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Context: Previous studies have identified an obese phenotype without the burden of adiposity-
associated cardiometabolic risk factors, although the health effects remain unclear.

Objective: We examined the association between metabolically healthy obesity and risk of car-
diovascular disease (CVD) and all-cause mortality.

Design and Setting: This was an observational study with prospective linkage to mortality records
in community-dwelling adults from the general population in Scotland and England.

Participants: A total of 22,203 men and women [aged 54.1 (SD 12.7 yr), 45.2% men] without known
history of CVD at baseline.

Interventions: Based on blood pressure, high-density lipoprotein-cholesterol, diabetes diagnosis,
waist circumference, and low-grade inflammation (C-reactive protein = 3 mg/liter), participants
were classified as metabolically healthy (0 or 1 metabolic abnormality) or unhealthy (two or more
metabolic abnormalities). Obesity was defined as a body mass index of 30 kg/m? or greater.

Main Outcome Measure: Study members were followed up, on average, more than 7.0 = 3.0 yr for
cause-specific mortality. Cox proportional hazards models were used to examine the association of
metabolic health/obesity categories with mortality.

Results: There were 604 CVD and 1868 all-cause deaths, respectively. Compared with the metabolically
healthy nonobese participants, their obese counterparts were not at elevated risk of CVD [hazard ratio
(HR) 1.26, 95% confidence interval (Cl) 0.74-2.13], although both nonobese (HR 1.59, 95% CI 1.30-1.94)
and obese (HR 1.64, 95% Cl 1.17-2.30) participants with two or more metabolic abnormalities were at
elevated risk. Metabolically unhealthy obese participants were at elevated risk of all-cause mortality
compared with their metabolically healthy obese counterparts (HR 1.72, 95% CI 1.23-2.41).

Conclusion: Metabolically healthy obese participants were not at increased risk of CvD and all-
cause mortality over 7 yr. (J Clin Endocrinol Metab 97: 2482-2488, 2012)

besity is typically accompanied by unfavorable met-
0 abolic profiles, such as impaired glucose metabo-
lism, adverse lipid profiles, systemic inflammation, and
elevated blood pressure, but it is increasingly recognized
that this may not always be the case. The term, metabol-
ically healthy obesity, has been used to describe an obese
phenotype that does not have the burden of any metabolic
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disorder (1). There is convincing evidence to show adverse
effects of obesity on health (2, 3), although in a recent
study, the addition of information on measures such as
body mass index (BMI), waist circumference, or waist to
hip ratio to a cardiovascular disease risk prediction model
containing conventional risk factors did not improve risk
discrimination (4). Several epidemiological studies have

Abbreviations: BMI, Body mass index; BP, blood pressure; Cl, confidence interval; CRP,
C-reactive protein; CVD, cardiovascular disease; HDL, high-density lipoprotein; HR, hazard
ratio; HSE, Health Survey for England; SHS, Scottish Health Survey.
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shown that metabolically healthy obese participants are
not at increased risk of developing cardiovascular disease
(CVD) over 3-13 yr of follow-up compared with healthy
nonobese (5-10) and are at lower risk compared with met-
abolically unhealthy obese participants (11). However,
there are inconsistencies in the data, and studies with an
extended follow up period (>15 yr) showed that obese
participants without metabolic syndrome at baseline were
still at increased risk of major CVD events compared with
healthy nonobese (12, 13). In addition, metabolically
healthy obese women had greater burden of subclinical
atherosclerosis than nonobese women, although lower
burden compared with metabolically unhealthy obese
women (14). Taken together, it is difficult to draw firm
conclusions from the present literature. The aim of this
study was to explore the association between metaboli-
cally healthy obesity and risk of mortality in a large na-
tionally representative data set of men and women initially
free of CVD.

Materials and Methods

Study design and participants

Participants were recruited into the Health Survey for Eng-
land (HSE) and Scottish Health Survey (SHS), both representa-
tive, general population-based study sampling individuals living
in households (15). HSE/SHS samples are selected using multi-
stage stratified probability design to give a representative sample
of the target population. Stratification is based on geographical
entities and not on individual characteristics: postcode sectors
selected at the first stage and household addresses selected at the
second stage. The overall response rate (interviewer home visit)
ranged between 60 and 90% for different survey years, with
33-41% of all eligible participants seeing a nurse during a sub-
sequent home visit. Participants for the present analysis were
merged together from a range of different survey years (from
HSE 1998, 1999, 2003, and 2004 and SHS 1998 and 2003) and
were linked prospectively to National Health Service mortality
data; thus, the analyses were based on a prospective cohort de-
sign. Study participants gave full written informed consent and
ethical approval was obtained from the London Research Ethics
Council.

Demographic and clinical variables

During the first household visit, interviewers collected informa-
tion using computer-assisted personal interviewing modules. Var-
ious self-reported information was collected, including smoking
(current/ex-smoker/never) and participation in moderate to vigor-
ous leisure time physical activity including walking and cycling for
any purpose (number of sessions per week lasting at least 30 min).
The physical activity questionnaire has been validated using objec-
tive accelerometry recordings (16). Socioeconomic status was as-
sessed using the Registrar General Classification; V/II professional/
intermediate, I skilled nonmanual/skilled manual, IV/V part
skilled/unskilled. Trained nurses collected information about phy-
sician-diagnosed CVD (stroke, angina, heart attack), hypertension,
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and diabetes mellitus (types 1 and 2); collected nonfasting blood
samples; measured resting blood pressure (BP); and collected infor-
mation on prescribed medication. Participants’ body weight was
measured using Tanita electronic scales (Tokyo, Japan) without
shoesin light clothing, and height was measured using a stadiometer
with the Frankfort plane in the horizontal position. BMI was cal-
culated as the following: [weight (kilograms)/height (meters)
squared]. Waist circumference was taken twice to the nearest mil-
limeter midway between the iliac crest and lower rib using a mea-
suring tape. An average from the first two measurements was used,
although if the first and second reading differed by more than 3 cm,
a third reading was taken. Blood samples were analyzed for C-re-
active protein (CRP) and high-density lipoprotein (HDL) choles-
terol. The analysis of CRP levels from serum was performed using
the N Latex high-sensitivity CRP monoimmunoassay on the Beh-
ring Nephelometer II analyzer (Deerfield, IL; coefficient of varia-
tion < 6%). HDL cholesterol was measured using cholesterol ox-
idase assays on an Olympus 640 analyzer (Tokyo, Japan). Systolic
and diastolic BP was measured with an Omron HEM-907 blood
pressure monitor (Omron, Japan) three times in the sitting position
after 5-min rest between each reading. The initial reading was dis-
carded and an average of the second and third BP recordings was
used for the present analyses.

Mortality follow-up

Classification of the primary (underlying) cause of death was
based on information collected from the death certificate together
with any additional information provided subsequently by the cer-
tifying doctor (e.g. secondary death cause). Diagnoses for the pri-
mary cause of death were recorded using the International Classi-
fication of Diseases, Ninth and 10th revisions. Cardiovascular
disease codes were 390—459 for International Classification of Dis-
eases, ninth revision, and 101-199 for International Classification of
Diseases, 10th revision.

Statistical analyses

Nonobese participants were defined as those with a BMI of
18-29.9 kg/m* and obesity as a BMI of 30 kg/m? or greater.
Metabolic risk was based on an adaptation of previous criteria
(17, 18) according to availability of data, and defined as two or
more metabolic risk factors, including large waist (waist > 102
cminmenand > 88 cmin women), hypertension risk (clinic BP >
130/85 mm Hg or hypertension diagnosis or use of antihyper-
tensive medication), doctor-diagnosed diabetes, low-grade in-
flammation (CRP = 3 mg/liter), adverse HDL cholesterol (<1.03
mmol/liter in men and <1.30 mmol/liter in women). Participants
were then categorized into four groups consisting of metaboli-
cally healthy nonobese; metabolically unhealthy nonobese; met-
abolically healthy obese; and metabolically unhealthy obese. We
used x* and ANOVA with Scheffé post hoc tests to examine
differences in baseline characteristics with respect to these cat-
egories. Having first ascertained that the proportional hazards
assumption had not been violated, CVD or all-cause death as the
outcome of interest, we used Cox proportional hazards models
to compute hazard ratios (HR) with accompanying 95% confi-
dence intervals (CI) for the association with metabolic health/
obesity categories. The proportional hazards assumption was
examined by comparing the cumulative hazard plots grouped on
the various exposure variables, although no appreciable viola-
tions were noted. Months were the time scale, and for partici-
pants with no record of an event, the data were censored at
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TABLE 1. Characteristics of the study population at baseline (n = 22,203)

Metabolically Metabolically Metabolically Metabolically
healthy nonobese unhealthy nonobese healthy obese unhealthy obese

Variable (n = 12,716) (n = 4,201) (n = 1,160) (n = 4,128)
Age (yr) 519+ 124 59.3+ 125 513+ 11.5°7 56.3 +12.3
Men (%) 454 47.2 52.6 40.4
Highest socioeconomic group (/1) (%) 42.5 36.9 38.99 32.8
Current smokers (%) 25.6 28.7 16.7° 19.7
Physical activity (% at least three times 35.1 21.0 28.97 19.3

per week MVPA)

HDL cholesterol (mmol/liter) 1.6+04 1.3+x04 1.5+0.3° 1.3+x04
BMI (kg/mz) 248 £ 26 26.7 £ 2.3 322 +27° 34.2 £ 38
Waist (cm) 845 +96 93.1 =95 99.5 + 10.1° 106.1 = 10.4
Diabetes (%) 0.5 7.0 0.3° 6.5
Systolic BP (mm Hg) 129.2 =175 142.8 = 17.5 131.9 = 15.5° 141.6 = 20.6
Hypertension risk (%) 18.6 71.2 10.9° 64.8
CRP (mg/liter) 2.0+45 6.2 +86 2.1 +£3.1° 6.1+7.0
Inflammation (CRP = 3 mg/liter) (%) 12.5 65.5 8.8 67.5

Values are means + sb unless otherwise stated. Obesity is defined as a BMI 30 kg/m? or greater; metabolically unhealthy is defined as two or more
metabolic risk factors, including large waist (>102 cm in men and > 88 cm in women), hypertension risk (clinical BP > 130/85 mm Hg or
hypertension diagnosis or use of antihypertensive medication), doctor’s diagnosed diabetes, low-grade inflammation (CRP = 3 mg/liter), adverse
lipid profile (HDL cholesterol < 1.03 mmol/liter in men and < 1.30 mmol/liter in women). MVPA, Moderate to vigorous physical activity.

@ Significantly different from metabolic at-risk groups.
b Significantly different (P < 0.001) from all other groups.

February 28, 2008 (HSE), and December 31, 2008 (SHS). Each
model was adjusted for age and sex, and we also ran additional
models that included further adjustment for physical activity
(none; one to two; or three or more sessions per week), smoking
(never; previous; or current), socioeconomic group (I/IL, profes-
sional and intermediate; III, skilled nonmanual and skilled man-
ual; IV/V, part skilled/unskilled). In addition, we adjusted the
models for BMI to determine whether the associations were in-
dependent of morbid obesity. We conducted a second set of anal-
yses to examine mortality risk in relation to metabolic health and
waist measurements, using a similar approach described above,
although metabolic risk was defined as one or more risk factors,
including hypertension risk, diabetes, inflammation, and adverse
an HDL profile. All analyses were conducted using SPSS version
14 (SPSS Inc., Chicago, IL) and a significance level of P < 0.05
was used.

Results

The initial study sample consisted of 25,608 adults who had
consented to a blood draw during the nurse visit, although
11% (n = 2,753) did not consent to mortality follow-up and
were therefore removed from any analysis. Nonconsenting
adults were younger than those consenting (50.1 vs. 54.4 yr,
P < 0.001). After the exclusion of 135 underweight (BMI <
18 kg/m?) participants and 517 with CVD at baseline, the
final analytic sample consisted of 22,203 participants [aged
54.1 (sp 12.7 yr), 45.2% men)].

Twenty-four percent of the sample were defined as
obese, and within the obese sample, 22% were catego-
rized as metabolically healthy (Table 1). On average,
obese participants displayed more metabolic risk fac-

tors than nonobese (2.3 vs. 0.9, P < 0.001), which is
displayed in Fig. 1. Metabolically healthy obese partic-
ipants were comparable with their healthy nonobese
counterparts on a number of variables, including age,
social status, physical activity, HDL cholesterol, CRP,
and a low prevalence of diabetes and hypertension. The
metabolically healthy obese participants were less likely
to be smokers but displayed higher waist circumference
compared with nonobese. However, the metabolically
healthy obese participants displayed lower waist and
BMI compared with their unhealthy obese counter-
parts. Participants at metabolic risk tended to be older
than the metabolically healthy.

There were 604 and 1868 CVD and all-cause deaths,
respectively. In mutually adjusted models, the metabolic
risk factors that were associated with future CVD included
hypertension (HR 1.55, 95% CI 1.30-1.84), diabetes
(HR 1.77, 95% CI 1.33-2.35), low-grade inflammation

50

40

i \ § . N
0 1 2 3 24

Number metabolic risk factors

FIG. 1. The distribution of metabolic risk factors in nonobese (black
bars) and obese (hatched bars) participants.

gz0z ¥snbny 9| uo isenb Aq 9vi7€82/2812/./L6/3101ME/Wad(/Wwod dno-olwapede//:sdiy Wwoly papeojumoq



J Clin Endocrinol Metab, July 2012, 97(7):2482-2488 jcem.endojournals.org 2485
TABLE 2. The association between metabolic health, obesity, and CVD mortality
Age- and sex-adjusted Fully adjusted
Cases/n HR (95% ClI) HR (95% CI)?
Whole sample
Metabolically healthy nonobese 225/12716 1.00 (referent) 1.00
Metabolically unhealthy nonobese 216/4201 1.66 (1.37-2.00) 1.59 (1.30-1.94)
Metabolically healthy obese 18/1160 1.02 (0.63-1.65) 1.26 (0.74-2.13)
Metabolically unhealthy obese 145/4128 1.58 (1.28-1.95) 1.64 (1.17-2.30)
P trend <0.001 <0.001
Men
Metabolically healthy nonobese 132/5771 1.00 (referent) 1.00
Metabolically unhealthy nonobese 110/1983 1.45(1.12-1.87) 1.36 (1.04-1.78)
Metabolically healthy obese 11/610 1.09 (0.59-2.02) 1.45 (0.73-2.89)
Metabolically unhealthy obese 79/1669 1.69 (1.28-2.24) 1.84 (1.17-2.90)
P trend 0.001 0.039
Women
Metabolically healthy nonobese 93/6945 1.00 (referent) 1.00
Metabolically unhealthy nonobese 106/2218 1.95 (1.47-2.59) 1.90 (1.41-2.57)
Metabolically healthy obese 7/550 0.95 (0.44-2.05) 1.04 (0.45-2.38)
Metabolically unhealthy obese 66/2459 1.47 (1.07-2.02) 1.47 (0.88-2.46)
P trend <0.001 <0.001

Sample contains participants without a history of CVD at baseline (n = 22,203).

2 Contains adjustment for age, sex, smoking, physical activity, socioeconomic group, and BMI.

as indexed by CRP of 3 mg/liter or greater (HR 1.67,95%
CI 1.42-1.97), and adverse HDL cholesterol profile (HR
1.31, 95% CI 1.09-1.58). Compared with the metaboli-
cally healthy nonobese subjects, their metabolically
healthy obese counterparts were not at elevated risk of
CVD (fully adjusted HR 1.26, 95% CI 0.74-2.13), al-
though both the nonobese (HR 1.59, 95% CI 1.30-1.94)
and obese (HR 1.64,95% CI1.17-2.30) participants with
two or more metabolic abnormalities were at elevated risk
(Table 2). Similar results were seen for all-cause mortality
(Table 3). In analyses stratified by sex, obese men with
metabolic risk factors were at the highest risk of CVD,

whereas in women only the nonobese with metabolic risk
factors were at elevated risk after adjustment for covari-
ates. Nevertheless, in both sexes the metabolically healthy
obese were not at elevated risk of CVD or all-cause mor-
tality. Because it was feasible that some participants in the
reference group were overweight (BMI 25-30 kg/m?) and
had one metabolic risk factor, we performed a sensitivity
analysis in which the reference group was redefined as
participants with a BMI less than 25 kg/m? and zero met-
abolic risk factors (n = 4034). However, the results re-
mained largely unchanged; compared with the lean par-
ticipants without any metabolic risk factors, the

TABLE 3. The association between metabolic health, obesity, and all-cause mortality

Cases/n Age- and sex-adjusted HR (95% CI)  Fully adjusted HR (95% CI)?
Whole sample
Metabolically healthy nonobese 777/12716 1.00 (referent) 1.00
Metabolically unhealthy nonobese  656/4201 1.56 (1.40-1.73) 1.59 (1.42-1.77)
Metabolically healthy obese 38/1160 0.60 (0.43-0.83) 0.91 (0.64-1.29)
Metabolically unhealthy obese 397/4128 1.25(1.11-1.41) 1.79 (1.47-2.17)
P trend <0.001 <0.001
Men
Metabolically healthy nonobese 417/5771 1.00 (referent) 1.00
Metabolically unhealthy nonobese ~ 334/1983 1.46 (1.26-1.69) 1.46 (1.25-1.69)
Metabolically healthy obese 23/610 0.69 (0.45-1.05) 1.09 (0.68-1.75)
Metabolically unhealthy obese 203/1669 1.41(1.20-1.67) 2.09 (1.60-2.73)
P trend <0.001 <0.001
Women
Metabolically healthy nonobese 360/6945 1.00 (referent) 1.00
Metabolically unhealthy nonobese  322/2218 1.69 (1.45-1.97) 1.71 (1.45-2.01)
Metabolically healthy obese 15/550 0.51 (0.30-0.86) 0.73(0.42-1.27)
Metabolically unhealthy obese 194/2459 1.12 (0.94-1.33) 1.56 (1.17-2.08)
P trend <0.001 <0.001

Sample contains participants without a history of CVD at baseline (n = 22,203).

2 Contains adjustment for age, sex, smoking, physical activity, socioeconomic group, and BMI.
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TABLE 4. The association between metabolic health (defined by blood pressure, HDL cholesterol, diabetes, CRP),

waist, and mortality?

Age- and sex-adjusted Fully adjusted

Cases/n HR (95% CI) HR (95% Cl)®
CVD death
Metabolically healthy, normal waist 83/7129 1.00 (referent) 1.00
Metabolically unhealthy, normal waist 280/7535 1.78 (1.39-2.28) 1.61(1.26-2.08)
Metabolically healthy, large waist 18/1529 0.81(0.49-1.35) 0.82 (0.49-1.40)
Metabolically unhealthy, large waist 224/6019 1.78 (1.38-2.30) 1.57 (1.15-2.15)
P trend <0.001 <0.001
All-cause death
Metabolically healthy, normal waist 302/7129 1.00 (referent) 1.00
Metabolically unhealthy, normal waist 850/7535 1.59 (1.39-1.81) 1.51(1.32-1.73)
Metabolically healthy, large waist 66/1529 0.84 (0.64-1.09) 1.03(0.78-1.37)
Metabolically unhealthy, large waist 651/6019 1.51(1.31-1.73) 1.84 (1.54-2.18)
P trend <0.001 <0.001

Sample contains participants without history of CVD at baseline (n = 22,203).

2 Large waist defined as greater than 102 cm in men and greater than 88 cm in women.

b Contains adjustment for age, sex, smoking, physical activity, socioeconomic group, and BMI.

metabolically healthy obese were not at risk of CVD (fully
adjusted HR 1.41, 95% CI1 0.82-2.42), in contrast to their
metabolically unhealthy obese counterparts (fully ad-
justed HR 1.82, 95% CI 1.30~2.53).

We conducted a second set of analyses using waist cir-
cumference instead of BMI (Table 4). Thirty-four percent
of the sample had large waist (>102 ¢cm in men and > 88
c¢m in women), although 20.3% of these participants were
categorized as metabolically healthy. The results largely
replicated those for BMI, showing that participants with
metabolic risk factors were at higher CVD risk compared
with the metabolically healthy, regardless of waist circum-
ference. In addition, we examined the joint effects of ele-
vated waist and BMI. When we used both waist and BMI
to define obesity, 20.7% of the sample had both a large
waist circumference (>102 cm men and > 88 cm women)
and BMI greater than 30 kg/m?. Within this obese sample,
15.2% (n = 699) were classified as metabolically healthy.
Again, the results largely replicated those for general obe-
sity, showing that participants with metabolic risk factors
were at higher CVD risk compared with the metabolically
healthy, regardless of obesity status (see Supplemental Ta-
ble 1, published on The Endocrine Society’s Journals On-
line web site at http://jcem.endojournals.org).

Discussion

The aim of this study was to examine the association be-
tween metabolically healthy obesity and risk of CVD in a
large nationally representative sample of men and women
initially free of CVD. A metabolically healthy phenotype
was observed in 24 % of the obese sample from the present
study, which is largely comparable with other studies, al-

though the prevalence has ranged from 10 to 30% (1, 17),
depending on the definition used (11). The main findings
from this study show that metabolically healthy obese par-
ticipants were not at increased risk of CVD or all-cause
mortality compared with the metabolically healthy nono-
bese reference group. In fact, this finding persisted, even
when we used a more conservative approach that charac-
terized the reference group as lean (BMI < 25 kg/m?) with-
out any metabolic risk factors. These results are consistent
with some (5-11) but not all previous work (12, 13). One
of the main reasons for the inconsistencies might be the
length of follow-up; studies with shorter follow-up (<15
yr), including ours, have generally shown that the meta-
bolically healthy obese are not at future risk, which con-
tradicts other studies using longer follow-up periods.
However, it might be argued that obese participants who
are initially metabolically healthy at baseline could go on
to develop metabolic risk factors over a longer follow-up
period, thus explaining their increased risk. Nevertheless,
recent data (14) that showed metabolically healthy obese
women had greater burden of subclinical atherosclerosis
suggest that these individuals might be at increased risk
but likely develop overt disease more slowly than their
at-risk counterparts. In contrast to these findings, the pres-
ent results suggest that in women, only the nonobese with
metabolic risk factors were at elevated CVD risk after
adjustment for covariates including BMI. Thus, taken to-
gether, our findings suggest that metabolic risk factors are
more important predictors of CVD than overall adiposity.
This is consistent with recent data from a collaborative
analysis of 58 prospective studies (4).

We found that the metabolically healthy obese partic-
ipants (as defined from BMI) had intermediate levels of
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waist circumference compared with metabolically un-
healthy obese and nonobese, which is consistent with
other data showing more favorable fat distribution in the
healthy obese, characterized by lower visceral fat and
greater thigh sc fat (19). Other data also indicate that par-
ticipants with elevated body fat are at increased risk of
developing cardiometabolic disease despite having a nor-
mal BMI (20). However, redefining the categories based
on combined waist and BMI measures did not alter the
differences in risk seen between the groups. In addition,
the metabolically healthy obese participants had, on av-
erage, lower BMI than the at-risk obese, although adjust-
ment for BMI did not alter the results. This might suggest
that it is the presence of other cardiometabolic risk factors
that is important in determining CVD risk, although an-
other possibility is that we may not have measured the
most relevant indices of adiposity such as visceral and
ectopic fat. Other mechanisms might involve adipose tis-
sue morphology and function. Indeed, independently of
total body fat mass, increased visceral fat accumulation
and adipose tissue dysfunction are associated with insulin-
resistant obesity (21). Genetics may also play an important
role (22).

The nonobese participants with metabolic risk factors
were also at elevated risk of CVD. One of the striking
features of this group was the high prevalence of hyper-
tension and systemic inflammation, which was compara-
ble with the levels seen in the metabolically unhealthy
obese group. Interestingly, metabolically healthy obese
participants had remarkably normal levels of CRP, which
is consistent with some (19) but not other data (23). In
addition, both metabolically unhealthy nonobese and
obese participants displayed lower physical activity levels
compared with the metabolically healthy, which is con-
sistent with previous reports (17, 24). Because physical
activity is known to have antiinflammatory effects (25),
this might have contributed to the lower levels of CRP seen
in the more active metabolically healthy obese partici-
pants. Clinically, it is important to identify the nonobese
at-risk individuals because early intervention with exer-
cise and diet may help prevent these participants from
developing obesity and diabetes (26) and delay the onset
of overt disease.

Strengths and limitations

The present study adds to the extant literature in several
ways; this study included a large and well-characterized
sample of the general population and used a plethora of
contextual variables for statistical adjustments as well as
the availability of objectively measured BMI and waist
circumference. There are presently no unified criteria for
the definition of metabolically healthy obesity. In the pres-
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ent study, metabolic risk was based on an adaptation of
previous criteria (17, 18) according to availability of data,
although measures of fasting glucose and triglycerides
were not available. Thus, we cannot rule out the possibil-
ity of undetected impaired glucose tolerance, which is an
important component of metabolic dysfunction. Thus, the
present study might have overestimated the prevalence of
metabolically healthy obesity, although this would have
potentially increased the chances of finding a false-positive
association with incident CVD in this group. We were
unable to assess metabolic risk factors during the fol-
low-up period; thus, it is possible that some of the healthy
participants at baseline did go on to develop metabolic risk
factors and overt disease. Nevertheless, we carefully re-
moved those participants with a history of CVD at base-
line to avoid possible reverse causation effects.

In summary, metabolically healthy obese participants
were not at increased risk of CVD and all-cause mortality
compared with healthy nonobese individuals. Thus, strat-
ification of obese individuals based on their metabolic
phenotype may be important to identify those who are to
be prioritized for early pharmacological treatment in ad-
dition to lifestyle intervention.
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