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Background: Population-scale evidence for the association be-
tween dynamic changes in metabolic syndrome (MetS) status
and alterations in the risk for major adverse cardiovascular
events (MACE) is lacking.

Objective: To investigate whether recovery from or develop-
ment of MetS in a population is associated with an altered risk for
MACE.

Design: Nationwide cohort study.

Setting: An analysis based on the National Health Insurance Da-
tabase of Korea.

Participants: A total of 27 161 051 persons who received na-
tional health screenings from 2009 to 2014 were screened.
Those with a history of MACE were excluded. We determined
the MetS status of 9 553 042 persons using the following harmo-
nizing criteria: MetS-chronic (n = 1486 485), MetS-developed
(n = 587 088), MetS-recovery (n = 538 806), and MetS-free (n =
6 940 663).

Measurements: The outcome was the occurrence of MACE,
including acute myocardial infarction, revascularization, and
acute ischemic stroke, identified from the claims database. The
incidence rate ratios (IRRs) were calculated with adjustments for

body mass index, comorbidity scores, previous metabolic vari-
ables, and other clinical or demographic variables.

Results: At a median follow-up of 3.54 years, the MetS-recovery
group (incidence rate, 4.55 per 1000 person-years) had a signif-
icantly lower MACE risk (adjusted IRR, 0.85 [95% Cl, 0.83 to
0.87]) than that of the MetS-chronic group (incidence rate, 8.52
per 1000 person-years). The MetS-developed group (incidence
rate, 6.05 per 1000 person-years) had a significantly higher
MACE risk (adjusted IRR, 1.36 [Cl, 1.33 to 1.39]) than that of the
MetS-free group (incidence rate, 1.92 per 1000 person-years).
Among the MetS components, change in hypertension was as-
sociated with the largest difference in MACE risk.

Limitation: Limited assessment of mortality and short follow-up.

Conclusion: Recovery from MetS was significantly associated
with decreased risk for MACE, whereas development of MetS
was associated with increased risk.
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etabolic syndrome (MetS) increases the risk for

major adverse cardiovascular events (MACE), a
leading cause of death in adults worldwide (1-5). Sev-
eral medical resources are invested in managing MetS
components, which include central obesity, dyslipide-
mia, glucose intolerance, and hypertension (6-9). How-
ever, the medical burden of MetS and consequential
MACE is projected to increase as obesity-related health
problems grow worldwide (9).

Management of each MetS component has proven
to be effective in reducing the risk for MACE (10-13). In
addition, population-based studies have found that
MetS is an important predictor of MACE (2-4, 14). How-
ever, few large-scale studies that explore whether re-
covery from or development of MetS is associated with
an altered risk for MACE have been done, although
MetS status has been reported to change dynamically
(15-17). Identifying the risk for MACE in persons who
develop or recover from MetS would be essential evi-
dence in support of public health policies aiming to
reduce the burden of MetS (17-21). Furthermore, com-
paring the different risks for MACE associated with
each MetS component would reveal a potential ap-
proach for decreasing MetS-related cardiovascular
events.
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In this study, we investigated the association be-
tween dynamic MetS status and MACE risk. We in-
cluded approximately 10 million persons who showed
alterations in or maintenance of MetS status during the
course of serial health checkups. We hypothesized that
persons with an altered MetS status or alterations in
each MetS component would have an altered risk for
MACE.

METHODS

The Institutional Review Board of Seoul National
University Hospital (E-1801-027-913) approved the
study. They waived the requirement for informed con-
sent because anonymous raw data were obtained from
the National Health Insurance Service of Korea. The
study was done in accordance with the Declaration of
Helsinki.

See also:

Summary for Patients
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The National Health Insurance Database and
National Health Screening in Korea

The National Health Insurance Database of Korea, a
public resource of data from the entire South Korean
population, includes information on insured medical
services, health screenings, and sociodemographic
variables (22, 23). We used the health screening data to
identify the MetS status of the persons studied and the
diagnostic codes and relevant claims information to
identify the outcomes (24).

A free general health screening is provided by the
National Health Insurance Service every year for nonof-
fice workers and every 2 years for office workers or
nonworkplace subscribers. Dependent subscribers
who are older than 40 years also receive the examina-
tion every 2 years. Since 2009, the total examination
rate for general health screenings among the approxi-
mately 15 million target population was approximately
70%.

Study Population

The graphical description of the time windows
used to determine inclusion or exclusion of partici-
pants, covariates, and follow-up durations is shown in
Appendix Figure 1 (available at Annals.org) (25). We
screened adults (aged =20 years) who received gen-
eral health screenings from the National Health Insur-
ance Service from 2009 to 2014 in Korea. We included
persons with identifiable MetS status at 3 or more
health examinations during the inclusion period, and
we determined the dynamic MetS status of the study
population during the first 3 health screenings (S1, S2,
and S3). To secure data availability, we excluded per-
sons who had fewer than 3 health examinations and
those who had missing information needed to identify
their MetS status or baseline laboratory results. As eli-
gibility criteria, we also excluded persons who had a
transient change in MetS status and those who exhib-
ited changes at their third examination (S3), because
further confirmation for consistency during the inclu-
sion health screenings (S1, S2, and S3) was not avail-
able for these persons (Appendix Figure 2, available at
Annals.org). In addition, we excluded persons who had
a history of MACE before follow-up initiation (1 day af-
ter the third examination) and those with underlying
kidney function impairment (baseline estimated glo-
merular filtration rate of <60 mL/min/1.73 m?; calcu-
lated using the Modification of Diet in Renal Disease
Study equation, a chronic kidney disease diagnostic
code, or a history of renal replacement therapy). Using
these eligibility criteria, we aimed to include persons
who maintained or exhibited persistent changes in
their MetS status through 1 additional health examina-
tion without underlying MACE or significant kidney
function impairment.

Data Collection

The following baseline characteristics were col-
lected at the third screening (S3): age; sex; body mass
index (BMI); waist circumference; systolic and diastolic
blood pressure; estimated glomerular filtration rate cal-
culated from serum creatinine value; and fasting glu-
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cose, total cholesterol, high-density lipoprotein choles-
terol, triglyceride, alanine aminotransferase, aspartate
aminotransferase, and hemoglobin levels. Persons in
the lowest quartile of the nation's income were defined
as the low-income group. The Charlson Comorbidity
Index was used to represent the burden of underlying
comorbid conditions in the included persons (26). Self-
reported lifestyle variables were recorded as follows:
days of moderate-to-vigorous physical activity for more
than 20 to 30 minutes per week (0, 1 to 2, 3 to 4, and
>5 days per week), smoking history, alcohol history
(none, moderate consumption [<2 standard drinks
for men and <1 standard drink for women per single
drinking session], and heavy consumption [more
than moderate]) (27).

Definition of MetS

MetS status was identified by using the harmoniz-
ing criteria in the first 3 health screenings (S1, S2, and
S3)(28). It was confirmed when 3 or more of the follow-
ing components were present: increased waist circum-
ference (=90 cm for Asian men and =80 cm for Asian
women); elevated triglyceride level (=50 mg/dL) or use
of a relevant drug; reduced high-density lipoprotein
cholesterol level (<40 mg/dL for men and 50 mg/dL for
women) or use of a relevant drug; elevated blood pres-
sure (systolic 2130 mm Hg and/or diastolic =280 mm
Hg) or use of an antihypertensive medication; and ele-
vated fasting glucose level (=100 mg/dL) or use of an
antidiabetic drug.

Study Groups

On the basis of our exclusion criteria, persons in
the study population could have a status of stable MetS
absence or presence or a change in their MetS absence
or presence status from S2 and their MetS status main-
tained until S3. Study participants were divided into 4
groups according to MetS status (Figure 1): MetS-free
(persons who were consistently free from MetS during
the first 3 health examinations), MetS-chronic (those
who had MetS throughout the 3 health examinations),
MetS-developed (those with newly developed MetS
[absence of MetS at S1 but presence of MetS at S2 and
S3]), and MetS-recovery (those who recovered from
preexisting MetS [presence of MetS at S1 but absence
of MetS at S2 and S3]).

Study Outcomes

The study outcome was MACE, including acute
myocardial infarction, revascularization, and acute isch-
emic stroke. Acute myocardial infarction was defined
by International Classification of Diseases, 10th Revision,
diagnostic code 121 or 122 during admission. Revascular-
ization was defined by a claim history of a cardiovascular
revascularization procedure. Acute ischemic stroke was
defined by International Classification of Diseases, 10th
Revision, diagnostic code 163 during admission. Follow-
up was initiated 1 day after the third examination (S3),
which was the day after the exposure assessment, and
censoring occurred at death or on 31 December 2016.
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Figure 1. Study population and the most common scenarios among the study population.

aged 220y from 2009 to 2014
(n =27161051)

Korean NHIS general health screening examinees

Y

Excluded (n = 14245 331)
<3 health examinations: 14 167 881
Missing information to identify MetS
status or in laboratory results: 77 450

MetS status in first 3 examinations
(n =12915720)

Health screening examinees with definable

Y

Excluded (n = 3362 678)
Inconsistent MetS status: 2 355 862
History of MACE: 382 998
Kidney function impairment: 623 818

population (n = 9 553 042)

Health screening examinees in final study

MetS-free group
(n = 6940663)

MetS-chronic group
(n =1486485)

MetS-developed group
(n =587 088)

MetS-recovery group
(n = 538 806)

Example of Common Scenario*

2009 2010

S2 S3

2011 2012 2013 2014

- = MetS-free status; M+ = MetS-present status; MACE = major adverse cardiovascular events; MetS = metabolic syndrome; NHIS = National

Health Insurance Service.

* The triangle indicates the cohort entry examination at which the baseline characteristics were recorded. Follow-up was initiated 1 day after the
third examination (S3), which was the day after the exposure assessment. Those who received more than 3 health examinations are not represented.

Intergroup Analysis Adjusted for MetS Severity,
Comorbidity Burden, and BMI

We performed additional comparisons between
the study groups that had the same MetS presence/
absence status in the period before or after the inclu-
sion examination and added adjustment variables. The
purpose was to assess the altered MACE risk for those
who recovered from or developed MetS (for example,
MetS-recovery vs. MetS-chronic) and investigate whether
risk for MACE differed among persons with varying
MetS histories (for example, MetS-recovery vs. MetS-
free). In the analysis, baseline BMI, comorbidity burden
as represented by the Charlson Comorbidity Index,
and previous or underlying MetS severity were also
adjusted for because these variables might confound
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the studied associations (29-32). Details of the anal-
ysis can be found in the Appendix (available at
Annals.org).

Analysis of Each MetS Component

The association of a change in the status of each
MetS component (presence or absence) with risk for
MACE was compared with the corresponding associa-
tion of a maintained component status (presence or ab-
sence). Only an alteration from the second examination
(S2) or maintenance of each MetS component that per-
sisted until the third examination (S3) was considered;
transient changes were not compared. The analysis was
done with the total study population without restriction
to subgroups because changes in a component might
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Table 1. Baseline Characteristics of the Study Population

Variable MetS-Free MetS-Chronic MetS-Developed MetS-Recovery
Participants, n 6 940 663 1486 485 587 088 538 806
Clinical and demographic characteristics
Mean age (SD), y 45.1(12.9) 58.4(12.0) 54.8(12.6) 52.1(12.9)
Age groups, n (%)
20-39y 2515016 (36.2) 110 755 (7.5) 77 462 (13.2) 97 785(18.1)
40-59y 3439 355 (49.6) 635 095 (42.7) 288 373 (49.1) 282137 (52.4)
60-79y 944219 (13.6) 706 274 (47.5) 211785 (36.1) 151 203 (28.1)
=80y 42 073(0.6) 34 361(2.3) 9468 (1.6) 7681 (1.4)
Male, n (%) 3757 968 (54.1) 759 556 (51.1) 329 402 (56.1) 337 648 (62.7)
Mean height (SD), cm 164.8 (8.8) 162.0(9.9) 163.2 (9.8) 164.5 (9.4)
Mean weight (SD), kg 61.8(10.6) 69.6(13.1) 68.8(12.8) 66.6(11.5)
Mean body mass index (SD), kg/m? 22.7(2.7) 26.4(3.2) 25.7 (3.1) 24.5(2.8)
Low-income status, n (%)* 1111 224 (16.0) 290 441 (19.5) 109 099 (18.6) 97 291 (18.1)
Mean Charlson Comorbidity Index score (SD) 0.6 (0.9) 1.7 (1.7) 1.2(1.4) 0.8(1.2)
Mean hemoglobin level (SD), g/L 140 (1.6) 141 (1.6) 143 (1.6) 143 (1.6)
Mean aspartate aminotransferase level (SD), IU/L 21.9(21.1) 31.9(26.3) 31.7(27.4) 26.4(24.8)
Mean alanine aminotransferase level (SD), IU/L 23.8(16.3) 29.1(20.3) 28.7 (20.9) 26.1(19.9)
Mean creatinine level (SD)
umol/L 76.9(16.8) 76.0(16.8) 76.9(16.8) 77.8(16.8)
mg/dL 0.87(0.19) 0.86(0.19) 0.87(0.19) 0.88(0.19)
Mean estimated glomerular filtration rate (SD), mL/min/1.73 m? 92.5(26.1) 87.2(23.7) 88.2(23.0) 89.8 (25.6)
Self-reported lifestyle, n (%)
Moderate-to-vigorous activity
None 2842 832 (41.0) 719 758 (48.4) 271 442 (46.2) 230053 (42.7)
1-2 d/wk 2269 706 (32.7) 365 167 (24.6) 161 902 (27.6) 154 836 (28.7)
3-4 d/wk 1159 251(16.7) 231 683 (15.6) 91940 (15.7) 91375(17)
>5 d/wk 664 658 (9.6) 168 907 (11.4) 61464 (10.5) 62 228(11.5)
Unknown 4216 (0.1) 970 (0.1) 340(0.1) 314(0.1)
Smoking
None 4266 061 (61.5) 914 775 (61.5) 340 247 (58.0) 292 384 (54.3)
Former 1033 105(14.9) 264 423 (17.8) 108 092 (18.4) 102 604 (19.0)
Current 1622 644 (23.4) 303 870 (20.4) 137 392 (23.4) 142 270 (26.4)
Unknown 18 853 (0.3) 3417 (0.2) 1357 (0.2) 1548 (0.3)
Alcohol intake
None 3348 302 (48.2) 876 175 (58.9) 316 003 (53.8) 265 820 (49.3)
Moderate 551 185(7.9) 72 529 (4.9) 33028 (5.6) 35130(6.5)
Heavy 3034225 (43.7) 536 629 (36.1) 237 646 (40.5) 237 445 (44.1)
Unknown 6951 (0.1) 1152 (0.1) 411(0.1) 411(0.1)
Mean MetS components (SD)
Waist circumference, cm 77.0(8.0) 87.9(8.3) 86.1(8.1) 82.3(7.6)
Systolic blood pressure, mm Hg 117.7 (13.0) 130.4 (14.2) 129.1(13.7) 123.7(13.3)
Diastolic blood pressure, mm Hg 73.8(9.1) 80.0(9.8) 80.1(9.6) 77.2(9.2)
Glucose level
mmol/L 5.10(0.75) 6.40(1.86) 5.92(1.39) 5.42(1.14)
mg/dL 91.9(13.5) 115.4 (33.6) 106.7 (25.1) 97.6(20.5)
Triglyceride level
mmol/L 1.17(0.75) 2.22(1.62) 2.13(1.50) 1.55(1.04)
mg/dL 103.7 (66.5) 196.7 (143.0) 188.2(132.8) 137.3(92.0)
High-density lipoprotein cholesterol level,
mmol/L 1.52(0.37) 1.26 (0.35) 1.28(0.36) 1.38(0.36)
mg/dL 58.6(14.4) 48.6(13.6) 49.5(13.9) 53.3(13.8)
MetS components present at baseline (S3), n (%)
0 2788 295 (40.2) 0(0.0) 0(0.0) 56 756 (10.5)
1 2570 936 (37.0) 0(0.0) 0(0.0) 184 304 (34.2)
2 1581 432(22.8) 0(0.0) 0(0.0) 297 746 (55.3)
3 0(0.0) 532 446 (35.8) 344108 (58.6) 0(0.0)
4 0(0.0) 606 623 (40.8) 195 135(33.2) 0(0.0)
5 0(0.0) 347 416 (23.4) 47 845 (8.2) 0(0.0)
MetS components in the prior examination (S1), n (%)
0 2992 038 (43.1) 0(0.0) 27 736 (4.7) 0(0.0)
1 2575036 (37.1) 0(0.0) 157 855(26.9) 0(0.0)
2 1373 589(19.8) 0(0.0) 401 497 (68.4) 0(0.0)
3 0(0.0) 653 029 (43.9) 0(0.0) 439 305 (81.5)
4 0(0.0) 577 276 (38.8) 0(0.0) 90 660 (16.8)
5 0(0.0) 256 180(17.2) 0(0.0) 8841 (1.6)

MetS = metabolic syndrome.

* Those who were included in the lowest quartile of the required insurance fee or who received free medical care.

occur in any of the subgroups. Status of the other MetS
components that were not the main explanatory vari-
able were included in the regression models as cate-
gorical variables and were categorized as chronically
persistent, consistently free, developed or recovered
from a certain time point, or inconsistent among the

first 3 health screenings (S1, S2, and S3).
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Statistical Analysis

Continuous variables are presented as means
(SDs), and categorical variables are presented as num-
bers (percentages). Poisson regression was done to
calculate the incidence rate ratios (IRRs) and 95% Cls,
and the following variables were adjusted in the base

multivariable model: age; sex; low-income status; base-
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Figure 2. Unadjusted and adjusted curves showing the cumulative incidence probability of MACE among the study groups.
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Adjusted Cumulative Incidence per 1000 Persons (95% Cl)

MetS-chronic 4.56 (4.49-4.62) 9.56 (9.45-9.66)  15.01 (14.86-15.16) 20.99 (20.78-21.19) 27.37 (27.09-27.65) 33.50 (32.75-34.25)
MetS-developed 3 88 (3.80-3.96) 8.15(8.00-8.29)  12.81(12.58-13.03) 17.93 (17.62-18.24) 23.41(23.00-23.82) 28.69 (27.93-29.46)
MetS-recovery 3.32(3.25-3.40) 6.99 (6.84-7.13)  11.00 (10.77-11.22) 15.41(15.10-15.72) 20.14 (19.73-20.55) 24.71 (24.00-25.42)
MetS-free 2.24 (2.21-2.27) 4.72 (4.67-4.77) 7.44 (7.37-7.51) 10.45 (10.35-10.55) 13.69 (13.55-13.82) 16.83 (16.45-17.21)

The curve and table show the Kaplan-Meier survival curve and number of persons at risk for MACE (top). The curve and table show the adjusted
survival curve for MACE with adjusted cumulative incidences (per 1000 persons) at each time point (bottom). The curve was adjusted for age; sex;
low-income status; baseline estimated glomerular filtration rate; and hemoglobin, aspartate aminotransferase, and alanine aminotransferase levels.
The x-axes indicate the time from follow-up initiation (years), and the y-axes indicate the unadjusted or adjusted cumulative incidence probability.
MACE = major adverse cardiovascular events; MetS = metabolic syndrome.
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Table 2. Risk for MACE and Individual Outcomes According to the Dynamic MetS Status

Outcomes Events, n Person-Years Incidence Unadjusted Model Multivariable Model*
Rate per 1000
Person-Years IRR P Value Adjusted IRR P Value
(95% CI) (95% ClI)
MACE (composite)
MetS-free 50 564 26 383 975 1.92 1 (reference) 1 (reference)
MetS-recovery 9141 2010212 4.55 2.37 (2.32-2.43) <0.001 1.48 (1.44-1.51) <0.001
MetS-developed 12 463 2 059 755 6.05 3.16(3.10-3.22) <0.001 1.71(1.67-1.74) <0.001
MetS-chronic 43 867 5150 169 8.52 4.44 (4.39-4.50) <0.001 2.01(1.98-2.04) <0.001
Acute myocardial infarction
MetS-free 16 333 26 383 975 0.62 1 (reference) 1 (reference)
MetS-recovery 2732 2010212 1.36 2.20(2.11-2.29) <0.001 1.47 (1.41-1.53) <0.001
MetS-developed 3640 2 059 755 1.77 2.86(2.75-2.96) <0.001 1.70 (1.64-1.76) <0.001
MetS-chronic 11760 5150 169 2.28 3.69 (3.60-3.78) <0.001 1.89(1.84-1.93) <0.001
Revascularization
MetS-free 8167 26 383 975 0.31 1 (reference) 1 (reference)
MetS-recovery 1732 2010212 0.86 2.78(2.64-2.93) <0.001 1.76 (1.67-1.85) <0.001
MetS-developed 2686 2 059 755 1.30 4.21 (4.03-4.40) <0.001 2.40 (2.30-2.51) <0.001
MetS-chronic 10 666 5150 169 2.07 6.69 (6.50-6.89) <0.001 3.30(3.20-3.40) <0.001
Acute ischemic stroke
MetS-free 26 064 26 383 975 0.99 1 (reference) 1 (reference)
MetS-recovery 4677 2010212 2.33 2.36(2.28-2.43) <0.001 1.40 (1.36-1.44) <0.001
MetS-developed 6137 2 059 755 2.98 3.02(2.93-3.10) <0.001 1.52(1.48-1.56) <0.001
MetS-chronic 21441 5150 169 4.16 4.21(4.14-4.29) <0.001 1.72 (1.69-1.76) <0.001

IRR = incidence rate ratio; MACE = major adverse cardiovascular events (composite of acute myocardial infarction, revascularization, and acute

ischemic stroke); MetS = metabolic syndrome.

* Adjusted for age; sex; low-income status (the lowest quartile in the nation); baseline estimated glomerular filtration rate; and hemoglobin,

aspartate aminotransferase, and alanine aminotransferase levels.

line estimated glomerular filtration rate; and hemoglo-
bin, alanine aminotransferase, and aspartate amino-
transferase levels. Kaplan-Meier survival curves were
plotted using the PROC LIFETEST command in SAS,
version 9.4 (SAS Institute). Adjusted survival curve for
the Cox proportional hazards model was plotted using
the PROC PHREG command in SAS, with adjustment
for the same variables included in the above base
model. Several variables, including the Charlson Comor-
bidity Index, BMI, and severity of MetS, were added to the
base model, and adjusted IRRs were calculated for the
intergroup analysis results (Appendix). There were no
missing variables in the regression analyses because we
excluded persons with missing information at baseline or
at parameters to define MetS status. Only the lifestyle vari-
ables, which were obtained from self-reported question-
naires and not imputed, included missing information but
not included in the regression analyses. All statistical anal-
yses were done using SAS, and 2-sided P values less than
0.05 were considered statistically significant.

Role of the Funding Source

This work was supported by a grant from the Korea
Healthcare Technology R&D Project, Ministry of Health
and Welfare, Republic of Korea (HI17C0530). The
funder played no role in the performance of the study,
and the study was done independently by the authors.

RESULTS
Study Population

Among 27 161 051 persons who received health
screenings during the study period, we identified
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12993 170 who had 3 or more health examinations
(Figure 1). After excluding an additional 77 450 per-
sons who had information missing from their first 3
screening results or in baseline laboratory findings,
12 915 720 had 3 or more health examinations with an
identifiable MetS status. We additionally applied the el-
igibility criteria, and those with an inconsistent MetS
status, history of MACE, or underlying kidney function
impairment were excluded, yielding 9 553 042 persons
in the final study population. Median follow-up was
3.54 years (interquartile range, 2.63 to 5.05 years).
Among these persons, 6 940663 (72.7%) were in-
cluded in the MetS-free group, 1 486 485 (15.6%) were
included in the MetS-chronic group, 587 088 (6.1%)
were included in the MetS-developed group, and
538 806 (5.6%) were included in the MetS-recovery
group.

Baseline Characteristics

Baseline characteristics according to dynamic MetS
status are shown in Table 1. The MetS-chronic group
consisted of the oldest population among the studied
subgroups. The MetS-free and MetS-recovery groups
had the lowest proportions of the population who did
not exercise among all of the groups analyzed. Heavy
or moderate alcohol consumption was more common
in the subgroups with younger average ages. The
MetS-developed and MetS-recovery groups had rela-
tively similar characteristics; nevertheless, the MetS-
developed group included a higher percentage of
older persons and persons with high BMls or Charlson
Comorbidity Index scores than the MetS-recovery
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group. In addition, persons in the MetS-chronic group
had 5 MetS components at baseline (S3) or in the prior
examination (S1) more often than persons in the other
groups. Having 2 components in prior examinations
(S1) was most common in the MetS-developed group,
and having 3 components at the first examination (S1)
was most common in the MetS-recovery group. Ap-
proximately 40% of persons in the MetS-free group did
not meet any MetS criterion in either the prior exami-
nation (S1) or the entry examination (S3).

MACE Risk According to the Dynamic
MetS Status

The incidence rate of MACE was highest in the
MetS-chronic group (43 867 events during 5150 169
person-years of follow-up, incidence rate of 8.52 per
1000 person-years) throughout follow-up, followed by
the MetS-developed group (12463 events during
2 059 755 person-years of follow-up, incidence rate of
6.05 per 1000 person-years), MetS-recovery group (9141
events during 2 010 212 person-years of follow-up, inci-
dence rate of 4.55 per 1000 person-years), and MetS-free
group (50 564 events during 26 383 975 person-years of
follow-up, incidence rate of 1.92 per 1000 person-years)
(Figure 2). Risk for individual outcomes consisting of
MACE showed a distribution similar to that for total
MACE, even in the multivariable analysis (Table 2).

Intergroup Comparison

In further intergroup comparison (Table 3), MetS
recovery was associated with an approximately 80%
MACE adjusted IRR compared with the MetS-chronic
group even after controlling for the previous severity of
MetS, BMI, and comorbidity burden. When we com-
pared the MetS-developed group with the MetS-free
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group, the development of MetS was associated with a
higher risk for MACE.

In addition, we compared the MACE risk between
the MetS-recovery group and the MetS-free group, be-
cause persons in those groups had the same MetS-free
status at follow-up but different MetS histories. We still
found a higher risk for MACE in the MetS-recovery
group than in the MetS-free group when controlling for
the severity of MetS at baseline. A similar comparison
was done between the MetS-developed and MetS-
chronic groups. Both groups had similar MACE risk
without significant differences after adjustment for
baseline severity of MetS.

Components of MetS and MACE

The development of or recovery from each MetS
component was significantly associated with the risk for
MACE and individual outcomes in the total study pop-
ulation (Appendix Tables 1 and 2, available at Annals
.org). When differences in the strengths of the associa-
tions were compared with adjustment for other MetS
component status changes and other clinical variables
(Figure 3), development of elevated blood pressure cri-
terion was associated with the largest adjusted MACE
IRR among all of the components analyzed. Although
increased waist circumference and impaired glucose
tolerance were associated with relatively small in-
creases in risk, the changes were significant. Regarding
recovery from a component, elevated blood pressure
was again the criterion associated with the largest re-
duction in MACE risk in both the univariable and mul-
tivariable analyses, followed by the impaired glucose
tolerance criterion.

Table 3. MACE Risk Comparison Between Study Groups With the Same MetS Status in the Previous Period or After the

Inclusion Period

Compared Subgroups Model 1: Base Model* Model 2: Adjusted for Body Model 3: Adjusted for Number Model 4: Adjusted for MetS
Mass Index and Charlson of MetS Componentszt Laboratory Results§
Comorbidity Indext
Adjusted IRR P Value Adjusted IRR PValue  Adjusted IRR P Value Adjusted IRR P Value
(95% CI) (95% CI) (95% CI) (95% CI)
Significance of recovery from or development
of MetS (comparison between groups with
the same MetS presence/absence status
atS1)
MetS-recovery vs. MetS-chronic 0.71(0.69-0.73) <0.001  0.82 (0. .84)  <0.001 0.83(0.81-0.86) <0.001 0.85(0.83-0.87)  <0.001
MetS-developed vs. MetS-free 1.71(1.67-1.74)  <0.001  1.49 (1. .52)  <0.001 1.40(1.4-1.43) <0.001 1.36(1.33-1.39)  <0.001
Significance of previous history of MetS
(comparison between groups with the
same MetS presence/absence status
at S2 and S3)
MetS-recovery vs. MetS-free 1.48 (1.44-1.51) <0.001 1.40(1.37-1.43) <0.001 1.06 (1.03-1.09) <0.001 1.19(1.16-1.22) <0.001
MetS-developed vs. MetS-chronic 0.83(0.82-0.85) <0.001 0.90(0.89-0.92)  <0.001 1.01(0.98-1.04) 0.45 1.00(0.98-1.02) 0.70

IRR = incidence rate ratio; MACE = major adverse cardiovascular events (composite of acute myocardial infarction, revascularization, and acute
ischemic stroke); MetS = metabolic syndrome.

* Adjusted for age; sex; low-income status (the lowest quartile of required medical fee); baseline estimated glomerular filtration rate; and hemo-
globin, aspartate aminotransferase, and alanine aminotransferase levels.

T Body mass index and Charlson Comorbidity Index were added to model 1.

1 The number of harmonizing MetS criteria present was added to model 2. As a comparison of those who had the same MetS status in the previous
examination (e.g., MetS-recovery vs. MetS-chronic or MetS-developed vs. MetS-free groups), the number of MetS components in the previous
examination (S1) was adjusted. When those who had the same MetS status in S2 and S3 (e.g., MetS-recovery vs. MetS-free or MetS-developed vs.
MetS-chronic groups) were compared, the number at the baseline examination (S3) was adjusted.

§ A similar adjustment was done, but the exact values of waist circumference; systolic blood pressure; diastolic blood pressure; and fasting glucose,
triglyceride, and high-density lipoprotein cholesterol levels were included in the multivariable model instead of the number of MetS components.
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Figure 3. Components of the MetS criteria and their
association with the risk for MACE.
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The associations of the risk for development or recovery of each com-
ponent were investigated separately. The y-axis indicates the adjusted
IRRs in log, scale, and the vertical lines signify the Cls. The multivari-
able model was adjusted for age; sex; low-income status (the lowest
quartile in the nation); baseline estimated glomerular filtration rate;
and hemoglobin, aspartate aminotransferase, and alanine aminotrans-
ferase levels. In addition, to account for the statuses of other MetS
components that were not the main explanatory variable, these sta-
tuses were included in the regression models as categorical variables
and were scored as chronically persistent, consistently free, devel-
oped or recovered from certain a time point, or inconsistent among
the studied health examinations. The presence of each component of
MetS was determined by the harmonizing criteria. BP = blood pres-
sure; HDL = high-density lipoprotein; IGT = impaired glucose toler-
ance; IRR = incidence rate ratio; MACE = major adverse cardiovascular
events; MetS = metabolic syndrome; Tg = triglyceride; WC = waist
circumference.

Di1scUSSION

We found that MACE risk changed significantly ac-
cording to the dynamic MetS status in a nationwide
population-based cohort. Compared with persons with
chronic MetS, those who recovered from MetS had a
reduced risk for MACE. In addition, persons who devel-
oped MetS had a significantly higher risk for MACE
than those who remained MetS-free.

The main strength of this study is that we obtained
our main findings from nationwide data that included a
large number of health screenings and complete out-
comes. The presence of MetS at a single time point is a
known predictor of cardiovascular outcomes (2, 3, 14,
29, 33), but whether changes in MetS status are associ-
ated with alterations of MACE risk has yet to be re-
ported on a population scale. Herein, we analyzed a
population-based database, including information from
periodic health checkups, and successfully defined dy-
namic MetS status with the exclusion of transient
changes. The prevalence of MetS during follow-up was
considered acceptable, considering that we excluded
persons with renal function impairment or a history of
MACE (34). Although the findings can be explained by
traditional concepts of controlling metabolic risk fac-
tors to reduce MACE risk, such nationwide results pro-
vide unique evidence supporting the benefits of MetS
recovery and prevention (21).
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Recovery from MetS was associated with a signifi-
cantly lower MACE risk than that of persons in the
MetS-chronic group. On the other hand, those who de-
veloped MetS showed a significantly higher risk for
MACE than the MetS-free group. The associations re-
mained significant even after adjustment for BMI, Charl-
son Comorbidity Index, and past MetS severity. Thus,
the benefit of MetS recovery, or harm associated with
MetS development, may present regardless of the un-
derlying MetS severity, obesity, or comorbidity burden.
Health care providers may consider these results when
planning a public health strategy to alleviate the bur-
den of MACE.

Among MetS criteria, development of the elevated
blood pressure criterion was related to the largest in-
crease in MACE risk. Conversely, recovery from previ-
ously elevated blood pressure was associated with the
largest reduction in risk. This result may emphasize the
potential clinical importance of the elevated blood
pressure criterion among the MetS components. That
changes in waist circumference were associated with a
relatively small adjusted MACE IRR in the multivariable
models possibly indicates that the criterion may be a
predisposing factor for other MetS components (35,
36). However, which MetS component should be pri-
marily prevented to decrease the risk for MACE should
be determined in a future prospective study with de-
tailed information on temporal precedence.

Notably, MACE risk was higher in the MetS-
recovery group than in the MetS-free group, although
both groups were equally free from MetS during
follow-up. Given that we made efforts to adjust for the
metabolic or obesity burden at the time of inclusion,
this finding may indicate the clinical significance of a
MetS history. Reversal of MetS damage to the cardio-
vascular system may require a longer period of recov-
ery (37). Our study encourages health care providers to
pay attention to a history of MetS even in persons who
are currently free from MetS. Further studies focusing
on the clinical importance of a MetS history may pro-
vide important evidence that can be used to guide clin-
ical practice. The group that developed MetS had risk
for MACE similar to that of the group with chronic MetS
after adjustment for underlying severity. This suggests
that when severity is similar, persons with new-onset
MetS may have risk for MACE comparable to those with
chronic MetS.

Finally, we showed that the repetitive assessment
of MetS with easily collected variables in a general
health screening could be a simple tool for evaluating
MACE risk in a population. Although the innate limita-
tion of a cluster of traditional cardiovascular risk factors
is present (38), our study supports the clinical value of
the MetS concept because it combines changes in var-
jous metabolic risks in a practical manner.

Our study has limitations. First, its retrospective de-
sign may include hidden social or clinical confounding
factors. A future prospective study is necessary to con-
firm whether such public interventions could prevent
consequential MACE (18, 20). This future study should
also aim to resolve potential inaccuracy among the ap-
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plied diagnostic codes. Second, our study's follow-up is
relatively short. On the other hand, the limitation may
be interpreted as that only a few years of follow-up are
necessary to observe the significant associations be-
tween the MACE risk and the dynamic MetS status.
However, longer follow-up would allow evaluation of
the long-term effects of the MetS status and mortality
outcomes. Third, a detailed analysis of the association
between self-reported lifestyle variables and the risk for
MACE should be considered. However, because the
characteristics of the cohorts themselves were strongly
correlated to the investigated lifestyles—women were
more commonly nonsmokers and younger persons
were more likely to consume alcohol-additional stud-
ies should be done with a clear dissection of our study
population. Fourth, the definition of our study popula-
tion made it impossible to examine whether a short-
term change or fluctuation in MetS status is associated
with a different MACE risk. Finally, our study cohort,
although it was one of the largest cohorts in which
MetS was evaluated, included persons only from a sin-
gle country and the prevalence of MetS might not be
the same in other nations.

In conclusion, the dynamic MetS status of a popu-
lation is closely associated with different risks for
MACE. Further trials with population-scale interven-
tions to reduce the burden of MACE by preventing or
reducing MetS are warranted to confirm the benefits of
recovery from or prevention of MetS.
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APPENDIX
Details About the Intergroup Analysis and
Multivariable Models
The main aim of the intergroup analysis was to as-
sess the association between the development of or
recovery from metabolic syndrome (MetS) and the risk
for major adverse cardiovascular events (MACE) com-
pared with persons who had a consistent MetS status.
Differing body mass index (BMI), comorbidity, or
MetS severity are potentially understood as distinct
characteristics of different MetS subgroups. For exam-
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ple, persons with chronic MetS may have had naturally
higher BMls, more comorbidities, or more severe MetS
than those in the MetS-recovery group, hindering them
from recovering from preexisting MetS. Therefore, in
the base multivariable model, those variables were not
used for adjustment, and the model included the fol-
lowing other potential confounders: age; sex; low-
income status (the lowest quartile of the required med-
ical fee); baseline estimated glomerular filtration rate;
and hemoglobin, aspartate aminotransferase, and ala-
nine aminotransferase levels.

Because the BMI, comorbidity burden, or underly-
ing MetS severity may also confound the association
between an altered MetS status and the risk for MACE,
we constructed additional multivariable models. In the
first additional multivariable model, the baseline BMI
and Charlson Comorbidity Index were added to the
variables included in the base model to assess whether
the development of or recovery from MetS was associ-
ated with an altered MetS risk in persons with similar
BMIs or comorbidity burdens.

Next, the underlying or previous severity of MetS
was added to the variables included in the above mul-
tivariable model. The severity of MetS was determined
by the following 2 definitions: the number of MetS
components present, and the actual measured values
of the components in the harmonizing MetS criteria.
The 2 definitions were complementary because the
number of preexisting MetS components could not re-
flect the continuous information (for example, high glu-
cose values) in each MetS component, and the actual
values of the MetS components could be affected by
medications taken. We included the severity of MetS
before the difference in the MetS presence or absence
status appeared between the 2 subgroups. For exam-
ple, the MetS severity from the examination before a
change in the MetS state occurred (S1) was adjusted for
to control for the previous MetS severity in the analysis
of the risk difference between the MetS-recovery and
MetS-chronic groups. The baseline severity of MetS at
the follow-up initiation (S3) was adjusted for between
persons with the same MetS status during the follow-
up (for example, MetS-recovery group vs. MetS-free
group).
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Appendix Figure 1. Graphical description of time windows to determine the study population, follow-up, covariate
assessment, and exclusion.

Cohort entry date
(The 3rd health examination with the confirmation of a stable MetS-free/MetS-
chronic status or conversion of MetS absence/presence)
(S3 [day 0])

Exposure assessment window
(MetS-chronic, MetS-free, MetS-developed, and MetS-recovery) 51 52
(First 3 health examinations [SI, S2 and S3] during the inclusion period)

Follow-up window
(MACE)
[+1 d, censor]

Covariate assessment window 1
(Baseline age, sex, baseline health examination results including MetS
severity and lifestyle variables, presence of low income)
(The entry examination [S3])

Covariate assessment window 2
(Underlying comorbidity score by Charlson Comorbidity Index,
medication histories)
(-1y,S3)

Covariate assessment window 3
(Previous MetS severity)
(The examination before MetS change or maintenance [S1])

Exclusion assessment window 1
(Fluctuating/transient MetS status, missing MetS state, $1
or <3 examinations)
(Sl, S2 and S3)

Exclusion assessment window 2
(Missing information at baseline)
(The entry examination [S3])

Exclusion assessment window 3
(History of MACE or kidney dysfunction)
(1 January 2006, S3)

Time

MACE = major adverse cardiovascular events; MetS = metabolic syndrome.

Appendix Figure 2. Examples of possible scenarios of
exclusion.

<3 examinations ‘ m ‘

Transient changes

Changes at the last examination >

2009 2010 2011 2012 2013 2014

The figure shows several possible scenarios for exclusion: persons
with fewer than 3 health examinations even if they had persistent MetS
statuses during the study period, as the persistency or alteration was
not certain; persons with transient changes because persistent altera-
tion or maintenance of their MetS status was unidentifiable; and per-
sons with altered MetS statuses at the last examination, as designating
the baseline at the time of change was identified (2013 in the example
shown in the figure) would not assure the persistency of the change.
M- = MetS-free status; M+ = MetS-present status; MetS = metabolic
syndrome.
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