘study 
participants’ section were applied to the analysis.

Ethics Statement
All components and procedures of this study were approved 

by the Institutional Review Board (IRB) of the National Health 
Insurance Service (IRB no. Sa-2018-HR-01-016).

RESULTS

General Characteristics of the Study Population
The general characteristics of the study population are pre-

sented in Table 1, including both unweighted and weighted 

results. The weighted first wave included more females (51.6%) 
than males (48.4%) out of a total of 20 967 236 participants. 
By type of insurance, dependents of the employed insured 
were the most frequent (35.0%). Comparing the prevalence of 
various behaviors and conditions in the first and fourth waves, 
that of smoking decreased from 18.3% to 13.8%, that of high-
risk drinking decreased from 13.2% to 11.2%, that of overweight 
increased from 35.3% to 36.9%, that of hypertension increased 
from 29.2% to 38.7%, that of diabetes mellitus increased from 
8.7% to 13.7%, that of ischemic heart disease increased from 
1.4% to 2.2%, that of stroke increased from 0.9% to 1.9%, and 
that of cancer increased from 2.4% to 3.8%.

Fixed-effect Model
The results of the fixed-effect model with the sampling 

weights applied are presented in Table 2. Non-smokers or ex-
smokers who received insurance eligibility of the employed 
insured type, changed from the fourth to the first quartile of 
insurance contribution, became high-risk drinkers, or lost 
weight often became smokers. However, participants who had 
newly acquired hypertension, diabetes mellitus, ischemic 
heart disease, stroke, or cancer often became non-smokers 
(R2=0.814). Non-high-risk drinkers who lost insurance eligibil-
ity of the employed insured type, changed from the first to the 
fourth quartile of insurance contribution, became smokers, or 

Variables
Year (wave)

2009 (1st) 2011 (2nd) 2013 (3rd) 2015 (4th)

      Household receiving Medical Aid - 18 412 (0.1) 35 231 (0.2) 64 640 (0.3)

      Family member of a Medical Aid recipient - 5292 (0.0) 8326 (0.0) 13 151 (0.1)

   Insurance contribution quartile

      1st 3 653 305 (17.4) 4 069 782 (19.4) 4 191 134 (20.0) 4 274 468 (20.4)

      2nd 3 741 638 (17.8) 3 739 202 (17.8) 3 737 951 (17.8) 3 739 105 (17.8)

      3rd 5 383 147 (25.7) 5 096 074 (24.3) 4 966 227 (23.7) 4 912 938 (23.4)

      4th 8 189 146 (39.1) 8 062 178 (38.5) 8 071 923 (38.5) 8 040 725 (38.3)

   Lifestyle and disease status

      Smoking 3 833 204 (18.3) 3 561 912 (17.0) 3 320 933 (15.8) 2 887 192 (13.8)

      High-risk drinking 2 770 857 (13.2) 2 584 649 (12.3) 2 466 693 (11.8) 2 346 666 (11.2)

      Overweight 7 395 184 (35.3) 7 397 770 (35.3) 7 414 270 (35.4) 7 740 064 (36.9)

      Hypertension 6 114 715 (29.2) 6 844 535 (32.6) 7 461 801 (35.6) 8 115 492 (38.7)

      Diabetes mellitus 1 833 500 (8.7) 2 177 323 (10.4) 2 484 661 (11.9) 2 867 509 (13.7)

      Ischemic heart disease 289 495 (1.4) 333 390 (1.6) 371 134 (1.8) 468 605 (2.2)

      Stroke 187 306 (0.9) 228 063 (1.1) 278 038 (1.3) 393 617 (1.9)

      Cancer 500 928 (2.4) 541 007 (2.6) 641 631 (3.1) 807 092 (3.8)

Values are presented as number (%).

Table 1. Continued from the previous page
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gained weight often became high-risk drinkers. However, par-
ticipants who had newly acquired hypertension, diabetes mel-
litus, ischemic heart disease, stroke, or cancer often became 
non-high-risk drinkers (R2=0.635). Non-overweight partici-
pants who received insurance eligibility of the employed in-
sured type, changed from the first to the fourth quartile of in-
surance contribution, or became non-smokers or high-risk 
drinkers often became overweight. However, participants who 
had newly acquired diabetes mellitus, ischemic heart disease, 
stroke, or cancer often lost weight (R2=0.804). 

The results were similar in the stratified analysis (Table 3), 
and the R2 value was the largest in the 40-49 age group.

DISCUSSION

In this study, we analyzed the interactions of changes in 
smoking, high-risk drinking, and weight by applying a fixed-
effect model, through a novel kind of panel-data analysis. 
High-risk drinking had a positive association with both smok-
ing and overweight, but smoking had a negative association 
with overweight. That is, high-risk drinking can increase at the 
same time if someone starts smoking or resumes smoking af-
ter quitting, which also means that there is a high possibility 

of becoming obese if someone continues high-risk alcohol 
consumption or quits smoking. In previous studies, smoking, 
high-risk drinking, and overweight were noted as indepen-
dent characteristics at specific time points; in contrast, this 
study has significant implications for changes in healthy life-
style behavior. 

The observed association between drinking alcohol and 
smoking supports the results of previous studies [8,12]. Re-
garding the relationship between drinking alcohol and obesi-
ty, controversy exists in the literature [9-11,13-15]; however, a 
positive relationship was found in this study. Regarding the re-
lationship between smoking and obesity, our results support 
the findings of previous studies showing a negative correla-
tion [16-21]. In the study of Arif and Rohrer [13], obesity was 
lower in light alcohol drinkers and higher in heavy alcohol 
drinkers than in non-drinkers. In our study, only high-risk 
drinking was analyzed, meaning that our results support those 
of Arif and Rohrer [13]’s study. Tolstrup et al. [14] reported an 
inverse relationship between the frequency of drinking alco-
hol and waist-circumference changes in a population-based 
study in Denmark. In the study of Tolstrup et al. [14], various 
factors, such as physical activity, caloric intake, smoking, and 
education level, were adjusted; however, the large difference 

Table 2. Results of the fixed-effect model1 for smoking, high-risk drinking, and overweight with sampling weights

Variables
Smoking High-risk drinking Overweight

Coefficient t-value p-value Coefficient t-value p-value Coefficient t-value p-value

Smoking - - - 0.064 240.82 <0.001 -0.049 -171.94 <0.001 

High-risk drinking 0.042 240.82 <0.001 - - - 0.008 33.08 <0.001 

Overweight -0.028 -171.94 <0.001 0.007 33.08 <0.001 - - -

Age -0.007 -418.76 <0.001 -0.003 -135.45 <0.001 0.002 108.48 <0.001

Sex - - - - - - - - -

Insurance type

   Employed insured 0.003 15.79 <0.001 -0.002 -7.52 <0.001 0.001 4.19 <0.001

Insurance contribution quartile  
(ref: 4th quartile)

   1st quartile 0.002 10.22 <0.001 -0.001 -4.19 <0.001 -0.006 -23.25 <0.001

   2nd quartile 0.002 11.77 <0.001 -0.001 -5.45 <0.001 -0.004 -16.92 <0.001

   3rd quartile 0.001 6.23 <0.001 -0.001 -5.58 <0.001 -0.001 -4.63 <0.001

Hypertension -0.014 -76.46 <0.001 -0.001 -6.27 <0.001 0.014 55.16 <0.001

Diabetes mellitus -0.018 -61.90 <0.001 -0.008 -22.12 <0.001 -0.034 -88.82 <0.001

Ischemic heart disease -0.014 -43.19 <0.001 -0.006 -15.69 <0.001 -0.006 -13.71 <0.001

Stroke -0.011 -28.39 <0.001 -0.009 -19.40 <0.001 -0.007 -14.41 <0.001

Cancer -0.030 -92.46 <0.001 -0.024 -59.53 <0.001 -0.017 -39.14 <0.001

R2 0.814 0.635 0.804
1Each model was adjusted for all variables in the table.
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between alcohol drinkers and non-drinkers constituted a limi-
tation in the baseline characteristics. Liu et al. [15] reported 
that, after adjusting for age, race, height, education, health 
status, smoking, diet, physical activity, and total non-alcoholic 
caloric intake, those who consumed 1.0-6.9 drinks/wk had a 
lower probability of weight loss or gain. However, for those 
who consumed ≥2.0 drinks/d, the difference was not statisti-
cally significant. In addition, the focus of their research was 
purely on the effects of alcohol consumption, as calories were 
adjusted for in the model; this is a limitation because total ca-

Table 3. Stratified results of the fixed-effect model1 for smoking, high-risk drinking, and overweight with sampling weights

Stratification variable

Explanatory variables

Smoking High-risk drinking Overweight

Coefficient t-value p-value Coefficient t-value p-value Coefficient t-value p-value

Male

   Smoking - - - 0.060 160.76 <0.001 -0.054 -173.60 <0.001

   High-risk drinking 0.040 160.76 <0.001 - - - 0.008 31.55 <0.001

   Overweight -0.052 -173.60 <0.001 0.012 31.55 <0.001 - - -

   R2 0.787 0.606 0.803

Female

   Smoking - - - 0.073 173.17 <0.001 -0.021 -25.66 <0.001

   High-risk drinking 0.038 173.17 <0.001 - - - 0.004 7.24 <0.001

   Overweight -0.003 -25.66 <0.001 0.001 7.24 <0.001 - - -

   R2 0.725 0.549 0.804

Age (y)

   40-49

      Smoking - - - 0.071 154.60 <0.001 -0.048 -114.43 <0.001

      High-risk drinking 0.043 154.60 <0.001 - - - 0.009 27.01 <0.001

      Overweight -0.034 -114.43 <0.001 0.010 27.01 <0.001 - - -

      R2 0.825 0.650 0.812

   50-59

      Smoking - - - 0.064 137.98 <0.001 -0.053 -109.38 <0.001

      High-risk drinking 0.040 137.98 <0.001 - - - 0.006 16.82 <0.001

      Overweight -0.031 -109.38 <0.001 0.006 16.82 <0.001 - - -

      R2 0.806 0.618 0.808

   60-69

      Smoking - - - 0.053 98.86 <0.001 -0.049 -71.21 <0.001

      High-risk drinking 0.039 98.86 <0.001 - - - 0.006 9.70 <0.001

      Overweight -0.022 -71.21 <0.001 0.003 9.70 <0.001 - - -

      R2 0.780 0.574 0.799

   ≥70

      Smoking - - - 0.044 57.39 <0.001 -0.037 -27.35 <0.001

      High-risk drinking 0.043 57.39 <0.001 - - - 0.002 1.38 <0.001

      Overweight -0.011 -27.35 <0.001 0.001 1.38 <0.001 - - -

      R2 0.752 0.529 0.782
1Each model was adjusted for all variables in Table 2.

loric intake is the most important factor contributing to obesi-
ty. A previous study [29] reported that alcohol consumption 
does not reduce the intake of other calories; therefore, it is also 
plausible that obesity increases because of the calories con-
tained in alcoholic beverages.

French et al. [10] reported that smoking cessation was nega-
tively correlated with alcohol consumption and positively cor-
related with weight gain in a fixed-effect model. Although 
similar results were obtained in our study, the study of French 
et al. [10] has a limitation in that the sample size was about 
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2000 and the age range was limited to those aged 50 and 
over. In our study, we derived results based on data from 
roughly 7.2 million people, and investigated the associations 
of lifestyle changes with major diseases.

Hypertension was positively correlated with overweight, as 
is already well known [30]. However, smoking and high-risk 
drinking were negatively associated with hypertension, diabe-
tes mellitus, ischemic heart disease, stroke, and cancer. Over-
weight was negatively associated only with hypertension. As 
described in the Introduction section of the present study, we 
considered the possibility of confounders in the obesity para-
dox and the J-curve of alcohol and disease complications. The 
observation of a negative association supports the hypothesis 
that these relationships between lifestyle factors and disease 
status are confounded by lifestyle changes. Our study did not 
investigate long-term health effects, because it analyzed si-
multaneous changes through a fixed-effect model. However, 
it is expected that further epidemiological studies will be con-
ducted based on the results of this study.

For the stratified results, the explanatory power of the mod-
el (R2) was higher in males and younger participants. In previ-
ous studies of attitudes towards smoking cessation, males and 
younger individuals were more likely to quit smoking [31-33]. 
The results of this study therefore support those of previous 
research, although further studies are needed to generalize 
these results.

There are some limitations to this study. First, given the limi-
tations of the available variables, smoking and alcohol use 
data were obtained from a self-reported questionnaire, and 
the type of alcohol was not considered. Second, there may be 
have been inaccuracies in the disease codes, such as those for 
hypertension and diabetes mellitus, because of the character-
istics of insurance claims data. Third, although this study ap-
plied sampling weights for the whole population, the possibil-
ity of selection bias still remains. Fourth, simultaneous chang-
es were the primary focus of the analysis, so there may be limi-
tations in the interpretation of causal relationships. 

The results of this study documented interactions among 
lifestyle factors in a large-scale population-based dataset. 
These results will provide guidance on how lifestyle factors 
should be handled in future epidemiological studies, and sug-
gest that policies targeting smoking, high-risk drinking, and 
obesity should be carried out complementarily, rather than in-
dependently.
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