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Abstract The present study was designed to determine

the prevalence of ‘metabolically healthy but obese’ (MHO)

and ‘metabolically abnormal but not obese’ (MANO)

phenotypes in Chinese population, and to investigate the

association of these two phenotypes with the risk of dia-

betes and cardiovascular disease (CVD). A total of 2,764

subjects aged 30–90 were followed up over a mean period

of 43.80 ± 11.25 months. The metabolic syndrome was

defined according to the joint committee for developing

Chinese guidelines on prevention and treatment of dysli-

pidemia in adults. Subjects with body fat percentage

(BF %) [25 % for men or BF % [35 % for women were

defined as being obese. The proportion of MHO and

MANO phenotypes were 22.9, 7.6 % in men, and 26.2,

6.0 % in women, respectively. The MANO phenotype was

associated with increased risk for diabetes both in men

[hazard ratios (HR): 4.44 (1.21–16.26)] and women [HR:

8.68 (2.87–24.96)] after adjustment of age, serum total

cholesterol (TC), triglycerides (TG), and family history of

diabetes. This association held for CVD in women [HR:

2.87 (1.44–5.73)], but not in men after adjustment of age,

serum TC, TG, and family history of CVD. No association

was observed between the MHO phenotype and incident

diabetes or CVD. MHO and MANO phenotypes are com-

mon in Chinese population. Metabolic risk factors

appeared to play a more important role in the development

of diabetes and CVD than body fat alone.

Keywords Obesity � Metabolic syndrome � Diabetes �
CVD

Introduction

The prevalence of obesity is rising dramatically worldwide

in recent decades [1]. It is associated with various health

conditions in humans, of which the adverse metabolic

effects of obesity in part mediated by insulin resistance put

obese individuals on their way to developing a variety of

diseases, including hypertension, type 2 diabetes (T2D),

and stroke [2, 3]. However, the typical relationship

between weight status and metabolic health has not been

conclusively demonstrated for some subtypes of individu-

als, as ‘metabolically healthy but obese’ (MHO) and

‘metabolically abnormal but not obese’ (MANO) pheno-

types [4–7]. The former phenotype describes those with a

normal metabolic profile who are obese and the latter
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phenotype includes those who are not obese with an

abnormal metabolic status.

The prevalence of MHO and MANO phenotypes was

reported to be 3–28, 10–25, and 15.2 % in Europeans,

North Americans, and Korean population, respectively

[8–11]. Both the European Group for the Study of Insulin

Resistance (EGIR) and the Bruneck Study demonstrated

that in individuals with MHO, the prevalence of insulin

resistance was relatively low and not all subjects with

normal body weight were healthy [12, 13]. Subjects with

the MANO phenotype had a higher risk for developing

cardiovascular disease (CVD) [9, 14–16].

It is well accepted that the characteristics of obesity in

Chinese populations are different from those in westerners

even though they might have the same body weight [17, 18].

In Chinese populations, adipose tissue tends to accumulate as

visceral fat leading to higher waist circumference, whereas

comparatively more adipose tissue can be found in subcu-

taneous tissue in western populations. While the subgroup of

obesity has been studied in Caucasian [19], data regarding

the prevalence of MHO and MANO phenotypes and the

association between the two phenotypes and the risk of T2D

and CVD in Chinese population are scarce.

The aims of the current study are (1) to estimate the

prevalence of MHO and MANO phenotypes in a Chinese

population and (2) to assess the association of the two

phenotypes with the risk of diabetes and CVD. This phe-

notypic classification could further increase our under-

standing of the relationship between weight status and

metabolic health.

Materials and methods

Study population

The subjects were from a community-based prospective

cohort study in Shanghai communities—Shanghai Diabetes

Study (SHDS). The SHDS population has been described in

detail elsewhere [20, 21]. The subjects were selected from

the two urban communities starting from 1998 in the

Huayang community and from 2001 in the Caoyang com-

munity. A total of 2,902 subjects aged from 30 to 95 and

with complete data for identification of MetS and for body

fat percentage (BF %) were included in the present cohort

study, which was followed from December 2003 to

November 2004 for the occurrence of CVD and diabetes.

When analyzing CVD events, a total of 2,764 subjects aged

from 30 to 90 were used for the present analysis, after

exclusion of 123 subjects with CVD at baseline and 8 deaths

with reasons unknown. When analyzing diabetes, 2,380

subjects were included from the above 2,764 subjects, after

excluding 335 (152 newly diagnosed) diabetic patients

during the baseline exam and 49 with missing follow-up

data for diabetes. Informed consent was obtained from each

participant. The protocol was in accordance with Helsinki

Declaration and approved by the local ethical committee.

Data collection

Participants came to a local hospital at 6:00–7:00 AM

following a 10-h overnight fast. After the fast, a venous

blood sample was collected and each participant received a

75 g OGTT, except for those with a validated history of

diabetes mellitus. Serum true insulin was assayed with a

bio-antibody technique (Linco, St Louis, MO, USA).

Plasma glucose levels were measured using the glucose

oxidase method. Serum lipid profiles were measured with

an automated biochemical instrument. Homeostasis model

assessment of insulin resistance (HOMA-IR) was calcu-

lated based on fasting insulin (FINS) and fasting plasma

glucose (FPG) according to the equation: HOMA-IR =

FINS [lU/mL] 9 FPG [mmol/L]/22.5 [22]. Insulin resis-

tance was determined by HOMA-IR, in which the 75th

percentile value was used as the cut-off point to define

insulin resistance (IR) as per SHDS background population

study results [23]. Insulin sensitivity index was calculated

based on the equation of Matsuda [24].

Height and weight were measured with subjects stand-

ing without shoes and in light clothing. Waist circumfer-

ence was measured at the horizontal plane at the midpoint

between the inferior costal margin and the iliac crest on

midaxillary line with the subjects standing relaxed and in

underwear. Body mass index (BMI) was calculated as

weight (Kilograms) divided by height (in meters) squared.

Blood pressure measurements were taken three times (with

a 1-min rest interval) using a sphygmomanometer and then

averaged. Total body fat was estimated from the Body

Composition Analyzer (TANITA Corporation, Japan). At

the same time, a standardized health questionnaire was

completed by trained nurses. It covered demographics, past

medical history and family history of diseases, etc.

Definition of variables and outcomes

Metabolic syndrome (MetS) was defined according to the

joint committee for developing Chinese guidelines on pre-

vention and treatment of dyslipidemia in adults (JCDCG)

definition [25]. MetS was defined as the presence C3 of the

following abnormalities: (1) waist circumference [90 cm

for men and [85 cm for women; (2) serum triglycerides

(TG) C1.70 mmol/L or specific treatment for lipid abnor-

mality; (3) high-density cholesterol (HDL-C) \1.04 mmol/

L or specific treatment for lipid abnormality; (4) blood

pressure C130/85 mmHg or known treatment for hyper-

tension; (5) FPG C6.1 mmol/L and/or 2 h plasma glucose
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(2hPG) C7.8 mmol/L and/or diabetes mellitus having been

diagnosed and currently receiving therapy. Obesity was

defined based on body fat percentage (BF %). Subjects with

BF % [25 % for men or BF % [35 % for women were

defined as being obese. BF % B25 % for men or

BF % B35 % for women was defined as being non-obese

[26]. Subjects in the present study were divided into four

groups: metabolically healthy and non-obese (MHNO),

MHO MANO, and metabolically abnormal and obese

(MAO). MHNO was defined as having no MetS and no

obesity. MHO was defined as having obesity but no MetS.

MANO was defined as having MetS but no obesity. MAO

was defined as having MetS and obesity. Abdominal obesity

was defined as waist circumference [90 cm for men

and [85 cm for women [27]. The diagnosis of diabetes was

based on the WHO criteria. Impaired glucose regulation

(IGR), including impaired glucose tolerance (IGT) or

impaired fasting glucose (IFG) [28].

The incidence of CVD events was determined from 2

sources: hospital records and death certificates. CVD events

were defined as the first occurrence of coronary heart

disease (CHD) or stroke. According to the USA national

institute of neurological and communicative diseases and

stroke (NINCDS) diagnostic criteria [29], Stroke was

defined as physician-diagnosed intracranial hemorrhage or

cerebral infarction, which included venous thrombosis,

embolic stroke, lacunar infarction, and hemorrhagic stroke.

According to monitoring of trends and determinants in

cardiovascular disease (MONICA) diagnostic criteria [30],

CHD was defined as physician-diagnosed acute coronary

syndrome which includes acute ST elevation myocardial

infarction, non-ST segment elevation myocardial infarc-

tion, unstable agina, systolic or diastolic dysfunction, cor-

onary artery bypass graft surgery, and congestive heart

failure. All diagnoses were verified by the hospital records.

Statistical analysis

The data were expressed as mean ± SD for normal dis-

tributions and as median (interquartile range 25–75 %) for

skewed variables. The statistical analysis was performed

with SPSS software for Windows (Version 11.0). Skewed

variables were converted into normal distributions before

analysis. Differences for continuous variables were asses-

sed by performing t test, or ANOVA as appropriate. Bon-

ferroni correction was used for the post-hoc analyses.

Differences in ratio variables were assessed by v2 test and

corrected with Bonferroni correction when needed. Hazard

ratios (HR) and 95 % confidence intervals (CIs) were

calculated to estimate the associations of each group with

diabetes and CVD events by binary logistic regression

analysis. All reported P values were two-tailed and P val-

ues less than 0.05 were considered statistically significant.

Results

Baseline characteristics of subjects

The baseline characteristics of the population in each

group are shown in Table 1. Of all subjects included in

the present study, 51.4, 24.8, 6.7, and 17.1 % were

defined as MHNO, MHO, MANO, and MAO, respec-

tively (Table 1). No differences could be viewed in the

above proportion in each group between men and women

(Table 1). Due to definition, indices of obesity (including

BF %, BMI, waist circumference) were higher in MHO

than in MHNO groups (all P \ 0.05). Furthermore, MHO

subjects also had higher TG, total cholesterol (TC), and

low-density cholesterol (LDL-C) levels than MHNO

subjects (all P \ 0.05). No difference was documented in

HDL-C levels between these two groups (P [ 0.05).

Similar to the MAO group, subjects in the MANO had

higher systolic blood pressure (SBP), diastolic blood

pressure (DBP), FPG, 2hPG, TG, and lower HDL-C than

those in the MHNO and MHO group both for men and

women (all P \ 0.05). Insulin, TC, and LDL-C levels

were significantly increased across the MHNO, MANO,

MHO, and MAO groups both for men and women.

Comparison of the risk factor in subjects from each

group

Among obese subjects, 40.8 % had MetS. Among non-

obese subjects, 11.5 % had. The metabolic abnormal over

metabolic healthy ratio was higher in obesity than in non-

obesity (Fig. 1a, P \ 0.01). Subjects from the MAO

group had the highest proportion (70.6 and 83.1 % for

men and women, respectively) of abdominal obesity

(Fig. 1b). Although subjects with MANO were defined

with no obesity by BF %, the proportion of subjects with

abdominal obesity is similar with that in MHO group

both for men (37.8 vs. 32.0 %, P [ 0.05) and women

(30.5 vs. 33.8 %, P [ 0.05), respectively (Fig. 1b). As for

the IR, the proportion of subjects with IR increased

across each groups from MHNO, MHO, MANO, and

MAO groups both for men and women (P for

trend \ 0.01). It was significantly higher in each group

than that in MHNO (Fig. 1c) with their insulin sensitivity

index decreased across above groups (Fig. 1d). Of note,

the proportion of subjects with IGR, a pre-diabetes status

(including isolated IFG, isolated IGT, and combined IFG

and IGT), was comparable between MANO (29.5 % for

men 38.0 % for women, respectively) and MAO groups

(31.8 % for men 32.6 % for women, respectively)

(P [ 0.05). It was significantly higher in MANO group

than that in both MHO group (P \ 0.01) and MHNO

(P \ 0.01) (Fig. 1e).
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Table 1 Baseline characteristics of subjects

Variable MHNO MHO MANO MAO

Men (n = 1,186)

N (%) 613 (51.7) 272 (22.9) 90 (7.6) 211 (17.8)

Age (year) 59.0 (43.0–71.5) 50.0 (39.0–66.0)a** 70.0 (59.8–75.0)a**, b** 62.0 (46.0–71.0)b**

SBP (mm Hg) 125.9 ± 19.0 125.8 ± 18.6 140.8 ± 21.5a**, b** 139.1 ± 18.9a**, b**

DBP (mm Hg) 78.5 ± 9.9 81.5 ± 10.8a** 85.2 ± 11.6a**, b* 88.7 ± 10.7a**, b**

Waist circumference (cm) 77.3 ± 7.9 87.1 ± 6.3a** 85.9 ± 8.9a** 93.5 ± 6.9a**, b**

BMI (kg/m2) 21.7 ± 2.6 25.1 ± 2.1a** 24.3 ± 2.6a**, b* 27.3 ± 2.6a**, b**

BF (%) 19.2 (16.0–22.0) 27.7 (26.1–29.7)a** 22.3 (20.2–23.7)a**, b** 29.4 (27.3–32.8)a**, b**

FPG (mmol/L) 4.9 (4.6–5.2) 5.0 (4.5–5.3) 5.6 (5.0–6.8)a**, b** 5.6 (5.0–6.6)a**, b**

2hPG (mmol/L) 5.3 (4.2–6.4) 5.5 (4.5–6.8)a* 8.5 (6.0–12.1)a**, b** 8.3 (6.2–10.8)a**, b**

Fins (mU/L) 5.5 (3.5–8.3) 7.5 (5.3–10.1)a** 7.3 (5.1–11.1)a** 10.4 (7.1–14.9)a**, b**

2hIn (mU/L) 26.0 (15.1–42.3) 40.1 (24.8–62.6)a** 37.0 (17.5–62.0)a* 53.0 (32.9–82.6)a**, b**

TG (mmol/L) 1.3 (0.9–1.7) 1.6 (1.3–2.3)a** 2.0 (1.7–2.7)a**, b** 2.3 (1.9–3.1)a**, b**

TC (mmol/L) 4.7 ± 1.0 5.0 ± 1.0a* 5.1 ± 1.0a* 5.2 ± 1.3a**

LDL-C (mmol/L) 3.2 ± 0.9 3.5 ± 0.9a** 3.6 ± 0.8a* 3.7 ± 1.0a**

HDL-C (mmol/L) 1.3 ± 0.2 1.3 ± 0.2 1.2 ± 0.3a**, b* 1.2 ± 0.4a**, b**

Family history of diabetes (%) 14.4 10.7 6.7 12.3

Family history of stroke (%) 13.4 16.1 13.3 13.3

Family history of CHD (%) 17.0 18.4 11.1 12.3

Women (n = 1,578)

N (%) 808 (51.2) 414 (26.2) 95 (6.0) 261 (16.5)

Age (year) 46.5 (40.0–65.0) 50.0 (42.0–65.0) 67.0 (54.0–75.0)a**, b** 66.0 (53.0–73.0)a**, b**

SBP (mm Hg) 119.5 ± 19.5 124.4 ± 18.6a** 142.3 ± 19.5a**, b** 142.0 ± 21.4a**, b**

DBP (mm Hg) 75.6 ± 9.5 78.8 ± 9.9a** 83.0 ± 9.4a**, b** 86.0 ± 11.0a**, b**

Waist circumference (cm) 72.9 ± 6.8 82.9 ± 6.6a** 80.0 ± 8.4a**, b* 91.0 ± 7.7a**, b**

BMI (kg/m2) 21.9 ± 2.4 26.4 ± 2.2a** 23.4 ± 2.5a**, b** 28.3 ± 3.0a**, b**

BF (%) 29.4 (26.0–32.0) 38.9 (36.7–41.5)a** 31.2 (29.0–33.0)a**, b** 41.1 (38.0–44.9)a**, b**

FPG (mmol/L) 4.9 (4.5–5.2) 5.1 (4.7–5.4)a** 5.6 (5.0–6.5)a**, b** 5.6 (5.1–6.6)a**, b**

2hPG (mmol/L) 5.1 (4.3–6.0) 5.8 (5.0–6.7)a** 8.3 (6.3–9.4)a**, b** 8.1 (6.4–10.5)a**, b**

Fins (mU/L) 5.8 (3.9–8.4) 8.0 (5.8–10.8)a** 8.4 (5.1–11.4)a** 10.9 (7.3–15.9)a**, b**

2hIn (mU/L) 31.6 (19.3–47.3) 44.0 (30.6–64.7)a** 43.1 (17.5–74.1)a* 59.8 (36.3–93.1)a**, b**

TG (mmol/L) 1.2 (0.9–1.7) 1.5 (1.1–2.0)a** 2.1 (1.8–2.9)a**, b** 2.3 (1.9–2.8)a**, b**

TC (mmol/L) 4.9 ± 1.2 5.1 ± 1.1a** 5.5 ± 1.5a** 5.5 ± 1.2a**, b**

LDL-C (mmol/L) 3.3 ± 1.0 3.5 ± 1.0a** 3.8 ± 1.2a* 3.8 ± 1.0a**, b**

HDL-C (mmol/L) 1.4 ± 0.2 1.4 ± 0.3 1.2 ± 0.4a**, b** 1.3 ± 0.3a**, b**

Family history of diabetes (%) 10.9 7.0 6.3 10.0

Family history of stroke (%) 12.3 12.8 21.0 12.3

Family history of CHD (%) 18.1 16.9 13.7 13.4

Data represent mean ± SD, median (interquartile range 25–75 %) or n (%). Statistical significance of differences between groups was analyzed

with ANOVA followed by Dunnett as post-hot analysis for mean, Mann–Whitney test followed by Bonferroni correction for median

MHNO metabolically healthy and non-obese, MHO metabolically healthy and obese, MANO metabolically abnormal and non-obese, MAO

metabolically abnormal and obese, SBP systolic blood pressure, DBP diastolic blood pressure BMI body mass index BF % body fat percentage,

FPG fasting plasma glucose, 2hPG 2 h plasma glucose, FINS fasting insulin, 2hIn 2 h insulin, TG triglyceride, TC total cholesterol, LDL-C

low-density cholesterol, HDL-C high-density cholesterol
a versus MHNO
b versus MHO

* P \ 0.05; ** P \ 0.01
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The association of MHO and MANO to the incident

diabetes and CVD

During a 43.80 ± 11.25 month-period, 100 subjects

developed diabetes and 212 subjects developed CVD (128

events for stroke and 84 events for CHD) (Table 2). The

overall cumulative incidences of diabetes and CVD were

4.2 and 7.7 %, respectively (Table 2). The cumulative

incidences of diabetes and CVD were higher in the MANO

(16.4 % for diabetes and 18.9 % for CVD, respectively)

and MAO groups (12.6 % for diabetes and 13.4 % for

CVD, respectively) than those in the MHNO group (3.6 %

for diabetes and 6.7 % for CVD) in women. In men, the

cumulative incidence of diabetes was only higher in the

MAO group (14.6 %), and the cumulative incidence of

CVD was only higher in MANO subjects (17.8 %). No

significant differences could be viewed in the cumulative

incidence of diabetes and CVD between the MHO group

and the MHNO group both in men and in women.

The HRs for incident diabetes and CVD are shown in

Table 3. Similar to MAO, subjects with MANO had a

higher risk for incident diabetes compared with subjects in

MHNO group in both men and women after adjustment of

age, serum TC, TG, and family history of diabetes

(Table 3). This phenomenon kept the same in women for

future CVD after adjustment of age, serum TC, TG, and

family history of CVD, but not for men (Table 3). Within

CVD, women with MANO or MAO had higher risk for

future stroke, but not future CHD, compared with those in

MHNO group. No difference in the incidence of diabetes

and CVD could be viewed between the MHO group and

the MHNO group in both genders.

Discussion

In this study, we demonstrated that certain subtypes of

obesity exist in the Chinese population. The prevalence of

the MHO subjects was 23 % in men and 26 % in women,

and that of the MANO group was 7 % in men and 6 % in

women in community population in Shanghai. Moreover,

after a median follow-up period of 43.80 months, subjects

from the MANO group had a higher risk for developing

diabetes both for men and women. This situation holds for
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Fig. 1 Comparison of the risk

factors in subjects from each

group. a metabolic abnormal

(MA) over metabolic healthy
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sensitivity index; e proportion

of impaired glucose regulation
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MANO to CVD in women, but not in men. No differences

could be documented for subjects with MHO. To the best

of our knowledge, this is the first study to identify MHO

and MANO individuals, and associate MANO with dia-

betes and CVD in Chinese adults with an observational

population cohort study.

Different definitions of obesity and metabolic status

were applied in individuals with MANO and MAO in

different ethnic groups in previous studies [4, 8, 31–33]. So

far, no uniform criteria have been established to define

MANO and MHO phenotypes [4, 16, 34]. Different defi-

nitions allowed only indirect comparisons of the preva-

lence of MHO and MANO phenotypes in different

populations which have demonstrated highly variable

prevalence among different studies [4, 10]. Some studies

suggested that the MANO phenotype was reasonably

Table 2 Incident rate of diabetes and cardiovascular disease in men and women at the end of follow up

Group N Diabetes N CVD Stroke CHD

n Rate (%) n Rate (%) n Rate (%) n Rate (%)

Men

Total 995 50 5.0 1,186 107 9.0 69 5.8 38 3.2

MHNO 565 15 2.7 613 51 8.3 33 5.4 18 2.9

MHO 255 12 4.7 272 17 6.3 13 4.8 4 1.5

MANO 45 4 8.9 90 16 17.8* 12 13.3* 4 4.4

MAO 130 19 14.6** 211 23 10.9 11 5.2 12 5.7

Women

Total 1,385 50 3.6 1,578 105 6.7 59 3.7 46 2.9

MHNO 781 13 1.7 808 32 4.0 12 1.5 20 2.5

MHO 390 8 2.1 414 20 4.8 14 3.4 6 1.4

MANO 55 9 16.4** 95 18 18.9*** 10 10.5*** 8 8.4**

MAO 159 20 12.6** 261 35 13.4*** 23 8.8*** 12 4.6

Statistical significance of differences was analyzed with v2 test followed by Bonferroni correction

MHNO metabolically healthy and non-obese, MHO metabolically healthy and obese, MANO metabolically abnormal and non-obese, MAO

metabolically abnormal and obese, N numbers of subjects in different groups, n numbers of subjects with the occurrence of diseases in different

groups, CVD cardiovascular disease, CHD coronary heart disease

* P \ 0.05, ** P \ 0.01, *** P \ 0.001, versus MHNO

Table 3 Adjusted hazard ratio of diabetes and cardiovascular disease in subjects

Group Hazard ratio (95 % CI)

Diabetes CVD Stroke CHD

Men

MHNO 1 1 1 1

MHO 2.55 (0.97–6.69) 0.98 (0.51–1.89) 1.27 (0.62–2.61) 0.43 (0.10–1.93)

MANO 4.44 (1.21–16.26)a* 1.31 (0.65–2.64) 1.35 (0.60–3.00) 1.19 (0.36–3.97)

MAO 8.31 (2.81–24.60)a** 1.21 (0.66–2.20) 0.77 (0.35–1.67) 2.26 (0.94–5.47)

Women

MHNO 1 1 1 1

MHO 1.08 (0.36–3.30) 1.10 (0.59–2.05) 2.21 (0.94–5.17) 0.53 (0.19–1.44)

MANO 8.68 (2.87–24.96)a*** 2.87 (1.44–5.73)b** 2.97 (1.15–7.69)b* 2.97 (1.12–7.73)b*

MAO 5.12 (1.60–16.40)a** 1.87 (1.04–3.35)b* 2.43 (1.08–5.49)b* 1.63 (0.67–2.91)

Hazard ratio and confidence interval (CI) was determined by binary logistic regression
a adjusted for age, total cholesterol (TC), triglyceride (TG) and family history of diabetes, b adjusted for age, TC, TG and family history of

cardiovascular disease (CVD)

MHNO metabolically healthy and non-obese, MHO metabolically healthy and obese, MANO metabolically abnormal and non-obese, MAO

metabolically abnormal and obese, CHD coronary heart disease

* P \ 0.05, ** P \ 0.01, *** P \ 0.001 versus MHNO
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common, with a prevalence of 3–28 % according to the

specific definition of MetS and the population source [4,

35, 36]. MHO phenotype also appeared to be common in

other studies, with a prevalence of 11–28 % [6, 37]. The

metabolic healthy status was defined as having less than 3

components of the metabolic syndrome in the present

study, which is different from some of the previous studies,

in which metabolic healthy status was defined as having

less than 2 components of the metabolic syndrome or no IR

[4]. We showed, however, that in a Chinese community

population, the prevalence of MHO was about one-fourth

of the population and that of MANO phenotype was less

than 10 %, which was in agreement with the reports from

Hamer et al. [38].

In the present study, we use BF % to define obesity,

while most of studies defined obesity by BMI C30 kg/m2

or BMI C25 kg/m2. The reasons for using BF % to define

obesity are as follows. Firstly, BF % was correlated with

BMI [21], and both of them were associated with high risk

for T2D [21]. Secondly, with similar BF %, Chinese peo-

ple normally have lower BMI compared with people in

western countries [17, 18, 39], and in our previous study

we found that BMI had limitations in the interpretation of

subjects with BMI between 24 and 27.9 kg/m2 [21].

Diagnose of MetS in the present study was based on the

JCDCG definition, a criteria been included in the guideline

for MetS in Chinese. We reported in the previous study that

the association of overall morbidity and mortality of CVD

with MetS defined by the JCDCG was significantly strong

in women, but not in men [25].

Similar to MAO, subjects from the MANO, but not MHO

group had a higher risk for incident diabetes. Same is true for

the development of CVD in women, however, not in men.

These suggested that metabolic risk factors, compared with

obesity, appeared to play a more important role in the

development of diabetes and CVD. Our finding in the

MANO was in consistent with the previous studies, as from

Greece and the United States [9, 14, 15, 40]. However, the

reported association of MHO with increased risk for diabetes

or CVD seems controversial [11, 31, 41, 42]. We found in

the present study that the risk for developing diabetes and

CVD in MHO subjects is similar with that in MHNO sub-

jects, which is in agreement with the study of Meigs et al. in a

Caucasian population [11, 38, 41] but not with the study

reported by Soriguer et al. from Spain and Appleton et al.

from Australia [31, 42], in which the risk for diabetic in

MHO subjects was significant. They claimed that subjects in

the MHO group were younger than those in MAO, and as

age increases, they may transition from being obese and

healthy to be obese with a cluster of risk factors [42].

Compared with MAO phenotype, subjects, in the pres-

ent study, with MHO phenotype presented with lower IR

determined by HOMA-IR levels, and had a lower

proportion of visceral obesity, and pre-diabetes. Most

strikingly, the number of subjects with pre-diabetes in

MHO is much lower than that in MANO, which might be

one of the reasons for the higher risk of new-onset diabetes

in MANO groups in the present study. However, the rea-

sons for the differences between MHO and MANO for

CVD are not clear. Abdominal obesity was reported to be

one of risk facts for IR and MetS, and was associated with

CVD [43–45]. However, the proportion of subjects with

abdominal obesity in MHO group is similar with that in the

MANO group. Of note, by definition, subjects with the

latter phenotype were defined with no obesity by BF %.

Liver fat content was found to be associated with the

metabolic risk [46] and that altered release of hepatokines

from fatty liver may play a role in mediating the metabolic

risk in the MANO group [47]. Further studies are needed to

confirm the possibility.

In addition, the associations of MANO and MAO phe-

notypes with CVD differ in gender. MANO and MAO

phenotype are only associated with an increased risk of CVD

in women, but not in men. Gender differences regarding risk

for CVD have been reported previously. Some have shown

that MetS is only associated with an increased risk of CVD

in women [48], whereas others have reported that MetS has

conferred more risk of CVD in men [49]. The exact mech-

anisms behind the lower risk for diabetes and CVD in MHO

subjects, and the gender differences in MANO with CVD

need to be explored in future studies.

A number of limitations have to be taken into consid-

eration in the present study. No precise information about

lifestyle parameters, in particular smoking, was available in

the present analysis. So far most of the studies used BMI

cut-offs to define obesity. To better compare the present

data with other studies, the data based on the BMI value

(C 25 kg/m2) were also analyzed (Supplementary Table 1

and Table 2). Similar trends could be viewed for risk of

diabetes and CVD in both MHO and MANO subjects with

BMI cut-offs (Supplementary Table 1 and Table 2).

In conclusion, MHO and MANO phenotypes are com-

mon in a Chinese population. MANO phenotype confers a

high risk for the development of diabetes and CVD,

whereas MHO phenotype does not after years of follow-up.

Distinguishing MHO and MANO from other phenotypes is

of importance for guiding the treatment strategies for

patients with different metabolic phenotypes. However, the

exact mechanisms behind the lower risk for diabetes and

CVD in MHO subjects are not clear.
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