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Obesity is an epidemic health problem related to morbidity and mortality of metabolic and cardiovascular dis-
eases. However, little is known regarding the development of cardiometabolic diseases in an obese subgroup with
a healthy metabolic risk profile. This study examined the prevalence of baseline metabolically healthy obese sub-
jects and its impacts on the incidences of cardiometabolic diseases using a nation-wide population cohort. Metab-
olically healthy obese were prevalent in 8.2% of the baseline population and 28.5% of the obese subjects. Sub-
jects included were 1,547 men and women (age range, 18-59 years), who were free of components of the meta-
bolic syndrome except waist criteria. During an average 5.4-year follow-up, the cumulative incidences of hyper-
tension, type 2 diabetes and the metabolic syndrome were 7.8%, 1.2% and 5.6%, respectively. The hazard ratios
(95% CIs) for the metabolic syndrome incidence were significantly higher at BMI levels of >23.0 kg/m’ [4.68
(2.22-9.86)] for BMI of 23-24.9 kg/m?; 8.82 (4.01-19.4) for BMI of 25-26.9 kg/m’; and 24.4 (12.3-48.4) for BMI
of >27 kg/m?). The hazard ratios for diabetes or hypertension incidence were significantly higher at BMI levels of
>25.0 kg/m®. Each kg/m? of BMI gained was associated with an 18% increase in the risk of developing hyperten-
sion and a 26% increase in risk for the metabolic syndrome. We conclude that metabolically healthy obese indi-
viduals are at higher risk to develop hypertension, type 2 diabetes and the metabolic syndrome than their non-
obese counterparts. Our data provide further evidence that opposes the notion of metabolically healthy obese as

harmless conditions.
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INTRODUCTION

Obesity is an epidemic problem among Western popula-
tions and is also a growing health problem in the Taiwan-
ese, an Asian population, with approximately one-third of
the adult population classified as overweight or obese.'
Obesity has increased healthcare costs and resulted in
higher prevalence of and greater costs from cardiome-
tabolic diseases,™ and also represents an onerous burden
in terms of mortality in Taiwan.*

Although obesity is frequently associated with the met-
abolic disorders,”® not all obese individuals display a
clustering of metabolic and cardiovascular risk factors.
Recent interest has focused on an obese subgroup with a
healthy metabolic profile despite increased adiposity and
has been investigated by several researchers.”® Metaboli-
cally healthy obesity (MHO) describes the absence of any
overt cardiometabolic disease and the absence of the met-
abolic syndrome components in an individual with a BMI
>30 kg/m’.’ Evidence suggests that MHO individuals
may account for as much as 20-30% of the obese popula-
tion.'""> Brochu " and Karelis '* determined that MHO

individuals lack most of the metabolic abnormalities, dis-
play high levels of insulin sensitivity, a favorable lipid
profile, and no sign of hypertension. In longitudinal stud-
ies, this phenotype was associated with reduced risks of
developing type 2 diabetes mellitus (T2DM) and cardio-
vascular disease."

However, it is generally agreed that there is no evi-
dence that these subjects are permanently protected from
the risk of obesity-related co-morbidities. When com-
pared with normal-body-weight controls, MHO subjects
have higher risk of cardiovascular characteristics, such as
carotid intima—media thickness '® and a deterioration of
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the endothelial function.'” Kuk et al showed that obese
individuals, even in the absence of overt metabolic aber-
rations, are at higher risk of mortality than their non-
obese counterparts.'®

The prevalence of MHO on a population basis is not
well established in Taiwan, and whether elevated body
mass index (BMI) in the absence of overt metabolic aber-
rations confers risks for T2DM, hypertension and the
metabolic syndrome is uncertain. In this study, we cate-
gorized subjects participated in a baseline survey into
normal-weight, overweight, and obese BMI categories,
who were all metabolically healthy individuals, to de-
scribe the community incidences of T2DM, hypertension
and the metabolic syndrome to investigate the impacts of
obesity and weight changes on these cardiometabolic dis-
eases.

RESEARCH DESIGN AND METHODS

Data source

This study utilized data from the Taiwanese Survey on
Prevalences of Hypertension, Hyperglycemia and Hyper-
lipidemia (TwSHHH). This nationwide epidemiological
study was conducted in 2002 and followed up for 5.4
years (range, 4.9-6.1 years). The details of the TwWSHHH
baseline cohort were described previously .

Baseline examination

Subjects aged 18 to 59 years and metabolically healthy
were included. Subjects were excluded if they had hyper-
tension, T2DM, or history of stroke. Subjects were also
excluded if they had any one of the components of the
metabolic syndrome, except for the waist circumference
criterion. The remaining 1,547 subjects (918 women and
629 men) were included in the analyses. The protocols for
the TwSHHH were approved by the Institutional Review
Board at the Bureau of Health Promotion, Department of
Health, Executive Yuan, in Taiwan. All subjects gave
written informed consent for participation.

Data collection

Data on sociodemographic characteristics including sex,
age, exercise habit, alcohol drinking habit, smoking habit,
family history of cardiovascular-related diseases and phy-
sician-diagnosed diseases were collected by trained pub-
lic health nurses who administered a questionnaire during
a home visit. During the visit, sitting blood pressure (BP),
weight and height measurements were made. BMI was
calculated as body weight (kg)/height* (m”). BMI cutoffs
were adopted as suggested for Asians ' including normal
weight (BMI: 18.5-22.9 kg/m?®), overweight (BMI: 23-
24.9 kg/m?) and obese 1 (BMI: 25-26.9 kg/m?) and obese 2
(BMI >27 kg/m®) categories.

Follow-up data collection

The follow-up examination was conducted in 2007
(TwSHHH II). The collection of sociodemographic char-
acteristics and anthropometric measurements were taken
according to a standard protocol identical to that of the
baseline examination. Written informed consent was pro-
vided by all study participants at the follow-up examina-
tion.

Diagnostic criteria for hypertension, T2DM and the
metabolic syndrome incidence during follow-up period
Hypertension was defined if blood pressure was more
than 140/90 mmHg or subjects were taking antihyperten-
sive agents. Type 2 diabetes mellitus was defined accord-
ing to the American Diabetes Association criteria. Medi-
cal history was reviewed and a diagnosis of incident dia-
betes was confirmed if the subject met any one of the
following criteria: 1) fasting plasma glucose level of at
least 7.0 mmol/L; 2) elevated HbA1C above 6.5%; and 3)
treatment with antihyperglycemic medications. In this
study, definition of the metabolic syndrome according to
the modified AHA criteria *° for Asians required meeting
at least three of the following component risk factors: 1)
waist circumference >90 cm for men and >80 cm for
women; 2) triglycerides >1.7 mmol/L; 3) HDL-C <1.0
mmol/L for men and <1.3 mmol/L for women; 4) systolic
BP >130 mmHg or diastolic BP >85 mmHg or current
use of antihypertensive drugs; and 5) fasting plasma glu-
cose >5.6 mmol/L or current use of antihyperglycemic
agents.

Statistical analysis

SAS software (SAS Institute Inc, Cary, NC, USA) was
used for all statistical analyses. The demographic charac-
teristics of subjects were compared between BMI catego-
ries via ANCOVA test for continuous variables for age
adjustment, and differences in proportion data were as-
sessed using the Cochran-Armitage trend test. Cumulative
incidences of hypertension, T2DM and the metabolic
syndrome were computed using the number of new cases
over the follow-up period divided by the size of the popu-
lation. Incidence rates were computed using the number
of new cardiometabolic diseases cases divided by the
follow-up person years. Cox’s proportional-hazards mod-
els were used to derive the hazard ratios (HRs) and 95%
Cls to determine the 5.4-year risk of overweight and obe-
sity for developing hypertension, T2DM, and the meta-
bolic syndrome. All models were adjusted for age, BMI
change, exercise habit, alcohol drinking, smoking status
and family history of T2DM and hypertension. The crite-
ria for statistical significance were p <0.05 and a 95% CI
of HR that excluded 1.

RESULTS

Sample characteristics

The prevalence of MHO in 2002 accounted for 8.2% of
3,629 participants, aged 18-59 years, and 28.5% of the
obese subjects. The prevalence of MHO was greater in
women than in men (34.8% vs. 24.2%). Mean age of the
cohort at baseline was 36.1 (10.8) (range 18-59) years,
59.3% were women and mean follow time was 5.4 (0.2)
years. Characteristics of the study subjects divided by
genders, stratified by BMI categories, are displayed in
Table 1. Mean baseline BMI was 22.7 (3.0) kg/m”. The
distribution of the study population categorized according
to the 2000 World Health Organization Asian Pacific
Guideline is as follows: 61.6% of subjects were normal
weight, 20.0% overweight (BMI, 23-24.9 kg/m?), 18.4%
subjects were obese (BMI >25 kg/m’). Of the subjects,
8.7% were obese according to the categories of classifica-
tion of Department of Health in Taiwan (BMI >27 kg/m?).
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Table 1. Basic characteristics of the study sample aged 18-59 years and absence of the metabolic syndrome compo-

nents except waist circumference criterion

T BMI categories (kg/m°) §
Characteristics 18.5-22.9 23249 25269 7 P
Men 359 (57.1) 132 (21.0) 77 (12.2) 61 (9.7)

Age (years) 32.1(11.0) 38.9 (10.7) 38.7 (10.9) 36.6 (11.7) <0.0001
BMI (kg/m®) 21.0 (1.23) 24.0 (0.59) 25.9 (0.54) 29.4 (2.72) <0.0001
Smoking habits-current smoker (%) 44.6 38.9 325 50.8 0.6906
Alcohol drinking habits (%) 153 18.9 24.7 18.0 0.1455
Exercise habits (%) 329 34.9 325 344 0.8393
Family history of hypertension 28.1 44.7 46.8 31.2 0.0210
Family history of T2DM 11.1 22.0 18.2 27.9 0.0003
Fasting plasma glucose (mmol/L) 4.66 (0.37) 4.83 (0.36) 4.82 (0.37) 4.85(0.38) <0.0001
Triglyceride (mmol/L) 0.97 (0.29) 1.06 (0.31) 1.18 (0.30) 1.20 (0.28) <0.0001
HDL-C (mmol/L) 1.34 (0.27) 1.30(0.22) 1.26 (0.22) 1.24 (0.20) 0.0074
Systolic blood pressure (mmHg) 108 (8.49) 108 (8.35) 110 (8.82) 113 (8.41) 0.0008
Diastolic blood pressure (mmHg) 70.7 (8.24) 73.0 (6.34) 73.6 (6.23) 75.5 (5.60) <0.0001
Women 594 (64.7) 177 (19.3) 74 (8.1) 73 (8.0)
Age (years) 35.6 (9.94) 39.4 (10.1) 40.8 (9.82) 39.4 (10.6) <0.0001
BMI (kg/m?) 20.7 (1.22) 23.9 (0.60) 25.9 (0.54) 29.7 (3.04) <0.0001
Smoking habits-current smoker (%) 2.0 2.8 5.4 2.7 0.2259
Alcohol drinking habits (%) 2.7 1.7 6.8 0 0.7875
Exercise habits (%) 325 31.6 37.8 39.7 0.1873
Family history of hypertension 35.2 40.1 44.6 35.6 0.3035
Family history of T2DM 19.5 243 29.8 20.6 0.1735
Fasting plasma glucose (mmol/L) 4.71 (0.36) 4.82 (0.33) 4.87 (0.37) 4.78 (0.36) <0.0001
Triglyceride (mmol/L) 0.90 (0.29) 0.91 (0.32) 0.96 (0.32) 0.97 (0.30) 0.0002
HDL-C (mmol/L) 1.54 (0.27) 1.50 (0.25) 1.42 (0.23) 1.38 (0.25) <0.0001
Systolic blood pressure (mmHg) 102 (9.68) 104 (10.5) 105 (9.24) 109 (8.65) <0.0001
Diastolic blood pressure (mmHg) 67.2 (7.66) 69.1 (7.48) 70.0 (7.67) 71.5(7.41) <0.0001

T Values for continuous characteristics were expressed as mean (SD).

Y T2DM, type 2 diabetes mellitus; HDL-C, high-density lipoprotein cholesterol.
p values using Cochran-Armitage trend test for categorical data and using age-adjusted general linear model for continuous variables.

Table 2. Multiple variables-adjusted hazard ratios for occurrence of cardiometabolic diseases by categories of baseline

BMI and its changes
Baseline BMI categories (kg/m°)
18.5-22.9 23249 25-26.9 >27 BMI changes

HR*(95% CI)  HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
Total
Metabolic syndrome 1.0 (reference) 4.68 (2.22-9.86) 8.82 (4.01-19.4) 24.4 (12.3-48.4) 1.26 (1.17-1.36)
Hypertension 1.0 (reference) 1.45(0.89-2.36)  2.72 (1.60-4.62) 4.25 (2.64-6.84) 1.18 (1.09-1.28)
T2DM' 1.0 (reference) 1.71(0.38-7.73)  5.03 (1.23-20.5) 11.5(3.38-39.1) 1.08 (0.87-1.34)
Men
Metabolic syndrome 1.0 (reference) 6.01 (1.64-21.92) 14.77 (3.61-60.3) 25.1 (7.26-86.8) 1.64 (1.36-1.99)
Hypertension 1.0 (reference) 1.16 (0.59-2.27)  1.50 (0.64-3.50) 3.69 (1.93-7.07) 1.19 (1.04-1.36)
T2DM 1.0 (reference) 2.80(0.23-33.48)  4.23 (0.25-72.3) 14.3 (1.21-168) 1.24 (0.72-2.13)
Women
Metabolic syndrome 1.0 (reference) 5.08 (1.98-13.07)  8.80 (3.12-24.8) 29.54 (12.6-69.3) 1.20 (1.09-1.32)
Hypertension 1.0 (reference) 2.34 (1.09-5.02) 5.18 (2.41-11.2) 6.23 (2.88-13.4) 1.15 (1.03-1.28)
T2DM 1.0 (reference) 0.87 (0.09-8.55)  5.56 (1.09-28.3)  14.6 (3.23-65.5) 1.07 (0.83-1.38)

¥ T2DM, type 2 diabetes mellitus;

Cox regression model: adjusted for age, smoking status, alcohol intake status, exercise, family history of diabetes or hypertension.

Among 1,547 participants aged 18-59 years at study
entry (in 2002), 7.8% of the subjects had developed hy-
pertension and 1.2% of subjects developed T2DM during
mean 5.4 years of follow-up. In addition, 5.6% of subjects
developed the metabolic syndrome. There were higher
incidences of hypertension, T2DM, and the metabolic
syndrome in the higher BMI categories, with significant
p-value for trend test (Figure 1).

In Cox models, adjusted HRs of the metabolic syn-
drome significantly increased at BMI levels >23.0 kg/m’

(Table 2). The HRs (95% CI) of developing the metabolic
syndrome were 4.68 (2.22-9.86) for baseline BMI 23-24.9
kg/m® relative to normal BMI 18.5-22.9 kg/ m’, increas-
ing to 8.82 (4.01-19.4) for BMI 25-26.9 kg/m?, and 24.4
(12.3-48.4) for BMI >27 kg/m” and showed similar trends
among both genders. The HRs of developing hyperten-
sion were statistically significant starting at the BMI cat-
egory of 23-24.9 kg/m’® in women, but only significant at
BMI >27 kg/m” in men. The risk for developing T2DM
increased progressively with increasing categories of
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Figure 1. Cumulative incidences of cardiometabolic diseases according to BMI (kg/m?) categories. OB1, BMI: 25-26.9 kg/ mz; OB2,

BMI >27 kg/ m’.

baseline BMI, and HRs significantly increased at BMI pertension and a 26% increase in the risk of developing

levels more than 25.0 kg/m” (Table

2). the metabolic syndrome.

Weight gain was strongly related to the risk of cardi-
ometabolic diseases. Each kg/ m* of BMI gain was asso- DISCUSSIONS
ciated with a 18% increase in the risk of developing hy- This analysis suggests that MHO is not so rare in Taiwan,
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accounting for 28.5% of obese subjects and 8.2% of the
middle-aged Asian population. Moreover, MHO indi-
viduals are at higher risk to develop hypertension, T2DM
and the metabolic syndrome than their non-obese coun-
terparts. Thus, our data provide further evidence that op-
poses the notion of MHO as harmless conditions.

To date, there is no uniform definition for MHO. Due
to the absence of harmonized criteria,” previous studies
report MHO subjects to be 20-30% of obese subjects de-
pending on the definition.'""? Insulin sensitivity could be
the key factor discriminating healthy from at-risk obese
subjects.”’ Using different criteria, 16.6-31.7% of obese
US adults showed a metabolic healthy profile in the Na-
tional Health and Nutrition Examination Surveys
(NHANES 1999-2004).> We used a more stringent defi-
nition for MHO subjects of those with no criteria for the
metabolic syndrome (exception for waist circumference)
and indicated that the prevalence of MHO in obese mid-
dle aged subjects was nearly one-fourth in men and one-
third in women.

The existence of a subset of obese subjects is an indu-
bitable fact, but whether this protection is represented
permanently or this is just a step to evolving risk factors
and, then, of overt cardiometabolic diseases, is unknown.
It has been reported that MHO subjects display high lev-
els of insulin sensitivity, normal lipid and blood pressure
profile and no inflammation profiles.">'** Hayes et al
showed that MHO women had lower intra-abdominal fat
volume and less insulin resistance than those with an ab-
normality.** Brochu et al * identified a subgroup of MHO
postmenopausal women who were insulin-sensitive. The
protective metabolic profile observed in MHO individuals
was associated with lower incidences of T2DM." More-
over, Karelis et al investigated the effect of a 6 month
energy-restricted diet on insulin sensitivity and showed
this had decreased by 13% in MHO individuals.”

In contrast with these findings, it has been reported that
MHO still has higher risk of cardiometabolic diseases and
some reports seem to confirm this hypothesis. In large-
scale longitudinal studies for Caucasian populations, the
association between MHO and further morbidity and
mortality were investigated. In an 11-year follow-up
study,"> Meigs et al demonstrated that MHO was associ-
ated with a 3- to 4-fold risk for T2DM or cardiovascular
disease events, accounting for 2-3% of these events in the
population®. Similar results have been obtained in the
Janssen et al *® study, in which it was demonstrated that
MHO has a significant impact on the appearance of dia-
betes, dyslipidemia and hypertension for a 10-year fol-
low-up duration. Kuk et al '* demonstrated a significantly
increased risk of all causes of mortality associated with
MHO. Arnlo et al revealed that MHO should be consid-
ered a harmful condition related to T2DM incidence >’
and imputed increased risk for cardiovascular events and
total mortality during 30 years of follow-up **.

In our study, the cumulative incidence of hypertension
increased from 4.7% in normal-body-weight subjects to
8.7 % in overweight subjects, 13.9% in mild-obese sub-
jects and 20.9% in subjects with BMI higher than 27
kg/m’; thus suggesting that increasing BMI drastically
increased the chances of being hypertensive. Similar re-
sults were obtained for T2DM and the metabolic syn-

drome. Although obesity accounts for 18.4% of the popu-
lation, nearly 60% of subjects with T2DM or the meta-
bolic syndrome are obese. In addition to BMI, weight
gain appeared to precede the onset of cardiometabolic
diseases. Our finding showed that the existence of MHO
does not necessarily represent permanently low risk, and
moreover, weight gain increase risk. Pan et al observed
the diet and health trends in Taiwan, and revealed that
energy intakes have increased combined with an increas-
ingly sedentary lifestyle.”” These trends are related to the
increase in obesity.

Limitation

In addition to overt pathologies, to categorize subjects as
metabolically normal or abnormal can be defined by us-
ing HOMA index, the metabolic syndrome components
or inflammatory markers.” No data of serum insulin or hs-
C-reactive protein (CRP) for further exclusion of metab-
olically abnormality in our study was a limitation of re-
search; therefore we adopted a metabolic syndrome crite-
rion to exclude subjects with insulin resistant characters.
It is rare to be insulin-resistant while subject’s blood glu-
cose levels were less than 5.6 mmol/L, triglyceride <1.7
mmol/L, HDL-C >1.0 mmol/L in men, >1.3 mmol/L in
women and blood pressure <130/85 mmHg.

Conclusion

Results of the present study indicate that obesity in the
absence of the metabolic abnormalities is not such a rare
condition in Taiwan. Furthermore, obesity and weight
gain are associated with an increased risk for incidences
of hypertension, T2DM and the metabolic syndrome in
the metabolically healthy, middle-aged population. As
such, weight management should continue to be a target
for reducing cardiometabolic diseases in all obese indi-
viduals.
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