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Aims:Wehypothesized that transitions inmetabolic health status and obesity affect the cardiovascular (CV) risk
and mortality in population with metabolically healthy obesity (MHO).
Methods: This study enrolled 514,866 participants from the Korean National Health Insurance Service–National
Sample Cohort. Changes in metabolic health status and obesity from the baseline examination in 2009–2010
to the next biannual health examination in 2011–2012 were determined. Study participants were categorized
into four groups: (1) metabolically healthy, non-obese (MHNO), defined as BMI b 25 kg/m2 and no or one met-
abolic risk factor; (2) metabolically unhealthy, non-obese (MUNO), defined as BMI b 25 kg/m2 and ≥2metabolic
risk factors; (3) MHO, defined as BMI ≥ 25 kg/m2 and no or one metabolic risk factor; and (4) metabolically un-
healthy, obese (MUO), defined as BMI ≥ 25 kg/m2 and ≥2 metabolic risk factors. The study subjects were
followed-up from 2011 to 2015 for cardiovascular events, CV mortality and all-cause mortality.
Results: Among the subjects classified as MHO in 2009–2010, 45.6% were classified as MHO in 2011–2012,
whereas 11.6%, 6.0%, and 36.8% were classified as MHNO, MUNO, and MUO, respectively. The risk of CV events
was higher in baseline MHO group than MHNO group (HR, 1.14; 95% CI, 1.05–1.24). However, in baseline
MHO group, CV mortality was not increased (HR, 0.85; 95% CI, 0.69–1.06) and all-cause mortality was even
lower than that of MHNO group (HR, 0.86; 95% CI, 0.79–0.93). Compared to the stable MHO subjects, the risk
of CV events was significantly higher in the subjects who transitioned from MHO to MUO with multivariate-
adjusted HRs of 1.24 (95% CI: 1.00–1.54). When weight loss and progression to metabolic unhealthy phenotype
occur simultaneously in theMHO population, the all-causemortality was increased compared to the stableMHO
group (HR, 1.96; 95% CI, 1.45–2.65).
Conclusions: Subjects with MHO constitute a heterogeneous group. Our finding supports that evolving to a met-
abolically unhealthy status and losingweight simultaneously is associatedwith the adverse outcome in theMHO
population.
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1. Introduction

Obesity is a major risk factor for cardiovascular (CV) morbidity [1].
Recent studies suggest, however, that the prognoses of obese subjects
depend significantly on the presence of cardiometabolic risk factors
[2,3]. Some obese subjects have a normal metabolic profile, a condition
referred to asmetabolically healthy obesity (MHO) [4]. Although CV risk
is higher in individualswithMHO than inmetabolically healthy individ-
uals of normal weight, the risk is substantially lower in individuals with
MHO than in those withmetabolically unhealthy obesity (MUO) [2,5,6].

MHO is a dynamic concept that changes over time [7]. A subject's
health status can switch frommetabolically healthy tometabolically un-
healthy and vice versa. For example, one-third to one-half of subjects
with MHO have been reported to progress to a metabolically unhealthy
state [7–11]. This may alter CV risk over time, suggesting that the initial
determination of MHO may not be reliable.

Non-obese, unfit subjects were found to have a higher CV risk and a
poorer prognosis than individuals with MHO [12]. These subjects, re-
ferred to as having metabolically unhealthy non-obesity (MUNO),
were reported to have a CV risk similar to that of subjects with MUO
[5,6,13,14]. However, it remains unclear how changes in obesity status
as well as metabolic health in subjects with MHO affect CV risk and
mortality.

This study was therefore designed to assess the effects of metabolic
health and obesity state on CV events, CV mortality, and all-cause mor-
tality in a large number of subjects who participated in a national health
screening examination. In addition, this study evaluated the impact of
changes in metabolic health and obesity states among participants
with MHO on CV events, CV mortality, and all-cause mortality.
2. Materials and methods

2.1. Study population

This study used data from the KoreanNational Health Insurance Ser-
vice (NHIS). The Korean NHIS was launched in 1963 in response to the
National Health Insurance Act, whichmandated that all Korean citizens
participate in this program [15]. Currently, the Korean NHIS maintains
and manages databases on the use of all health services throughout
Korea. The present study utilized data from the NHIS-National Health
Screening Cohort (NHIS-HEALS) 2002–2015, which were released by
the Korean NHIS in 2017. The NHIS-HEALS comprises a random sample
of 514,866 individuals throughout the populationwho underwent NHIS
health screening examinations between 2002 and 2003 [15]. This co-
hort represents approximately 10% of the source population who
underwent NHIS health screening examinations between 2002 and
2003, andwhowere followed up to disqualification fromhealth services
due to death or emigration or the end of the study period in 2015 [15].
Importantly, this cohort contains the general health examination data of
subjects who participated in biannual examinations. The detailed struc-
ture and function of NHIS-HEALS have been described elsewhere [15].

Demographic and biochemical databases were analyzed for the
index period, defined as the period between January 1, 2009, and De-
cember 31, 2010. This index period was chosen because the NHIS-
HEALS started to include some biochemical parameters, including tri-
glyceride (TG) and high-density lipoprotein cholesterol (HDL-C) con-
centrations, in 2009 [15]. To evaluate changes in metabolic health
status and obesity over time, datawere collected from the next set of bi-
annual health examinations, performed between January 1, 2011, and
December 31, 2012. This study was approved by the NHIS inquiry com-
mission. As this study was based on the results of the NHIS-HEALS, in
which all data were fully anonymized and de-identified for all analyses,
specific informed consent was not obtained from each participant. This
study was approved by the Institutional Review Board of Asan Medical
Center (IRB-No 2017-1337).
2.2. Definitions of metabolic health and obesity states

Obesity (body mass index [BMI] ≥ 25 kg/m2) and non-obesity (BMI
b 25 kg/m2) were defined according to Asia-Pacific criteria, established
by theWorld Health OrganizationWestern Pacific Region [16] and offi-
cially adopted by the Korean Centers for Disease Control and Prevention
and other Korean governmental organizations [17]. Metabolically
healthy subjects were defined according to the Adult Treatment Panel
III (ATP III) criteria as having none or one of the following risk factors
[18]: (1) systolic blood pressure (BP) ≥ 130 mmHg and/or diastolic BP
≥ 85 mmHg and/or taking antihypertensive treatment; (2) TG
≥ 150 mg/dl and/or taking antidyslipidemic medications; (3) fasting
plasma glucose (FPG) ≥ 100 mg/dl and/or taking antidiabetic medica-
tions; and (4) HDL-C b 40 mg/dl in men and b 50 mg/dl in women.
Based on these criteria, all study participants were categorized into
one of four groups: (1) metabolically healthy, non-obese (MHNO), de-
fined as BMI b 25 kg/m2 and no or one metabolic risk factor;
(2) MUNO, defined as BMI b 25 kg/m2 and ≥2 metabolic risk factors;
(3)MHO, defined as BMI ≥ 25 kg/m2 and no or onemetabolic risk factor;
and (4) MUO, defined as BMI ≥ 25 kg/m2 and ≥2 metabolic risk factors.
Waist circumference (WC) was not included because of its collinearity
with BMI. Subjects withMHO at baseline examinationwere categorized
into four subgroups, based on their metabolic health and obesity in
2011–2012.

2.3. Mortality data

Information on mortality and cause of death was available for all
subjects in the cohort. Cause of deathwas classified according to the Ko-
rean Standard Classification of Diseases and Causes of Death [KCD-7],
based on the tenth revision of the International Classification of Diseases
(ICD)-10, as provided by the Korean National Statistical Office. Diseases
or conditions directly leading to death were regarded as specific causes
of death. Deaths due to diseases of the circulatory system (I00-99) were
defined as CV deaths.

2.4. Definition of incident CV events

CV eventswere defined as admissions forMI and stroke (ischemic or
hemorrhagic) between January 1, 2011, and December 31, 2015. All
events were identified using hospital discharge records. Subjects were
included if their ICD-10 codes for a principal or subsidiary diagnosis in-
cluded I21 (ST and non-ST elevation MI), I22 (subsequent ST elevation
and non-ST elevationMI), I23 (certain concurrent complications follow-
ing ST and non-ST elevation MI), I63 (cerebral infarction), I64 (stroke,
not specified as hemorrhage or infarction), I693 (sequelae of cerebral
infarction), I694 (sequelae of stroke, not specified as hemorrhage or in-
farction), G45 (transient cerebral ischemic attacks and related syn-
dromes), I60 (subarachnoid hemorrhage), I61 (intracerebral
hemorrhage), I62 (other nontraumatic intracranial hemorrhage), I690
(sequelae of subarachnoid hemorrhage), I691 (sequelae of intracerebral
hemorrhage), and I692 (sequelae of nontraumatic intracranial
hemorrhage).

Of the total 514,866 subjects in NHIS-HEALS, those who died or who
had any history of admission due to a CV event before the end of the
index period were excluded, as were subjects with missing values for
baseline BMI, systolic BP, diastolic BP, FPG, TG, and HDL-C. The final
study cohort consisted of 362,863 subjects; of these, 31,488 subjects
were categorized as MHO during the baseline examination and were
followed up in 2011–2012. The study design and subject flow are
shown in Fig. S1.

2.5. Definitions of type 2 diabetes, hypertension, and dyslipidemia

Subjects prescribed antidiabetic drugs and with ICD-10 codes E11
(noninsulin-dependent diabetes mellitus), E12 (malnutrition-related
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diabetesmellitus), E13 (other specified diabetesmellitus), and E14 (un-
specified diabetes mellitus) as either principal or secondary diagnosis
were defined as having type 2 diabetes. Eight classes of antidiabetic
drugs were dispensed by pharmacies in Korea during the study period:
sulfonylureas, biguanides, α-glucosidase inhibitors, thiazolidinediones,
meglitinide, glucagon-like peptide-1 receptor agonists, dipeptidyl
peptidase-4 inhibitors, and insulin.

Subjects prescribed antihypertensive medications and with ICD-10
codes I10 (essential [primary] hypertension), I11 (hypertensive heart
disease), I12 (hypertensive chronic kidney disease), I13 (hypertensive
heart and chronic kidney disease), and I15 (secondary hypertension)
as either principal or secondary diagnosis were defined as having hy-
pertension. Five classes of antihypertensive medications were dis-
pensed by pharmacies in Korea during the study period: angiotensin
receptor blockers, angiotensin converting enzyme inhibitors, beta
blockers, calcium channel blockers, and diuretics. Subjects prescribed
lipid-lowering medications and with ICD-10 code E78 (disorders of li-
poproteinmetabolism and other lipidemias) as either a principal or sec-
ondary diagnosis were defined as having dyslipidemia. Lipid-lowering
medications dispensed by pharmacies in Korea during the study period
included statins, ezetimibe, and fibrates.

2.6. Covariates

Covariates from the baseline health examination included smoking
habits (non-, ex-, or current smoker), drinking habits (none, mild, mod-
erate, or heavy drinking), and physical activity (0, 1–2, 3–4, or ≥5 times
per week), and low-density lipoprotein cholesterol (LDL-C) concentra-
tions. Heavy drinkers were defined as individuals who consumed
seven or more drank on the same occasion and drinking N5 days per
week, whereas mild and moderate drinkers were those who consumed
b7 drinks on any single day and drank 1–2 or 3–4 days per week,
respectively.

2.7. Statistical analysis

Continuous data were expressed as means ± standard deviation
(SD), and categorical data as percentages. ANOVA or the chi-square
test was used to compare the baseline characteristics of study partici-
pants according to their metabolic health and obesity status. Themulti-
ple imputation procedure was applied to impute missing variables.
Time to death or CV event was estimated by the Kaplan-Meier method
and compared by log-rank tests.

Cox proportional-hazard analyses were performed to estimate the
hazard ratio (HR) and 95% confidence intervals (CI) of all-cause mortal-
ity, CV mortality, CV event, and incident metabolically unhealthy status
during three follow-up periods. We used Cox regression method with
age as the time-scale. Multivariate-adjusted models were adjusted for
age, sex, smoking, alcohol drinking, physical activities, and LDL-C level.
Among subjects with MHO at baseline, the relationships between
changes in metabolic and obesity status and all-cause mortality, CV
mortality, and CV events were analyzed. The MHNO group at baseline
and the each stable group at follow-up (i.e., stable MHNO, MHO,
MUNO and MUO) were regarded as the reference group. All statistical
analyses were performed using SAS Enterprise Guide software (version
7.1, SAS Institute, Inc., Cary, NC).

3. Results

3.1. Baseline characteristics of the entire cohort

Overall, 10.0% of the subjects were categorized as MHO. Compared
with the MHNO group, the MHO group had a less favorable risk profile,
including elevated TG, LDL-C, and total cholesterol (TC) concentrations
and reduced HDL-C concentrations. Compared with the MUO group,
the MHO group tended to be younger and to display a more favorable
risk profile. Compared with the MUNO group, the MHO group had a
less insulin-resistant profile, including higher HDL-C and lower FPG
and TG levels, despite their higher BMI and WC. The baseline clinical
and biochemical characteristics of the entire cohort population are
shown in Table S1.

3.2. Prognosis relative to baseline metabolic health and obesity state

Table 1 presents the HRs for incident CV events, CV deaths, and all-
cause mortality according to baseline metabolic health and obesity.
The risk of CV event was significantly higher in the MHO than in the
MHNO group (HR, 1.14; 95% CI, 1.05–1.24) after full adjustment. How-
ever, the CV mortality was not higher in the MHO than in the MHNO
group (HR, 0.85; 95% CI, 0.69–1.06). By contrast, metabolically un-
healthy individuals, regardless of obesity status, had significantly higher
risks of CV event and CV mortality than the lean healthy population.
Compared with the MHNO group, the MUNO group had multivariate-
adjusted HRs of 1.48 (95% CI: 1.41–1.55) for CV events and 1.38 (95%
CI: 1.23–1.55) for CV mortality, whereas the MUO group had
multivariate-adjusted HRs of 1.55 (95% CI: 1.47–1.63) for CV events
and 1.32 (95% CI: 1.16–1.50) for CV mortality. All-cause mortality was
higher in the MUNO than in the MHNO group (multivariate-adjusted
HR, 1.20; 95% CI, 1.15–1.25). By contrast, all-cause mortality in the
MUO group was not significantly different from that in the MHNO
group (multivariate-adjustedHR, 0.96; 95%CI, 0.91–1.01). Furthermore,
MHO group showed significantly lower all-cause mortality than the
MHNO group having multivariate-adjusted HRs of 0.86 (95% CI:
0.79–0.93).

3.3. Changes in the metabolic health and obesity status of the MHO cohort
and their prognosis

Among the subjects with MHO at baseline, 11.6% lost weight and
were metabolically healthy without obesity (MHO to MHNO) at
follow-up, 6.0% lost weight but transitioned to a metabolically un-
healthy status (MHO to MUNO), 45.6% remained in the MHO group
(MHO to MHO), and 36.8% remained obese and transitioned to a meta-
bolically unhealthy status (MHO to MUO). Obesity and the presence of
risk factors at baseline were significantly associated with the risk of in-
cident unhealthy metabolic status (Table S2).

Table 2 and Fig. 1 present the crude and multivariate-adjusted HRs
for incident CV events, CV deaths, and all-cause mortality according to
follow-up metabolic health and obesity state in the baseline MHO co-
hort using the stable MHO group as the reference category. Compared
to the stable MHO group, the risk of CV events was significantly higher
in the MHO to MUO group with multivariate-adjusted HRs of 1.24
(95% CI: 1.00–1.54). In the MHO to MUNO group, the HR for CV events
was 1.23, however, the difference was not statistically significant (95%
CI: 0.86–1.78). There was a no significant difference of CV mortality
among groups. The all-cause mortality was significantly higher in the
MHO to MUNO group than in the stable MHO group (multivariate-ad-
justed HR, 1.61; 95% CI, 1.24–2.09).

3.4. Changes in the metabolic health and obesity status of the MHNO,
MUNO and MUO cohort and their prognosis

Fig. 2 shows the HRs for incident CV events, CV deaths, and all-cause
mortality according to follow-up metabolic health and obesity state in
the baseline MHNO, MUNO and MUO cohort. In subjects with MHNO
at baseline, the transition from MHNO to MUNO was significantly re-
lated to the increased risks of incident CV events, CV deaths, and all-
cause mortality [with multivariate-adjusted HR (95% CI) of 1.30
(1.15–1.46), 1.48 (1.16–1.88) and 1.24 (1.13–1.37), respectively; Fig. 2
and Table S3]. The subjects who transitioned fromMHNO toMUO dem-
onstrated the increased risk of CV event incidence (multivariate-ad-
justed HR, 1.60; 95% CI, 1.21–2.12; Fig. 2 and Table S3).



Table 1
Risk of CV events, CV mortality, and all-cause mortality according to baseline metabolic health and obesity status.

Baseline category
BMI
Metabolic health status

MHNO
b25 kg/m2

0–1 risk factors

MHO
≥25 kg/m2

0–1 risk factors

MUNO
b25 kg/m2

≥2 risk factors

MUO
≥25 kg/m2

≥2 risk factors

N (% of total) 115,750 (31.9) 36,378 (10.0) 116,816 (32.2) 93,919 (25.9)
CV event incidence

Number of events (%) 2416 (2.1) 804 (2.2) 4492 (3.9) 3343 (3.6)
HR (95% CI) 1 (ref) 1.12 (1.04–1.22) 1.49 (1.42–1.56) 1.54 (1.46–1.62)
Multivariate-adjusted HR (95% CI)a 1 (ref) 1.14 (1.05–1.24) 1.48 (1.41–1.55) 1.55 (1.47–1.63)

CV mortality
Number of events (%) 459 (0.4) 97 (0.3) 876 (0.8) 510 (0.5)
HR (95% CI) 1 (ref) 0.78 (0.63–0.97) 1.32 (1.18–1.48) 1.20 (1.06–1.36)
Multivariate-adjusted HR (95% CI)a 1 (ref) 0.85 (0.69–1.06) 1.38 (1.23–1.55) 1.32 (1.16–1.50)

Mortality
Number of events (%) 3186 (2.8) 689 (1.9) 5095 (4.4) 2562 (2.7)
HR (95% CI) 1 (ref) 0.77 (0.70–0.83) 1.15 (1.10–1.20) 0.86 (0.82–0.91)
Multivariate-adjusted HR (95% CI)a 1 (ref) 0.86 (0.79–0.93) 1.20 (1.15–1.25) 0.96 (0.91–1.01)

a Adjusted for baseline age, sex, smoking, alcohol drinking, physical activities, and LDL-cholesterol level.
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In the baselineMUNO subjects, the transition fromMUNO toMHNO
was significantly related to the decreased risk for incident CV events
(multivariate-adjusted HR, 0.72; 95% CI, 0.64–0.81; Fig. 2 and Table S4).

In the baseline MUO group, the transition to MHO significantly de-
creased the all-cause mortality (multivariate-adjusted HR, 0.77; 95%
CI, 0.64–0.93; Fig. 2 and Table S5). In contrast, the transition from
MUO to MUNO was related to the increased all-cause mortality (multi-
variate-adjusted HR, 1.31; 95% CI, 1.15–1.49; Fig. 2 and Table S5).

4. Discussion

The present study data showed that MHO subjects were at a higher
risk of developing CV events than the lean healthy population, although
their CV mortality was similar. By contrast, the all-cause mortality was
lower in the MHO than in the MHNO group. These results further dem-
onstrate that metabolic health is transient in a large proportion of sub-
jects with MHO. Finally, our data suggest that MHO subjects can vary
widely, including individualswho progress to ametabolically unhealthy
phenotype with higher CV and mortality risks than the stable MHO
subjects.

Obesity is an established risk factor for CV diseases (CVDs) and a
major public health problem worldwide [1]. However, obesity not al-
ways entails metabolic abnormalities [19]. The concept of MHO was
based on findings showing that a subgroup of obese individuals lack rel-
evant cardiometabolic risk factors, putting these populations at reduced
risk of CVD [12,20,21]. Many studies, however, report long-term
Table 2
Risks of CV events, CV mortality, and all-cause mortality in participants with MHO at baseline
reference group.

Baseline category MHO

Follow-up category
Follow-up BMI
Follow-up metabolic health status

MHO
≥25 kg/m2

0–1 risk factors

M
b

0

N (% of baseline MHO) 14,318 (45.8) 3
CV event incidence

Number of events (%) 165 (1.2) 5
R (95% CI) 1 (ref) 1
Multivariate-adjusted HR (95% CI)a 1 (ref) 1
N (% of baseline MHO) 14,365 (45.6) 3

CVD mortality
Number of events (%) 23 (0.2) 7
HR (95% CI) 1 (ref) 0
Multivariate-adjusted HR (95% CI)a 1 (ref) 0

Mortality
Number of events (%) 153 (1.1) 5
HR (95% CI) 1 (ref) 1
Multivariate-adjusted HR (95% CI)a 1 (ref) 1

a Adjusted for baseline age, sex, smoking, alcohol drinking, physical activities, and LDL-chole
adverse outcomes in MHO populations [6,21,22]. For example, individ-
uals with MHO were found to be at higher risk of CVD than normal
weight metabolically healthy individuals [6]. Similarly, we found that
MHO status was associated with a high incidence of CV events, suggest-
ing that MHO is not a benign condition in regard to CVD.

The clinical implications of MHO should also be considered in a con-
text in which metabolic health is a transitory, not a permanent, state
[7,23–25]. Approximately one-third to one-half of subjects originally
identified as MHO were found to switch to a metabolically unhealthy
state over time [7–11]. Similarly, only 57.2% of the initial MHO group
in our NHIS cohort remained metabolically healthy after 2 years,
whereas 42.8% progressed to a metabolically unhealthy status. These
findings support the notion that MHO is a dynamic concept. Our MHO
group, with higher BMI and 0–1 metabolic risk factors, was found to
be at risk of developing an unhealthier state, putting them at higher
risk for CVD (Table S2).

By updating metabolic health status and BMI 2 years after the base-
line study, we found that the CV outcomes of the MHO group were
highly variable. The present analysis showed that the incidence of CV
events was higher in the MHO than in the MHNO group. However, the
2 year follow-up of the MHO cohort showed that the MHO subjects
had variable prognosis according to their transition of the metabolic
healthy and obesity status. When we compared the risk of each transi-
tion in the MHO cohort in reference with stable MHO group, the sub-
jects who evolved to MUO had a higher risk of CV events than those
who remained MHO status (Table 2). Three recent studies reported
according to 2 year metabolic health and obesity status using the stable MHO group as a

HNO
25 kg/m2

–1 risk factors

MUNO
b25 kg/m2

≥2 risk factors

MUO
≥25 kg/m2

≥2 risk factors

642 (11.7) 1837 (5.9) 11,468 (36.7)

0 (1.4) 36 (2.0) 180 (1.6)
.04 (0.76–1.43) 1.28 (0.89–1.84) 1.25 (1.01–1.54)
.02 (0.74–1.40) 1.23 (0.86–1.78) 1.24 (1.00–1.54)
658 (11.6) 1876 (6.0) 11,589 (36.8)

(0.2) 9 (0.5) 29 (0.3)
.97 (0.42–2.28) 1.92 (0.88–4.18) 1.33 (0.77–2.30)
.98 (0.42–2.29) 1.90 (0.87–4.14) 1.32 (0.76–2.29)

6 (1.5) 59 (3.1) 169 (1.5)
.21 (0.89–1.65) 1.97 (1.45–2.67) 1.18 (0.94–1.47)
.18 (0.87–1.61) 1.96 (1.45–2.65) 1.19 (0.96–1.48)

sterol level.



Fig. 1. Summarized figure of association of metabolically healthy obesity with CV events, CV mortality, and all-cause mortality.
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adverse CV outcomes in a populationwho had progressed fromMHO to
ametabolically unhealthy phenotype [24–26]. In accordancewith these
previous studies, our results showed that MHO at baseline does not
guarantee low CV risk for individuals, especially those who later transi-
tion to a metabolically unhealthy phenotype.

When we compared the outcomes among groups with the MHNO
group as a reference, all of the risk of CV event, the CV mortality and
all-causemortality were significantly increased in themetabolically un-
healthy groups (i.e. the subjectswith theMUNOor theMUOat baseline;
Table S6). Furthermore, in our additional analyses with the baseline
MHNO subjects, the transition from metabolic healthy status to un-
healthy phenotype was associated with adverse CV outcomes (Fig. 2
and Table S3). In the baselineMUNO subjects, the recovery of metabolic
health was significantly related to decreased risk for incidence CV
events (Fig. 2 and Table S4). Furthermore, in the baseline MUO group,
the recovery of metabolic health significantly decreased all-cause mor-
tality (Fig. 2 and Table S5). These findings strongly highlight the impor-
tance of metabolic health.

The term “obesity paradox”was introduced as a concept explaining
that, although higher BMI is related to increased rates of hypertension,
dyslipidemia, type 2 diabetes, and CVD, obese individuals with these
conditions may have better outcomes than leaner individuals [27,28].
Similarly, individuals classified as normal weight or underweight may
have a poorer prognosis than overweight persons with respect to CVD,



Fig. 2. Risks of CV events, CV mortality, and all-cause mortality in participants with MHNO, MUNO and MUO at baseline according to 2 year metabolic health and obesity status.
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a condition termed the “lean paradox” [29]. Better outcomes in obese
populations, or poorer prognoses in lean subjects, may result from a
progressive catabolic state and loss of lean mass [29]. Additionally, as
obesity is well known as a cardiometabolic risk factor, higher pretest
probability for CVD and earlier diagnostic testing in obese individuals
could lead to earlier testing and earlier diagnosis, which could result
in increased survival [29,30]. Previous studies have reported that obe-
sity is associated with a better prognosis for coronary heart disease pa-
tients in secondary care, on the contrary to that in the primary care
[30–32]. This discrepancy could be attributed to earlier diagnosis and
earlier medical intervention for CVD in obese population, which could
be coined the obesity paradox. Similarly, the present study found that,
although CV event incidence was higher in obese subjects regardless
of their metabolic health status, all-cause mortality in obese subjects
was similar to or lower than in non-obese healthy individuals. More-
over, the comparison of the all-cause mortality using the MHO group
as a reference showed the higher mortality in the MHNO group than
in the MHO group, which provides additional evidence of “lean para-
dox” (Table S6).

All-cause mortality in the baseline MHO cohort varied widely and
was dependent on changes inmetabolic status and bodyweight. Having
MHO at baselinewas not associatedwith increasedmortality compared
to havingMHNO.However, these resultsmay have obscured the hetero-
geneity of the MHO group. Individuals who transitioned from the MHO
to theMUNOgroup, thus transitioning to ametabolically unhealthy sta-
tus and losing weight simultaneously, had higher all-cause mortality
than the stable MHO group (Table 2). Our additional analyses setting
the MHO to MHNO group as a reference also showed that evolving to
metabolically unhealthy phenotype with weight loss in subjects is sig-
nificantly associated with increased mortality (Table S7). This finding
supports the “lean paradox”, aswell as highlighting thehighly heteroge-
neous nature of the MHO population. Moreover, the transition from
obesity to non-obesity, or weight loss, was related to poor prognosis
in the baselineMUO subjects, as well as the baselineMHO group. Inter-
estingly, the transition to MUNO was associated with significantly in-
creased all-cause mortality while the transition to MHO decreased all-
cause mortality (Fig. 2 and Table S5). These results additionally support
the “lean paradox”.

This study had several limitations. Our definition ofmetabolic health
was based on ATP III criteria; therefore, stricter or broader criteria of
MHO may have yielded different results. Secondly, this study may not
be powered to fully assess interactions, due to the small numbers of
events and short duration of follow-up. As our study population mainly
consisted of Koreans, generalizability to other ethnic groups is limited.
Finally, although we adjusted for CV risk factors, there may have been
other confounding variables. For example, all-cause mortality was in-
creased although CV event incidence and CV mortality were not in-
creased in subjects who transitioned from MHO to MUNO. Therefore,
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particularly in this group, additional, non-CVD factors may have been
associated with mortality; identification of these factors may be neces-
sary to understandwhy estimates of these outcomes differed. Addition-
ally, in lean subjects, it has been reported that cardimetabolic risk
factors such as high glucose or dyslipidemia are more strongly associ-
ated with a relatively low leg fat mass than with central obesity [33].
Therefore, in the MUNO subjects, a disproportionate body fat distribu-
tion such as low extremity fat mass could have contributed to the
poor prognosis of the group. However, we could not assess the body
composition in our study subjects.

However, the aforementioned limitations are compensated for sev-
eral strengths including a novel approach we used. For the first time
in Asia, to our knowledge, we demonstrated the heterogeneity of
MHO population using a large and national sample of subjects. Sec-
ondly, we focused on the separate implications of transition tometabol-
ically unhealthy status and weight change in individuals with MHO at
baseline. This approach showed that catabolic state, as represented by
weight loss, may be a powerful predictor of poor patient prognosis. Fur-
ther research on the therapeutic intervention against progression to
metabolically unhealthy phenotype would help to improve the health
outcomes of obesity.

In conclusion, ourfindings suggest that subjectswithMHOare a het-
erogeneous group. Subjects with MHO can convert to a metabolically
unhealthy phenotype over time, a transition associated with an in-
creased incidence of CV events. Furthermore, weight loss is a predictor
of increasedmortality inMHOpatientswhodevelop ametabolically un-
healthy phenotype.
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