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OBJECTIVE

It is controversial whether adults who are obese but “metabolically healthy”
have cardiovascular disease (CVD) risk comparable with that of normal-weight
adults. High-sensitivity cardiac troponin T (hs-cTnT), a biomarker of myocardial
damage, is useful in characterizing subclinical CVD. We categorized obesity phenotypes and studied their associations with subclinical and clinical CVD and CVD
subtypes, including heart failure (HF).
RESEARCH DESIGN AND METHODS

RESULTS

At baseline (1990–1992), mean age was 56 years, 56% were female, 23% were Black,
and 25% had detectable hs-cTnT (≥6 ng/L). Over a median of 17 years of follow-up,
there were 2,603 clinical CVD events. Those with the metabolically healthy obese (hazard ratio [HR] 1.38, 95% CI 1.15–1.67), metabolically unhealthy normal weight (HR
1.51, 95% CI 1.30–1.76), metabolically unhealthy overweight (HR 1.60, 95% CI
1.41–1.82), and metabolically unhealthy obese (HR 2.14, 95% CI 1.88–2.44) phenotypes
had higher CVD risks in comparison with metabolically healthy normal weight. Detectable hs-cTnT (≥6 ng/L) was associated with higher CVD risk, even among metabolically
healthy normal-weight adults. Metabolically healthy obese adults had higher HF risk
(HR 1.65, 95% CI 1.30–2.09) in comparison with metabolically healthy normal weight.
CONCLUSIONS

The metabolically healthy obese phenotype was associated with excess burden
of clinical CVD, primarily driven by an excess risk of HF. hs-cTnT was useful in
stratifying CVD risk across all obesity phenotypes, even among obese individuals
who appear otherwise metabolically healthy.
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CARDIOVASCULAR AND METABOLIC RISK

We conducted cross-sectional and prospective analyses of 9,477 adults in the
Atherosclerosis Risk in Communities (ARIC) study. We used the Adult Treatment
Panel III criteria and BMI to deﬁne obesity phenotypes as follows: metabolically
healthy normal weight, metabolically healthy overweight, metabolically healthy
obese, metabolically unhealthy normal weight, metabolically unhealthy overweight, and metabolically unhealthy obese.
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incident CVD and CVD subtypes including CHD and HF.
RESEARCH DESIGN AND METHODS
Study Population

The Atherosclerosis Risk in Communities
(ARIC) study is a prospective cohort of
15,792 adults aged 45–64 years at baseline from four U.S. communities (Forsyth County, NC; Jackson, MS; suburban
Minneapolis, MN; and Washington
County, MD). Visit 2 (1990–1992) was
the baseline for this study, as it constituted the ﬁrst ARIC visit with hs-cTnT
measurements available. Of the participants who attended visit 2, there were
13,956 Black or White participants who
were free of prevalent CVDs or stroke.
We excluded participants who were
missing data on hs-cTnT (n = 932) or covariates (n = 747), were nonfasting (n =
370), or had BMI <18.5 kg/m2 (n =
112); who self-reported cancer diagnosis (n = 700), lung disease (n = 436), or
diagnosed diabetes (n = 1,182); and African Americans in the Minnesota and
Washington County cohorts (because of
small numbers)—leaving 9,477 adults
for this study. All protocols were approved by institutional review boards at
the study sites, and all participants provided written informed consent.
Definition of Obesity Phenotypes

We evaluated six mutually exclusive
obesity phenotypes based on metabolic
status and BMI categories: metabolically
healthy normal weight, metabolically
healthy overweight, metabolically healthy
obese, metabolically unhealthy normal
weight, metabolically unhealthy overweight, and metabolically unhealthy
obese. BMI was calculated as weight in
kilograms divided by the square of height
in meters and classiﬁed as normal weight
(<25 kg/m2), overweight (25 to <30 kg/
m2), or obese ($30 kg/m2) (18). We
used the National Cholesterol Education
Program–Adult Treatment Panel III criteria (19) to deﬁne metabolic status. We
classiﬁed participants as “metabolically
healthy” or “metabolically unhealthy.” A
person was “metabolically unhealthy”
with two or more of the following: triglycerides level $150 mg/dL or treated for
dyslipidemia; HDL cholesterol <40 mg/dL
in men and <50 mg/dL in women; systolic blood pressure $130 mmHg, diastolic blood pressure $85 mmHg, or use

of antihypertensive drugs; diabetes diagnosis; fasting glucose $100 mg/dL; or
medications for diabetes. Although waist
and hip circumference were not used to
deﬁne the obesity phenotypes due to
the strong association with BMI, we evaluated the association between these anthropometric indices and hs-cTnT.
Outcomes

The primary outcome was a composite
incident CVD, which included adjudicated fatal or nonfatal CHD, coronary revascularization, silent and unrecognized
myocardial infarction, fatal or nonfatal
ischemic stroke or hemorrhagic stroke
conﬁrmed by imaging, or HF hospitalization or death from HF (adjudicated after
2005), with follow-up through 2017 as
previously described (20,21). We also
examined CHD and HF separately as
secondary outcomes.
hs-cTnT

hs-cTnT was measured in stored serum
samples collected from participants
during visit 2 at the University of Minnesota in 2012–2013 with a sandwich
immunoassay method with a Roche
Elecsys 2010 analyzer (Roche Diagnostics, Indianapolis, IN) (13). Intra-assay
coefﬁcients of variation were 2.1% at a
mean hs-cTnT concentration of 26 ng/L
and 1.0% at 1,990 ng/L. Interassay coefﬁcients of variation were 6.0% at a
mean hs-cTnT concentration of 25 ng/L
and 3.7% at 1,940 ng/L (22). We categorized hs-cTnT as “undetectable” (<6 ng/
L), detectable ($6 ng/L and <14 ng/L),
or elevated ($14 ng/L) (23). We used a
cutoff of 6 ng/L for consistency with
prior ARIC studies (13,24) and the manufacturer’s deﬁnition of reliable detection of hs-cTnT.
Statistical Analyses

We used multinomial logistic regression
to examine the cross-sectional associations of obesity phenotypes with hscTnT categories (hs-cTnT<6 ng/L (reference), 6–13 ng/L, and $14 ng/L). Model 1 was adjusted for age, sex, and racecenter. Model 2 was adjusted for model
1 variables plus health behaviors: smoking status and physical activity. Model 3
included all variables in model 2 plus
potential mediators: hs-CRP, estimated
glomerular ﬁltration rate (eGFR), and Nterminal pro–B-type natriuretic peptide
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Obesity affects 40% of U.S. adults (1).
However, obesity is a heterogeneous
condition, and it is unclear why some
individuals develop cardiovascular disease (CVD) and others do not. Obesity
has been subtyped according to speciﬁc
metabolic abnormalities to better deﬁne
cardiometabolic health (2,3). Almost
one-third of obese adults in the U.S. are
considered “metabolically healthy”
based on typical criteria.
There is debate about whether the
metabolically healthy obese phenotype
is a benign condition. The full spectrum
of CVD risk among those with the metabolically healthy obese phenotype is unclear. Prior studies have demonstrated a
higher risk of CVD in metabolically
healthy obese in comparison with metabolically healthy normal-weight individuals (3–11). However, these studies
were limited to mostly White adults,
and a few have examined CVD subtypes, such as coronary heart disease
(CHD) or heart failure (HF). Furthermore, the deﬁnition of metabolic health
has not included novel CVD biomarkers,
which can improve the characterization
of subclinical CVD risk. The metabolically
healthy overweight phenotype has also
received less attention in the literature
than the metabolically healthy obese.
High-sensitivity cardiac troponin T
(hs-cTnT) is a biomarker of subclinical
cardiac damage and is a potent risk factor for the development of CVD and
mortality in the general population
(12–16). Prior studies have shown that
small elevations in hs-cTnT predict incident HF, left ventricular hypertrophy,
CHD, CVD, and all-cause mortality in the
general population (12,14,17). However,
the association of hs-cTnT in the setting
of different obesity phenotypes with
overall CVD risk and CVD subtypes has
not been examined. We sought to 1)
examine the cross-sectional associations between obesity phenotypes
(metabolically healthy normal weight,
metabolically healthy overweight, metabolically healthy obese, metabolically
unhealthy normal weight, metabolically unhealthy overweight, and metabolically unhealthy obese) and subclinical
myocardial damage among Black and
White men and women and 2) investigate the independent and combined
associations of obesity phenotypes and
subclinical myocardial damage with
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metabolically unhealthy overweight (PR
1.28, 95% CI 1.08–1.51), and metabolically unhealthy obese (PR 1.78, 95% CI
1.49–2.11) phenotypes were more likely
to have hs-cTnT levels in the 6 to <14
ng/L range than those with the metabolically healthy normal weight phenotype after adjustment for other risk
factors (Table 2 [model 3]). The metabolically healthy obese (PR 2.29, 95% CI
1.23–4.32), metabolically unhealthy
overweight (PR 1.79, 95% CI 1.12–2.86),
and metabolically unhealthy obese
(PR 3.16, 95% 1.78–5.61) phenotypes
had higher odds of elevated hs-cTnT
levels ($14 ng/L) than the metabolically healthy normal weight (Table 2
[model 3]).

RESULTS

The median time to event for participants who developed CVD (N = 2,603)
was 17 years. The incidence rates of
CVD for the metabolically healthy
obese phenotype were intermediate
between the metabolically healthy
normal weight and metabolically unhealthy obese phenotypes (Table 3).
After adjustment for age, sex, racecenter, smoking status, physical activity, hs-CRP, eGFR, and NT-proBNP,
those with the metabolically healthy
obese phenotype were more likely to
develop CVD than the metabolically
healthy normal weight (hazard ratio
[HR] 1.38, 95% CI 1.15–1.67). The metabolically unhealthy obese group had
an almost twofold higher risk of CVD
than the metabolically healthy normal-weight group (HR 2.14, 95% CI
1.88–2.44). The metabolically healthy
obese group had a higher risk of HF
(HR 1.65, 95% CI 1.30–2.09) than the
metabolically healthy normal-weight
group, but the association was not signiﬁcant for CHD (HR 1.34, 95% CI
0.98–1.82) (Supplementary Tables 1
and 2).

Study Population Characteristics

There were 9,477 participants followed
for a median of 27 years (through
2016). The mean age was 56 years, 56%
were female, and 23% were Black (Table 1). The metabolically healthy obese
phenotype (7%) was the least common,
while the metabolically unhealthy overweight (23%) and obese (19%) phenotypes were the most common. Female
and Black participants were more likely
to have the metabolically healthy obese
phenotype than male and White participants. Compared with those who were
metabolically healthy normal weight or
metabolically healthy overweight, those
who were metabolically healthy obese
had higher systolic blood pressure, diastolic blood pressure, and BMI and
were more likely to be diagnosed with
hypertension. The presence of detectable hs-cTnT ($6 ng/L) was common
among individuals who were overweight (21%) or obese (22%) but otherwise considered metabolically healthy
according to traditional risk factors. Furthermore, greater waist circumference
and hip circumference were associated
with higher hs-cTnT levels in men and
women (Supplementary Table 5).
Cross-sectional Associations of
Obesity Phenotypes and hs-cTnT

Those with metabolically healthy obese
(prevalence ratio [PR] 1.31, 95% CI
1.03–1.67), metabolically unhealthy normal weight (PR 1.23, 95% CI 1.00–1.50),

Prospective Associations of Obesity
Phenotypes and Incident CVD

Prospective Associations of Cross
Categories of Obesity Phenotypes
and hs-cTnT With Incident CVD

Adults with detectable hs-cTnT had a
signiﬁcantly higher risk of CVD than
those with undetectable hs-cTnT, across
all obesity phenotypes (Fig. 1 and Table
4). Detectable hs-cTnT tended to be
more strongly associated with HF in
comparison with CHD (Supplementary

Tables 3 and 4). Individuals who were
obese and had detectable hs-cTnT but
were classiﬁed as being metabolically
healthy had a signiﬁcantly elevated risk
of both CHD (HR 1.75, 95% CI 1.07–
2.88) and HF (HR 2.48, 95% CI 1.71–
3.60) compared with normal-weight individuals without detectable hs-cTnT
(Supplementary Fig. 1 and 2).
CONCLUSIONS

In a community-based sample of middle-aged adults, who were free of CVD
or diabetes at baseline, the presence of
subclinical myocardial damage was
common in adults with the metabolically healthy obese phenotype. These individuals also had an excess risk of clinical
CVD, intermediate between that of
the metabolically healthy normal-weight
and metabolically unhealthy obese
groups. hs-cTnT was associated with
CVD risk regardless of obesity or metabolic health status. This study demonstrated that hs-cTnT, a potent marker
of CVD risk, distinguishes cardiometabolic health among adults classiﬁed as
metabolically healthy based on traditional risk factors.
The question of whether obesity is
associated with CVD has been studied
extensively. However, exceptions to the
“more fat, worse metabolic health” premise have been described as the metabolically healthy obese phenotype.
Several epidemiological studies have
presented evidence in support of cardioprotection among adults who are
metabolically healthy but obese in comparison with the metabolically unhealthy. However, existing studies have
deﬁned metabolic health as the absence of traditional CVD risk factors and
have not considered hs-cTnT, a potent
biomarker of morbidity and mortality,
which can improve characterization of
CVD risk across the full range of obese
phenotypes.
Beyond BMI, the International Diabetes Federation consensus group (25)
suggests measurement of additional
parameters to improve the characterization of the metabolic syndrome, including proinﬂammatory state, dysglycemia,
vascular regulation, and prothrombotic
state among others in the “Platinum
standard” deﬁnition. There is growing evidence that clinical CVD is preceded by
decades of subclinical disease. Echouffo-
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(NT-proBNP). We used Poisson regression to estimate the incidence rates of
CVD in each of the obesity phenotypes.
We used Cox regression analyses to examine the association between obesity
phenotypes with or without elevated
hs-cTnT and incident CVD, CHD, and HF.
For examination of the combined associations of obesity phenotypes and detectable hs-cTnT with incident CVD,
interaction terms were created for the
two exposures, and statistical interaction was tested on the multiplicative
scale. We performed sensitivity analyses
and limited follow-up of CVD, CHD, and
HF events to 5 years to limit the effect
of transitions in obesity phenotypes. All
statistical analyses were performed with
Stata, version 16.0 (StataCorp, College
Station, TX).
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43.8

23.8

$College education

Ideal physical activity*

Current smoker

Total cholesterol, mg/dL

17.3

21.0

3.3 (0.9–3.3)

65.5 (25.9–81.2)

97.8 (13.8)

21.7

5.1 (1.7–6.3)

68.2 (24.5–86.6)

100.3 (15.4)

99.2 (9.2)

98.9 (33.9)

130.8 (34.9)

56.2 (13.5)

0.3

206.9 (36.2)

117.1 (9.1)

109.0 (10.9)

33.8 (3.8)

72.9

21.7

72.8 (9.0)

120.1 (16.6)

11.6

32.5

46.4

42.8

55.3 (5.3)
71.7

Obese
(N = 696, 7%)

26.6

3.5 (0.9–3.5)

128.9 (30.7–108.1)

95.3 (14.7)

104.4 (9.9)

141.6 (73.1)

137.7 (40.7)

47.2 (16.8)

4.3

213.1 (42.9)

96.9 (4.7)

87.0 (7.5)

23.1 (1.5)

71.4

41.0

72.8 (10.9)

124.0 (19.1)

31.7

39.8

45.8

16.3

57.9 (5.7)
55.5

Normal weight
(N = 1,073, 11%)

16.2

21.9

117.2 (10.5)

1,594 (93.1)
109.2 (10.8)
96.7 (16.0)
86.7 (24.7–87.4)
5.9 (2.1–7.2)
31.9

161.6 (82.4)
107.2 (10.2)
94.2 (15.1)
75.4 (23.2–83.2)
4.0 (1.2–4.3)
29.0

42.9 (13.3)
137.7 (36.0)

42.7 (13.6)

2.6
139.9 (35.5)

3.8

212.0 (40.2)

103.9.5 (4.7)
214.6 (39.1)

34.5 (4.6)
112.9 (11.4)

27.5 (1.4)
98.2 (7.0)

58.2
78.6

46.0
76.9

75.9 (10.3)

30.7

41.3

74.0 (10.2)

42.5

49.4

128.7 (18.7)

31.0

21.0

124.3 (18.2)

56.5 (5.6)
58.7

Obese (N = 1,827, 19%)

57.3 (5.6)
41.7

Metabolically unhealthy
Overweight
(N = 2,212, 23%)
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Data are mean (SD) or median (Q1–Q3) for continuous variables and % for categorical variables. HDL-C, HDL cholesterol; LDL-C, LDL cholesterol. *American Heart Association deﬁnition: 1501 min/week
moderate, 751 min/week vigorous, or 1501 min/week moderate or vigorous physical activity.

Detectable hs-cTnT ($6 ng/L)

NT-proBNP, ng/L

2.5 (0.6–2.5)

97.7 (13.1)

85.3 (35.3–102.3)

eGFR, mL/min/1.73 m2

98.3 (8.8)

97.4 (36.2)

132.3 (35.1)

55.2 (14.8)

0.5

207.0 (36.6)

104.6 (4.8)

95.5 (7.7)

27.2 (1.4)

61.7

11.9

70.4 (9.0)

114.8 (14.5)

18.0

42.9

52.3

21.9

55.8 (5.6)
53.1

Metabolically healthy
Overweight
(N = 1,726, 18%)

Metabolically Healthy Obesity and CVD Risk

hs-CRP, mg/dL

90.2 (38.6)

95.9 (8.0)

Fasting blood glucose, mg/dL

LDL-C, mg/dL

Triglycerides, mg/dL

60.9 (16.5)

123.6 (33.2)

HDL-C, mg/dL

0.7

97.2 (4.7)

202.6 (34.5)

Hip circumference, cm

Statin use

22.6 (1.6)

83.4 (8.0)

Waist circumference, cm

Antihypertension medicationv

BMI, kg/m2

10.9

61.6

Hypertension

68.2 (9.1)

54.9

African American

Diastolic blood pressure, mmHg

14.2

Age, years
Female

111.9 (15.7)

55.8 (5.6)
67.2

Characteristics

Systolic blood pressure, mmHg

Normal weight
(N = 1,943, 21%)

Table 1—Baseline characteristics of the ARIC study population without CVD at visit 2 (1990–1992), by obesity phenotypes N = 9,477
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Tcheugui et al. (26) demonstrated that
assessing coronary artery calciﬁcation
provided additional information about
the risk of hypertension and diabetes
among those who were otherwise classiﬁed as metabolically healthy obese in
the Framingham Heart Study.
In our cross-sectional analyses, we
demonstrated that middle-aged adults

without clinical CVD who had the metabolically unhealthy overweight or obese
phenotypes were more likely to have elevated hs-cTnT levels than metabolically
healthy normal-weight individuals. In a
general population, hs-cTnT may reﬂect
subclinical myocardial insults and microvascular damage to the heart (14,27).
Assessment
of
hs-cTnT
among

overweight or obese people without
clinical CVD could lead to early detection and diagnosis and prompt treatment of subclinical CVD through
intensive lifestyle modiﬁcation.
We found that the CVD risk among
those with the metabolically healthy
obese phenotype was intermediate between that of the metabolically healthy

Table 2—Cross-sectional association,* relative risk ratio (95% CI), of obesity phenotypes with hs-cTnT, N = 9,477
N (%)
hs-cTnT <6 ng/L (N = 7,118)
hs-cTnT 6 to < 14 ng/L (N = 2,068)
Metabolically healthy
Normal
Overweight
Obese
Metabolically unhealthy
Normal weight
Overweight
Obese
hs-cTnT $14 ng/L (N = 291)
Normal
Metabolically healthy
Overweight
Obese
Metabolically unhealthy
Normal weight
Overweight
Obese

Model 1

Model 2

Model 3

1 (Ref)

1 (Ref)

1 (Ref)

311 (15)
331 (16)
133 (7)

1 (Ref)
1.03 (0.86–1.24)
1.30 (1.02–1.64)

1 (Ref)
1.01 (0.84–1.21)
1.24 (0.97–1.57)

1 (Ref)
1.07 (0.89–1.29)
1.31 (1.03–1.67)

249 (12)
564 (27)
480 (23)

1.24 (1.02–1.52)
1.26 (1.07–1.49)
1.74 (1.47–2.06)

1.27 (1.04–1.56)
1.26 (1.06–1.48)
1.71 (1.44–2.03)

1.23 (1.00–1.51)
1.28 (1.08–1.51)
1.78 (1.49–2.11)

26 (9)

1 (Ref)

1 (Ref)

1 (Ref)

31 (11)
18 (6)

1.10 (0.64–1.87)
2.05 (1.10–3.84)

1.11 (0.65–1.90)
2.06 (1.10–3.86)

1.22 (0.71–2.11)
2.29 (1.23–4.32)

36 (12)
77 (27)
103 (35)

2.00 (1.18–3.37)
1.90 (1.20–3.01)
4.40 (2.81–6.88)

1.99 (1.18–3.37)
1.92 (1.21–3.04)
4.40 (2.81–6.90)

1.40 (0.80–2.44)
1.79 (1.12–2.86)
4.16 (2.63–6.59)

Boldface type indicates P < 0.05. Ref, reference. *Multinomial logistic regression model with hs-cTnT <6 ng/L as the base outcome. Model 1:
adjustment for age, sex, and race-center. Model 2: model 1 adjustments plus smoking status and physical activity. Model 3: Model 2 adjustments plus hs-CRP, eGFR, and NT-proBNP.
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Figure 1—Adjusted HRs (95% CIs) for the association of obesity phenotypes and incident CVD by hs-cTnT levels.
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Table 3—IRs and HRs for the association of obesity phenotypes and incident cardiovascular disease, N = 9,477
Metabolic status

Obesity status

Events/n

Metabolically healthy

Normal weight
Overweight
Obese
Normal weight
Overweight
Obese

358/1,942
364/1,725
165/696
331/1,073
740/2,212
645/1,825

Metabolically unhealthy

IR/1,000 person-years (95% CI)
8.5
9.8
10.9
15.8
16.6
18.4

Model 1, HR (95% CI)

(7.6–9.4)
(8.8–10.8)
(9.4–12.7)
(14.2–17.6)
(15.5–17.89)
(17.0–19.8)

1.05
1.28
1.67
1.64
2.12

1(Ref)
(0.91–1.22)
(1.06–1.54)
(1.43–1.94)
(1.45–1.87)
(1.86–2.41)

Model 2, HR (95% CI)
1.08
1.38
1.51
1.60
2.14

1 (Ref)
(0.93–1.25)
(1.15–1.67)
(1.30–1.76)
(1.41–1.82)
(1.88–2.44)

Boldface type indicates P < 0.05. Model 1: adjustment for age, sex, and race-center. Model 2: model 1 adjustments plus smoking status,
physical activity, hs-CRP, eGFR, and NT-proBNP. IR, incidence rate; Ref, reference.

HF and CHD risk and provides useful
prognostic information, even among
those otherwise classiﬁed as being
“metabolically healthy.” Our ﬁndings suggest that hs-cTnT is useful in identifying
adults at high risk for future clinical CVD,
even among people who appear metabolically healthy in other respects.
This study had several strengths.
First, this investigation included a large,
community-based prospective cohort
study of >11,000 middle-aged White
and Black participants with active surveillance and adjudicated cardiovascular
outcomes over 25 years of follow-up.
We had standardized and rigorous
measurements of traditional cardiovascular risk factors and hs-cTnT. However,
there were some limitations to this
study. First, we did not include data
on impaired glucose tolerance, an additional marker of metabolic dysfunction.
Second, information on diet was not assessed at visit 2 in the ARIC study. Third,
our cutoff point of 6 ng/L for hs-cTnT

was consistent with that of prior ARIC
studies (13,24) but may not be generalizable to other assays. Fourth, we excluded participants missing hs-cTnT at
visit 2 (9% of the population). Those
who were missing hs-cTnT were more
likely to be older, to be male, to have diabetes, to have dyslipidemia, and to
smoke than those who were not missing hs-cTnT. In the ARIC study, this missingness was primarily related to the
availability of stored samples for the
measurement of hs-cTnT. Finally, as with
any observational study, we cannot
eliminate the possibility of residual
confounding.
CONCLUSIONS

The metabolically healthy obese phenotype was uncommon (7%) in this middle-aged adult population but more
common in younger adults, women,
and Black individuals. In comparison
with individuals with the metabolically

Table 4—IRs and adjusted HRs for incident CVD according to cross categories of obesity phenotypes and hs-cTnT levels, N =
9,477
Metabolic status†

Obesity status

Metabolically healthy

Normal weight
Overweight
Obese

Metabolically unhealthy

Normal weight
Overweight
Obese

hs-cTnT level, ng/L
<6
$6
<6
$6
<6
$6
<6
$6
<6
$6
<6
$6

ng/L
ng/L
ng/L
ng/L
ng/L
ng/L
ng/L
ng/L
ng/L
ng/L
ng/L
ng/L

Events/n
265/1,606
93/336
253/1,364
111/361
113/545
52/151
207/788
124/285
454/1,571
286/641
376/1,244
269/581

IR/1,000 person-years (95% CI)
7.4
14.2
8.4
15.2
9.4
17.1
12.9
25.7
13.9
24.4
14.8
27.5

(6.6–8.4)
(11.6–17.4)
(7.5–9.5)
(12.6–18.3)
(7.79–11.3)
(13.0–22.4)
(11.2–14.8)
(21.4–30.5)
(12.7–15.2)
(21.7–27.4)
(13.4–16.4)
(24.4–31.0)

Adjusted,* HR (95% CI)
1 (Reference)
1.48 (1.17–1.88)
1.09 (0.92–1.30)
1.53 (1.22–1.92)
1.37 (1.10–1.71)
1.95 (1.44–2.64)
1.49 (1.24–1.79)
2.23 (1.78–2.80)
1.56 (1.33–1.81)
2.38 (2.00–2.83)
2.04 (1.74–2.40)
3.06 (2.57–3.65)

Boldface type indicates P < 0.05. IR, incidence rate. *Adjustment for age, sex, race-center, smoking status, physical activity, hs-CRP, eGFR,
and NT-proBNP. †Metabolic healthy, fewer than two Adult Treatment Panel III criteria; metabolically unhealthy, two or more Adult Treatment
Panel III criteria.
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normal weight and the metabolically unhealthy obese phenotypes. We also observed that a single measurement of hscTnT among the metabolically healthy
overweight and obese groups was informative in identifying those individuals at
higher risk for overall CVD, CHD, and HF.
Since those with the metabolically
healthy overweight phenotype with detectable hs-cTnT levels had almost twofold higher risk of CVD, CHD, or HF in
comparison with those with the metabolically healthy normal weight phenotype,
they should also be targeted for intensive
lifestyle modiﬁcation to stave off CVD.
The associations with CVD in our study
were largely driven by the robust associations with HF. Our ﬁndings are consistent
with those of prior studies demonstrating
strong, independent associations of metabolically healthy obesity with future HF
risk and less robust associations with
CHD (28–30). Our work builds on these
prior studies and further demonstrates
that detectable hs-cTnT is associated with
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healthy normal weight phenotype,
those with the metabolically healthy
obese phenotype had higher overall
CVD risk and evidence of subclinical
myocardial damage. The associations
were more robust for HF than CHD. Detectable hs-cTnT levels ($6 ng/L) were
associated with higher overall CVD risk
in all obesity phenotype groups, suggesting that hs-cTnT is a useful biomarker for stratifying CVD risk. Routine
screening of CVD risk with hs-cTnT
among the obese, regardless of current
metabolic health, may provide an opportunity to institute intensive lifestyle
changes targeting weight loss and pharmacological therapy to prevent subsequent CVD.
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