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Abstract
Metabolically healthy obesity refers to a subset of obese people with a normal metabolic profile. We aimed to explore the association between
metabolically healthy and obesity status and risk of hypertension among Chinese adults from The Rural Chinese Cohort Study. This prospective
cohort study enrolled 9137 Chinese adults without hypertension, type 2 diabetes or treatment for lipid abnormality at baseline (2007–2008) and
followed up during 2013–2014. Modified Poisson regression models were used to examine the risk of hypertension by different metabolically
healthy and obesity status, estimating relative risks (RR) and 95 % CI. During 6 years of follow-up, we identified 1734 new hypertension cases
(721 men). After adjusting for age, sex, smoking and other confounding factors, risk of hypertension was increased with metabolically healthy
general obesity (MHGO) defined by BMI (RR 1·75, 95 % CI 1·02, 3·00) and metabolically healthy abdominal obesity (MHAO) defined by waist
circumference (RR 1·51, 95 % CI 1·12, 2·04) as compared with metabolically healthy non-obesity. The associations between metabolically healthy
and obesity status and hypertension outcome were consistent after stratifying by sex, age, smoking, alcohol drinking and physical activity. Both
MHGO and MHAO were associated with increased risk of hypertension. Obesity control programmes should be implemented to prevent or
delay the development of hypertension in rural China.
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The substantially increased prevalence of obesity has become a
major public health problem worldwide(1). The health effects of
obesity have been extensively assessed in various populations,
confirming an association of obesity with CVD, cancer, diabetes,
chronic kidney disease and even death(2–4). However, a subset of
obese people with a normal metabolic profile, called ‘metabolically healthy obesity (MHO)’, were proposed not to have
increased risk of CVD and its related complications(5,6).
Whether MHO is a benign condition or associated with increased
risk of CVD regardless of metabolic profile is still not fully
understood.

Increased blood pressure (BP) is associated with the risk of
developing CVD(7). Hypertension is an identified predictor of
CVD death(8). Understanding the association of MHO and hypertension might be helpful to explain the underlying mechanism
linking MHO and CVD morbidity and mortality. A recent
meta-analysis reported MHO was associated with a 1·54-fold
increased risk of hypertension as compared with metabolically
healthy non-obesity(9). However, previous studies were
mainly based on Asian populations and focused on metabolically healthy general obesity (MHGO), defined by BMI, but overlooked metabolically healthy abdominal obesity (MHAO),

Abbreviations: BP, blood pressure; MHAO, metabolically healthy abdominal obesity; MHGO, metabolically healthy general obesity; MHO, metabolically healthy
obesity; RR, relative risk; WC, waist circumference.
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defined by waist circumference (WC), which is also closely
associated with hypertension(10,11). Studies from Iran and
Switzerland showed no significant association of MHO and
hypertension(12,13). Another major issue is that studies used
different MHO definitions when estimating the associated
hypertension risk, so comparing existing data is difficult(9). Thus,
researchers proposed a harmonised definition of MHO, which
was recommended to be used in future epidemiological studies(14).
Nearly half of Chinese adults 35–75 years old had hypertension in 2017(15). Clarifying the association of MHO and hypertension is urgently needed to develop effective strategies for
preventing hypertension in Chinese adults. Only two cohort
studies have examined the MHO–hypertension association in
Chinese adults. However, the Taiwan Survey focused only on
general obesity, and the China Health and Nutrition Survey failed
to consider several major confounding factors, including socioeconomic factors, family history of hypertension, diabetes status
and lipid-lowering treatment(16,17).
Therefore, to better evaluate the MHO–hypertension association, we investigated rural Chinese adults without hypertension,
type 2 diabetes or lipid-lowering treatment at baseline and used
the harmonised definition of MHO to test whether MHGO and
MHAO were both associated with increased risk of hypertension.
We further analysed the effect of sex, age, smoking, alcohol drinking and physical activity on the association of MHO and
hypertension.

Materials and methods
Study participants
The Rural Chinese Cohort Study was initiated during 2007–2008
with the enrollment of 20 194 Chinese adults aged ≥18 years living in a rural area in the middle of China. All study participants
were randomly selected by using the cluster random sampling
method. Detailed descriptions regarding inclusion criteria of
eligible study participants were described elsewhere(18). The first
follow-up survey was conducted from 2013 to 2014, and the
response rate was 85·5 %. All study participants gave their signed
informed consent, and the present study was approved by the
Ethics Committee of Zhengzhou University.
For the present study, we first excluded participants with
hypertension (n 6299), type 2 diabetes (n 830) and type 1
diabetes (n 4) and those receiving lipid-lowering medication
(n 671) or had missing data on anthropometric (n 6) or laboratory measurements (n 36) at baseline. Participants were further
excluded if they died (n 394) or were lost to follow-up (n 2817).
Thus, a total of 9137 eligible study participants were included in
the final analysis.

Data collection
We performed face-to-face interviews, physical examination and
blood sample collection during baseline and follow-up surveys
following the same procedures. Information on demographic
characteristics, lifestyles and personal and family medical history
were obtained with questionnaires. Marital status was classified
as married v. unmarried/divorced/widowed; individual income
>500 v. ≤500 Chinese Yuan per month; education level low v.

high (high school or higher); smoking former/current v. never
smokers if people smoked ≥100 cigarettes during the lifetime(19);
alcohol drinking yes v. no if people consumed alcohol ≥12 times
in the last year(19) and physical activity low, moderate and high
based on the International Physical Activity Questionnaire(20).
Family history of hypertension or type 2 diabetes was considered
positive if study participants reported that their parents had these
diseases.
Anthropometric variables were measured with participants
wearing light clothing. Weight and height were measured twice
to the nearest 0·5 kg and 0·1 cm, respectively. BMI, as an index of
general obesity, was calculated as the ratio of weight (kg):height
squared (m2). WC, as an index of abdominal obesity, was
measured at the midpoint between the lowest rib and the iliac
crest to the nearest 0·1 cm with participants performing gentle
breathing(19). Fasting blood samples were collected in a vacuum
tube containing sodium fluoride and were further used to assess
fasting plasma glucose, total cholesterol, TAG and HDLcholesterol levels. Detailed information about the storage and
measurement methods were previously described(21). Type 2
diabetes was defined as fasting plasma glucose ≥7·0 mmol/l
or participants reporting the use of insulin or oral hypoglycaemic
agents or history of type 2 diabetes(22).

Assessment of hypertension
BP and resting heart rate were measured by using an electronic
brachial sphygmomanometer (HEM-770AFuzzy). Smoking;
alcohol, coffee and tea consumption and excessive exercise
were prohibited 30 min before measuring BP, and participants
were not allowed to talk during measurement. BP was measured
three times on the upper arm with participants in a seated position after at least a 5-min rest and at intervals of 30 s(23). The mean
BP and resting heart rate for each participant were used for
analysis. Hypertension was defined as currently taking antihypertensive medication or systolic BP ≥140 mmHg or diastolic
BP ≥90 mmHg, which agreed with the diagnostic criteria for
hypertension at baseline and follow-up surveys(24).

Definition of metabolically healthy and obesity status
Study participants were considered metabolically healthy if they
met none of the following harmonised criteria: (1) TAG level
≥1·7 mmol/l; (2) HDL-cholesterol level <1·0 mmol/l in men or
<1·3 mmol/l in women; (3) systolic BP ≥130 mmHg or diastolic
BP ≥85 mmHg and (4) fasting plasma glucose ≥5·6 mmol/l(14,25).
Participants were classified as underweight (BMI < 18·5 kg/m2),
normal weight (BMI 18·5–24 kg/m2), overweight (BMI
24–28 kg/m2) and general obesity (BMI ≥ 28 kg/m2) based on
Chinese standards(26). Abdominal obesity was defined as WC
≥90 cm for men and WC ≥80 cm for women(25). People classified
as both metabolically healthy and obese were considered MHO.
Detailed definitions of metabolically healthy and obesity status
are in Fig. 1.

Statistical analysis
We grouped study participants into four categories based on
metabolically healthy and obesity status. For baseline
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(a) Metabolically healthy and obesity status defined by BMI
Non-general obesity
(BMI <28 kg/m2)

General obesity†
(BMI ≥28 kg/m2)

Metabolically healthy
non-general obesity
(MHNGO)

Metabolically healthy
general obesity
(MHGO)

Metabolically unhealthy
non-general obesity
(MUNGO)

Metabolically unhealthy
general obesity
(MUGO)

Metabolically healthy
Meeting none of the MetS criteria*:
1. SBP ≥130 mmHg or
DBP ≥85 mmHg
2. FPG ≥5·6 mmol/l
3. TAG ≥1·7 mmol/l
4. HDL-cholesterol <1·0 mmol/l in men and
HDL-cholesterol <1·3 mmol/l in women
Metabolically unhealthy
Meeting 1 – 4 of the MetS criteria*
indicated above

(b) Metabolically healthy and obesity status defined by WC
Non-abdominal obesity
(WC <90 cm in men
and WC <80 cm in women)

Abdominal obesity‡
(WC ≥90 cm in men
and WC ≥80 cm in women)

Metabolically healthy
non-abdominal obesity
(MHNAO)

Metabolically healthy
abdominal obesity
(MHAO)

Metabolically unhealthy
non-abdominal obesity
(MUNAO)

Metabolically unhealthy
abdominal obesity
(MUAO)

Metabolically healthy
Meeting none of the MetS criteria*:
1. SBP ≥130 mmHg or
DBP ≥85 mmHg
2. FPG ≥5·6 mmol/l
3. TAG ≥1·7 mmol/l
4. HDL-cholesterol <1·0 mmol/l in men and
HDL-cholesterol <1·3 mmol/l in women
Metabolically unhealthy
Meeting 1–4 of the MetS criteria*
indicated above

Fig. 1. Definitions of metabolically healthy and obesity status. * Based on metabolic syndrome (MetS) criteria(25). † Based on Chinese BMI criteria(26). ‡ Based on
International Diabetes Federation criteria(25). SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; WC, waist circumference.

characteristics, the median (interquartile range) for continuous
data abnormally distributed and number (frequency) for
categorical data were compared among groups by Kruskal–
Wallis or χ2 test, as appropriate. Because we lacked time-toevent data for hypertension outcome, a modified Poisson
approach was used to estimate the relative risks (RR) and
95 % CI for incident hypertension associated with different
metabolically healthy and obesity phenotypes(27). We chose
people who were metabolically healthy and non-obese as the
reference group and adjusted for several potential confounders
including sex, age, marital status, income, education, smoking,
alcohol drinking, physical activity, family history of hypertension, family history of type 2 diabetes, resting heart rate and
follow-up months in the final analyses.
To examine the potential modification effects by known
associated factors, we performed a series of subgroup analyses
stratified by sex (men or women), age (<60 or ≥60), smoking
(never or current/former), alcohol drinking (yes or no) and
physical activity (low or moderate/high). Interactions were
assessed by multiplicative interaction terms in the adjusted models. Because overweight was a risk factor of hypertension and
the number of people with general obesity is small, we pooled
overweight and general obesity together as a sensitivity analysis
to evaluate whether excess adiposity was associated with

increased risk of hypertension independent of the metabolic
profile. We further defined abdominal obesity based on
Chinese criteria (WC ≥85 cm in men and WC ≥80 cm in women)
to test the robustness of our findings(26). All statistical analyses
involved using SAS version 9.1 (SAS Institute Inc.). Statistical significance was determined with two-sided P < 0·05.

Results
Among the 9137 study participants, 9·5 % people had general
obesity and 35·9 % abdominal obesity. The prevalence of
MHGO was 9·3 % in people with general obesity (Table 1)
and that of MHAO was 12·8 % in people with abdominal obesity
(online Supplementary Table S1). The prevalence of metabolically unhealthy non-general obesity was 73·8 % in people with
non-general obesity and that of metabolically unhealthy nonabdominal obesity was 68·8 % in people with non-abdominal
obesity. The baseline characteristics, age, sex, marital status,
smoking, alcohol drinking, physical activity, family history of
type 2 diabetes, resting heart rate, systolic BP, diastolic BP,
BMI, WC, fasting plasma glucose and total cholesterol, TAG
and HDL-cholesterol levels significantly differed according to
metabolically healthy and general obesity status (all P < 0·05).
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Table 1. Baseline characteristics of study participants by metabolically healthy and general obesity status
(Medians and interquartile ranges (IQR); numbers and percentages)
Non-general obesity
Baseline
characteristics

Metabolically healthy
Median

IQR

n
2163
Age (years)
46
37, 56
Men
n
1131
%
52·3
Marital status
Married
n
1999
%
92·4
Individual income
>500 CNY per month
n
155
%
7·2
Education
High school or higher
n
252
%
11·7
Smoking
n
829
%
38·3
Alcohol drinking
n
371
%
17·2
Physical activity
Low
n
495
%
22·9
Family history of hypertension
n
619
%
28·6
Family history of type 2 diabetes
n
107
%
4·9
Resting heart rate
72
66, 79
(beats/min)
SBP (mmHg)
112·3
105·3, 119·3
DBP (mmHg)
71·0
66·0, 75·7
21·8
20·2, 23·8
BMI (kg/m2)
WC (cm)
74·9
70·3, 81·1
FPG (mmol/l)
5·1
4·8, 5·3
TC (mmol/l)
4·2
3·8, 4·8
TAG (mmol/l)
1·0
0·7, 1·2
HDL-cholesterol
1·4
1·2, 1·5
(mmol/l)

General obesity

Metabolically unhealthy
Median

Metabolically healthy

IQR

Median

39, 57

45

6090
47

74
116·3
74·0
23·4
79·6
5·3
4·2
1·4
1·1

Metabolically unhealthy

IQR

Median

40, 52

45

82

IQR

P

802
39, 54

0·0001

2278
37·4

26
31·7

237
29·6

<0·0001

5637
92·6

75
91·5

770
96·0

0·0035

402
6·6

4
4·9

63
7·9

0·4400

672
11·0

8
9·8

86
10·7

0·8165

1628
26·7

16
19·5

165
20·6

<0·0001

675
11·1

8
9·8

115
14·3

<0·0001

1550
25·5

25
30·5

233
29·1

0·0031

1801
29·6

23
28·0

270
33·7

0·0599

333
5·5

4
4·9

69
8·6

68, 82
107·7,
68·7,
21·4,
73·8,
5·0,
3·7,
1·0,
1·0,

125·7
79·3
25·2
85·4
5·7
4·9
1·9
1·2

4

0·0013

74

70, 79

75

70, 82

<0·0001

117·3
77·0 (0)
29·4
93·7
5·2
4·6
1·1
1·4

110·0, 123·7
71·7, 80·
28·6, 30·1
90·5, 98·6
4·9, 5·4
4·0, 5·0
0·9, 1·3
1·3, 1·5

120·0
78·3
29·5
95·5
5·5
4·5
1·7
1·1

111·7, 127·7
73·3, 83·0
28·7, 30·8
90·7, 100·3
5·2, 5·9
4·0, 5·1
1·3, 2·4
0·9, 1·2

<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001

CNY, Chinese Yuan; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference; FPG, fasting plasma glucose; TC, total cholesterol.

Similar results were found when the abdominal definition was
used (online Supplementary Table S1).
During 6 years of follow-up (range 57–87 months), we identified 1734 new hypertension cases (721 men). The overall
cumulative incidence of hypertension was 11·5, 17·1, 20·4 and
28·6 % in metabolically healthy non-general obesity, MHGO,
metabolically unhealthy non-general obesity and metabolically
unhealthy general obesity groups, respectively (Pamong groups <
0·0001) (Fig. 2). This trend did not change by abdominal status.
When stratifying by sex, the cumulative incidence of hypertension was always higher in men than women among all metabolically healthy and obesity phenotypes, except MHGO. After
adjusting for age, sex, smoking and other confounding

factors, the risk of developing hypertension was increased for
people with MHGO, metabolically unhealthy non-general
obesity and metabolically unhealthy general obesity, by 75, 77
and 1·77 %, respectively, as compared with metabolically
healthy non-general obesity (Table 2). The RR values for hypertension for MHAO, metabolically unhealthy non-abdominal
obesity and metabolically unhealthy abdominal obesity were
1·51 (95 % CI 1·12, 2·04), 1·61 (95 % CI 1·36, 1·90) and 2·70
(95 % CI 2·28, 3·20), respectively, as compared with metabolically healthy non-abdominal obesity.
Risk of hypertension was increased with both metabolically
unhealthy non-general obesity and metabolically unhealthy general obesity as compared with metabolically healthy non-general
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Fig. 2. Cumulative incidence of hypertension in different metabolically healthy and obesity status by sex. Data are incidence rates, with standard errors represented by
vertical bars. (a) General obesity definition and (b) abdominal obesity definition. Comparisons among different groups were statistically significant overall (P < 0·0001 for
both (a) and (b)) and for men (P < 0·0001 for both (a) and (b)) and women (P < 0·0001 for both (a) and (b)). MHNGO, metabolically healthy non-general obesity; MHGO,
metabolically healthy general obesity; MUNGO, metabolically unhealthy non-general obesity; MUGO, metabolically unhealthy general obesity; MHNAO, metabolically
healthy non-abdominal obesity; MHAO, metabolically healthy abdominal obesity; MUNAO, metabolically unhealthy non-abdominal obesity; MUAO, metabolically
unhealthy abdominal obesity. , Overall; , men; , women.

obesity in all subgroup analyses stratified by sex, age, smoking,
alcohol drinking and physical activity status (Table 3). We
observed similar results on subgroup analyses for the MHAO
phenotype (Table 4). We did not find a significant interaction
between potential factors and metabolically healthy and obesity
status.
Similar results were found in the sensitivity analyses when
pooling overweight and general obesity together or using
Chinese abdominal obesity criteria. The prevalence of metabolically healthy overweight/general obesity was 14·5 % in people
with overweight/general obesity (online Supplementary
Table S2), and 13·7 % of abdominal obese people had the
MHAO phenotype according to Chinese criteria. Risk of hypertension was associated with both metabolically healthy overweight/general obesity and MHAO. Detailed results of
subgroup analyses are in online Supplementary Tables S3 and
S4. We found no significant interaction between potential factors
and metabolically healthy and obesity status in the sensitivity
analyses.

Discussion
In this large 6-year follow-up prospective cohort study, we first
used the simple and harmonised definition of MHO and found
MHO, as measured by BMI or WC, associated with increased risk
of hypertension in Chinese adults. Similarly, risk of hypertension
was high for metabolically unhealthy people regardless of
obesity status. The associations between metabolically healthy
and obesity status and hypertension outcome were consistent
after stratifying by factors including sex, age, smoking, alcohol
drinking and physical activity. Our results indicate that MHO
might not be a benign condition and emphasise the importance
of maintaining a healthy weight and waist size in terms of
hypertension prevention.
Metabolically healthy definitions including the Adult
Treatment Panel III(28,29), International Diabetes Federation(11,16),
Wildman(10) and Karelis(10) definitions are inconsistent and controversial and are generally applied to identify metabolically unhealthy status with more than two or three criteria. These definitions

Table 2. Adjusted risks of incident hypertension in different metabolically healthy and obesity status groups
(Relative risks (RR) and 95 % confidence intervals)

Metabolically healthy and obesity status
General obesity defined by BMI
Metabolically healthy non-general obesity
Metabolically healthy general obesity
Metabolically unhealthy non-general obesity
Metabolically unhealthy general obesity
Abdominal obesity defined by WC
Metabolically healthy non-abdominal obesity
Metabolically healthy abdominal obesity
Metabolically unhealthy non-abdominal
obesity
Metabolically unhealthy abdominal obesity

Model 1*

Total

Hypertension
cases

2163
82
6090
802

249
14
1242
229

1·00
1·59
1·72
2·59

1827
418
4034

200
63
711

2858

760

Model 2†
P

RR

95 % CI

P

0·98, 2·59
1·52, 1·95
2·21, 3·05

–
0·0625
<0·0001
<0·0001

1·00
1·75
1·77
2·77

1·02, 3·00
1·53, 2·05
2·31, 3·32

–
0·0425
<0·0001
<0·0001

1·00
1·46
1·59

1·13, 1·90
1·37, 1·84

–
0·0044
<0·0001

1·00
1·51
1·61

1·12, 2·04
1·36, 1·90

–
0·0070
<0·0001

2·52

2·17, 2·92

<0·0001

2·70

2·28, 3·20

<0·0001

RR

95 % CI

WC, waist circumference.
* Model 1 was adjusted for age and sex.
† Model 2 was adjusted for the variables in model 1, plus marital status, income, education, smoking, alcohol drinking, physical activity, family history of hypertension, family history of
type 2 diabetes, resting heart rate and follow-up months.
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Table 3. Association of metabolically healthy and general obesity status and incident hypertension stratified by potential risk factors
(Relative risks (RR) and 95 % confidence intervals)

Potential risk factors
Sex
Men
Women
Age (years)
<60
≥60
Smoking
Never
Current/former
Alcohol drinking
No
Yes
Physical activity
Low
Moderate/high

Metabolically
unhealthy
non-general
obesity

Metabolically
healthy general
obesity

Metabolically
unhealthy general
obesity

Metabolically healthy
non-general obesity

RR*

95 % CI

RR*

95 % CI

RR*

95 % CI

Pinteraction

1·00
1·00

1·69
1·70

0·67, 4·26
0·87, 3·32

1·82
1·66

1·49, 2·22
1·34, 2·06

2·86
2·57

2·17, 3·77
2·00, 3·29

0·7153

1·00
1·00

1·84
1·23

1·01, 3·35
0·35, 4·31

1·78
1·68

1·50, 2·12
1·27, 2·21

2·97
2·00

2·42, 3·65
1·34, 2·98

0·0868

1·00
1·00

1·74
1·52

0·96, 3·14
0·42, 5·47

1·72
1·85

1·43, 2·07
1·46, 2·36

2·63
2·94

2·12, 3·28
2·10, 4·12

0·7275

1·00
1·00

1·94

1·13, 3·34
NA

1·78
1·67

1·52, 2·09
1·17, 2·40

2·67
3·30

2·18, 3·26
2·17, 5·02

0·3534

1·00
1·00

4·01
1·24

1·65, 9·75
0·62, 2·49

2·28
1·66

1·61, 3·23
1·41, 1·95

3·62
2·59

2·42, 5·41
2·10, 3·18

0·2555

NA, not analysed.
* RR was adjusted for age, sex, marital status, income, education, smoking, alcohol drinking, physical activity, family history of hypertension, family history of type 2
diabetes, resting heart rate and follow-up months.

Table 4. Association of metabolically healthy and abdominal obesity status and incident hypertension stratified by potential risk factors
(Relative risks (RR) and 95 % confidence intervals)

Potential risk factors
Sex
Men
Women
Age (years)
<60
≥60
Smoking
Never
Current/former
Alcohol drinking
No
Yes
Physical activity
Low
Moderate/high

Metabolically
healthy abdominal
obesity

Metabolically
unhealthy
non-abdominal
obesity

Metabolically
unhealthy
abdominal obesity

Metabolically healthy
non-abdominal obesity

RR*

95 % CI

RR*

95 % CI

RR*

95 % CI

Pinteraction

1·00
1·00

1·44
1·43

0·85, 2·42
0·97, 2·11

1·71
1·44

1·38, 2·11
1·09, 1·88

2·77
2·41

2·20, 3·49
1·85, 3·13

0·9301

1·00
1·00

1·57
1·24

1·11, 2·21
0·67, 2·29

1·57
1·65

1·28, 1·91
1·21, 2·25

2·88
2·03

2·36, 3·51
1·45, 2·84

0·0710

1·00
1·00

1·30
2·18

0·91, 1·86
1·25, 3·76

1·46
1·86

1·18, 1·82
1·43, 2·42

2·45
2·88

1·98, 3·03
2·17, 3·82

0·8733

1·00
1·00

1·57
1·07

1·14, 2·16
0·44, 2·62

1·63
1·42

1·36, 1·97
0·94, 2·13

2·65
2·85

2·20, 3·20
1·92, 4·24

0·3694

1·00
1·00

2·11
1·37

1·09, 4·09
0·98, 1·92

2·01
1·53

1·33, 3·05
1·27, 1·83

3·75
2·46

2·47, 5·69
2·04, 2·97

0·1632

* RR was adjusted for age, sex, marital status, income, education, smoking, alcohol drinking, physical activity, family history of hypertension, family history of type 2
diabetes, resting heart rate and follow-up months.

were criticised for considering people with one or two metabolically unhealthy criteria as metabolically healthy. Recently, a
harmonised definition of MHO, taking advantage of previous
consensus efforts by major international organisations and large
collaborative projects, aimed to provide a logical and reasonable
standardised definition for clinical and public health settings(14).
The definition is useful and feasible for routine health checkups because the markers are relatively simple, inexpensive and
quickly measured. This definition is more reasonable because
people with no abnormal metabolic criteria would be considered
metabolically healthy. The prevalence of MHO ranges from 1·1 to

28·5 % in different populations(30). The prevalence of MHO we
reported in our rural Chinese adults was obviously lower than that
in previous studies because of the strictness of the metabolically
healthy definition(16,31). By contrast, the proportions of metabolically unhealthy individuals with or without obesity were relatively
higher, which indicates the need for making interventional
strategies to ensure that people are metabolically healthy in rural
China.
A meta-analysis of eight Asian prospective cohort studies
reported a significant positive association of MHO and risk of
hypertension (pooled effect size: 1·54, 95 % CI 1·48, 1·55)(9).
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Except for the Iran study, results from Chinese, Korean and
Japanese studies were consistent. However, the sample size of
the Iran study was small (n 591) and the study might not have
enough statistical power to test the significant difference(12).
The Taiwan study reported each 1 kg/m2 gain of BMI associated
with an 18 % increase in risk of hypertension in 1547 men and
women (age range 18–59 years) who were free of the metabolic
syndrome components except for WC criteria(17). However, the
study did not provide detailed results specifically for MHO
people. The China Health and Nutrition Survey study considered
overweight and general obesity as obesity and reported the
prevalence of metabolically healthy as 70·1 % in adults (age
range 18–65 years) with overweight/obesity(16). It also found
risk of hypertension increased with metabolically healthy
overweight/obesity (1·78-fold increase, 95 % CI 1·39, 2·27),
which agrees with our findings. However, it failed to control
for important confounding factors of hypertension (e.g. family
history of hypertension), which may have biased the results.
People with diabetes and dyslipidaemia are known to be at high
risk of hypertension, and treatment of these diseases might influence the occurrence of hypertension(32,33). Therefore, our study
excluded people with diabetes or receiving lipid-lowering treatment at baseline and still demonstrated MHO as harmful for
hypertension in a Chinese rural population, which may provide
further evidence that MHO might increase the risk of CVD.
Although the mechanisms to explain the MHO and hypertension association were not clear, previous epidemiological studies
proposed excess body weight as associated with adipose tissue
dysfunction(34), subtle changes in left-ventricular structure and
function(35), activation of the renin–angiotensin–aldosterone and
sympathetic nervous systems(36), chronic vascular inflammation(37)
and oxidative stress(38), which further lead to hypertension.
In 2017, the prevalence of hypertension was higher in rural
than urban China, but the awareness, treatment and control rates
were lower than that in urban China(15). It is important to identify
the risk factors of hypertension and develop prevention strategies focused on the rural Chinese population. Our study first
reported MHO as associated with the risk of hypertension in a
rural Chinese population. Thus, maintaining healthy weight
and WC via lifestyle modifications (e.g. healthy diet or exercise)
might be a cost-effective way to prevent hypertension in people
with MHO. Moreover, we found a large proportion of metabolically unhealthy people among non-obese people. This phenotype was also associated with increased risk of developing
hypertension, which was consistent with previous findings(10,16).
This result indicates that screening for hypertension should also
be implemented among non-obese people who may be potentially at high risk of hypertension but who are easily ignored.
Subgroup and sensitivity analyses confirmed the consistent
results in people with different characteristics (age, sex, smoking, alcohol drinking or physical activity), which indicates that
MHO is not a benign condition and obese people should not
be considered ‘healthy’.
Our study is the first to use the harmonised definition of MHO
and demonstrate a positive association of obesity with risk of
hypertension in a rural Chinese adult population. The large sample size of this cohort study allowed us to restrict study participants to people without diabetes or taking lipid medication at
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baseline to minimise the potential bias. Furthermore, we
adjusted for confounding factors including social economic
and behavioural factors and family history of diseases in the statistical models to test whether MHO was independently associated with the risk of hypertension. We also conducted
subgroup analyses and sensitivity analyses to test the potential
interactions with known risk factors and robustness of present
findings. Our study still had several limitations. First, we focused
on a rural Chinese population, and further studies of other
ethnicities are needed. Second, obesity was defined by BMI or
WC, which might not be good indexes of excess adiposity as
compared with percentage body fat. Because assessing percentage body fat is time-consuming and expensive and our results
indicate that both BMI and WC were able to identify people at
high risk of hypertension, interventions and treatments aiming
to maintain healthy BMI and WC are targeted from a clinical
and public health viewpoint because they are simple and measurable estimates. Third, our study lacked time-to-event data,
which precluded survival analysis.
In conclusion, general and abdominal obesity are risk factors
for hypertension, regardless of metabolically healthy status.
Therefore, with the huge burden of hypertension in China,
obesity control programmes should be implemented to prevent
or delay the development of hypertension.

What is already known about this subject?
Metabolically healthy obesity (MHO) refers to a subset of obese
people with a normal metabolic profile. However, the definitions
of MHO were not consistent in previous studies. Whether MHO
is a benign condition or associated with increased risk of CVD
regardless of metabolic profile is still not fully understood.
Hypertension is a major predictor of CVD, so understanding
the association of MHO and hypertension might be helpful to
explain the underlying mechanism linking MHO and CVD morbidity and mortality.

What does our study add?
Our study used the proposed harmonised definition of the MHO
phenotype and found both metabolically healthy general and
abdominal obesity were positively associated with the risk of
hypertension. The associations between metabolically healthy
and obesity status and hypertension outcome were consistent
after stratifying by sex, age, smoking, alcohol drinking and
physical activity.

How might this impact on clinical practice?
With the huge burden of hypertension in China, long-term
obesity control programmes should be implemented to prevent
or delay the development of hypertension. Screening for hypertension should also be stressed and implemented among metabolically unhealthy non-obese people who are potentially at
high risk of hypertension but who are easily ignored.
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