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Abstract
We aimed to investigate the association of metabolic obesity phenotypes with all-cause mortality risk in a rural Chinese population. This pro-
spective cohort study enrolled 15 704 Chinese adults (38·86 % men) with a median age of 51·00 (interquartile range: 41·00–60·00) at baseline
(2007–2008) and followed up during 2013–2014. Obesity was defined bywaist circumference (WC:≥ 90 cm for men and≥ 80 cm for women) or
waist-to-height ratio (WHtR:≥ 0·5). The hazard ratio (HR) and 95 % CI for the risk of all-cause mortality related to metabolic obesity phenotypes
were calculated using the Cox hazards regressionmodel. During amedian follow-up of 6·01 years, 864 deathswere identified.When obesitywas
defined by WC, the prevalence of participants with metabolically healthy non-obesity (MHNO), metabolically healthy obesity (MHO), meta-
bolically unhealthy non-obesity (MUNO) and metabolically unhealthy obesity (MUO) at baseline was 12·12 %, 2·80 %, 41·93 % and 43·15 %,
respectively. After adjusting for age, sex, alcohol drinking, smoking, physical activity and education, the risk of all-cause mortality was higher
with both MUNO (HR= 1·20, 95 % CI 1·14, 1·26) and MUO (HR= 1·20, 95 % CI 1·13, 1·27) v. MHNO, but the risk was not statistically significant
with MHO (HR= 0·99, 95 % CI 0·89, 1·10). This result remained consistent when stratified by sex. Defining obesity byWHtR gave similar results.
MHO does not suggest a greater risk of all-cause mortality compared to MHNO, but participants with metabolic abnormality, with or without
obesity, have a higher risk of all-cause mortality. These results should be cautiously interpreted as the representation of MHO is small.
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Over the past few decades, the prevalence of obesity has con-
tinued to increase such that it has become a serious public
health issue worldwide(1). Obesity is associated with death(2)

and various chronic conditions such as hypertension(3),
cancer(4) and CVD(5). There is, however, heterogeneity among
people with obesity which can be divided into two phenotypes:
metabolically healthy and metabolically unhealthy(6–8). People

who were obese with favourable blood pressure, lipid profile,
inflammation levels and insulin sensitivity are considered to
have metabolically healthy obesity (MHO)(6–8). Other meta-
bolic obesity phenotypes include metabolically healthy non-
obesity (MHNO), metabolically unhealthy non-obesity
(MUNO) and metabolically unhealthy obesity (MUO)(9–11). In
population-based research, the association between different

* Corresponding authors: Xizhuo Sun, email sunxz632@126.com; Dongsheng Hu, email dongshenghu563@126.com

† These authors contributed equally to this work

Abbreviations: MHNO, metabolically healthy non-obesity; MHO, metabolically healthy obesity; MUNO, metabolically unhealthy non-obesity; MUO,
metabolically unhealthy obesity; WC, waist circumference; WHtR, waist-to-height ratio.

British Journal of Nutrition (2023), 130, 1637–1644 doi:10.1017/S0007114523000673
© The Author(s), 2023. Published by Cambridge University Press on behalf of The Nutrition Society.

https://doi.org/10.1017/S0007114523000673  Published online by Cam
bridge U

niversity Press

mailto:sunxz632@126.com
mailto:dongshenghu563@126.com
https://doi.org/10.1017/S0007114523000673
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S0007114523000673&domain=pdf
https://doi.org/10.1017/S0007114523000673


metabolic obesity phenotypes and death has received increas-
ing attention. The association between these metabolic obesity
phenotypes and the risk of mortality is inconsistent(10–16).
Moreover, so far as we know, only two research examined
the relation in the Chinese population(17,18). These, however,
were based on data from physical examination and hospital
visit populations in older men, suggesting some bias and lim-
ited generalisability to the general population. Data on the rela-
tionship of metabolic obesity phenotypes withmortality in rural
natural China in areas of relatively low-socioeconomic status
are still lacking.

Most of the current studies linking mortality to metabolic
obesity phenotypes were based on Western populations and
used BMI to define obesity(14,15,19). Previous studies have shown
that Asians are more inclined to abdominal obesity thanWestern
populations(20), and that increased waist circumference (WC) or
waist-to-height ratio (WHtR) are better indicators of all-cause
mortality risk independent of BMI(21–23). Nevertheless, no study
has investigated the association between metabolic obesity phe-
notypes and death with abdominal obesity as the focus rather
than general obesity, which is defined by BMI in the rural
Chinese population.

This study therefore prospectively explored the relationship
of different metabolic obesity phenotypes with all-cause mortal-
ity risk by using WC and WHtR to define obesity on the basis of
the Rural Chinese Cohort Study.

Materials and methods

Study participants

The Rural Chinese Cohort Study recruited 20 194 Chinese adults
aged over 18 residing in a rural area in the middle of China from
July to August 2007 and July to August 2008 at baseline exami-
nation(24). Two towns, Tiemen and Cijian in Xin’an County, were
selected as representatives of the area’s geographical and rural
economic status. The study participantswere randomly recruited
by a cluster sampling procedure, with villages as the sampling
unit from the two towns. Details of the eligibility requirements
for study participants have been previously described(25). The
first follow-up survey was conducted from July to August 2013
and July to October 2014, with 17 265 individuals successfully
followed up (response rate 85·5 %). For the current study, we
excluded participants who had missing data for defining meta-
bolic status (n 84), those with missing data for defining obesity
(height or WC) (n 6), those who were underweight (BMI< 18·5
kg/m2) (n 562) and those with CVD and/or cancer (n 909) at
baseline. Ultimately, a total of 15 704 participants were included
in the final analysis (Fig. 1). This study was conducted according
to the guidelines laid down in the Declaration of Helsinki, and all
procedures involving human subjects were approved by the
Medical Ethics Committee of Shenzhen University. All the partic-
ipants gave written informed consent.

Data collection

We conducted face-to-face interviews, physical examinations
and blood sample collection using the same procedures during

the baseline and follow-up surveys. Detailed information on
demographic characteristics and lifestyles was collected by
interview with standardised questionnaires. Education level
was dichotomised as high school or above and low education
level. Smokingwas defined as currently smoking and/or having
smoked at least 100 cigarettes in a lifetime(26). Alcohol drinking
was defined as having consumed alcohol twelve or more times
during the last year(27). Physical activity level was classified as
low or moderate/high physical activity level according to the
International Physical Activity Questionnaire(28). With partici-
pants wearing light clothing, body weight was measured to
the nearest 0·5 kg on a vertical weight scale. Height was mea-
sured to the nearest 0·1 cm with participants standing erect in
bare feet. With participants gently breathing,WCwasmeasured
at the mid-point between the lowest rib and the iliac crest to the
nearest 0·1 cm. WC, height and body weight were measured
twice according to standard methods(29), with the average used
in the analysis. WHtR was calculated as WC (metres)/height
(metres). BMI was calculated as weight (kilograms) divided
by the square of height (metres). In accordance with the stand-
ardised protocol of the American Heart Association, blood
pressure was assessed three times on the right arm at 30-s inter-
vals using an electronic sphygmomanometer (HEM-770A
Fuzzy), with the mean of the three measurements used in the
analysis. Fasting blood samples for biochemical analysis were
collected after an overnight fast of at least 8 h. TAG, HDL-cho-
lesterol and fasting plasma glucose were measured using a
HITACHI automatic clinical analyzer (Model 7060, Tokyo).
Detailed information about storage and measurement methods
has been previously described(25). The same measurements as
for the baseline examination were taken during the follow-up
examination.

Fig. 1. Flow chart of the selection of participants.
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Definition of metabolic obesity phenotypes

Metabolically healthy individuals were defined as having zero
metabolic risk factors among the following harmonised criteria
by the Joint Interim Statement: (1) systolic blood pressure
≥ 130 mmHg or diastolic blood pressure≥ 85 mmHg or anti-
hypertensive drug treatment; (2) TAG level≥ 1·7 mmol/l or drug
treatment; (3) HDL-cholesterol level< 40 mg/dl (1·034 mmol/l)
for men or< 50 mg/dl (1·293 mmol/l) for women or drug treat-
ment and (4) fasting plasma glucose level≥ 5·6 mmol/l or drug
treatment(30,31). Participants with one or more of the four meta-
bolic risk factors were defined as metabolically unhealthy.
Obesity was defined by WC (≥ 90 cm for men and≥ 80 cm
for women(32)) or WHtR (≥ 0·5(33)). Participants were divided
into four metabolic obesity phenotypes: MHNO, MHO, MUNO
and MUO.

Follow-up of mortality

Death information was collected through face-to-face interviews
with participants’ family members, the village doctor or other
health care providers during the follow-up survey. The informa-
tion on death was further checked with the local Centers for
Disease Control and Prevention. For conflicting data, we verified
the information with relatives or local village doctors(34).

Statistical analyses

For baseline characteristics, continuous variables with skewed
distribution are presented as median (interquartile range) and
were compared using the Kruskal–Wallis test. Categorical varia-
bles are presented as number (percentage), with chi-square test
used for comparison. The proportional hazard assumption was
met and tested by the Kaplan–Meier Curve and Schoenfeld resid-
uals. Cox proportional-hazards regression model was thus used
to calculate the hazard ratio and 95 % CI for the risk of all-cause
mortality associated with different metabolic obesity pheno-
types. We chose MHNO as the reference group and adjusted
for several potential confounders, including sex, age, alcohol
drinking, smoking, physical activity level and education, in the
final analyses. To examine the potential effects of known con-
founding factors, we conducted subgroup analyses stratified
by sex (men or women) and age (< 60 or≥ 60 years). To assess
the robustness of the results, we performed sensitivity analyses
that involved excluding participants with diabetes, those who
were smokers at baseline, and those who died within the
first year.

All statistical analyses were conducted with SAS v9.4
(SAS Inst.). Statistical significance was established as two-
sided P< 0·05.

Results

Baseline characteristics

A total of 15 704 participants were eligible for inclusion, with a
median age of 51·00 (interquartile range: 41·00–60·00). When
obesity was defined by WC, the prevalence of participants with
MHNO, MHO, MUNO andMUO at baseline was 12·12 %, 2·80 %,
41·93 % and 43·15 %, respectively (Table 1). The baseline

characteristics including age, sex, education, smoking, alcohol
drinking, physical activity, BMI, WC, WHtR, systolic blood pres-
sure, diastolic blood pressure, fasting plasma glucose, TAG and
HDL-cholesterol levels significantly differed by metabolism and
obesity status as defined by WC (all P< 0·05) (Table 1).
Metabolically unhealthy individuals are older compared to met-
abolically healthy individuals, with a median age of 45·00
(39·00–53·00) and 53·00 (44·00–60·00) for individuals with
MHO and MUO, respectively. Individuals who are obese, espe-
cially MUO, are more likely to be women, have lower levels of
education, be non-smokers, non-drinkers and be physically
inactive. These individuals also have higher levels of BMI,
WC, WHtR, systolic blood pressure, diastolic blood pressure,
fasting plasma glucose and TG, but lower levels of HDL-choles-
terol. When obesity was defined by WHtR, the prevalence was
10·23 %, 4·68 %, 28·24 % and 56·85 %, respectively. Individuals
with differentmetabolic obesity phenotypes have similar charac-
teristics to those defined as obese by WHtR.

Metabolic obesity phenotypes at baseline and risk of
all-cause mortality

During the follow-up of 92 805·61 person-years (average follow-
up of 6·01 years), we identified 864 deaths (all-cause mortality
9·31/1000 person-years).

When obesity was defined byWC, the all-causemortality was
5·40, 4·48, 11·38 and 8·77/1000 person-years with MHNO, MHO,
MUNO and MUO, respectively (Table 2). After adjusting for age,
sex, alcohol drinking, smoking, physical activity level and edu-
cation, the risk of all-cause mortality was higher with MUNO
(adjusted hazard ratio (aHR)= 1·20, 95 % CI 1·14, 1·26) and
MUO (aHR= 1·20, 95 % CI 1·13, 1·27) v. MHNO (Table 2), but
the association was not statistically significant for MHO
(aHR= 0·99, 95 % CI 0·89, 1·10) (Table 2).

When obesity was defined by WHtR, all-cause mortality was
4·45, 6·98, 10·85 and 9·66/1000 person-years with MHNO, MHO,
MUNO and MUO, respectively (Table 2). After adjusting for age,
sex, smoking, physical activity level and education confounding
factors, the risk of all-cause mortality was higher with both
MUNO (aHR= 1·18, 95 % CI 1·12, 1·26) and MUO (aHR= 1·21,
95 % CI 1·14, 1·28) v. MHNO, but the association was not sta-
tistically significant for MHO (aHR= 1·00, 95 % CI 0·91, 1·09)
(Table 2).

The results of the sensitivity analyses were all similar to the
main analysis (online Supplementary Table 2). When obesity
was defined by WC, the aHR (95 % CI) for all-cause mortality
with MHO, MUNO, and MUO v. MHNO was 0·99 (0·89, 1·10),
1·20 (1·14, 1·26) and 1·20 (1·13, 1·27) after excluding participants
who died within 1 year; the aHR (95 % CI) was 0·99 (0·89, 1·10),
1·19 (1·13, 1·25) and 1·18 (1·11, 1·24) after excluding participants
with diabetes at baseline; the aHR (95 %CI) was 0·96 (0·85, 1·09),
1·18 (1·10, 1·26) and 1·16 (1·09, 1·24) after excluding participants
who smoke. When obesity was defined by WHtR, the results
were equally robust (online Supplementary Table 2).

Subgroup analyses

All subgroup analyses stratified by sex and age gave similar
results for MHO, MUNO and MUO with obesity defined using
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Table 1. Baseline characteristics of study participants by metabolic obesity phenotypes

Baseline characteristics

Obesity defined by WC

MHNO MHO MUNO MUO

n % n % n % n % P value

No. of participants (%) 1903 12·12 439 2·80 6585 41·93 6777 43·15 < 0·0001
Age (years)
Median 45·00 45·00 51·00 53·00 < 0·0001
IQR 36·00–55·00 39·00–53·00 41·00–61·00 44·00–60·00
Men (%) 1132 59·49 107 24·37 3370 51·18 1493 22·03 < 0·0001
High school or above (%) 265 13·93 43 9·79 775 11·77 535 7·89 < 0·0001
Smoking (%) 812 42·67 72 16·40 2328 35·35 1001 14·77 < 0·0001
Alcohol drinking (%) 364 19·13 49 11·16 854 12·97 551 8·13 < 0·0001
Low physical activity level (%) 428 22·49 132 30·07 1920 29·16 2410 35·56 < 0·0001

Median IQR Median IQR Median IQR Median IQR
BMI (kg/m2) 21·49 20·24–23·01 25·98 24·44–27·56 22·35 20·89–23·91 26·83 25·09–28·81 < 0·0001
WC (cm) 74·00 70·30–78·50 86·90 83·00–92·60 76·65 72·25–80·25 90·55 85·00–95·75 < 0·0001
WHtR 0·46 0·44–0·49 0·55 0·53–0·58 0·48 0·46–0·51 0·57 0·55–0·61 < 0·0001
SBP (mmHg) 112·33 105·33–119·33 115·67 107·33–121·33 121·67 110·33–136·00 129·33 116·67–144·33 < 0·0001
DBP (mmHg) 70·67 66·00–75·33 73·33 68·67–78·33 76·33 69·67–84·00 81·67 74·67–89·67 < 0·0001
FPG (mmol/l) 5·03 4·75–5·28 5·13 4·86–5·33 5·34 4·98–5·74 5·54 5·16–6·06 < 0·0001
TG (mmol/l) 0·93 0·71–1·21 1·04 0·81–1·31 1·28 0·93–1·81 1·73 1·23–2·52 < 0·0001
HDL-C (mmol/l) 1·36 1·19–1·50 1·39 1·31–1·52 1·11 0·96–1·27 1·09 0·95–1·24 < 0·0001

Baseline characteristics

Obesity defined by WHtR

MHNO MHO MUNO MUO

n % n % n % n % P value

No. of participants (%) 1607 10·23 735 4·68 4435 28·24 8927 56·85 < 0·0001
Age (years)
Median 44·00 47·00 48·00 53·00 < 0·0001
IQR 35·00–54·00 40·00–56·00 39·00–59·00 44·00–61·00
Men (%) 939 58·43 300 40·82 2137 48·18 2726 30·54 < 0·0001
High school or above (%) 234 14·56 74 10·07 527 11·88 783 8·77 < 0·0001
Smoking (%) 672 41·82 212 28·84 1517 34·21 1812 20·30 < 0·0001
Alcohol drinking (%) 296 18·42 117 15·92 530 11·95 875 9·80 < 0·0001
Low physical activity level (%) 355 22·09 205 27·89 1221 27·53 3109 34·83 < 0·0001

Median IQR Median IQR Median IQR Median IQR
BMI (kg/m2) 21·12 20·05–22·38 24·97 23·65–26·64 21·51 20·37–22·78 26·03 24·33–28·11 < 0·0001
WC (cm) 73·00 69·90–76·50 84·60 81·10–89·75 74·05 70·75–77·70 88·05 83·10–93·75 < 0·0001
WHtR 0·46 0·43–0·48 0·53 0·51–0·56 0·47 0·44–0·48 0·56 0·53–0·59 < 0·0001
SBP (mmHg) 112·00 105·00–119·00 115·00 107·67–121·33 119·67 108·67–133·33 128·67 116·33–143·33 < 0·0001
DBP (mmHg) 70·33 65·67–75·00 73·00 68·33–77·33 75·00 68·67–82·67 81·00 74·00–89·00 < 0·0001
FPG (mmol/l) 5·03 4·75–5·28 5·10 4·80–5·30 5·30 4·95–5·68 5·51 5·14–6·02 < 0·0001
TG (mmol/l) 0·91 0·69–1·18 1·04 0·81–1·33 1·18 0·87–1·66 1·68 1·19–2·42 < 0·0001
HDL-C (mmol/l) 1·36 1·20–1·50 1·37 1·25–1·50 1·13 0·97–1·28 1·09 0·95–1·24 < 0·0001

Abbreviations: DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, HDL-cholesterol; IQR, interquartile range; MHNO, metabolically healthy non-obesity; MHO, metabolically healthy obesity; MUNO, metabolically unhealthy
non-obesity; MUO, metabolically unhealthy obesity; SBP, systolic blood pressure; WC, waist circumference; WHtR, waist-to-height ratio.
Data are median (interquartile range) or number (percentage). The P value was generated by Kruskal–Wallis H test or chi-square test for continuous variables and categorical variables.
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WC or WHtR. In comparison with MHNO, MHO was not associ-
ated with the risk of all-cause mortality, while the risk with
MUNO and MUO was higher by sex and age groups. Detailed
results of subgroup analyses are shown in Fig. 2 and 3.

Discussion

In this large prospective cohort study, we included 15 704
adults with a median follow-up of 6·01 years to explore the
association between different metabolic obesity phenotypes
and the risk of all-cause mortality. Regardless of whether WC
orWHtRwas used to define obesity, after adjusting for potential
confounding factors, the risk of all-cause mortality was higher
with MUNO andMUO v. MHNO, with no significant association
found for MHO. The results persisted in subgroup and sensitiv-
ity analyses.

The association between different metabolic obesity pheno-
types and the risk of all-cause mortality remains controversial.
Consistent with our results, some studies found that both
MUNO and MUO were positively associated with the risk of
all-cause mortality(11,14,15), with no association found for
MHO(11,14,16,17,35) compared with MHNO. One systematic review
and meta-analysis(36) that included eleven prospective studies
(2705 deaths and 118 471 participants) did not find a positive
association of MHOwith all-cause mortality risk; however, other
studies have questioned the benign health status of MHO(10,12,13).
A prospective cohort study that included 22 654 participants with
an average follow-up time of 13·4 years found that(10), compared
toMHNO,MHOdefined byWCwas associatedwith a higher risk
of all-cause mortality, while another cohort study of 1758 indi-
viduals followed up for 30 years and with 788 deaths showed
that MHO could increase the risk of all-cause mortality(37).

Follow-up duration may be one of the factors explaining the
inconsistent results. Kramer et al. included eight studies system-
atically evaluating the association of MHO and all-cause mortal-
ity or risk of cardiovascular events. The results suggested that
MHO represented a similar risk to that shown in our results (haz-
ard ratio= 1·19, 95 % CI 0·98, 1·38), but when the review
included only four studies with a follow-up of> 10 years,
MHO increased the risk (hazard ratio= 1·24, 95 % CI 1·02,

1·55)(38). This finding may suggest that a longer follow-up is war-
ranted to identify any increased risk associated with MHO(38).
Reis et al. deeply explored the association between obesity dura-
tion and coronary artery calcification, finding that the risk was
significant among participants with> 10 years’ abdominal
obesity defined by WC and> 20 years’ general obesity defined
by BMI(39). Bell et al. studied the natural course of MHO over
20 years, finding that after a 5-year follow-up, 31·8 % of MHO
individuals changed to metabolically unhealthy and after a 20-
year follow-up, 51·5 % of MHO individuals changed to metabol-
ically unhealthy(40). This findingmay also explain the importance
of follow-up duration in the association between MHO and risk
of all-cause mortality. Additionally, the inconsistent definition of
MHO in different studies may lead to discrepant find-
ings(11,14,17,35,41). Some studies defined metabolic health by
including one or two risk factors(11,35,42), while in the present
study, we adopted a stricter definition (none of the metabolic
abnormality indicators is defined as metabolic healthy), which
can reduce the impact of metabolic abnormality factors on the
outcome. However, using a strict definition resulted in a smaller
sample size of metabolic health. Moreover, by using WC to
define obesity, only 2·80 % of participants were classified as
MHO, with relatively fewer deaths among them, resulting in a
wide CI for risk estimates. Future research should therefore
use a unified standard to definemetabolic healthywhen compar-
ing the risk among different studies and populations.

Our study indicates that special attention should be paid to
individuals with MUNO. Consistent with other studies(11,14,15),
this group, similar to MUO, could be at increased risk of all-cause
mortality. It's mortality rate is higher than that of the MUO group
in our study. It may represent themost severe subtype in the phe-
notype spectrum(38). Because people in theMUNOgroup are not
obese, this population is easily overlooked by the usual preven-
tive healthcare strategies. Regardless of obesity, metabolic
abnormalities could increase the risk of all-cause mortality.
Compared with obesity, therefore, metabolic abnormalities
may be more strongly associated with all-cause mortality risk,
suggesting that people should maintain a metabolically healthy
status. Regular evaluation of metabolic levels of blood glucose,
blood lipid and blood pressure for people with obesity is essen-
tial for preventing all-cause mortality.

Table 2. Association of metabolic obesity phenotypes at baseline with risk of all-cause mortality

Metabolically healthy and obese status No. of deaths Person-years Mortality* HR 95% CI† P value† HR 95% CI‡ P value‡

Obesity defined by WC
MHNO (n 1903) 63 11 657·21 5·40 1·00 (ref) – 1·00 (ref) –
MHO (n 439) 12 2677·71 4·48 1·06 0·96, 1·18 0·2545 0·99 0·89, 1·10 0·8527
MUNO (n 6585) 440 38 665·88 11·38 1·27 1·21, 1·34 < 0·0001 1·20 1·14, 1·26 < 0·0001
MUO (n 6777) 349 39 804·81 8·77 1·37 1·30, 1·44 < 0·0001 1·20 1·13, 1·27 < 0·0001

Obesity defined by WHtR
MHNO (n 1607) 44 9892·26 4·45 1·00 (ref) – 1·00 (ref) –
MHO (n 735) 31 4442·66 6·98 1·08 0·99, 1·18 0·0799 1·00 0·91, 1·09 0·9988
MUNO (n 4435) 284 26 180·41 10·85 1·24 1·17, 1·32 < 0·0001 1·18 1·12, 1·26 < 0·0001
MUO (n 8927) 505 52 290·28 9·66 1·39 1·31, 1·47 < 0·0001 1·21 1·14, 1·28 < 0·0001

Abbreviations: HR, hazard ratio; MHNO, metabolically healthy non-obesity; MHO, metabolically healthy obesity; MUNO, metabolically unhealthy non-obesity; MUO, metabolically
unhealthy obesity; WC, waist circumference; WHtR, waist-to-height ratio.
* Per 1000 person-years.
† Unadjusted model.
‡ Adjusted for sex, age, alcohol drinking, smoking, physical activity level and education.
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Our study has several strengths. To our knowledge, it is the
first to use abdominal obesity (WC and WHtR) to explore the
association of metabolic obesity phenotypes with the risk of
all-cause mortality in a rural Chinese adult population. In addi-
tion, we adjusted for confounding factors, including demo-
graphic characteristics and behavioural factors, in the
statistical model to test whether the metabolic obesity pheno-
types were independently related to the risk of all-cause mortal-
ity. We also conducted subgroup and sensitivity analyses to test

the robustness of the current findings. Nevertheless, our study
had several limitations. First, theremay still be some unmeasured
confounding factors, such as anxiety, depression or stress, that
are associated with mortality(43,44). Second, using a strict defini-
tion resulted in a smaller sample size formetabolic healthy, espe-
cially for the MHO, with relatively fewer deaths, resulting in a
wide CI for risk estimates. In addition, we have had only one fol-
low-up result so far; hence, we could not assess the association
between dynamic changes in metabolic obesity phenotypes and

Fig. 2. Association of metabolic obesity phenotypes (by WC) at baseline with risk of all-cause mortality by sex and age. Abbreviations: HR, hazard ratio; MHNO, met-
abolically healthy non-obesity; MHO, metabolically healthy obesity; MUNO, metabolically unhealthy non-obesity; MUO, metabolically unhealthy obesity; WC, waist
circumference. aPer 1000 person-years. bUnadjusted model. cAdjusted for sex, age, alcohol drinking, smoking, physical activity level and education. Each group
adjusted for the other covariates except for itself.

Fig. 3. Association of metabolic obesity phenotypes (by WHtR) at baseline with risk of all-cause mortality by sex and age. Abbreviations: HR, hazard ratio; MHNO,
metabolically healthy non-obesity; MHO, metabolically healthy obesity; MUNO, metabolically unhealthy non-obesity; MUO, metabolically unhealthy obesity; WHtR,
waist-to-height ratio. aPer 1000 person-years. bUnadjusted model. cAdjusted for sex, age, alcohol drinking, smoking, physical activity level and education. Each group
adjusted for the other covariates except for itself.
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the risk of all-cause mortality. More research in this area is
needed in the future. Finally, the participants in our study were
from a rural Chinese population which may not be a represen-
tative sample of a multi-ethnic, multi-centre cohort of Chinese
adults.

Conclusions

Compared with MHNO, MUNO and MUO were positively asso-
ciated with the risk of all-cause mortality at 6·01 years of follow-
up among rural Chinese people, while MHO did not relate to the
risk. The short follow-up period and small sample size for the
healthy metabolic group, especially for the MHO, may indicate
the need to interpret results with caution. Larger studies with
longer follow-up periods are therefore needed to provide more
information in this field. Our findings indicate that people with
MUNO should also be included in routine preventive care.
Additionally, the combined assessment of both obesity and met-
abolic status should be considered to predict the risk of all-cause
mortality.
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