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Abstract

Background: Metabolic syndrome (MetS) status changes over time, but few studies have investigated the relation-
ship between the extent or duration of exposure to MetS and the risk of cardiovascular disease (CVD). We investigated
the cumulative effects of MetS and its components on the risk of myocardial infarction (Ml) and stroke.

Methods: From the Korean National Health Insurance database, 2,644,851 people who received annual health
examinations from 2010 to 2013 were recruited. Exposure-weighted scores for MetS during this 4-year period were
calculated in two ways: cumulative number of MetS diagnoses (MetS exposure score, range: 0-4) and the composite
of its five components (MetS component exposure score, range: 0-20). The multivariable Cox proportional-hazards
model was used to assess CVD risk according to the exposure-weighted scores for MetS.

Results: MetS was identified at least once in 37.6% and persistent MetS in 8.2% of subjects. During the follow-up
(median, 4.4 years), 10,522 cases of Ml (0.4%) and 10,524 cases of stoke (0.4%) occurred. The risk of Ml and stroke
increased gradually with increasing exposure scores of MetS and its components (each P for trend < 0.0001). The haz-
ard ratio [(HR) (95% CI)] of Ml and stroke were 5.27 (4.20-6.62) and 3.90 (3.09-4.93), respectively, in those with a score
of 20 compared with those with a MetS component exposure score of 0. People fulfilling only two MetS components
out of 20 already had 22% increased risk of MI, and those with three MetS components had 24% increased risk of
stroke. These associations were consistent in the subgroup and sensitivity analyses.

Conclusions: A dose-response relationship between the cumulative exposure to metabolic disturbances and inci-
dent Ml or stroke was evident. Even minimal exposure to MetS components was sufficient to increase the risk of CVD
significantly, highlighting the importance of intensive risk management for the prevention of CVD.
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Background

Metabolic syndrome (MetS) increases the risk of cardio-
vascular disease (CVD). The relative risk of various CVD
events is 2—3 times greater in people with than in those
without MetS [1, 2]. Individual components of MetS,
such as hyperglycemia, central obesity, hypertension,
and dyslipidemia, also increase the risk of CVD [3-12].
For example, fasting blood glucose level was positively
associated with the risk of CVD in Asian Pacific cohort
studies involving 1.2 million person-years of follow-up.
An 18 mg/dL lower fasting blood glucose level was asso-
ciated with a 21% and 23% lower risk of total stroke and
ischemic heart disease, respectively [3]. Strong associa-
tions between blood pressure (BP) and CVD have been
reported [4, 10]. For example, in an assembled cohort of
1.25 million participants, the lifetime risk of myocardial
infarction (MI) was eight times higher in participants
with hypertension than in those with normal BP [4].
Other studies have shown that central obesity, meas-
ured as waist circumference (WC), and dyslipidemia also
increase CVD risk [5-9, 11, 13].

From the viewpoint of prevention, MetS and its com-
ponents can change dynamically over time and are
modifiable risk factors for CVD and metabolic diseases.
Changes in MetS status or its components differentially
affect the risk of CVD and diabetes mellitus [14—17].
However, beyond simple changes in metabolic health
status, the extent and duration of exposure to risk fac-
tors may be important to the development of CVD. In
this study, we used a large nationwide population-based
database to investigate the associations between cumula-
tive exposure to MetS and its components with the risk
of MI and stroke in people who received four consecutive
health examinations.

Methods

Data source and study population

The Korean National Health Insurance Service (NHIS)
is a single, government-managed insurer, to which all
residents in Korea subscribe. Through its fee-for-service
system to pay health-care providers, the NHIS obtains a
complete set of information about ~50 million Koreans.
The database provides comprehensive health-care infor-
mation including: an eligibility database (e.g., age, sex,
socio-economic variables, type of eligibility); a medical
treatment database (based on the accounts submitted by
medical service providers for medical expenses); a health
examination database (results of general health examina-
tions and questionnaires on lifestyle and behavior); and a

medical care institution database (types of medical care
institutions, location, equipment, and number of physi-
cians) [18-20].

NHIS beneficiaries are encouraged to undergo stand-
ardized health examinations at least every 2 years. Of
the 11,739,956 people (aged > 20 years) who received
a health examination in 2013 (index year), 2,786,843
received four consecutive annual health examinations
from 2010 and were included in this study. Those with
missing data for one or more variables (n=121,157)
or with a history of MI or stroke before the index year
(n=20,835) were excluded. The final study population
comprised 2,644,851 people. This study was approved
by the Institutional Review Board of Yeouido St.
Mary’s Hospital, The Catholic University of Korea (No.
SC19ZASE0142). Because anonymous and de-identified
data were used, informed consent was waived.

Measurements and definitions
Body mass index (BMI) was calculated as weight in kil-
ograms divided by the square of the height in meters.
Information on smoking and alcohol consumption (heavy
alcohol consumption: > 30 g/day) was obtained from the
questionnaire. Regular exercise was defined as>20 min
of strenuous physical activity >3/week or>30 min of
moderate physical activity > 5/week. Household income
was dichotomized at the lower 25%. Blood was drawn
after overnight fasting for the measurement of serum
glucose, total cholesterol, triglyceride, high-density
lipoprotein-cholesterol (HDL-C), and low-density lipo-
protein-cholesterol levels. Estimated glomerular filtra-
tion rate was calculated using the modification of diet in
renal disease formula: 186 x (serum creatinine) '1°* x
age %29 x 0.742 (if female). Hospitals performing health
check-ups were certified by the NHIS and received regu-
lar quality control. Diabetes mellitus was diagnosed as at
least one claim per year with International Classification
of Disease, 10th Revision (ICD-10) codes E10-14 and
the prescription of anti-diabetic medication, or fasting
glucose level > 126 mg/dL. Hypertension was diagnosed
as at least one claim per year with ICD-10 codes 110 or
I11 and the prescription of anti-hypertensive agents, or
systolic/diastolic BP >140/90 mmHg. Dyslipidemia was
diagnosed as at least one claim per year with ICD-10
code E78 and the prescription of a lipid-lowering agent
or a total cholesterol level >240 mg/dL.

MetS was defined according to the revised criteria
of the National Cholesterol Education Program-Adult
Treatment Panel III [21] and included the modified WC
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criteria for abdominal obesity of the Korean Society
for the Study of Obesity [22]. MetS was diagnosed if at
least three of the following conditions were met: (i) WC
>90 c¢cm for men or >85 cm for women; (ii) serum tri-
glyceride level >150 mg/dL or use of lipid-lowering med-
ication; (iii) HDL-C level <40 mg/dL for men or <50 mg/
dL for women, or use of lipid-lowering medication; (iv)
systolic BP > 130 mmHg, diastolic BP >85 mmHg, or
use of an anti-hypertensive drug; and (v) fasting glucose
level >100 mg/dL or use of anti-diabetic medication.

Scoring of cumulative exposure to MetS

To estimate the cumulative effect of exposure to MetS,
we used two methods to define exposure-weighted scores
for MetS over 4 years. First, we counted the frequency of
MetS diagnoses over 4 years and defined this as the MetS
exposure score (range: 0—4). A score of 0 indicated no
MetS diagnosis (consistently free from MetS during the
four health examinations) and a score of 4 indicated a
diagnosis of MetS consistently throughout the four health
examinations. A score of 3 indicated a finding of MetS
in three of four health examinations. The same scoring
was applied for individual components of MetS. Second,
added all of the individual MetS components during the
4 years and defined this as the MetS component exposure
score (range: 0-20).

Clinical outcomes

The endpoints of the study were incident MI or stoke. MI
was defined as a recording of ICD-10 codes 121 or 122
during hospitalization. Stroke was defined as a recording
of ICD-10 codes 163 or 164 during hospitalization, along
with claims for brain magnetic resonance imaging or
brain computerized tomography [23]. We also performed
analyses on composite endpoint including both MI and
stroke. The study population was followed up according
to the date of cardiovascular events or until 31st Decem-
ber 2017, whichever came first. The mean follow-up
period was 4.4 £ 0.3 years.

Statistical analysis

Baseline characteristics are presented as the mean 4 SD,
median (25-75%), or n (%). Participants were classified
into five and 21 groups according to their MetS and MetS
component exposure scores, respectively. The incidence
rate of primary outcomes was calculated by dividing the
number of events by the total follow-up period (person-
years). The Cox proportional-hazards model was used to
estimate hazard ratios (HR) and 95% confidence interval
(CI) values for MI and stroke according to the exposure-
weighted scores for MetS. The proportional-hazards
assumption was assessed using the Schoenfeld residuals
test with a logarithm of the cumulative hazard functions
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based on Kaplan—Meier estimates for the cumulative
number of MetS and its components. Over time, there
was no significant departure from proportionality in
the hazards. Possible confounding factors were adjusted
using  multivariable-adjusted  proportional-hazards
models. Model 1 was adjusted for age, sex, alcohol con-
sumption, smoking, regular exercise, and income status.
Model 2 was adjusted further for baseline systolic BP,
WC, and fasting glucose, triglyceride and HDL-C levels.
To minimize the possible effect of reverse causality, sen-
sitivity analysis was performed by excluding events that
occurred within the first 2 years of follow-up. Because
people undergoing treatment for diabetes mellitus,
hypertension, or dyslipidemia may have different risks for
CVD, we also performed a sensitivity analysis by exclud-
ing these subjects. The potential effects modification by
sex, obesity, and changes in MetS component numbers
between 2010 and 2013 were evaluated through stratified
analysis and interaction testing using a likelihood-ratio
test. All statistical analyses were performed using SAS
software (version 9.4; SAS Institute, Cary, NC, USA). A P
value <0.05 was considered to be significant.

Results

Baseline characteristics of the study population

The mean age and BMI of the study population were
44.4410.5 years and 23.943.2 kg/m?, respectively. Of
2,644,851 people who received an annual health exami-
nation over the 4 years, 37.6% had been diagnosed with
MetS at least once. MetS was diagnosed persistently
in 21.9%, and the MetS status changed over the 4 years
in 78.1% of these population. Age and the percentage
of men increased with increasing MetS exposure score.
Cardiometabolic parameters such as BMI, WC, systolic
or diastolic BP, and fasting glucose and triglyceride levels
also increased, whereas HDL-C level and estimated glo-
merular filtration rate decreased, with the MetS exposure
score. Current smoking and heavy alcohol consumption
were more frequent in subjects who had been diagnosed
with MetS at least once during the study period com-
pared with those who had never been diagnosed with
MetS. Lower household income was associated with
a higher frequency of MetS diagnosis. The prevalence
of diabetes mellitus, hypertension, and dyslipidemia
also increased significantly as the MetS exposure score
increased (Table 1).

Risk of Ml and stroke according to the MetS exposure score
There were 10,522 cases of MI (0.4%) during the follow-
up period. Categorization according to the MetS expo-
sure score showed that a higher score was associated, in
a stepwise manner, with a higher incidence rate and HR
(95% CI) of ML In the fully adjusted multivariable model,
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Table 1 Baseline characteristics of the study population according to the metabolic syndrome exposure score

during the 4 years

Total 0 1 2 3 4

(n=2,644,851) (n=1,651,616) (n=382,605) (n=224,351) (n=168,404) (n=217,875)
Age (years) 444+£105 424+£10.1 46.0410.2 4744102 486+£10.2 506196
Sex (male) 1,912,340 (72.3) 1,112,284 (67.4) 305,786 (79.9) 182,112 (81.2) 137,209 (81.5) 174,949 (80.3)
Body mass index (kg/mz) 239432 228427 249428 258429 264+3.1 269433
Waist circumferences (cm) 81.0+£89 778+78 840+73 864+75 882+77 895+83
Systolic BP (mmHg) 12144133 11784+123 12494125 127.34+126 129.04+£13.0 1298+13.6
Diastolic BP (mmHg) 764494 742487 786189 80.1£9.1 81.1+£93 815497
Fasting glucose (mg/dL) 97.0+205 9194130 9894186 103.14£2238 108.04+27.7 117.14£36.2
Total cholesterol (mg/dL) 19554349 191.64+32.7 2013+£354 203.5+36.7 203.7+£38.1 199.9440.5
Triglyceride (mg/dL) 111 (75-168) 91 (66-128) 143 (100-198) 164 (116-227) 177 (127-250) 186 (128-264)
HDL-cholesterol (mg/dL) 546+146 5804143 50.7+£13.3 4864132 4724130 47.14+134
LDL-cholesterol (mg/dL) 11454321 1126430.0 119.24£33.0 11944345 11794357 113.14£376
eGFR (ml/min/1.73 m?) 9454585 96.1 £60.1 9324572 9194547 91.14£533 90.1+£54.7
Current smoker 837,544 (31.7) 479,439 (29.0) 138,336 (36.2) 82,382 (36.7) 61,550 (36.6) 75,837 (34.8)
Heavy alcohol consumption 218,296 (8.3) 110,861 (6.7) 38,715 (10.1) 24,398 (10.9) 19,311 (11.5) 25011 (11.5)
Regular Exercise 624,163 (23.6) 382,670 (23.2) 93,192 (24.4) 53,980 (24.1) 40,458 (24.0) 53,863 (24.7)
Household income (lower 25%) 489,716 (18.5) 280,104 (17.0) 72,427 (18.9) 45,525 (20.3) 37,068 (22.0) 54,592 (25.1)
Diabetes mellitus 183,475 (6.9) 30,598 (1.9) 23,776 (6. ) 24,411 (10.9) 29,783 (17.7) 74,907 (34.4)
Hypertension 526,527 (19.9) 148,682 (9.0) 89,342 (234 75,746 (33.8) 75,060 (44.6) 137,697 (63.2)
Dyslipidemia 463,166 (17.5) 159,785 (9.7) 76,642 (20.0 60,499 (27.0) 56,675 (33.7) 109,565 (50.3)

Data are expressed as the mean =+ SD, median (25-75%), or n (%)

BP blood pressure, eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, LDL low-density lipoprotein

P values for the trend were <0.0001 for all variables

the HR (95% CI) for incident MI was 2.87 (2.70-3.05) in
those with a MetS exposure score of 4. Similarly, analy-
sis of the cumulative effects of individual components of
MetS showed a higher incidence rate and HR (95% CI)
of MI in those with more number of each MetS compo-
nents. The risk of MI was higher in people with a consist-
ently high BP (HR 2.37 [95% CI 2.21-2.53]), triglyceride
level (HR 2.61 [95% CI 2.44-2.79]), and low HDL-C level
(HR 2.61 [95% CI 2.47-2.76]) over the 4 years compared
with those whose levels were not high during this time
(Table 2).

There were 10,524 cases of stroke (0.4%) during the fol-
low-up period. Similar trends were observed for stroke. A
higher MetS exposure score was associated, in a stepwise
manner, with a higher incidence rate and HR (95% CI) of
stroke. In the fully adjusted multivariable model, the HR
(95% CI) values for incident stroke were 2.30 (2.17-2.45)
in those with a MetS exposure score of 4. Analysis of the
cumulative effects of individual components of MetS
showed a higher incidence rate and HR (95% CI) of stroke
in those with more number of each MetS components.
The risk of stroke was higher in subjects with a consist-
ently high BP (HR 2.16 [95% CI 2.02-2.32]), triglyceride
level (HR 2.16 [95% CI 2.02-2.30]), and low HDL-C level
(HR 2.18 [95% CI 2.06—-2.30]) over the 4 years compared

with those whose levels were not high during this time
(Table 2).

As expected, composite risk of MI and stroke also grad-
ually increased according to the MetS exposure score,
showing the highest HR in those with MetS exposure
score of 4. Similarly, analysis of the cumulative effects
of individual components of MetS showed a higher inci-
dence rate and HR of composite outcome in those with
more number of each MetS components (Additional
file 1: Table S1).

Risk of Ml and stroke according to the MetS component
exposure score

Next, we evaluated the risk for MI and stroke accord-
ing to the cumulative number of MetS components dur-
ing the 4 years in composite (MetS component exposure
score, scale: 0-20). Over the four consecutive health
examinations, only 10.1% (n=266,946) remained meta-
bolically healthy, meaning that they did not meet any cri-
teria of the MetS in this period. The other 89.9% of the
population met the criteria for at least one MetS com-
ponent at least once (Additional file 1: Table S2). The
incidence rates of MI and stroke in those who remained
metabolically healthy were 0.25 and 0.22 per 1000 per-
son-years, respectively. By contrast, the incidence rate
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Table 2 Hazard ratios and 95% confidence intervals for myocardial infarction and stroke according to the cumulative
number of individual metabolic syndrome components

Myocardial Infarction Stroke
Events (n) Incidence rate® Model 1 Model 2 Events (n) Incidence rate® Model 1 Model 2

MetS
0(n=1651616) 3714 0.51 1(ref) 1(ref.) 3670 0.50 (ref) 1(ref)
1 (n=382,605) 1648 0.98 149(1.41,158) 140(1.32,149) 1688 1.01 44 (136,1.52) 1.36(1.28,1.44)
2 (n=2247351) 1298 1.32 1.84(1.73,1.96) 168(1.57,1.80) 1384 141 78(1.67,190) 1.64(1.53,1.75)
3(n=168404) 1235 1.68 2.17 (2.04, 232) 95 (1.81,2.09) 1281 1.74 99(1.87,2.12) 1.78(1.66,1.91)
4(n=217875 2627 2.76 3.28(3.12,346) 287(2.70,3.05) 2501 263 2.68(2.55,2.83) 230(2.17,245)
P for trend <0.0001 <0.0001 <0.0001 <0.0001
BP
0(n=929,973) 1755 043 1(ref) 1(ref) 1507 037 (ref) (ref)
1(n=517,955) 1431 0.63 123 (11 32) 1.19(1.11,1.28) 1207 0.53 17(1.09,1.27) 0(1.02,1.19)
2(n=375277) 1334 0.81 144 (1341 55) 136(1.27,147) 1347 0.82 1.58(1.47,1.71) 41(1.30,1.52)
3 (n=301,057) 1400 1.06 174 (1.62,1.87) 1.61(1.49,1.74) 1546 117 2.00 (1.86,2.15) 70(1.57,1.83)
4 (n=520,589) 4602 2.02 264 (249,2.80) 237221, 253) 4917 2.16 266 (2.50,2.82) 2.16(2.02,232)
P for trend <0.0001 <0.0001 <0.0001 <0.0001
WC
0(n=1,890,155) 6319 0.76 1(ref) 1(ref) 6337 0.76 1(ref) (ref)
1(n=270,543) 1292 1.09 124(1.17,1.32) 1.12(1.051.19) 1318 .11 1.20(1.13,1.27) 0(1.04,1.17)
2(n=157,263) 839 1.22 132( 22,141) 1.14(1.06,1.23) 846 1.23 1.24(1.16,1.34) 1(1.03,1.19)
3(n=135,252) 782 132 39(1.29,150) 1.17(1.09,1.26) 793 1.34 132(1.23,142) 1. 14(1 .06, 1.23)
4 (n=191,638) 1290 1.54 1.61(1.52,1.71) 1.29(1.21,1.37) 1230 147 145(1.36,1.54) 1.19(1.11,1.26)
P for trend <0.0001 <0.0001 <0.0001 <0.0001
Fasting glucose
0(n=1,192,187) 3214 0.61 (ref) 1(ref) 3026 057 1(ref) (ref)
1(h=610969) 2210 0.82 .10 (1 04,1.16) 1.03(097,1.09) 2153 0.80 1.09(1.03,1.16) 1.01(0.96, 1.07)
2(n=348772) 1571 1.03 0(1.13,1.28) 107( 00,1.14) 1548 1.01 1.16(1.09,1.24) 1.02(0.95,1.08)

3 (n=223,765) 1194 122 7(1.19,1.36) 06(0.99,1.14) 1214 124 1.22(1.14,1.31) 0.99(0.93,1.07)
4 (n=269,158) 2333 1.99 1.73 (1 64,1.83) 1.28(1.19,1.37) 2583 220 1.73(1.64,1.83) 1.22(1.14,1.30)
P for trend <0.0001 <0.0001 <0.0001 <0.0001
Triglycerides
0(n=1,177,953) 2624 0.50 1(ref) 1(ref) 2866 0.55 1(ref) 1(ref)
1 (n=454,920) 1579 0.79 1.32(1.24,141) 132(1.24,141) 1631 0.81 124(1.17,1.32) 1.26(1.18,1.34)
2 (n=315,637) 1441 1.04 1.60 (1.50, 1.70) 60 (1.49,1.71) 1430 1.03 142(134,1.52) 1.46(1.36,1.56)
3(n=281,844) 1434 1.16 1.70(1.59, 1.81) 1(1.59,1.84) 1493 1.21 1.59(1.49,1.69) 1.64(1.53,1.76)
4(n=414497) 3444 1.90 261(248,275 261(244,2.79) 3104 1.71 2.09(1.99,2.20) 2.16(2.02,2.30)
P for trend <0.0001 <0.0001 <0.0001 <0.0001
HDL-C
0(n=1,679,086) 4486 0.61 1(ref) 1(ref.) 4740 0.64 (ref) 1(ref)
1 (n=380,468) 1652 0.99 149(141,157) 144(136,153) 1615 0.97 33(1.26,141) 1.33(1.26,1.41)
2(n=212,105) 1170 1.25 1.76 (1.65, 1.88) 168(1 57,1.80) 1117 1.20 50(1.40,1.60) 1.49(1.39,1.59)
3(n=154,983) 992 1.46 197(1.84,2.11) 86 (1.73,2.00) 989 145 73(1.61,1.85) 1.71(1.59,1.84)
4 (n=218,209) 2222 232 2.84(2.70,299) 261(247,2.76) 2063 2.15 2.28(2.17,241) 2.18(2.06,2.30)
P for trend <0.0001 <0.0001 <0.0001 <0.0001

a

Model 1: Adjusted for age, sex, alcohol consumption, smoking, regular exercise, income status

per 1000 person-years

Model 2: Adjusted for model 1+ baseline systolic blood pressure, waist circumference, fasting glucose, triglyceride and high-density lipoprotein-cholesterol levels

BP blood pressure, HDL-C high-density lipoprotein-cholesterol, MetS metabolic syndrome, WC waist circumference
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increased steadily as the MetS component exposure
score increased and reached 3.59 per 1000 person-years
for MI and 3.43 per 1000 person-years for stroke in those
with a MetS component exposure score of 20. Com-
pared with those with MetS component exposure score
of 0, the risk of MI and stroke continuously increased
with the increasing MetS component exposure score in
a stepwise manner. In fully adjusted multivariable model,
the HR (95% CI) of MI and stroke in those with MetS
component exposure score of 20 were 5.27 (4.20-6.62)
and 3.90 (3.09-4.93), respectively. Of note, subjects ful-
filling only two MetS components out of 20 already had
22% increased risk of MI, and subjects with three MetS
components had 24% increased risk of stroke, suggesting
that minimal exposure to MetS components are enough
for increasing the risk of CVD significantly (Fig. 1, Addi-
tional file 1: Table S2). Similar results were observed
for the risk of composite outcome (Additional file 1:
Table S3).

Subgroup and sensitivity analysis

Analysis of the associations of the risk for MI and
stroke with the cumulative number of MetS compo-
nents showed a similar pattern independent of the influ-
ence of sex, obesity, and changes in the number of MetS
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Fig. 1 Hazard ratios (95% confidence intervals) and incidence rate
of myocardial infarction and stroke according to the metabolic
syndrome component exposure score. The data were adjusted for
age, sex, alcohol consumption, smoking, regular exercise, income
status, baseline systolic blood pressure, waist circumference, and
fasting glucose, triglyceride, and high-density lipoprotein-cholesterol
levels

Page 6 of 12

components between 2010 and 2013. However, the rela-
tive risk of MI and stroke in those with increased MetS
component exposure score were greater in men (P for
interaction < 0.0001 for MI and 0.0242 for stroke) and in
non-obese people (P for interaction=0.0005 for MI and
0.0215 for stroke) compared with women and obese peo-
ple, respectively (Figs. 2 and 3).

Similar to the findings of the original analysis, after
excluding people experiencing events during the first
2 years of follow-up, the incidence rate and HR of MI
and stroke increased with the MetS component exposure
score. In the fully adjusted multivariable model, the HRs
(95% CI) of MI and stroke were 3.36 (2.48—4.53) and 1.97
(1.42-2.74), respectively, in people with a MetS compo-
nent exposure score of 20 (Additional file 1: Table S4).
After excluding people undergoing treatment for dia-
betes mellitus, hypertension, and dyslipidemia, the HRs
(95% CI) of MI and stroke were 17.41 (11.02—-27.51) and
15.49 (9.69-24.76), respectively, in those with a MetS
component exposure score of 20 (Table 3). The increase
in HRs was larger in lower-risk subjects than in the total
study population.

Discussion

In this nationwide population-based study, we found
a cumulative effect of MetS and its components on the
risk of CVD. A dose-response relationship between the
cumulative exposure to metabolic disturbances and inci-
dent MI or stroke was evident and was generally con-
sistent after various subgroup and sensitivity analyses, a
finding that supports the robustness of the data. Impor-
tantly, minimal exposure to MetS components was suf-
ficient to increase the risk of MI and stroke significantly
(Fig. 4).

There is growing evidence that MetS and its compo-
nents significantly increase the risk of CVD [1, 8, 14].
However, most previous studies were performed in the
context of MetS diagnosed once at a given time without
considering the dynamic nature of MetS. In our study,
among those who had been ever diagnosed with MetS
during the study period, only one-fifth exhibited per-
sistent MetS over the 4 years. This finding supports the
notion of dynamic change in MetS over time, as dem-
onstrated in previous studies [14, 16, 24]. From this
perspective, it is important to assess the effects of the
accumulation of metabolic risk factors on CVD. To our
knowledge, ours is the first large-scaled study to inves-
tigate the effects of long-term cumulative exposure to
MetS on cardiovascular outcomes. Our findings comple-
ment a recent study of the association between changes
in MetS status and major adverse cardiovascular events.
That study found that people who had recovered from
MetS had a lower CVD risk than those with persistent
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MetS but still had a higher CVD risk than those without
MetS [14]. In addition to the previous finding showing
that a change in MetS status can change CVD risk over
time, we found that the CVD risk increased continuously,
as reflected in a MetS component exposure score of 1-20
over the 4 years. This implies that the extent and dura-
tion of exposure to MetS components may be important
to the development of CVD. A previous study showed
that MetS severity calculated as a Z-score, which was
derived using a confirmatory factor analysis to deter-
mine the degree to which of each components contribute

to a latent MetS factor, was clearly associated with the
increased CVD risk among individuals with diabetes
[25]. Similar findings have been observed for other meta-
bolic or vascular diseases. For example, previous studies
have reported that changes in MetS status over 2 years
are closely associated with the development of diabetes
mellitus or chronic kidney disease after 10 years [16, 24].
Taken together, these findings suggest that, given the
dynamic nature of MetS, a single assessment of MetS may
not be sufficient for evaluating its clinical impact. There-
fore, the changes in MetS status or long-term cumulative
effects of MetS should be considered.
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An important observation of our study is that the dose—
response relationship between cumulative MetS exposure
and CVD risk became significant at a MetS component
exposure score of only 2 or 3 out of 20 over the 4 years.
The Framingham Offspring Study has shown that, in
addition to the clustering of three traits of MetS, the
presence of only one or two traits of MetS also increased
the risk of CVD and diabetes mellitus over the 8 years
of follow-up [1]. Similarly, other studies have also found
that even if MetS is not diagnosed, one or two traits of
MetS significantly increase the risk of CVD or diabetes
mellitus [26, 27]. In addition, it should be noted that even
in those who had improvement in their metabolic health

status (decreased number of MetS components in 2013
compared with 2010), the risk of CVD still increased with
increasing MetS component exposure score. This result
supports those of a previous study that found a higher
CVD risk in the MetS recovery group than in the MetS-
free group, although both groups were equally free from
MetS at the follow-up [14]. Overall, our results indicate
that even minimal exposure to MetS abnormalities in the
past, such as having two or three of 20 MetS components
over the 4 years, may be sufficient for increasing the over-
all risk of incident CVD. In this context, the importance
of minimizing exposure to metabolic disturbances and
intensive management of individual components of MetS



Lee et al. Cardiovasc Diabetol (2020) 19:153

Page 9 of 12

Table 3 Hazard ratios and 95% confidence intervals for myocardial infarction and stroke according to the metabolic
syndrome component exposure score (sensitivity analysis excluding subjects on treatment with diabetes mellitus,

hypertension and dyslipidemia)

Myocardial Infarction Stroke
Events (n) Incidence rate® Model 1 Model 2 Events Incidence Model 1 Model 2
(n) rate?

0(n=264,176) 281 0.24 1(ref.) (ref) 250 0.21 1(ref) 1(ref.)

1 (h=268457) 383 032 1.15(0.99, 1.34) .16 (0,99, 1.35) 290 0.24 096 (0.81,1.14)  0.96(0.81,1.14)
2 (n=250,345) 412 037 1.19(1.02,1.39) 1.21(1.03,1.41) 330 0.30 1.04 (O 88,1.22) 1.03(0.87,1.22)
3(n=229,275) 433 043 126 (1.08,1.47) 1.28 (1.10,1.50) 404 040 1.25(1.07,147) 1.25(1.06,147)
4(n=213,530) 526 0.56 1.54(1.33,1.78) 1.58 (1.36,1.83) 469 0.50 144 (1.24,1.68) 143(1.22,1.68)
5(n=182,721) 451 0.56 147 (1.26,1.71) 1.52(1.30,1.78) 442 0.55 1.50(1.28, 1.75) 1.50(1.28,1.77)
6 (n=156,233) 449 0.65 164 (141,1.91) 1.72 (1.47,2.01) 453 0.66 1.72(147,2.01) 1.74 (1.48,2.05)
7 (n=131,958) 480 0.83 2.05(1.76, 2. 38) 6(1.85,2.53) 446 0.77 97 (1.69, 2.31) 2.02(1.71,2.39)
8(n=114,510) 425 0.85 2.04(1.75,2.38) 8(1.85,2.57) 419 083 208(1.78,244)  2.16(1.83,2.56)
9(n=90496) 404 1.02 244 (2.09,,2.85) 2.63(2.23,3.11) 380 0.96 2.38(2.03,2.80) 2.52(2.12,2.99)
10(n=71,738) 351 112 2.65(2.26,3.11) 2.88(2.43,342) 345 1.10 2.70(2.29,3.19) 2.89(2.42,345)
11 (n=55,777) 281 1.15 2.70(2.29,3.20) 296 (247,3.55) 306 1.26 3.05(257,361)  328(2.73,3.94)
12 (n=43,704) 318 1.67 3.87 (3.29,4.56) 4.26 (3.56, 5.09) 290 152 3.66 (3.08,4.34) 3.92(3.25,4.73)

13 (n=29,989) 244 1.86 4.33(3.64,5.15) 4.79 (3.96, 5.80) 214 1.63 394 (3.28,474)  4.26(349,5.21)
14 (n=20,669) 206 229 529 (4.41,6.35) 5.89(4.82,7.19) 194 215 9(4.29,6.27) 5.62 (4.56,6.91)
15(h=13,867) 172 2.86 61 (5.45, 8.00) 7.37(5.97,9.11) 149 247 597 (4.86,7.32) 6.44 (5.15, 8.04)

16 (n=9246) 128 3.19 7.15(5.79,8.83) 799 (6.35,1006) 108 269 6.23 (4.96,7.82) 61 (5.18,845)
17 (n=4643) 76 3.78 846 (6.56, 10.92) 9.55(7.27,12.54) 64 3.18 740 (5.61,9.75) 01(5.98,10.73)
18 (n=2437) 38 3.60 8.15(5.80, 11.46) 9.21(6:46,13.12) 35 331 7.83(549,11.17)  834(5.77,12.05)
19 (n=1324) 24 4.19 9.23(6.08, 14.02) 1042 (6.78, 16.04) 19 3.31 7.34(4.60,11.71) 767 (4.75,12.38)
20 (n=728) 21 6.72 15.37 (9.86, 23.96) 1741 (11.02,27.51) 20 6.36 15.18 (9.62,23.94) 1549 (9.69, 24.76)
P for trend <0.0001 <0.0001 <0.0001 <0.0001

@ per 1000 person-years

Model 1: Adjusted for age, sex, alcohol consumption, smoking, regular exercise, income status

Model 2: Adjusted for model 1+ baseline systolic blood pressure, waist circumference, fasting glucose, triglyceride and high-density lipoprotein-cholesterol levels

for the prevention of CVD cannot be overemphasized.
Epidemiological and clinical studies show inverse rela-
tionship between MetS and moderate to vigorous inten-
sity exercise, and that high-intensity interval training is
effective in ameliorating MetS severity [28, 29].

The approach to the prevention of CVD and manage-
ment of MetS is similar to the treatment strategy for their
individual components. This might pose a problem when
treating people with persistently high glucose or triglyc-
eride levels, or low HDL-C level and high BP that are
not within the diagnostic range of hypertension, dyslipi-
demia, or diabetes mellitus, but are within the diagnostic
range of MetS. In this study, we found that the increase
in the risk of CVD according to the MetS component
exposure score was greater in people with lower risk
who were not taking medication for diabetes mellitus,
hypertension, or dyslipidemia. A longitudinal study with
a median follow-up period of 10 years revealed that the
risk of CVD in prediabetes population was significantly

higher when they had MetS [30]. In the same context, a
recent meta-analysis confirmed the association between
prediabetes and risk of CVD [31]. An increase in the
cumulative number of MetS components may reflect a
pathological state that substantially augments the risk of
development of atherosclerotic CVD. People with MetS
components should be considered as a risk group regard-
less of the presence of diabetes mellitus, hypertension, or
dyslipidemia.

We found that the increased risk of CVD with an
increasing MetS component exposure score was greater
in non-obese people, which is consistent with the
increased morbidity and mortality risk reported for meta-
bolically unhealthy normal-weight people [32-35]. In
the San Antonio Heart Study, individuals with a meta-
bolically unhealthy normal weight had a significantly
increased risk of CVD and diabetes mellitus [33]. Simi-
larly, the Insulin Resistance Intervention after Stroke
(IRIS) trial revealed higher risk of CVD in normal-weight
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insulin resistant people with MetS, compared with those
without MetS [36]. A meta-analysis found that this group
has the highest risk of cardiovascular events and all-cause
mortality compared with other metabolic-BMI pheno-
type groups [32]. Increased adiposity, decreased com-
pensatory insulin response, or genetic variation related
to insulin resistance have been proposed as possible
mechanisms [34]. It is clear that people with a metaboli-
cally unhealthy normal weight represent another group
of people at high risk of developing CVD. Health-care
providers should be encouraged to screen for metabolic
disorders in routine clinical practice, even in people who
are not obese.

One strength of our study is that it was a large-scaled
nationwide population-based study that included>2.6
million people. Linkage with health examination data
complements the limitations of the simple claim data
which lacks detailed clinical information [18, 37]. How-
ever, our study has a few limitations. First, because this
was an observational study with a retrospective design,
causal relationships cannot be determined. However, the
strength of the associations and the consistency across
different subgroups support the robustness of the data.
In addition, similar results were found in the sensitiv-
ity analyses. Second, because we included those who
received an annual health examination, there may have
been a selection bias. Men and employees are generally
more likely to receive regular medical check-ups [19].
Third, the possible effects of unmeasured confounding
variables, such as family history, genetic predisposition or
medications (e.g. aspirin, statin, etc.), remain. Lastly, our
findings may not be generalized to different ethnicities
because this study included only the Korean population.

Conclusions

The risk of CVD increased significantly with cumulative
exposure to MetS and its components during the four
consecutive health examinations. Of note, even minimal
exposure to MetS components had a detrimental effect
on the risk of MI and stroke. Our results indicate the
importance of more intensive management of MetS and
its components to reduce the risk of CVD. Further pro-
spective studies should focus on whether aggressive man-
agement of MetS components reduces future CVD risk.
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