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Purpose: Body size phenotypes can be regarded as an indicator of cardiovascular incidence risk factors. The aim of this study was to investigate
the incidence of metabolic syndrome among metabolically healthy adults according to body size phenotype using Korean Genome & Epidemi-
ology Study [KoGES]-community based cohort from 2001-2002 to 2014.

Methods: A prospective population-based cohort including 5,068 adults aged 40-69 years free from metabolic syndrome was included and di-
vided into three phenotypes: metabolically healthy normal weight (MHNW), metabolically healthy overweight (MHOW), and metabolically
healthy obesity (MHO). The time dependent Cox’s proportional hazards regression model was used to estimate the incidence of the metabolic
syndrome after a follow-up 14 years.

Results: In the demographic, health related variables-adjusted model (Model 3), the hazard ratio of the metabolic syndrome was 1.92 (CI 1.54-
2.40) for MHOW, 2.88 (CI 2.32-3.58) for MHO among males, 1.89 (CI 1.51-2.37) for MHOW, 2.34 (CI 1.88-2.90) for MHO for females com-
pared to MHNW, respectively.

Conclusion: In conclusion, MHOW and MHO in both males and females increased the risk of metabolic syndrome compared to MHNW.
Obesity management should be considered even in the absence of metabolic syndrome. Programs and resources should be provided for pre-
vention of cardiovascular diseases and better quality of life.
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n=1,256 excluded

Reasons for exclusion:
-BMI <18.5kg/m” (n=179) or missing data (n=5)
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-Chronic diseases (myocardial infarction, congestive heart failure, coronary
artery disease, thyroid disease, renal disease, peripheral vascular disease,
cerebrovascular disease) or cancers (n=366) or missing data (n=4)

-Metabolic syndrome components missing data (n=389)

Included in this study (n=7,831)

n=2,763 excluded

>
>

Reason for exclusion:
Metabolic syndrome diagnosed (n=2,763)

Included in this study (Non metabolic syndrome) (n=5,068)

Figure 1. Flow-chart for study participants selection.
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Table 1. Metabolic Syndrome Incidence according to Characteristics of Participants (N=5,068)

Male (n=2,684) Female (n=2,384)
Characteristics Categories Metabolic syndrome XZ ) Metabolic syndrome XZ ®)
Yes (n=1,113) No (n=1,571) Yes (n=1,032) No (n=1,352)
n (%) n (%) n (%) n (%)
Age (years) 40~49 667  (40.3) 990  (59.7)  7.40(.025) 546 (36.0) 969  (64.0) 92.66(<.001)
50~59 296 (412) 422 (58.8) 322 (53.8) 277 (462)
60~64 150  (48.5) 159 (515) 164 (60.7) 106 (39.3)
Spouse Yes 1,063 (413) 1509 (S87) 0.53(468) 919 (427) 1231 (573) 2.36(.124)
No 48 (44.9) 59 (85.1) 110 (48.0) 119  (52.0)
Occupation Employed 898 (43.1) 1185 (569) 10.20"(.003) 409 (482) 440  (51.8) 13.24(.001)
Unemployed 1 (333) 2 (66.7) 545 (40.9) 789 (59.1)
Others 212 (359) 379 (64.1) 74 (38.9) 118  (6LS)
Education < High school 867 (425) 1173  (57.5) 3.52(.061) 966 (444) 1208 (55.6) 13.21(<.001)
> College 244 (383) 393 (61.7) 63 (312) 139  (68.8)
Monthly income <200 598  (42.5) 808  (57.5) 6.93(.031) 694 (49.1) 719 (509) $54.56 (<.001)
(10,000 won) 200~ < 400 378 (385) 603 (615) 257 (343) 493 (657)
> 400 129 (464) 149 (53.6) 56 (31.5) 122 (68.5)
Self-reported health status Healthy 41 (41.6) 618  (S84) 3.76(.153) 279 (39.5) 427  (60.5) 6.15(.046)
Average 450 (43.0) 597 (57.0) 413 (454) 497  (54.6)
Unhealthy 218  (38.0) 355 (62.0) 338 (44.5) 422 (55.5)
Fatigue Yes 619  (41.8) 862  (582) 0.33(.567) 628 (429) 837 (57.1) 0.08(.782)
No 479 (40.7) 698  (59.3) 388 (434) 505 (56.6)
Cigarette smoking Never smoker 204 (383) 328 (61.7) 5.01(.082) 983 (43.6) 1270 (564) 2.74(254)
Former smoker 318  (40.3) 472 (59.7) 12 (462) 14 (53.8)
Current smoker 590 (43.5) 765 (56.5) 26 (342) 50  (65.8)
Alcohol consumption Never drinker 207  (41.8) 288 (582) 0.38(.826) 670  (43.0) 887 (570) 1.31(.519)
Former drinker 95 (39.6) 145  (60.4) 27 (509) 26 (49.1)
Current drinker 808 (41.6) 1,136 (584) 329 (432) 433 (56.8)
Physical activity Yes 137 (42.3) 187  (57.7) 0.02(.891) 153 (42.5) 207 (57.5) 0.44(.506)
No 207 (42.8) 277 (57.2) 149  (45.0) 182  (55.0)
Sleep duration (per night) < 6h 426 (40.0) 639  (60.0) 1.44(.487) 460  (39.6) 703 (604) 14.05(.001)
7~8h 602 (42.4) 818  (57.6) 498  (46.1) 582 (53.9)
>9h 77 (414) 109  (58.6) 67 (51.9) 62 (48.1)
Family history of HTN ~ Yes 237 (502) 235 (49.8) 18.04(<.001) 218 (45.5) 261 (54.5) 121(272)
No 1,336 (60.4) 876  (39.6) 814 (427) 1,091 (57.3)
Family history of DM Yes 139 (45.3) 168  (54.7) 2.07(.150) 141 (438) 181  (56.2) 0.04(.846)
No 974 (41.0) 1,403  (59.0) 891 (432) 1,171  (56.8)
Menopause Yes - - 428  (63.5) 246 (36.5) 68.76 (<.001)
No . - 451  (43.0) 597  (57.0)
DM = diabetes mellitus; HTN = hypertension.
“Fisher exact test.
2) MR BHEO T2 USSR Wy Blg: Spzs 2 4 k@2 T_COvE Msﬂé =guise Agslglon 29

=4
dPAre] A B T2 AR Ee) WA v
1st7] s Ak} F49] H|H A 3] A2 P (Time dependent oj d 5
Cox's proportional hazards regression model) £4 A= Table 3 21 432 9] AIA] BT L 43P 9] FLH 0| RS 1R
3} 20 B ATOIAL A BEIL ADOE BYusE 49 =8

SH7] mizell AlZelE SRR Aol ghe "art . &, A @AY Beols AA 2@l BE dAS T 2
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Table 2. The Cumulative Incidence of Metabolic Syndrome according to the Body Size Phenotype of Participants (N=5,068)

Gender Body size phenotype Person-year n'(%) Incidence’ F(p) Sheffé test
Male (n=2,684) MHNW 9,138.70 268 (26.9) 29.3 92.83 (<.001) c>b>a
MHOW® 6,740.40 366 (43.2) 543
MHO* 5,845.40 479(57.2) 81.9
Female (n=2,384) MHNW 8,031.90 253 (28.1) 315 81.48 (<.001) c>b>a
MHOW® 5,481.80 316 (46.5) 57.7
MHO* 5,398.80 463 (57.4) 85.8

MHNW = metabolically healthy normal weight; MHO = metabolically healthy obesity; MHOW = metabolically healthy over weight.

"n= case of incidence; *case per 1,000 person-year.

Male Female
Metabolic syndrome Metabolic syndrome
1.0 p for log-rank text <.001 1.0 p for log-rank text <.001
== MHNW -7 MHNW
s - MHOW s - MHOW
= =7 MHO = = MHO
e 08 g 08
= 2
© ©
2 2
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> 06 3 06
v v
= =
© ©
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g 04 E 04
> >
(&) (&)
(%2] wv
S >
= =
€ 02 € 02
v (9]
< <
o o
0.0 0.0
0 2 4 6 8 0 2 4 6 8 10
Time (year) Time (year)
Number of incidence
MHNW 0 33 12 34 7 37 10 38 10 16 7 24 6 28 6
MHOW 0 66 13 45 23 57 15 47 17 14 7 29 5 18 10
MHO 0 124 30 81 27 41 19 43 10 25 4 27 1" 21 16
Time (year) baseline 1 2 3 4 5 6 7 8 9 10 " 12 13 14
Number of incidence
MHNW 0 48 9 30 14 31 7 22 14 18 2 20 5 16 17
MHOW 0 62 12 48 22 22 8 36 12 22 5 15 13 27 12
MHO 0 143 26 55 34 17 15 48 19 26 6 30 7 17 20
Time (year) baseline 1 2 3 4 5 6 7 8 9 10 " 12 13 14

Figure 2. The cumulative incidence rate of metabolic syndrome in participants.

o] 919 MHNW29] ¥]5) Model 19141 MHOW 1o0W(05% %4 go] 37519100 i BA5 0= §ojss.

CI=1.53~2.36), MHO< 2.804H(95% CI=2.26~3.46), Model 2

ot0] Aol AR EEFo] M2 ST B ST

ol A MHOW<E 1.9181(95% CI=1.53~2.38), MHO* 2.9281(95% MHNW-=Z]| ]3] Model 1914 MHOW=- 1.888](95% CI=1.52~
CI=2.35~3.62), Model 3°14 MHOW=- 1.928(95% CI=1.54~ 2.34), MHO 2.4641(95% CI=1.99~3.03), Model 294
2.40), MHO< 2.888[(95% CI=2.32~3.58)2 A|7tof whet A MHOW+E 1.908](95% CI=1.52~2.37), MHO<* 2.318](95%
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MHOW=metabolically healthy over weight.

Figure 3. Goodness of fit test of Cox's proportional hazard model.

Table 3. Time Dependent Proportional Risk of Metabolic Syndrome according to the Body Size Phenotype of Participants (N=2,216)

Body size phenotype
Gender Division MHOW (n=391) MHO (n=378)
MHNW (n = 380)
HR (p) 95% CI HR (p) 95% CI
Male (n=1,149) Model 1 1.00 (Reference) 1.90 (<.001) 1.53~2.36 2.80 (<.001) 2.26~346
Model 2 1.00 (Reference) 191 (<.001) 1.53~2.38 292 (<.001) 235~3.62
Model 3 1.00 (Reference) 1.92 (<.001) 1.54~2.40 2.88 (<.001) 2.32~3.58
Female (n=1,067) Model 1 1.00 (Reference) 1.88 (<.001) 1.52~2.34 246 (<.001) 1.99~3.03
Model 2 1.00 (Reference) 1.90 (<.001) 1.52~2.37 2.31 (<.001) 1.87~2.86
Model 3 1.00 (Reference) 1.89 (<.001) 1.51~2.37 2.34(<.001) 1.88~2.90

Model 1 not adjusted.
Model 2 adjusted for age, occupation, monthly income.
Model 3 adjusted for model 2 plus family history of hypertension.

CI = confidence interval; HR = hazard ratio; MHNW = metabolically healthy normal weight; MHO = metabolically healthy obesity; MHOW = metabolically

healthy over weight.
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