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Abstract

Background: There is metabolic heterogeneity in normal-weight individuals, however, there has been limited
research in the Chinese population. This study aimed to investigate the prevalence, distribution and
epidemiological determinants of metabolically obese but normal-weight (MONW) in a Chinese population.

Methods: A total of 17,876 normal-weight individuals were recruited from 37,815 individuals in Zhejiang province
in southeastern China. Normal-weight was defined as a body mass index (BMI) of 18.5-23.9 kg/mz. Metabolically
abnormal traits were assessed by metabolic syndrome criteria from the International Diabetes Federation (IDF) in
2015. MONW was defined as individuals who had at least two metabolically abnormal trait but normal weight.
Multiple logistic regression was used to investigate MONW risk factors, adjusting for potential confounders.

Results: The prevalence of metabolic abnormality was 34.1% in normal-weight individuals, and the overall
prevalence of MONW was 16.1% in the general population. Different MONW distributions were found between
men and women depending on age. Compared with women, men had a significantly higher MONW prevalence
among those aged < 45 years old, and there was a lower prevalence for those aged 250 years old. Higher BMI or
waist circumference (WC), central obesity, menopause, and family histories of hypertension, diabetes, and
cardiovascular diseases, increased MONW risk. Higher education levels, regular alcohol drinking, and balanced or
vegetarian food preferences reduced MONW risk.

Conclusions: Normal-weight individuals have metabolic heterogeneity in China. The MONW distribution between
men and women depends on age. BMI, WC, dietary factors, and family history of chronic diseases, are associated
with metabolic status.

Keywords: Metabolically obesity normal-weight (MONW), Heterogeneity, Body mass index (BMI), Waist
circumference (WQ)

Background
Obesity, characterized by excessive accumulation and
, storage of body fat, is a cluster of chronic metabolic dis-
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almost tripling since 1975 [2]. Consequently, obesity has
become a severe public health issue [3]. Theoretically,
the prevention and control of obesity is key to control-
ling the epidemics of common chronic diseases. Previous
studies have indicated that obesity is a heterogeneous
disease in terms of body shapes (“apple” and “pear”
shapes), pathologic types of lipocytes (hyperplasia and
hypertrophy) and metabolic status (metabolically normal
obesity and metabolically abnormal obesity) [4]. Obese
individuals with an “apple shape,” hypertrophy, or meta-
bolic abnormality have higher risk for adverse outcomes
[4, 5].

On the other hand, not all individuals with normal-
weight are metabolically normal. Some normal-weight
individuals also have multiple cardio-metabolic disorders
such as insulin resistance, and high levels of inflamma-
tion, triglycerides (TG), blood pressure (BP), fasting
plasma glucose (FPG), and decreased high-density lipo-
protein cholesterol (HDL-C) [4], These individuals are
typically referred to as metabolically obese but normal-
weight (MONW) [6, 7]. Kramer, et al. [8] reported that
MONW was associated with an increased risk of cardio-
vascular disease and all-cause mortality. From a public
health perspective, due to having a normal body mass
index (BMI), MONW individuals are easily masked by
the need for screening, thus may be paid little attention
to prevention, and delay the diagnosis and treatment [6,
9-12]. Therefore, recently, MONW has attracted consid-
erable attention.

Previous studies revealed that the global prevalence of
MONW varied from 5 to 45% [4, 13]. This variation
may be due to individuals’ age, gender, ethnicity, and
geographic location, and variation in MONW definitions
(i.e., different criteria on obesity and metabolic abnor-
mality). Previous studies mainly focused on Caucasians
and people of African descent; research in this space on
Asians is very limited. In 2017, Zhang et al. [14] reported
that metabolic syndrome prevalence was 8.14% among
normal-weight individuals in Beijing, China. However,
individuals in this study were recruited from a health
examination center, and this may have led to selection
bias due to the low representativeness of these individ-
uals; hence, the results might be difficult to extrapolate.
Additionally, the determinants of metabolic heterogen-
eity in normal-weight individuals remain unknown.

In this study, we aimed to investigate MONW preva-
lence and its epidemiological determinants in a natural
population in Zhejiang province in southeastern China.

Methods

Study population

Individuals with normal-weight were recruited from the
baseline database of the Zhejiang Metabolic Syndrome
Cohort in Zhejiang province in southeastern China. The
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Zhejiang Metabolic Syndrome Cohort is a community-
based prospective cohort study that originated from the
Zhejiang Metabolic Syndrome Investigation from 2010
to 2012. The baseline investigation was a community-
cluster study for the natural population in Zhejiang
province. Study inclusion criteria was as follows: (1)
BMI218.5 and < 24, (2) aged =20 years old, (3) Han eth-
nicity, and (4) lived in local community for at least two
years. Individuals were excluded if they had any severe
chronic diseases such as cancer, coronary heart disease,
stroke,  chronic  cirrhosis,  hyperthyroidism, or
hypothyroidism. A participant recruitment flow chart is
presented in Fig. 1. The study protocol was approved by
the ethical review board of the Zhejiang University
School of Medicine. Written informed consent was ob-
tained from all participants.

Anthropometric measurement

Anthropometric indexes, including weight, height, waist
circumference (WC), systolic blood pressure (SBP), and
diastolic blood pressure (DBP), were measured by
trained investigators, following a previously described
standard protocol [15]. Height and weight were mea-
sured by a scale with the participants were wearing light
clothing and no shoes. WC was measured at the mid-
point between the iliac crest and lowest rib. Blood pres-
sure was measured using a mercury sphygmomanometer
with the subject in a sitting position after they had
rested for at least 15 min. SBP and DBP values were re-
ported as the averages of three measurements with 30-s
intervals.

Biochemical determination

Whole blood and serum samples, after a 12-h overnight
fast, were collected. Biochemical biomarkers, including
TG, total cholesterol (TC), HDL-C and low-density lipo-
protein cholesterol (LDL-C), were determined using bio-
chemical auto-analyzers (Hitachi 7060, Tokyo, Japan).
FPG was measured using a glucose oxidase method with
the Beckman Glucose Analyzer (Beckman Instruments,
Irvine, CA, USA).

Epidemiological investigation

Each subject was interviewed in-person using a
structured questionnaire. Information collected from
participants included demographic data (e.g., date of
birth, gender, educational level, and marital status),
and information on smoking status (yes/no), alcohol
drinking behaviors, sedentary hours, dietary behavior,
and family history of diseases. Original smoking be-
havior in the cohort was investigated as current,
former, and never. Current smoking was defined as a
person smoking at least one cigarette per day for (at
least) 1 year. Former smoking was defined as a
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43890 subjects in Zhejiang Metabolic
Syndrome cohortin 2010-2012

R —

(n=19939)

Exclude the individuals with BMI < 18.5 or = 24

(n=1069)

Exclude the individuals with history of diabetes,
*»| CVD, cancer and other major chronic diseases

(n=15006)

Exclude the individuals with missing data on
—*| anthropometric data or biochemical data

v

for final analysis

17876 subjects with normal weight

Fig. 1 Flow chart of the study. 17,876 normal-weight individuals were recruited from 37,815 individuals in Zhejiang metabolic syndrome cohort

person having stopped smoking for at least 1 year.
In this study, former and never smokers were com-
bined into one group. Alcohol drinking in the cohort
was investigated as the frequency of drinking and
was categorized into two groups >3 times/week
and < 3 times/week. Tea drinking was classified into
two groups as =one cup/day and<one cup/day.
Menopause status was classified as a “yes” or a “no.”
The time of menopause was referenced as the last
natural menopause. The amount of fruit or milk in-
take was investigated by questionnaire-based inter-
view and then classified into two groups, referenced
as more or less, by the mean of intake amount. Food
preference was investigated by questionnaire-based
interview and classified as meat-based, balanced, and
vegetarian, according to preference for meat and/or
vegetable diets. Sedentary hours per week were cal-
culated; participants were classified as short, moder-
ate or long by their interquartile of sedentary hours.

Definitions

Normal weight was defined according to criteria from
the Working Group on Obesity in China (WGOC) [16]
and had a body mass index (BMI) with 18.5-23.9 l(g/mz.
Metabolically abnormal traits included: (1) TG =1.7
mmol/L; (2) HDL-C < 1.03 mmol/L for men and < 1.29
mmol/L for women; (3) SBP 2130 mmHg or DBP >85
mmHg, or using antihypertensive drug therapy; and (4)
FPG >5.6mmol/L or using anti-diabetic treatment.
Therefore, MONW was defined as normal-weight indi-
viduals who had two or more metabolically abnormal
traits. MNNW was normal-weight individuals who had
one or no metabolically abnormal traits [5]. Central
obesity was defined as WC > 85 cm for men and > 80 cm
for women [16].

Statistical analysis

Continuous variables with normal distribution were
shown as mean and standard deviation (SD), and skewed
distributions were expressed as median and interquartile
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range. Categorical variables were expressed as percent-
age (%). Student t-test was used to compare the statis-
tical difference for continuous variables, and Chi-square
tests were used for categorical variables. Multiple logis-
tical regression models were used to calculate odds ratio
(ORs) and 95% confidence intervals (Cls) after adjusting
for age, gender and BMI. Metabolic status (yes/no) was
the dependent variable. Age was divided into 5-year cat-
egories. BMI was analyzed according to tertiles. Waist
circumference was analyzed in categories of <70, 70-9,
80-89, and >90cm. Additionally, Chi-square test for
trend was used to analyze dose-response correlations. A
two-sided P-value < 0.05 was considered statistically sig-
nificant. All statistical analyses were performed using
IBM SPSS Statistics version 22.0.

Results

Demographic and metabolic characteristics of the
individuals

Overall, 17,876 normal-weight individuals were recruited
from 37,815 individuals in the Zhejiang Metabolic Syn-
drome Cohort. Table 1 presents the demographic and
metabolic characteristics of the individuals with MNNW

Table 1 Demographic and metabolic characteristics in the
individuals of metabolically normal normal-weight (MNNW),
metabolically obesity normal-weight (MONW)

Variable MNNW MONW P value *
(n=11,779) (n=6097)
Women (%) 554 636 <0.001
Age (years) 539+ 147 6124115 <0001
WC (cm) 719441517 7624+ 1269 <0001
BMI 2145+ 147 22,05+ 1.39 <0001
WHR 08+02 09+0.1 <0001
WHtR 045 +0.09 048+008 <0001
SBP (mm-Hg) 12411956 1428+19.58 <0001
DBP (mm-Hg) 748+ 1107 832+11.03 <0001
FPG (mmol/L) 4794075 563+159 <0001
TC (mmol/L) 4514094 4814104 <0001
TG (mmol/L) 117£058 2284168 <0001
HDL-C (mmol/L) 1574035 133+036 <0001
LDL-C (mmol/L) 243+073 254+077 <0001
ALT (UL) 18 (14-23) 19 (15-26) <0001
AST (U/D) 23 (19-28) 24 (21-30) <0001

1. Normal-weight was defined as 18.5 < BMI < 24 kg/m2. Metabolic normality
was defined as the individuals with <1 of metabolic abnormality in blood
pressure, FPG, TG and HDL-C

2. Data are presented as mean = standard deviation except sex

with percentage

3. Abbreviation: MNNW Metabolically normal normal-weight, MONW
Metabolically obesity normal-weight, WC Waist circumference, BMI Body mass
index, SBP Systolic blood pressure, DBP Diastolic blood pressure, FPG Fasting
plasma glucose, TC Total cholesterol, TG Triglycerides, HDL-C High density
lipoprotein cholesterol

4. # Comparisons between MNNW and MONW
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and MONW. Compared to those with MNNW, the
MONW population was comprised of a higher percent-
age of women, individuals of older age, and individuals
with higher anthropometric indexes [BMI, WC, waist-
hip ratio (WHR) and waist height ratio (WHtR)] and in-
dividuals with poorer metabolic traits (higher levels of
blood pressure, FBG, uric acid, and dyslipidemia, and
lower levels of HDL-C) and poorer liver functioning
(higher levels of ALT and AST), (P< 0.001 for afore-
mentioned variables).

Prevalence distributions of MONW by gender and age
Among 17,876 normal-weight individuals, 6097 were
deemed metabolic obese, and the MONW prevalence
rate was 34.1% in normal-weight individuals and 16.1%
for the general population. The overall MONW preva-
lence in men was significantly lower than the prevalence
in women (29.7% vs. 37.3%, P < 0.001), with an overall
men/women ratio of 0.8. However, the different distribu-
tion of MONW prevalence between men and women
varied by age. For instance, among individuals aged < 45
years old, men had a significantly higher prevalence than
women (men/women ratio > 1, and all the P values <
0.01), except for the group aged 18-29years old (P=
0.167). No statistically significant differences were found
for the 45-49-year-old age group (P =0.886). Among in-
dividuals aged =50years old, men had a significantly
lower prevalence than women (men/women ratio<1,
and all the P values < 0.001) (Table 2 and Fig. 2).

The MONW prevalence of was positively correlated
with age for both men and women (Pyenq=0.001).
Among normal-weight individuals aged 260 years, 54.4%
of women and 35.7% of men with normal-weight were
MONW (Table 2).

The risk factors associated with MONW in normal-weight
individuals

Using a multiple logistic regression model and adjusting
for confounding effects by age and gender, we examined
the associations between epidemiological factors and
metabolic status in normal-weight individuals. To exam-
ine whether these associations were independent of
BMI, we also adjusted for BMI besides age and gender.
As shown in Table 3, BMI was positively associated with
MONW risk, even among individuals with a normal
BMI. Compared to individuals with the lowest BMI ter-
tile of 18.5-20.8 kg/m?, individuals with a BMI tertile of
20.9-22.4kg/m* had a higher MONW risk (OR = 1.63,
95% CI: 1.45-1.83) as did individuals with a BMI tertile
of 22.5-24.0kg/m> (OR =2.68, 95% CI: 2.40-3.00). A
positive relationship was found between BMI levels and
MONW risk (Pyenq < 0.001). Higher WC levels were
also associated with increased MONW risk. Compared
to individuals with WC < 70 cm, individuals with WC >
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Table 2 Prevalence of MONW of the individuals stratified by age and gender
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All individuals males females (n=10,401) P value * Ratio of prevalence
(n=17.876) (n=7475)
Overall 6097 (34.1) 2220 (29.7) 3877 (37.3) <0.001 0.80
Age group
20- 66 (7.0) 29 (8.6) 6.2) 0.167 1.39
30- 64 (11.2) 37 (18.1) (73) <0.001 248
35- 120 (15.2) 66 (20.4) 4 (11.6) 0.001 1.76
40- 163 (16.0) 91 (21.6) (12.1) <0.001 1.78
45- 302 (22.0) 106 (21.8) 6 (22.1) 0.886 0.99
50~ 776 (334) 138 (25.0) 638 (36.0) <0.001 0.69
55- 1136 (374) 258 (27.0) 878 (42.2) <0.001 0.64
60- 1333 (42.1) 555 (33.9) 778 (51.0) <0.001 0.66
65- 838 (454) 395 (38.6) 443 (53.7) <0.001 0.72
70- 1299 (46.3) 545 (35.6) 754 (59.0) <0.001 0.60
Prrend <0.001 <0.001 <0.001

Data are presented as the number and percentage (%) of MONW
* Prevalence comparison of MONW between males and females

70 cm had a significantly more elevated MONW risk,
with ORs of 1.60 (95% CI: 1.40-1.82) for WC 70-79 cm,
3.06 (95% CI: 2.64-3.54) for WC 80-89 cm, and 4.27
(95% CI: 2.95-6.19) for WC >90 cm. WC was also posi-
tively correlated with MONW risk (Peng< 0.001). Im-
portantly, these associations were still statistically
significant after additional adjustment for BMI. Further,

central obesity was significantly associated with in-
creased MONW risk with the ORs reaching 2.19 (95%
CI: 1.92-2.50) and 1.58 (95% CI: 1.38-1.82) with and
without the additional adjustment for BMI besides sex
and age, respectively. Individuals with a family history of
diseases, such as diabetes, cardiovascular diseases had an
increased MONW risk, with an OR of 1.52 (95%CI:

70 1

men

60 4 — — =women

50 1

40 1

30 1

Prevalence (%)

20 1

10 1

18- 30— 35— 40— 45—
age group

Fig. 2 the prevalence distribution of MONW by men and women. The prevalence of MONW positively correlated with age. Different distributions

of MONW were found between males and females depending on age group. For the individuals aged < 45 years old, man had significantly
higher prevalence of MONW than women, while for the individuals aged =50 years, men had significantly lower prevalence than women

50— 55- 60- 65- 70-
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Table 3 The risk factors associated with metabolic abnormality in the normal-weight individuals
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Variables MNNW MONW OR? OR®
(11779) (6097)

BMI

18.5- 4437 (37.7) 1350 (22.1) Reference

20.9- 3979 (33.8) 1997 (32.8) 1.69 (1. 55-1.84)

22.5-240 3363 (28.6) 2750 (45.1) 279 (257-3.03)

< 0.001

Waist circumference (cm)

<70 2576 (24.6) 586 (11.3) Reference Reference

70- 5636 (53.8) 2586 (49.7) 1.72 (1.55-1.92) 1.33 (1.19-148)

80- 2136 (20.4) 1852 (35.6) 3.35(298-3.77) 2.05 (1.79-2.34)

=90 120 (1.1) 182 (3.5) 562 (433-7.28) 329 (251-432)
P trend < 0.001 < 0.001
Central obesity®

No 10,739 (91.6) 4957 (81.3) Reference Reference

Yes 986 (84) 1140 (18.7) 2.03 (1.84-2.23) 144 (1.31-1.60)
Education level

Primary school 1262 (394) 886 (60.4) Reference Reference
or below

Secondary school 1558 (48.7) 541 (36.9) 0.73 (0.63-0.84) 0.71 (0.62-0.83)

College or upper 382 (11.9) 41 (2.8) 030 (0.21-043) 030 (0.21-042)
Smoking status

(former and never) 5449 (74.2) 2711 (81.3) Reference Reference

current 1893 (25.8) 623 (18.7) 0.90 (0.79-1.03) 0.92 (0.80-1.05)
Regular alcohol drinking

No < 3 times/week 4353 (62.3) 2295 (69.7) Reference Reference

2 3 times/week 2631 (37.7) 999 (30.3) 0.85 (0.77-0.94) 0.83 (0.74-0.91)
Regular tea drinking

< one cup/day 5633 (68.3) 2762 (74.0) Reference Reference

= one cup/day 2614 (31.7) 969 (26.0) 1.03 (0.93-1.14) 1.00 (0.90-1.11)
Sedentary time®

Short (< 2 h) 746 (13.6) 331 (13.6) Reference Reference

Moderate or longer 4742 (86.4) 2101 (864) 1.00 (0.87-1.16) 1.03 (0.89-1.19)
(=z2h)
food preferences

Meat-based 253 (9.9) 164 (14.2) Reference Reference

balanced 1391 (54.5) 503 (43.6) 0.57 (045-0.72) 0.59 (046-0.75)

vegetarian 907 (35.6) 487 (42.2) 0.62 (0.49-0.80) 0.65 (0.51-0.83)
Fruit intake ©

Less 616 (67.3) 466 (72.0) Reference Reference

More 299 (32.7) 181 (28.0) 0.95 (0.75-1.20) 0.95 (0.75-1.21)
Milk intake ©

Less 262 (75.1) 152 (74.1) Reference Reference

More 87 (24.9) 53 (25.9) 1.12 (0.74-1.70) 1.11 (0.72-1.70)
Family history of diseases

No 1191 (46.0) 552 (40.4) Reference Reference



Zheng et al. BMC Public Health (2020) 20:487

Page 7 of 10

Table 3 The risk factors associated with metabolic abnormality in the normal-weight individuals (Continued)

Variables MNNW MONW OR? ORP
(11779) (6097)
Yes 1399 (54.0) 816 (59.6) 152 (1.32-1.75) 145 (1.26-1.67)
Menopause
No 856 (45.4) 199 (16.8) Reference Reference
Yes 1029 (51.1) 985 (48.9) 2.10 (1.67-2.65) 2.04 (1.62-2.58)

OR?, odds ratio after adjusting for age and gender. OR®, odds ratio after adjusting for age, gender, BMI, and WC

<, evaluated based on waist circumference > 85 cm for males and 80 cm for females

dSedentary time were classified as short, moderate and long by the interquartile of sedentary hours
€ More and less of the dietary intakes are defined by the mean cut-points of the amount of the dietary intakes per week

f Family history of diseases includes diabetes, cardiovascular diseases

1.32-1.75). Furthermore, women with menopause, com-
pared to those without menopause, had an increased
MONW risk, with an OR of 2.06 (95% CI: 1.66—2.54)
after adjusting for age and BMI.

Higher education level, regular alcohol drinking, and
balanced or vegetarian food preferences were signifi-
cantly associated with better metabolic profiles in
normal-weight individuals. Compared with individuals
with only a primary school education, individuals with a
college or higher education had a reduced MONW risk,
with ORs of 0.30 (95% CI: 0.21-0.42). Regular alcohol
drinking was associated a decreased MONW risk (OR =
0.79, 95% CI: 0.68—0.92). Individuals with balanced and
vegetarian food preferences had a reduced MONW risk,
with ORs of 0.59 (95% CI: 0.46-0.75) and 0.65 (95% CI:
0.51-0.83), respectively. No statistically significant asso-
ciations were found in daily intakes of vegetables, fruit,
or milk, tea drinking, or sedentary time (all the P values
> 0.05).

Discussion

In this study, we found that the overall MONW preva-
lence was 34.1% in normal-weight individuals, and was
16.1% in the general population. The MONW distribu-
tion between men and women varied by age. Education
level, alcohol drinking behavior, balanced or vegetarian
food preferences, menopause status, and family history
of diseases, were all associated with metabolic status in
the normal-weight population.

The MONW prevalence around the world varies
greatly [4, 6, 13, 14, 17]. Previous studies have indicated
that the global MONW prevalence ranges from as low
as 5% to as high as 45%. A meta-analysis by Wang et al.
[17] estimated that the overall global MONW prevalence
in normal-weight individuals is 30% (95% CI: 26—-36%);
however, the authors found high heterogeneity in preva-
lence among the analyzed studies. This prevalence vari-
ation may be due to individuals’ age, gender, ethnicity,
geographic location, and MONW definitions (i.e., cri-
teria for obesity and metabolically abnormal, respect-
ively). Metabolic parameters such as metabolic traits,
insulin resistance, and subclinical inflammation have

been widely used to define metabolic abnormality [18].
However, in most circumstances, insulin resistance and
subclinical inflammation are not determined, therefore,
an individual may be practically considered metabolically
healthy when fewer than two parameters of metabolic
syndrome are abnormal [8, 19, 20]. In this study, with
this common criterion for metabolic health employed,
the MONW prevalence was 34.1% in normal-weight in-
dividuals. Obesity was defined as BMI 18.5-23.9 kg/m>
and metabolic abnormality referenced at least two ab-
normal traits among the factors of TG, HDL-C, BP and
FPG. Using the same definition of metabolic risk, the
Multi-Ethnic Study of Atherosclerosis showed high vari-
ability in the prevalence of metabolically unhealthy with
normal-weight individuals based on ethnicity: The
prevalence was 21.0% in Whites, 32.2% in Chinese
Americans, 31.1% in African Americans, 38.5% in His-
panics, and 43.6% in South Asians [21]. The prevalence
among Chinese was highly consistent between our find-
ings in mainland China and the findings in America. Al-
though there are many criteria to evaluate MONW,
currently, no consensus has been reached to define the
MONW syndrome, thus comparisons of prevalence
should be cautious in considering results from different
studies.

Age and gender were associated with MONW preva-
lence, with age shown to be consistently positively corre-
lated with prevalence; individuals with MONW were
generally older (aged > 50 years). Therefore, even in the
normal-weight individuals, metabolic abnormality may
be exacerbated with increasing age. However, we found
different distributions between men and women. In one
study, male gender was found to be a MONW risk factor
[22], while females ha ad higher MONW prevalence in
another study [14]. This inconsistency could be well ex-
plained by our findings. We found that the gender-
specific prevalence was associated with age. The age
range of 45-49 years old was a crossover point between
men and women for MONW prevalence changing with
age (Table 2). This distribution was similar with meta-
bolically normal obesity in our previous study [15]. We
also found that menopause increased MONW risk
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(having adjusted for the confounding effect by age).
Therefore, combining these results, it appears that estro-
gen may be a protective factor for maintaining metabolic
health in normal-weight females [23, 24].

Previous studies have reported that low physical activ-
ity levels and high sedentary behavior levels are associ-
ated with increased risks of metabolic abnormality and
cardio-metabolic diseases [25, 26]. However, in the
present study, no statistically significant association was
found between sedentary time and metabolic status in
normal-weight individuals. Additionally, Dunstan et al.
found a deleterious effect of TV watching time on ab-
normal glucose metabolism risk [27]. In China, TV
watching time is a major component in sedentary time
(besides sleeping time). This association should be fur-
ther researched in future scholarship. It has been shown
that physical activity promotes metabolic health and re-
duces the risk of diabetes and cardiovascular diseases
even among normal-weight individuals.

Daily diet was associated with metabolic status. A
healthy diet helps maintain metabolic normality in both
obese [15, 28] and normal-weight persons. This study
also found that regular alcohol drinking, and balanced
or vegetarian food preferences might reduce MONW
risk. Previous studies have found that normal-weight in-
dividuals who drank alcohol had a slightly higher meta-
bolic abnormality prevalence, which was not consistent
with our findings [17]. The inconsistent results may be
attributable to the difference in alcohol intake between
Chinese and Western populations. Chinese have a rela-
tively lower amount of alcohol intake compared to the
Western population [29]. It has been reported that the
dose of alcohol is associated with the biological effect on
diabetes and cardiovascular diseases [30]. Thus, it is be-
lieved that lower alcohol intake may be beneficial to
maintaining metabolic health and reducing cardiovascu-
lar disease risk [31]. No statistically significant associ-
ation was found between cigarette smoking and
metabolic status in normal weight individuals. This re-
sult was consistent with our previous study examining
metabolic status in obesity [15]. However, inconsistent
findings were found in previous studies [32].

Family history is also a risk factor for metabolic status.
A family history of hypertension was significantly more
common in MONW individuals than in MNNW indi-
viduals [22]. Though there was no statistically significant
difference found in individuals with a family history of
obesity, dyslipidemia, type 2 diabetes, or coronary heart
disease, the percentage of family histories tended to be
higher in MONW individuals than in MNNW individ-
uals in previous studies [33, 34]. The above results may
be due to the small sample size and low statistical
power. In our study, using relatively large samples, we
found that family histories of diabetes, and
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cardiovascular diseases increased MONW risk. The indi-
viduals with the same family history may have common
genetic factors and/or common environmental factors
such as dietary or physical activity behavior. Previous
studies have revealed that 10 variants (in or near IRSI,
GRBI14, ARL15, PPARG, PEPD, ANKRD55/MAP 3Kl,
PDGFC, LYPLALI, RSPO3, and FAMI3AI) are associ-
ated with metabolic status [35, 36]. These findings indi-
cate that genetic susceptibility might play an important
role in health abnormality in normal-weight individuals.

Body mass is regarded as an important determinant of
obesity-related diseases. A BMI of 18.5-24.0 kg/m? is as-
sociated with the lowest all-cause mortality [37]. Main-
taining a BMI in this range may effectively reduce the
risk of diabetes, cardiovascular diseases and premature
death [38]. We found that BMI was also positively corre-
lated with metabolic abnormality risk, even in the nor-
mal BMI range. Under the same BMI levels, compared
with Americans, Chinese have more metabolic abnor-
mality in BP, TG, and HDL-c, etc.,, and may have a
higher body fat percentage among normal-weight indi-
viduals [39]. Therefore, a lower BMI threshold is sug-
gested in weight evaluation, especially for older persons
[7, 40].

WC significantly correlated with metabolic abnormal-
ity risk even after adjustment for BMI. Central obesity in
normal-weight individuals was also found to increase
metabolic abnormality risk. These findings indicate that
central obesity is an independent risk factor for meta-
bolic status. A total of 27.0% of individuals with normal
weight had central obesity [41]. Although BMI remains a
useful index to assess overweight and obesity, it has limi-
tations in differentiating body fat from lean mass, and
central fat from peripheral fat [6]. Athletes, who have
high muscle mass and low body fat, may be misclassified
using BMI [42]. Asians with small builds have relatively
low fat-free mass and high body fat [7, 43]. Therefore,
central obesity-associated indices such as WC, waist-hip
ratio, and waist height ratio may be better markers for
obesity evaluation.

This study has some strengths. The epidemio-
logical data were collected by trained health profes-
sionals, and the biochemical measurements were
followed by standard protocol. To increase the com-
parability of the results, we used the most common
definitions of normal weight and metabolic abnor-
mality. However, there were several limitations to
this study. Participants were recruited from the Zhe-
jiang Metabolic Syndrome Cohort, and some individ-
uals were excluded because of missing data on BMI
and metabolic parameters. These excluded individ-
uals could have induced selection bias and thus in-
crease the difficulty in extrapolating our findings.
Further, the study was cross-sectional. Associations
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from this research should be further examined by fu-
ture prospective study.

Conclusions

This study found that there is metabolic heterogeneity
in normal-weight individuals in China. The prevalence
of metabolic abnormality is 34.1% in normal-weight in-
dividuals and 16.1% in the general population. MONW
distribution between men and women varies by age.
BMI, WC, education level, alcohol drinking, balanced or
vegetarian food preferences, and menopause status, and
family histories of diabetes, cardiovascular diseases, are
associated with the metabolic status in normal-weight
individuals. These findings provide new evidence for
management of normal-weight individuals and have im-
portant public health implications.
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