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Abstract
The purpose of this study was to identify the effects of various obesity phenotypes and metabolic abnormalities on cardio-
cerebrovascular disease. We performed a large-scale, cross-sectional study including 10,089 participants aged ≥18 years in
the National High-Technology district of Suzhou, China, from March 2016 to April 2016. Cardio-cerebrovascular disease
included stroke and coronary heart disease. The prevalence rates of cardio-cerebrovascular disease among people with
normal weight, overweight, and obesity in the unhealthy metabolism subgroup were higher than those among the three BMI
groups in the healthy metabolism subgroup. Multivariate logistic regression analyses showed that after adjustment, the
odds ratio (OR) of metabolically healthy obesity (MHO) with cardio-cerebrovascular disease was not statistically significant
and that metabolically unhealthy obesity (MUO) was statistically associated with cardio-cerebrovascular disease, with an
OR of 2.106 (1.294–3.429) in Model 1 and 3.043 (1.510–6.133) in Model 2. This study also found that regardless
of whether in Model 1 or Model 2, the number of participants with MHO was much lower than that of those with MUO.
Therefore, the obese population usually had metabolic abnormalities. Although MHO was not statistically associated with
cardio-cerebrovascular disease, obesity should be controlled along with metabolic abnormalities to reduce the risk of cardio-
cerebrovascular disease.
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Introduction

Obesity is highly related to the incidence of various chronic
diseases, such as cardio-cerebrovascular disease and type 2
diabetes mellitus [1–5], which has become a huge public
health problem worldwide and caused a considerable bur-
den on global health. Moreover, obesity is usually accom-
panied by metabolic abnormalities, namely, metabolically

unhealthy obesity (MUO). People with MUO are more
likely to suffer from diseases such as cardio-cerebrovascular
disease than the general population [6]. However, some
investigators believe that there is a subset of obesity
called metabolically healthy obesity (MHO), which is not
accompanied by or is rarely associated with metabolic
abnormalities [7, 8].

Whether MHO is associated with cardio-cerebrovascular
disease is controversial. Some previous studies have
shown that, compared with MUO, the mortality and
occurrence of cardiovascular disease in the MHO group
was lower [9–13]. A study that included 5314 elderly
individuals showed that MHO did not confer a higher
cardiovascular disease (CVD) risk [9]. Deng L’s study
of 2764 subjects showed that there was no association
between the MHO phenotype and the incidence of CVD
[11], while some conflicting evidence suggested that
MHO had a significant association with heart failure and
cardiovascular disease risk [4, 14, 15]. A cohort study of
389,321 individuals in South Korea showed that MHO
individuals had an increased risk for atrial fibrillation
development [14]. In view of this, it is of great significance
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to explore the association between MHO and cardio-
cerebrovascular disease in large-scale studies. Therefore,
this study aimed to identify the effects of various obesity
phenotypes and metabolic abnormalities on cardio-
cerebrovascular disease.

Methods

Study population

A cross-sectional study was conducted in the National
High-Technology district of Suzhou, China, from March
2016 to April 2016. The study adopted a method of random
cluster sampling; approximately 1/20 buildings were
sampled from 42 communities, and all the residents aged
≥18 years living in the selected buildings were invited to
participate in the study. A total of 10,089 participants
were investigated; of these, 105 with missing data and
210 with underweight (BMI < 18.5 kg/m2) were excluded,
and 9774 with complete data were included in the analysis.
Written informed content was obtained from all partici-
pants. This study was approved by the Soochow University
Ethics Committee and all the performed procedures of the
study met ethical requirements.

Data collection and measures

The data were collected by trained staff who conducted
face-to-face interviews using a standardized questionnaire
that included demographic characteristics, smoking, drink-
ing and physical exercise status, history of disease and
medical history. Marital status was divided into married
(including married and cohabitation) and single (including
unmarried, widowed, divorced, and separated). Education
was classified into three categories: illiteracy, primary or
middle school, and high school education or above.
Cigarette smoking was defined as having at least one
cigarette per day for at least six months, and alcohol con-
sumption was defined as any type of alcoholic beverage
intake at least one time per week for 12 months or more.
Smoking status and drinking status were categorized as
current or not current (former or never). Physical exercise
was defined as performing more than 30 min of continuous
exercise at least three times per week.

All participants underwent a physical examination
performed by a qualified doctor, which included measure-
ments of height, weight, waist circumference, and blood
pressure. Height and weight were measured with partici-
pants wearing light clothing and without shoes, and they
were accurate to 0.1 kg and 0.1 cm, respectively, in
measurement. Waist circumference was measured at the
midpoint of the line between the anterior superior iliac

crest and the 12th costal margin and was accurate to
0.1 cm. All participants were asked to stand with their
feet ~25–30 cm apart and arms folded across the chest
for the measurement of waist circumference, so that
body weight would be distributed evenly. Each
individual’s blood pressure was measured three times
using a mercury sphygmomanometer after a rest period
of at least 10 min, and the interval between each measure-
ment was ~2 min. Furthermore, participants could not
exercise before blood pressure measurement for at least
30 min. The average of the three measurements was used
in the analysis.

Overnight fasting blood samples (at least 8 h) were
obtained in the morning and plasma was separated to
detect fasting blood glucose (FBG), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), triglycerides (TG), and total cholesterol (TC). All
the biochemical indexes were determined enzymatically
on a Hitachi 7020 automatic biochemical analyzer using
commercial reagents (KANGXIANG MEDICAL APPLI-
ANCE, Shanghai, P. R. China).

In this study, cardio-cerebrovascular disease included
stroke and coronary heart disease (CHD). Stroke was
defined as a sudden onset of neurological symptoms lasting
24 h due to hemorrhage or ischemic and positive findings
on cranial computed tomography or magnetic resonance
imaging. Coronary heart disease was diagnosed based on
symptoms, electrocardiographic changes, cardiac enzymes,
and autopsy findings, according to the criteria of the
World Health Organization MONICA project. Previously
diagnosed stroke and CHD were determined on the
basis of self-report, and these self-reported cases were
verified via hospital records, including admission or out-
patient records.

Definitions of MUO and MHO

The body mass index (BMI) was calculated as weight
in kilograms divided by the square of height in meters.
According to the international criteria for overweight
and obesity, BMI was divided into four categories: (1)
underweight (BMI < 18.5 kg/m2), (2) normal weight (18.5
kg/m2≤BMI < 25 kg/m2), (3) overweight (25 kg/m2≤BMI <
30 kg/m2), and (4) obesity (BMI > 30 kg/m2). In the analy-
sis, we removed the category of underweight (n= 210),
mainly to investigate the association between normal
weight, overweight and obesity and cardio-cerebrovascular
disease.

We evaluated metabolic status according to the Interna-
tional Diabetes Federation (IDF) definition [16, 17]. In this
study, five components were considered to determine an
abnormal metabolic status for participants: (1) low HDL
level (≤1.04 mmol/L for men or ≤1.29 mmol/L for women),
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(2) high triglycerides (≥1.7 mmol/L or currently under
treatment with lipid-lowering drugs), (3) abnormal blood
pressure (SBP ≥130 mmHg or DBP ≥85 mmHg or currently
under treatment for hypertension), (4) high fasting blood
glucose (≥5.6 mmol/L or currently under treatment for
diabetes), and (5) waist circumference > 90 cm for male
and > 80 cm for female. The presence of two or more of
the five components was determined to be an unhealthy
metabolism.

In this study, a healthy metabolism was defined in two
different ways: (1) Model 1: participants with one or
none of the above five components, (2) Model 2: partici-
pants with none of the components (3047 participants
with one of five components were excluded, and 7217
participants were included in Model 2). We divided the
participants into six phenotypes according to BMI and
metabolic status: metabolically healthy normal weight,
metabolically healthy overweight, metabolically healthy
obesity (MHO), metabolically unhealthy normal weight,
metabolically unhealthy overweight, and metabolically
unhealthy obesity (MUO).

Statistical analysis

We used mean and standard deviation or median and
interquartile range to describe continuous variables, and
an analysis of variance or Kruskal–Wallis test to compare
the differences across six groups by BMI and metabolic
status. For categorical variables, we used frequencies and
percentages to describe and Pearson’s chi-square test to
compare the differences among six groups by BMI
and metabolic status. A logistic regression model was
applied to analyze the relationship between cardio-
cerebrovascular disease and MUO and MHO before
and after adjusting for age, gender, smoking, drinking
alcohol, physical exercise, marital status and education,
and the odds ratios (ORs) and 95% confidence intervals
(CIs) were calculated. All P values were based on two-sided
tests and the statistically significant level was 0.05. All
statistical analyses were performed using SAS (version 9.4)
statistical software.

Results

When we defined healthy metabolism as in Model 1,
there were 9774 participants in the study, including
3923 males (40.14%) and 5851 females (59.86%), and the
mean age of the subjects was 54.84 ± 16.85 years old.
Based on the categories of BMI and metabolic status, 3433
(35.12%) subjects were metabolically healthy normal
weight, 952 (9.74%) were metabolically healthy over-
weight, 70 (0.72%) were MHO, 1957 (20.02%) were

metabolically unhealthy normal weight, 2791 (28.56%)
were metabolically unhealthy overweight, and 571 (5.84%)
were MUO. There were 392 patients with cardio-
cerebrovascular disease, comprising 216 patients with
isolated coronary heart disease events, 151 patients with
isolated stroke events, and 25 patients with coronary heart
disease combined with stroke events.

Table 1 shows the baseline characteristics of the parti-
cipants. According to BMI and metabolic status, we
divided the total number of participants into six groups.
The differences among the six groups were statistically
significant in regard to gender, age, marital status, educa-
tion, waist circumference, LDL-C, HDL-C, TG, TC, fasting
blood glucose, and systolic and diastolic blood pressure.
However, there were not statistically significant differences
in regard to physical exercise. According to the metabolic
status, the participants were divided into two subgroups: a
metabolically healthy subgroup and a metabolically
unhealthy subgroup. In the metabolically healthy subgroup,
obese and overweight participants were more likely to
be older, have higher proportions of married and
illiterate, have higher levels of waist circumference, BMI,
TG, TC, LDL-C, FBG, SBP, and DBP and have lower
HDL-C levels than normal weight participants. In the
metabolically unhealthy subgroup, the difference in pro-
portion of the prevalence of smoking and drinking
alcohol was not statistically significant among the three
BMI groups. Compared to normal weight individuals, the
obese population was more likely to be younger, have
more females and illiterate, have higher levels of waist
circumference, BMI, TG, TC, LDL-C, FBG, SBP, and
DBP and have lower HDL-C levels. Furthermore, within
the BMI category subpopulations, the metabolically
unhealthy subgroups had significantly greater waist cir-
cumferences and BMI, higher TG, TC, LDL-C, FBG,
SBP, and DBP levels and lower plasma levels of HDL-C
than the metabolically healthy subgroups. In particular,
triglycerides, fasting blood glucose and blood pressure in
the MUO group were significantly higher than those in the
MHO group.

The prevalence of cardio-cerebrovascular disease among
different categories of BMI and metabolic status is pre-
sented in Fig. 1. Figure 1a shows the results analyzed
according to Model 1; the prevalence rates of cardio-
cerebrovascular disease were 1.40%, 1.58%, and 2.86%
among normal weight, overweight, and obese participants,
respectively, in the healthy metabolism subgroup, and
5.62%, 6.77%, and 4.90%, respectively, in the unhealthy
metabolism subgroup. Within the same BMI status, the
prevalence of cardio-cerebrovascular disease in the
unhealthy metabolism subgroup was significantly higher
than in the healthy metabolism subgroup. Figure 1b shows
the results analyzed according to Model 2; the prevalence
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rates of cardio-cerebrovascular disease were 0.74%, 0.00%,
and 0.00% among normal weight, overweight, and obese
participants, respectively, in the healthy metabolism sub-
group, and 5.62%, 6.77%, and 4.90%, respectively, in the
unhealthy metabolism subgroup. In the metabolically
healthy normal weight subgroup, the prevalence of cardio-
cerebrovascular disease among the three BMI groups in
Model 2 was lower than those in Model 1.

Table 2 lists the OR values and 95% CIs of cardio-
cerebrovascular disease associated with BMI and metabolic
status. In Model 1, compared to the metabolically healthy
normal weight group, the metabolically healthy overweight
and MHO groups were not found to be significantly asso-
ciated with cardio-cerebrovascular disease after adjusting
for age, gender, and other factors associated with cardio-
cerebrovascular disease, and the ORs (95% CIs) were
0.928 (0.514–1.677), and 2.062 (0.478–8.896), respec-
tively. However, metabolically unhealthy normal weight,
overweight and obese were strongly associated with cardio-
cerebrovascular disease, and the ORs (95% CIs) were
2.154 (1.508–3.078), 2.909 (2.090–4.050), and 2.106
(1.294–3.429), respectively. In contrast to Model 1, except
for the metabolically healthy overweight and MHO
groups, a similar trend was observed between the categories
of BMI and metabolic status and cardio-cerebrovascular
disease in Model 2: the metabolically unhealthy normal
weight, metabolically unhealthy overweight and MUO
groups had a greater risk of cardio-cerebrovascular disease
than the metabolically healthy normal weight group, with
ORs (95% CIs) of 3.143 (1.690–5.843), 4.201
(2.298–7.681), and 3.043 (1.510–6.133), respectively, after
adjustment.

Discussion

The purpose of our study was to reveal the relationship
between BMI along with metabolic status and cardio-
cerebrovascular disease under two different definitions of
healthy metabolism. In Model 1, the unhealthy metabolism
group had a higher prevalence of cardio-cerebrovascular
disease than the healthy metabolism group under the same
BMI condition. In Model 2, the difference in the prevalence
of cardio-cerebrovascular disease in the unhealthy metabo-
lism group was similar to that of Model 1. Moreover, our
study manifested that the prevalence of cardio-
cerebrovascular disease in Model 2 was far lower than
that in Model 1 in the healthy metabolism group, when
healthy metabolism was defined as none of the components
of an abnormal metabolic status in Model 2 and one com-
ponent in Model 1. Furthermore, although the relationship
between cardio-cerebrovascular disease and MUO was
significant, the risk was not higher than in the metabolically
unhealthy normal weight group. This result suggests that the
role of obesity was not particularly significant in the
development of cardio-cerebrovascular disease. Therefore,
we believe that the metabolic abnormalities had a more
important influence on cardio-cerebrovascular disease [18–
21]. It was reported that being metabolically unhealthy
increased the risk of atrial fibrillation to a greater degree
than obesity [14]. However, some studies suggested that
obesity was more likely to lead to cardiovascular disease
than were metabolic abnormalities [8, 22].

According to our data, we found a point different from
previous studies [5, 19, 23–26]. In Model 1, compared to
the metabolically healthy normal weight group, the OR of

Fig. 1 Prevalence rate of cardio-cerebrovascular disease by BMI and
metabolic status categories in two different models. Note Prevalence
rate of cardio-cerebrovascular disease by BMI and metabolic status
categories in two different ways. Normal weight: 18.5 kg/m2 ≤ BMI <
25 kg/m2, overweight: 25 kg/m2 ≤ BMI < 30 kg/m2, obesity: BMI ≥ 30

kg/m2. a The results analyzed according to Model 1, in which parti-
cipants had one or none of the five components of an abnormal
metabolic status. b The results analyzed according to Model 2, in
which participants had none of the components
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the MHO group was not statistically significant, although
the point estimation was more than 2.0. In Model 2, the
prevalence of cardio-cerebrovascular disease was 0.00% in
the metabolically healthy overweight and MHO groups;
namely, overweight and obesity alone had little impact on
cardio-cerebrovascular disease. Our results suggest that in
metabolically healthy participants, overweight and obese
individuals may not have a higher risk of cardio-
cerebrovascular disease than normal weight individuals. A
study from European populations showed that metabolically
healthy overweight might be related to the occurrence of
incident CVD and stroke [19], and a study from South
Korea showed that metabolically healthy overweight might
also be linked to coronary artery calcium (CAC) [23]. A
cohort study of 6453 men suggested that overweight alone
had an obvious correlation with subclinical atherosclerosis
[24]. A population-based study among Mexican-Americans
and non-Hispanic whites, in which MHO was defined as
individuals with obesity and no more than one metabolic
abnormality, showed that the risk of developing CVD was
increased in MHO individuals [25]. In addition, physically
inactive MHO participants had a significantly increased risk
of CVD compared to metabolically healthy normal weight
and physically active MHO participants, and physically
active MHO participants might have an increased risk of
CVD over that of physically active metabolically healthy
normal weight participants [26]. Remarkably, a study
reported that not only was the MHO phenotype associated
with a significantly higher risk of developing CVD in a
Korean population but also that a large number of MHO
individuals would develop a metabolically unhealthy phe-
notype over time during follow-up; namely, MHO is simply
a transitional state [5]. However, Thomas et al. from France
reported that overweight did not increase the risk of CVD
mortality, in the absence of associated metabolic abnorm-
alities such as hypertension, hypercholesterolemia, and
diabetes [27], which was consistent with our results.

Under Models 1 and 2, we also found a noteworthy result
that the number of participants with MHO was the lowest
of all the groups and was far fewer than the number of
participants in the MUO group. This finding suggests
that obesity by itself is infrequent in the population. In
other words, obese populations usually have metabolic
abnormalities.

The biggest advantage of our article is that the population
with healthy metabolism was defined in two different ways,
which is helpful to compare the differences of the effects of
BMI and metabolism on cardio-cerebrovascular disease.
However, there are still some limitations in our study. First,
since this was a cross-sectional study based on commu-
nities, the causal link between BMI, metabolism and cardio-
cerebrovascular disease needs to be elucidated by a cohort
study. Second, in recent years, some researchers haveTa
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considered insulin resistance as a component of metabolic
disorders [28, 29], but our study did not take this into
account. Third, as in most epidemiological studies, residual
confounding is of concern. Although our analysis controlled
for some factors of CVD, some effects of unmeasured
confounders, such as family economic status and medica-
tion for CVD, may exist.

Conclusion

Our study shows that metabolic abnormalities are a more
important risk factor than obesity for cardio-cerebrovascular
disease. In the absence of metabolic abnormalities,
obesity alone may not increase the incidence of cardio-
cerebrovascular disease. However, the number of people
with obesity alone is very few in the population, as obese
populations usually have metabolic abnormalities. There-
fore, metabolic abnormalities and obesity should be con-
trolled simultaneously to reduce the risk of cardio-
cerebrovascular disease.
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