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Background: We aimed to identify the relationship between metabolically healthy obesity
(MHO), a special subtype of obesity, and the incidence of cardiovascular disease (CVD) in
rural Xinjiang.

Methods: Body mass index (BMI) and the Joint Interim Statement criteria were utilized to
define obesity and metabolic status, respectively. A baseline survey was conducted between
2010 and 2012. The cohort was followed-up until 2017, including 5059 participants (2953
Uyghurs and 2106 Kazakhs) in the analysis.

Results: During 6.78 years of follow-up, 471 individuals developed CVD, 10.8% (n=545) of
whom were obese, and the prevalence of MHO and MHNW was 5.2% and 54.5%, respec-
tively. Compared with metabolically healthy normal weight subjects, the subjects with MHO
had an increased risk of CVD (hazard ratio [HR]=1.76, 95% confidence interval [CI]: 1.23
—2.51), while the metabolically unhealthy obesity (MUO) group had an even higher risk
(HR=3.80, 95% CI: 2.87-5.03). Additionally, there were sex differences in the relationship
between BMI-metabolic status and incident CVD (Pipgeraction =0.027). Compared with the
subjects with MHO, those with MUO had an increased risk of CVD (HR=1.84, 95% CI: 1.26
=2.71).

Conclusion: MHO was associated with a high risk of CVD among adults in rural Xinjiang.
In each BMI category, metabolically unhealthy subjects had a higher risk of developing CVD
than did metabolically healthy subjects.
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Introduction

Obesity is a major risk factor for diabetes, cardiovascular disease (CVD), and
cancer, and is becoming a serious threat to global health.' It is usually accompanied
by a series of metabolic abnormalities, including impaired blood glucose level,
elevated blood pressure, dyslipidemia, and inflammation.> However, studies have
reported that some obese individuals do not show any metabolic abnormalities,
having a condition known as metabolically healthy obesity (MHO).*"*

Currently, there is no unified conclusion regarding the association between MHO
and CVD. Several studies have indicated individuals with MHO have a higher risk for
CVD than metabolically healthy normal weight (MHNW) subjects.”’ Conversely, other
studies have reported no difference in CVD risk between MHNW and MHO
populations.® The inconsistent results may be due to the differences in age, sex, race,
and diagnostic criteria (metabolism and obesity) among the participants. Furthermore,
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a meta-analysis found that the follow-up duration (<10 or >10
years) can affect the relationship between MHO and CcvD."

Xinjiang, located in northwest China, is a multi-ethnic
region. Different ethnic groups exhibit differences in
genetic backgrounds, eating habits, and behaviors. The
Uyghurs and Kazakhs are the main ethnic minorities in
Xinjiang, comprising approximately 54% of Xinjiang’s
total population. High morbidity from CVD in these popu-
lations is due to the high prevalence of obesity.'' Yang
et al found that associated components of metabolic syn-
drome increased the risk of CVD in Kazakhs.'? However,
there are limited reports on the association of MHO with
CVD in Xinjiang. Therefore, this study included ethnic
minorities in rural Xinjiang to explore the association
between MHO and the risk of incident CVD based on
Yang’s study.'> We aimed to provide supporting evidence
to the preventive measures for CVD in the area.

Methods
Subjects

This study was conducted in rural Xinjiang. The popula-
tion sampling method has been described previously.'
A Dbaseline survey was performed from April 2010 to
December 2012, during which we investigated 6736 parti-
cipants aged >18 years who had been local residents for at
least six months. Participants were followed-up until
December 2017, with an average follow-up time of >5
years. We excluded 1677 participants due to reasons as
follows: body mass index (BMI) <18.5 kg/m? (n=316),
incomplete anthropometric or laboratory data (n=178),
preexisting CVD (n=895), and loss to follow-up (n=288).
Consequently, 5059 eligible subjects were included in the
final analysis.

Data Collection

Data were collected using questionnaires, as well as from
physical and laboratory examinations. Standardized ques-
tionnaires, which include general demographic informa-
tion, behavior and lifestyle, dietary habits, and disease
history, were administered in the form of face-to-face
interviews. Smoking was defined as consuming >100
cigarettes or consistently smoking for 6 months.'
Drinking was defined as drinking alcoholic beverages
(beer, red wine, and white wine) >2 times per month."
A previous study reported the methods for measuring
height, weight, blood pressure and collecting blood
samples.'® BMI was calculated as weight (kg)/height

(m)®. Fasting plasma glucose (FPG), triglyceride (TG),
high-density lipoprotein cholesterol (HDL-C), and other
biochemical indicators were evaluated using an automatic
biochemical analyzer (Olympus AU 2700; Olympus
Diagnostics, Hamburg, Germany) at the Laboratory
Department of the First Affiliated Hospital of Shihezi
University School of Medicine.

Definitions

The subjects were classified as normal weight (BMI 18.5—
23.9 kg/m?), overweight (BMI 24.0-27.9 kg/m?), and
obese (BMI>28.0 kg/m?) based on the recommendation
of the Working Group on Obesity in China.'” The meta-
bolic syndrome (MS) components in the Joint Interim
Statement (JIS)'® were used to define metabolic status.
Metabolically healthy was defined as having < 2 of the
following five components: (1) waist circumference (WC)
of >85 c¢cm for men or >80 cm for women, (2) TG >1.7
mmol/L, (3) systolic blood pressure (SBP) >130 mmHg or
diastolic blood pressure (DBP) >85 mmHg, (4) FPG >5.6
mmol/L, and (5) HDL-C of <1.0 mmol/L for men or <1.3
mmol/L for women. According to the above definition of
metabolic status and BMI, the participants were divided
into six phenotypes: MHNW, metabolically healthy over-
weight, MHO, metabolically unhealthy normal weight
(MUNW),metabolically unhealthy overweight, and meta-
bolically unhealthy obesity (MUO).

Outcome Ascertainment

According to the WHO-MONICA protocol standard,'® the
diagnosis of CVD was made during follow-up for those
who had coronary heart disease, unstable angina (or nitro-
glycerin use), myocardial infarction, congestive heart fail-
ure, stroke, transient cerebral ischemia, peripheral vascular
disease, or coronary intervention. CVD events were
obtained from self-reported questionnaire responses and
hospitalization medical records. If the same type of CVD
event occurred more than once, the first CVD event was
considered as the outcome event, and its onset was
recorded. Self-reporting patients were required to provide
clinical diagnosis certificates.

Statistical Analysis

Continuous variables were presented as the mean + stan-
dard deviation and analyzed using analysis of variance.
Categorical variables were described as numbers and per-
centages and were analyzed using the Chi-square test. The
Cox regression model was used to evaluate the association
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of BMI-metabolic status and CVD incidence after adjust-
ing for potential confounding factors. Subgroup analysis
was used to observe whether the association varied by sex.
Interaction was assessed using a multiplicative interaction
term in the adjusted model. Data were analyzed using
SPSS 20.0 (SPSS Inc., Chicago, IL, USA). All tests were
two-sided, and statistical significance was set at P <0.05.

Results

Baseline Characteristics

We included 5059 individuals in this study, of whom 471
developed CVD during a median follow-up of 6.78 years.
The overall CVD incidence was 9.3% (17.0% and 31.4% in
MHO subjects and in MUO subjects, respectively). Of the
participants, 10.8% (n=545) were obese and 76.8% (n=3886)
were metabolically healthy (Table 1). The prevalence of

MHO and MHNW was 5.2% and 54.5%, respectively.
Compared with the MUO phenotype, MHO subjects were
younger, included a higher proportion of women, and had
a healthier metabolic state. The levels of TG, FPG, SBP,
DBP, and low-density lipoprotein cholesterol in MHO indi-
viduals were lower than those in MUO individuals, while the
HDL-C level was higher than in MUO individuals.

Association Between BMI Categories, ]IS
Components, Metabolic Status, and

Incident CVD

Compared with the normal weight group, the overweight
group had an increased risk of CVD (hazard ratio [HR]
=1.57, 95% confidence interval [CI]: 1.26—1.95), and the
obese group had a higher CVD risk (HR=2.27, 95% CI:
1.80-2.88) after adjusting for potential confounding

Table | Baseline Characteristics of Study Population Based on Metabolic Health Status and BMI

Variable Metabolically Healthy (n=3886) Metabolically Unhealthy (n=1173) P value
Normal Weight | Overweight Obesity Normal Weight | Overweight | Obesity

n (%) 2758 (54.5) 863 (17.1) 265 (5.2) | 464 (9.2) 429 (8.5) 280 (5.5) -

Male, n (%) 1347 (48.8) 432 (50.1) 103 (38.9) | 184 (39.7) 210 (49.0) 121 (43.2) | <0.001

Age (years) 40.5£15.3 43.1£13.3 43.8%12.1 | 50.9+l16.3 49.5+14.2 49.5+12.4 <0.001

Ethnicity, n (%)

Kazakh 1091 (39.6) 393 (45.5) 166 (62.6) | 128 (27.6) 166 (38.7) 162 (57.9) | <0.001

Uyghur 1667 (60.4) 470 (54.5) 99 (37.4) | 336 (724) 263 (61.3) 118 (42.1)

Marriage status, n (%)

Yes 2311 (83.8) 774 (89.7) 247 (93.2) | 384 (82.8) 385 (89.7) 253 (90.4) | <0.001

No 447 (16.2) 89 (10.3) 18 (6.8) 80 (17.2) 44 (10.3) 27 (9.6)

Education, n (%)

llliteracy 220 (8.0) 49 (5.7) 18 (6.8) 66 (14.2) 42 (9.8) 25(8.9) <0.001

Primary school 1235 (44.8) 417 (48.3) 141 (53.2) | 251 (54.1) 234 (54.5) 148 (52.9)

2Junior high school 1303 (47.2) 397 (46.0) 106 (40.0) | 147 (31.7) 153 (35.7) 107 (38.2)

Family history of CVD, n (%) | 164 (5.9) 51(5.9) 15 (5.7) 30 (6.5) 29 (6.8) 13 (4.6) 0.900

Smoking, n (%) 547 (19.8) 180 (20.9) 55 (20.8) 104 (22.4) 96 (22.4) 61 (21.8) 0.695

Drinking, n (%) 105 (3.8) 45 (5.2) 18 (6.8) 15 (3.2) 25(5.8) 12 (4.3) 0.052

TG (mmol/L) 1.0+0.8 1.1+0.7 1.2+0.9 1.9+1.4 2.0£1.2 2.2+2.1 -

SBP (mmHg)) 121.8+18.9 124.5+19.1 130.7423.1 | 137.0£22.2 137.8+19.8 144.9+24.8 -

DBP (mmHg) 76.8%12.3 79.6£13.5 84.1£14.1 | 85.8%13.9 86.0£12.5 91.5£15.3 -

FPG (mmol/L) 4.3+0.8 4.4+0.8 4.5+0.8 5.0£1.8 5.0£1.7 5.242.2 -

HDL-C (mmol/L) 1.3+0.3 1.3+0.6 1.4+0.3 1.0+0.3 1.1£0.3 1.1£0.3 -

TC (mmol/L) 4.1£1.0 4.3%1.0 4.5+1.0 4.4%1.1 4.5+1.2 4.7x1.1 <0.001

BMI (Kg/m?) 21.4£1.5 25.6%1.1 30.5+2.4 22.0£1.4 25.9%1.2 31.3+3.1 -

LDL-C (mmol/L) 2.1£0.7 2.310.7 2.4+0.7 2.4+0.7 2.5£0.8 2.610.8 <0.001

WC (cm) 79.047.1 86.8+7.7 96.4+10.1 | 85.7+6.6 92.0+6.8 101.7£9.6 -

Note: Continuous variables were presented as mean * standard deviation.

Abbreviations: CVD, cardiovascular disease; TG, triglyceride; FPG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; BMI, body mass index; WC, waist circumference.
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Table 2 The Association of BMI, Number of Metabolically Unhealthy, Metabolically Unhealthy Component and Metabolic Status with

CvVD
Variable HR (95% CI)* HR (95% CI)®
BMI
Normal weight 1.0(ref) 1.0
Overweight 1.87(1.51-2.32) 1.57(1.26-1.95)
Obesity 3.75(2.98-4.70) 2.27(1.80-2.88)
Number of metabolically unhealthy
1.0 1.0
1.65(0.99-2.73) 1.33(0.80-2.21)
3.28(2.03-5.28) 1.92(1.18-3.12)

0
|
2
3
4
5

5.66(3.50-9.16)
9.12(5.48-15.18)
12.57(6.60-23.93)

3.42(2.10-5.59)
4.26(2.52-7.20)
6.82(3.55-13.10)

Metabolically unhealthy components

Waist circumference of 285cm for men or280cm for women

3.33(2.63-4.22)

2.37(1.86-3.02)

Triglycerides 21.7 mmol/L 1.56(1.27-1.92) 1.47(1.18-1.84)
Fasting glucose 25.6 mmol/L 2.75(2.20-3.44) 1.76(1.40-2.21)
Blood pressure 2 130/85 mmHg 4.43(3.53-5.56) 2.18(1.71-2.78)
High-density lipoprotein cholesterol of <I.0 mmol/L for men or <1.3 mmol/L for women 0.88(0.73—-1.06) 1.38(1.13—1.68)
Metabolic status

Healthy 1.0 1.0

Unhealthy 2.97(2.47-3.56) 2.34(1.94-2.82)

Notes: *“Non-adjusted; bAdjusted for sex, age, ethnicity, marriage status, education, family history of CVD, smoking, drinking, low-density lipoprotein cholesterol.
Abbreviations: CVD, cardiovascular disease; BMI, body mass index; HR, hazard ratios; Cl, confidence interval.

factors (Table 2). All components of the JIS definition had
an increased incidence of CVD, and WC was strongly
associated with CVD (HR=2.37, 95% CI: 1.86-3.02).
The risk of CVD increased with the number of metaboli-
cally abnormal components. The metabolically unhealthy
group was associated with a higher risk of CVD
(HR=2.34, 95% CI: 1.94-2.82) than the metabolically
healthy group.

Association of BMI-Metabolic Status with
Incident CVD

After adjusting for potential confounding factors, compared
with the MHNW group, the five other groups had an
increased risk of CVD (Figure 1). The risk of CVD in the
MHO group was 1.76-fold higher than that in the MHNW
group (HR=1.76, 95% CI: 1.23-2.51), and the MUO group
had the highest risk of CVD (HR=3.80, 95% CI: 2.87-5.03).

Unadjusted Adjusted
Variable Events/n
HR (95%CI) Forest plot HR (95%CI) Forest plot
Metabolically healthy normal weight  132/2758 1.0(ref) 1.0(ref)
Metabolically healthy overweight 73/863 1.76(1.32-2.34) ot 1.55(1.17-2.07) fomt
Metabolically healthy obesity 45/265 2.89(2.04-4.10) —.— 1.76(1.23-2.51) i
Metabolically unhealthy normal weight  63/464  2.69(1.99-3.64) —— 2.31(1.70-3.14) ——
Metabolically unhealthy overweight 70/429  3.60(2.69-4.80) —— 2.60(1.93-3.49) ——
Metabolically unhealthy obesity 88/280 6.84(5.21-9.00) —— 3.80(2.87-5.03) ——
T lmm
012345678910 0123456
HR (95%CI) HR (95%CI)

Figure | Relationship between BMI-metabolic status and incident CVD.

Notes: Left, non-adjusted; Right, adjusted for sex, age, ethnicity, marriage status, education, family history of CVD, smoking, drinking, low-density lipoprotein cholesterol.
Abbreviations: BMI, body mass index; CVD, cardiovascular disease; HR, hazard ratios; Cl, confidence interval.
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Table 3 The Association of Metabolic Health Status with CVD Based on BMI Category

Variable Events/n Rate® HR (95% CI)® HR (95% CI)© HR (95% CI)?
Normal weight

Metabolically healthy 132/2758 7.68 1.0(ref) 1.0 1.0
Metabolically unhealthy 63/464 22.67 2.56(1.88-3.48) 2.25(1.65-3.08) 2.23(1.63-3.05)
Overweight

Metabolically healthy 73/863 13.87 1.0 1.0 1.0
Metabolically unhealthy 70/429 27.80 2.07(1.49-2.88) 1.98(1.40-2.80) 1.94(1.37-2.76)
Obesity

Metabolically healthy 45/265 29.43 1.0 1.0 1.0
Metabolically unhealthy 88/280 60.86 2.25(1.56-3.24) 1.89(1.30-2.75) 1.84(1.26-2.71)

Notes: *Per 1000 person-years; "Non-adjusted; “Adjusted for sex, age, ethnicity; “Adjusted for sex, age, ethnicity, marriage status, education, family history of CVD,

smoking, drinking, low-density lipoprotein cholesterol.

Abbreviations: CVD, cardiovascular disease; BMI, body mass index; HR, hazard ratios; Cl, confidence interval.

Association of Metabolic Status Stratified
by BMI Category with Incident CVD

Study participants were stratified according to BMI. In
normal weight, overweight, and obese subjects, meta-
bolically unhealthy subjects had a higher risk of CVD
than metabolically healthy subjects. The HR values
(95% CI) of the three groups were 2.23 (1.63-3.05),
1.94 (1.37-2.76), and 1.84 (1.26-2.71), respectively
(Table 3).

Subgroup Analysis According to Sex
Figure 2 shows the association of BMI-metabolic status
with incident CVD by sex. The HRs were different across
strata by sex (males or females) (Pjperaction =0.027). Male
subjects in the MHO group were found to have a higher
risk of CVD (HR=2.26, 95% CI: 1.36-3.78) than male
MHNW subjects.

Discussion
This study found that nearly 80% of adults in rural
Xinjiang were metabolically healthy, while 10.8% were
obese. The prevalence of MHO and MHNW were 5.2%
and 54.5%, respectively. MHO subjects had a lower age,
higher proportion of women, and healthier metabolic state
than MUO subjects. Compared with MHNW subjects,
MHO subjects were at an increased risk of CVD, and
MUO subjects had a higher risk of CVD. Subgroup ana-
lysis revealed sex differences in the relationship between
BMI-metabolic status and incident CVD. Among the nor-
mal weight, overweight, and obese subjects, the metaboli-
cally unhealthy group had a higher risk of CVD than the
metabolically healthy group.

At present, the association between MHO and CVD
incidence remains controversial. Several studies conducted
in European, American, and Korean populations (follow-up

Male Female
Variable P ingeraction
HR (95%CI)  Forest plot HR (95%CI) Forest plot

Metabolically healthy normal weight 1.0(ref) 1.0(ref)

Metabolically healthy overweight 1 16(0.77-1.74) e 2.09(1.38-3.16) ——

Metabolically healthy obesity 2.26(1.36-3.78) —— 1.58(0.95-2.64) -
Metabolically unhealthy normal weight 0 93(0.49-1.77) —— 3.75(2.56-5.50) — 0.027

Metabolically unhealthy overweight 1.98(1.30-3.04) —— 3.39(2.22-5.16) ——

Metabolically unhealthy obesity 3.21(2.11-4.88) T 4.48(3.01-6.66) —_

rrrrri
012345
HR (95%CI)

rrrrrrri
01234567
HR (95%CI)

Figure 2 Subgroup analysis according to sex.

Notes: Left, male; Right, female; Model was adjusted for age, ethnicity, marriage status, education, family history of CVD, smoking, drinking, low-density lipoprotein

cholesterol.
Abbreviations: HR, hazard ratios; Cl, confidence interval.
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period >10 years) observed that the MHO group had a higher
risk of CVD than the MHNW group,”>** which was con-
sistent with our results. However, other studies (follow-up
period <10 years) found that the CVD risk in MHO and
MHNW individuals was similar.”***> The inconsistency
may be related to the length of the follow-up period. One
study indicated that the possibility of a time lag of 10—15
years before the effect of metabolic status becomes evident.”®
Although the follow-up duration of this study was <10 years,
it still showed that individuals with MHO have a higher risk
of developing CVD than individuals with MHNW. This may
be related to the high prevalence of obesity in rural
Xinjiang.'® A large cohort study from Finland showed that
the risk of heart failure in obese men and women was 1.99-
fold and 2.06-fold higher than that in normal weight indivi-
duals, respectively.?” Another meta-analysis comprising 31
cohort studies found that the risk of coronary heart disease
increased by 29% for every five-unit increase in BMI and
remained elevated by 16%, even after adjusting for blood
pressure and lipids.?® This indicates that MHO is not a benign
state and suggests that individuals with MHO need to
improve their lifestyle (exercise and healthy diet) to reduce
weight, thereby decreasing the risk of CVD. In present study,
we observed a significantly positive association for MHO
and risk of CVD in men but not in women. This may be
explained by the different hormone levels between sexes.
Studies demonstrated that MUO individuals were asso-
ciated with a higher risk of CVD than MHO subjects,”*’
which is consistent with the present study findings. Eckel
et al followed 90,257 subjects for 24 years and reported that
up to 93.9% of MHO subjects at baseline converted to MUO
individuals at the end of the follow-up.?? This emphasizes the
need for MHO subjects to regularly assess their related
metabolic indicators to delay the conversion from MHO to
MUO. However, other studies reported similar risks of inci-
dent CVD between MHO and MUO subjects.?'*° The reason
for the difference may be attributable to differences in race,
age, and sex in studies. Our results indicated that in normal
weight subjects, the risk of incident CVD in metabolically
unhealthy individuals was also higher than in metabolically
healthy individuals. Similarly, one study found that the risk
of CVD in MUNW subjects was 2.04-fold higher than that in
MHNW subjects.”' A study by Lee also showed that com-
pared with MHNW subjects, the risk of CVD in MUNW
subjects increased by 68%.” One possible mechanism is that
MUNW individuals present higher levels of inflammation
markers, which further lead to a higher risk of CVD.?' This
suggests that it is necessary to strengthen the health

monitoring of the normal weight population in the future
and to avoid ignoring the screening requirements for
MUNW people due to normal weight, which can still be
associated with an increased risk of disease.

At present, due to the lack of uniform diagnostic cri-
teria for metabolic health, the prevalence of MHO
varies,*> which may also be the main reason for the incon-
sistency in the relationship between MHO and CVD risk.
One study revealed that even in the same population, using
different diagnostic criteria for MHO can result in differ-
ent findings.” Metabolic health has been defined based on
the number of metabolically abnormal components (eg, 0—
1, <2, or < 3). The JIS definition, built on the Adult
Treatment Panel III (ATP-III) criteria, was used to define
the metabolic state in this study. A series of studies have
shown that it is more reasonable to use the ATP-III stan-
dard because its defined metabolic risk threshold has been
validated in several situations.’*>* With the widespread
prevalence of the MHO phenotype in obese people, studies
have been increasingly conducted to elucidate its meta-
bolic health characteristics and underlying mechanisms.
Wildman’s study suggested that hormones can keep certain
obese people metabolically healthy. Additionally, the loca-
tion, metabolic activity, and histological characteristics,
rather than quantity of adipose tissue, may be important
factors affecting metabolic health among obese subjects.*
Another study indicated that an interconnection among
genetic, environmental, and behavioral factors played
a key role in the pathogenesis of the MHO phenotype.*®

One strength of our study is that the data related to CVD
events were retrieved from hospital medical records and
health insurance claims, ensuring the accuracy of the data.
Moreover, survey data were collected by trained health
professionals. Nevertheless, this study has certain limita-
tions. First, the participants were the Uyghur and Kazakh
populations, thus limiting the generalization of study find-
ings to other populations. Moreover, this study lacked diet
and physical exercise indicators, which were not adjusted
for in the analysis, and the impact of these indicators on the
association between MHO and CVD risk was not evaluated.
Finally, we only used BMI to define obesity, which may
have led to some controversial results.*’

Conclusions

Among adults in rural Xinjiang, the MHO population has
a higher risk of incident CVD than the MHNW population,
whereas there is an even higher risk in the MUO popula-
tion. Among normal weight, overweight, and obese
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participants, compared with metabolically healthy sub-
jects, metabolically unhealthy subjects are at an increased
risk of incident CVD. MHO is not a benign phenotype,
and obese individuals should strengthen their weight man-
agement and reduce weight reasonably.

Abbreviations

MHO, metabolically healthy obesity; CVD, cardiovascular
disease; MHNW, metabolically healthy normal weight;
BMI, body mass index; FPG, fasting plasma glucose;
TG, triglyceride; HDL-C, high-density lipoprotein choles-
MS, metabolic JIS,
Statement; SBP, systolic blood pressure; DBP, diastolic

terol; syndrome; Joint Interim
blood pressure; WC, waist circumference; MUNW, meta-
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