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Longitudinal Relationships between Cigarette Smoking and
Increases Risk for Incident Metabolic Syndrome: 16-year Follow-up
of the Korean Genome and Epidemiology Study (KOGES)

Sang Shin Pyo™

Department of Biomedical Laboratory Science, Jungwon University, Goesan-gun, Chungbuk 28204, Korea

This study aimed to determine whether smoking affects the metabolic syndrome and its components through long-

term follow-up. Of the 10,030 cohort subjects in the community-based Korean Genome and Epidemiology Study (KoGES)

from 2001 to 2018, 2,848 people with metabolic syndrome and 4,854 people with insufficient data for analysis were

excluded for this study. The study population comprised 2,328 individuals (1,123 men, 1,205 women) who were eligible

for inclusion. The mean age of the participants was 49.217.5 years, and 21.9% were current smoker. In log rank test,
current smoker had a significantly higher cumulative incidence of metabolic syndrome compared with non smoker
(P<0.001). In the Cox proportional hazards model adjusted for key variables, metabolic syndrome (hazard ratio [HR]
1.57, P<0.001), high fasting glucose (HR 1.40, P<0.01), hypertriglyceridemia (HR 1.60, P<0.001), low HDL-cholesterol
(HR, 1.30, P<0.01), and abdominal obesity (HR 1.32, P<0.01) in current smoker compared with non smoker were
statistically significant, respectively, but not hypertension (HR 1.00, P>0.05). After adjustment for confounders, the time

(P-time<0.001) and group (P-group<0.001) effects on metabolic syndrome score change were statistically significant.

Furthermore, the interaction analysis of time and smoking group on the change in metabolic syndrome score was

statistically significant (P-interaction<(0.001). In long-term follow-up, smoking worsens metabolic syndrome.
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Fig. 1. Flow chart of research samples.
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Table 1. Baseline characteristics according to the smoking status

Characteristic Non smoker Former smoker Current smoker Pvalue
(n=1431) (n=387) (n=510)
Age (years) 49.1+£7.4 50.3+7.9° 48.6x7.1 0.004
Sex (male) 260 (18.2) 379 (97.9) 484 (94.9) <0.001
BMI (kg/m?) 242428 24.0+2.4 23.6+2.7" <0.001
Physical activity (MET /week) 9646.8+5848.7 9714.11£5868.2 9896.916425.2 0.742
Total energy (kcal/day) 1911.0£659.3 2021.8+515.9 1999.3+628.21 <0.001
Usual sleep duration 6.6+12 6.7+12 6.8+1.3" 0.004
Education level
Elementary school 365 (25.5) 45 (11.6) 65 (12.7)
Middle school 353 (24.7) 80 (20.7) 96 (18.8)
High school 520 (36.3) 158 (40.8) 239 (46.9) <0.001
College 53(3.7) 27(7.0) 37(7.3)
University 115 (8.0) 64 (16.5) 64 (12.5)
Over graduate school 25(1.8) 13(34) 9 (1.8)
Marital status
Unmarried 13(0.9) 8(2.1) 9(1.7)
Married 1316 (92.0) 373 (96.4) 480 (94.1)
Widowed 77(5.4) 3(0.8) 8(1.6) <0.001
Separated 10 (0.7) 1(0.2) 6(1.2)
Divorced 15(1.0) 2(0.5) 7(1.4)
Other
Monthly income (10,000 won)
<100 353 (24.7) 64 (16.5) 116 (22.7)
100~200 464 (32.4) 133 (34.4) 150 (29.4)
200~300 332(23.2) 85 (22.0) 127 (24.9) 0.015
300~400 165 (11.5) 59(15.2) 62(12.2)
400~600 91 (6.4) 33(8.5) 39(7.7)
600~ 26(1.8) 13(34) 16 (3.1)
Alcohol drinking
Non-drinker 890 (62.2) 54 (13.9) 75 (14.7) 0001
Former drinker 43 (3.0) 46 (11.9) 20(3.9)
Current drinker 498 (34.8) 287(74.2) 415 (81.4)

Abbreviation: BMI, body mass index; MET, metabolic equivalent task

All values were presented as 'mean =+ standard deviation' or 'n (%)’
P<0.05, bonferroni post-hoc, [Non smoker] vs. [Former smoker]
P<0.05, bonferroni post-hoc, [Non smoker] vs. [Current smoker]
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Follow up, years

Number at risk

Non smoker 151 117 88 120 66 69 60 57

Former smoker 41 31 28 27 15 20 18 9

Current smoker 59 56 57 50 16 34 19 16

Fig. 2. Cumulative incidence for the metabolic syndrome according
to smoking status.
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Table 2. The hazard ratio of the development risk for metabolic syndrome over the 16-year follow-up

Hazard ratio (95% confidence interval)

Variable Non smoker Former smoker Current smoker Pvalue
(n=1,431) (n=387) (n=510)

Metabolic syndrome, n (%) 728 (50.9) 189 (48.8) 307 (60.2) <0.001
Unadjusted 1.00 0.96 (0.82~1.12) 129 (1.13~147)™ <0.001
Adjusted, Model 1 1.00 1.03 (0.83~1.27) 1.43 (1.19~1.73)™ <0.001
Adjusted, Model 2 1.00 1.04 (0.83~1.29) 1.57 (1.28~1.91)™ <0.001

High fasting glucose, n (%) 530 (37.0) 222 (57.4) 297 (58.2) <0.001
Unadjusted 1.00 1.87 (1.60~2.19)™ 1.86 (1.62~2.15)™ <0.001
Adjusted, Model 1 1.00 1.37(1.11~1.69)" 139 (1.14~1.69)" 0.002
Adjusted, Model 2 1.00 1.36 (1.10~1.69)" 1.40 (1.14~1.70)" 0.004

Hypertension, n (%) 870 (60.8) 271 (70.0) 382 (74.9) <0.001
Unadjusted 1.00 1.28 (1.11~1.46)™ 1.35(1.19~1.52)™ <0.001
Adjusted, Model 1 1.00 0.92 (0.77~1.10) 1.06 (0.90~1.25) 0.206
Adjusted, Model 2 1.00 0.86 (0.72~1.04) 1.00 (0.84~1.18) 0.151

Hypertriglyceridemia, n (%) 917 (64.1) 273 (70.5) 408 (80.0) <0.001
Unadjusted 1.00 133 (1.16~1.52)™ 1.67 (1.49~1.88)™ <0.001
Adjusted, Model 1 1.00 121 (1.01~1.45)" 1.53 (1.30~1.80)" <0.001
Adjusted, Model 2 1.00 121 (1.01~1.46)" 1.60 (1.35~1.90)" <0.001

Low HDL-cholesterol, n (%) 1197 (83.6) 262 (67.7) 385 (75.5) <0.001
Unadjusted 1.00 0.60 (0.53~0.69) 0.74 (0.66~0.83)™ <0.001
Adjusted, Model 1 1.00 1.01 (0.84~1.21) 121 (1.03~1.43)" 0.021
Adjusted, Model 2 1.00 1.05 (0.87~1.26) 130 (1.10~1.54)" 0.003

Abdominal obesity, n (%) 762 (53.2) 167 (43.2) 265 (52.0) 0.002
Unadjusted 1.00 0.74 (0.62~0.87)"" 0.92 (0.80~1.06) 0.002
Adjusted, Model 1 1.00 0.94 (0.75~1.17) 1.22 (0.99~1.48) 0.017
Adjusted, Model 2 1.00 0.92 (0.73~1.15) 132 (1.08~1.63)" <0.001

Abbreviation: BMI, body mass index; HDL, high density lipoprotein
Model 1: adjusted for age, sex
Model 2: adjusted for age, sex, BMI, physical activity, total energy, usual sleep duration, education level, marital status, monthly income,

alcohol drlnkm
*P<0.05,""P <0 01, ™ P <0.001
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P-interaction < 0.001

P-time < 0.001

Adjusted average difference in
metabolic syndrome score

= Current smoker (n=510)
-+ Non smoker (n=1,431)
--- Former smoker (n = 387)

0 T T T T T T T T T
baseline 2 4 6 8 10 12 14 16

Follow-up (years)

Fig. 3. Adjusted average difference of metabolic syndrome score
over 16 years of follow-up by smoking status. P-values were derived
from repeated measures general linear model adjusting for age, sex,
BMLI, physical activity, total energy, usual sleep duration, education
level, marital status, monthly income, and alcohol drinking. P-time
and P-group indicate the effect of time on change in metabolic
syndrome score over 16 years and the effect of groups on metabolic
syndrome score across time, respectively; P-interaction indicates
significance of whether the change in metabolic syndrome score
over time differs by groups.

= vlgaAe] Ws) 27 BAM O s, 1
SHHR 1.00, P>0.05)2 F2lshA] eeatet. =2~ wlE 919
Bl BAEA Sk wls) ofe] W AT wal
2 AlolollA & AolE Mol W= ¥ (unadjusted
vs. model 2; HR 1.35, P<0.001 vs. HR 1.00, P>0.05)3} S+
HDL-Z % 2~H| Z-(unadjusted vs. model 2; HR 0.74, P<0.001
vs. HR 1.30, P<0.01) 22|31 &5 H]THunadjusted vs. model

2: HR 0.92, P>0.05 vs. HR 1.32, P<0.01)°] &5 3jc}.

2
>
olN
ok

o Heofl ohigt Ba 2t 24

time<0.001)2} “1E(P-group<0.001)> 27} BAX 2
oStk Tl thAal S5t g Wstel] gk A7k
= 2w A A FAFCE Fosiithp-

interaction<(0.001).

kJ
Il

Q40 FEFS nH=A] dotraxt Pk 16d F
AR vlFAAte] vls] A

o] oAl =AUk o] F4 2
Ao & v F2 vE 9 2YeA dA)

FAzl gigk gial Ste] Afu7E 1Ls7hl, e F
B 3ol 9Fn7} 1408, EAA 0] $@u]t
1.608l, S+ HDL-Z&l~ElE2] $138]7} 1308, 45 1]
gro] fjgdn)zh 132002 Zh7h velgtth ey o] S
2o BHAE v AAE A3 dA Fdo] ndY
of BAACZ FoJshl estth ofe T8 QIAES H

4gk T WESA AdubPE P A AL T A

et al, 2011). ¥ AFoIM = AAl FA=Le] BMIZ} H]&<
AR e 218 18 4= 9ol o9 e He &
o o ARE AT TP AE dan I Y
o] 7] 7ol f¢lo] & 71eAS HolSErh(Walicka et
al., 2022).

AL WA 1w, da d2d 2 ued,
A A, WY &, s Ass STHA
2 RS F7A Itk &elA] A rkSleight, 1993). 3
=27 S Abele] 13} A= oA WA o

i)
D)
&2
g.‘_‘(z
Aui
®
=3
8

[\
S
B
el
re
rlo

ek S7HA7IA
AL St FAS TS Fo g 7S04
247 mlgAdztel] wla] kol o whe Aow e
dl(Ward et al., 1995; Oncken et al., 2001), ©|&= Hull&

= etolut 1 Fdll =EEHde W w417

EoxC oo 2 oo R P oox
)

Hdo 1r 2

-360 -



Ael Aoz ANHom Akt Azt Sk )

Roltk, JUHol AR olz] ATolA mFAzt] Hls &
7] Helabe] Wsto] o W& Ao LpERTHLI et al,

Tk ofg] MR BAT 2EbolAE folskA] &Ede,
T Fde] n¥EYe] A wA = 5E@AA AR}
' Ao 2 K ITtK(Papathanasiou et al., 2015).

A FAATE tAF S50 T ¥ F S vA|
AARE A FAAE £ T5 Do) A 154

AT WAl Alo] F & s & ATl &

et al, 2012). /391 thFo® AAJE o] AFelx F

o] F7kstell wet tiabA o ® Eeldh ATt o

wo)] VRN, Fdo] Akl Aes SR oF

UTHKim et al., 2012). Bebd HadS ooz o

Foll Al Al Wk ofE} FAad FolM = el Al
_]

o

ok

Ak AL s,
ATE WA FAL dA EFEE A71A Bl

A oFsIAZITHE AL EHolgl

- ANE T UM

™

o

S\

3,

it

B

o,

td

rln

N

2

o Y&
N
)
)
2
ot
X
o
N
N

)
s
(mn
i #
A

>~
>

>,

A

>~
>

[t

[o

=
Ar)
ol
2
b
ol
32
&
>
)
1
il
lo,
o (G-
olr iz

gste] Aol ek A Tite]
ek olef &2 A& st F+7b

i
9

ACKNOWLEDGEMENT

None.

CONFLICT OF INTEREST
No potential conflict of interest relevant to this article was

reported.

REFERENCES

Balhara YP. Tobacco and metabolic syndrome. Indian J Endocrinol
Metab. 2012. 16: 81-87.

Bertoni N, de Almeida LM, Szklo M, Figueiredo VC, Szklo AS.
Assessing the relationship between smoking and abdominal
obesity in a national survey of adolescents in brazil. Prev
Med. 2018. 111: 1-5.

Cena H, Fonte ML, Turconi G. Relationship between smoking and
metabolic syndrome. Nutr Rev. 2011. 69: 745-753.

Choi HI, Lee SJ, Kang JG et al. Association of environmental
tobacco smoke exposure with metabolic syndrome: A longi-
tudinal cohort study of 71,055 never smokers. Nutr Metab
Cardiovasc Dis. 2022. 32: 2534-2543.

Edwards TC, Guest B, Garner A, et al. The metabolic equivalent
of task score: A useful metric for comparing high-functioning
hip arthroplasty patients. Bone Joint Res. 2022. 11: 317-326.

GBD 2019 Tobacco Collaborators. Spatial, temporal, and demo-
graphic patterns in prevalence of smoking tobacco use and
attributable disease burden in 204 countries and territories,
1990-2019: A systematic analysis from the global burden of
disease study 2019. Lancet. 2021. 397: 2337-2360.

Gowing LR, Ali RL, Allsop S, et al. Global statistics on addictive
behaviours: 2014 status report. Addiction. 2015. 110: 904-
919.

Huang PL. A comprehensive definition for metabolic syndrome.
Dis Model Mech. 2009. 2: 231-237.

Kim BY, Kang SM, Kang JH, et al. 2020 korean society for the
study of obesity guidelines for the management of obesity in
korea. J Obes Metab Syndr. 2021. 30: 81-92.

-361 -



Kim JH, Shim KW, Yoon YS, et al. Cigarette smoking increases
abdominal and visceral obesity but not overall fatness: An
observational study. PLoS ONE. 2012. 7.

Kim Y, Han B-G, Group tK. Cohort profile: The korean genome
and epidemiology study (koges) consortium. Int J Epidemiol.
2016. 46: €20-¢20.

Leone A. Smoking and hypertension: Independent or additive
effects to determining vascular damage? Curr Vasc Pharmacol.
2011.9: 585-593.

Li G Wang H, Wang K, et al. The association between smoking
and blood pressure in men: A cross-sectional study. BMC
Public Health. 2017. 17: 797.

Li Y, Hecht SS. Carcinogenic components of tobacco and tobacco
smoke: A 2022 update. Food Chem Toxicol. 2022. 165:
113179.

Lycett D, Munafo M, Johnstone E, Murphy M, Aveyard P. Asso-
ciations between weight change over 8 years and baseline
body mass index in a cohort of continuing and quitting
smokers. Addiction. 2011. 106: 188-196.

Oberg M, Jaakkola MS, Woodward A, Peruga A, Priiss-Ustiin A.
Worldwide burden of disease from exposure to second-hand
smoke: A retrospective analysis of data from 192 countries.
Lancet. 2011. 377: 139-146.

Oncken CA, White WB, Cooney JL, et al. Impact of smoking

cessation on ambulatory blood pressure and heart rate in

postmenopausal women. Am J Hypertens. 2001. 14: 942-949.

Papathanasiou G, Zerva E, Zacharis I, et al. Association of high
blood pressure with body mass index, smoking and physical
activity in healthy young adults. Open Cardiovasc Med J.
2015.9: 5-17.

Recio-Rodriguez JI, Gomez-Marcos MA, Patino-Alonso MC, et al.

Abdominal obesity vs general obesity for identifying arterial

stiffness, subclinical atherosclerosis and wave reflection in

healthy, diabetics and hypertensive. BMC Cardiovasc Disord.

2012.12: 3.

Rezaei S, Akbari Sari A, Arab M, Majdzadeh R, Mohammad
Poorasl A. Economic burden of smoking: A systematic review
of direct and indirect costs. Med J Islam Repub Iran. 2016.

30: 397.

Rigotti NA, Kruse GR, Livingstone-Banks J, Hartmann-Boyce J.
Treatment of tobacco smoking: A review. JAMA. 2022. 327:
566-577.

Rogers JM. Smoking and pregnancy: Epigenetics and developmental
origins of the metabolic syndrome. Birth Defects Res. 2019.
111: 1259-1269.

Shin HS, Oh JE, Cho YJ. The association between smoking
cessation period and metabolic syndrome in korean men.
Asia Pac J Public Health. 2018. 30: 415-424.

Sleight P. Smoking and hypertension. Clin Exp Hypertens. 1993.
15: 1181-1192.

Takeuchi T, Nakao M, Nomura K, Yano E. Association of meta-
bolic syndrome with smoking and alcohol intake in japanese
men. Nicotine Tob Res. 2009. 11: 1093-1098.

Walicka M, Russo C, Baxter M, et al. Impact of stopping smoking
on metabolic parameters in diabetes mellitus: A scoping review.
World J Diabetes. 2022. 13: 422-433.

Ward MM, Swan GE, Jack LM, Javitz HS, Hodgkin JE. Ambu-
latory monitoring of heart rate and blood pressure during the
first week after smoking cessation. Am J Hypertens. 1995. 8:
630-634.

West R. Tobacco smoking: Health impact, prevalence, correlates
and interventions. Psychol Health. 2017. 32: 1018-1036.
Willi C, Bodenmann P, Ghali WA, Faris PD, Cornuz J. Active
smoking and the risk of type 2 diabetes: A systematic review

and meta-analysis. JAMA. 2007. 298: 2654-2664.

https://doi.org/10.15616/BSL.2023.29.4.355

Cite this article as: Pyo SS. Longitudinal Relationships
between Cigarette Smoking and Increases Risk for
Incident Metabolic Syndrome: 16-year Follow-up of the
Korean Genome and Epidemiology Study (KOGES).
Biomedical Science Letters. 2023. 29: 355-362.

-362 -



