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Purpose: Normal weight obesity (NWO), defined as normal body mass index (BMI) and
excessive body fat percentage (BF%), has been shown to be associated with a significantly
higher risk of developing metabolic syndrome, cardiometabolic dysfunction and with higher
mortality. However, there is limited literature regarding the potential associations between
NWO and lifestyles. This study aimed to investigate the associations of lifestyles with NWO
in Chinese university students.

Participants and Methods: A total of 279 university students with normal BMI were
recruited and divided into NWO and normal weight non-obesity (NWNO) groups by BF%.
Body composition and anthropometrics were measured, and participants were asked to finish
the Healthy Lifestyle Scale for University Students (HLSUS) questionnaire.

Results: A total of 26 male (25.5%) and 71 female (40.1%) students were identified as NWO.
Compared to NWNO students, body weight, BMI, body fat mass, visceral fat area, waist
circumference and hip circumference of NWO students were all significantly higher both in
male and female students (P < 0.05). The body fat mass, BF% and visceral fat area were
significantly negatively correlated with the total HLSUS, physical exercise behavior, and dietary
nutrition behavior scores in NWNO males, NWO and NWNO females (P < 0.05). The risk of
NWO was lower in those students with higher scores in physical exercise behavior in both males
(OR =0.298, 95% CI =0.121~0.733) and females (OR = 0.653, 95% CI = 0.505~0.843), while
dietary nutrition behavior (OR =0.759, 95% CI = 0.584~0.986) and stress management behavior
(OR =0.503, 95% CI = 0.335~0.755) decreased the risk of NWO only in females.
Conclusion: The incidence of NWO was high among university students, especially in
females, which might be related with unhealthy lifestyles. NWO university students should
pay attention to lifestyle adjustments, especially physical exercise, dietary nutrition and
stress management, for preventing the health risk in NWO.

Keywords: obesity, body fat, physical exercise, dietary nutrition, stress management, public
health

Introduction

Obesity is a severe public health problem that has reached epidemic levels and is
developing rapidly.1 In China, approximately 46% of adults and 15% of children
are obese or overweight™® and the obesity population is increasing dramatically
with elevated consumption of high-calorie foods and adoption of a more sedentary
lifestyle.* Overweight and obesity have been proven to be both important risk
factors for many chronic diseases, such as type 2 diabetes, cardiovascular diseases,
musculoskeletal disorders, and some cancers.”® The recent increasing trend of
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obesity affects young people, especially university
students.” Studies have found that first-year university
students gained body weight significantly, followed by an
ongoing slow but steady increase in weight,® which has
attracted full attention from researchers.

As an indirect measure of obesity, body mass index (BMI)
is easy and commonly used. However, the sensitivity and
specificity of BMI are poor because of the nonlinear relation
between it and body fat. Since BMI cannot differentiate
between fat and lean tissue, especially in individuals with
BMI lower than 30 kg/m? but excessive body fat,”' therefore,
researchers suggest that more reliable evaluation indicators
should be selected to identify whether an individual is obese.
Normal weight obesity (NWO), defined as a combination of
normal BMI and high body fat percentage (BF%) levels,'' was
at a greater risk of developing non-communicable diseases
(NCD) like cardiac metabolic disorders, metabolic syndrome,
and cardiovascular diseases.'>'® The prevalence of NWO in
the Chinese population is relatively high. According to the
Chinese NWO criteria, the prevalence in different age groups
is 6.71% ~ 10.16% for males and 1.73% ~ 6.64% for
females.'* Children and adolescents who are NWO may be
at increased risk for cardiometabolic morbidity in adulthood."
However, compared to overweight and obesity, it is difficult
for university students to identify themselves as NWO based
solely on BMI, which causes some NWO students to progres-
sively have metabolic disorders without any intervention.
Therefore, identifying the factors that determine the occur-
rence of NWO will help university students take effective
interventions to prevent the NWO progress.

Compared with individuals who are normal weight non-
obesity (NWNO) demonstrated by normal BMI and normal
BF%, NWO individuals showed changes in body composi-
tion, and increased inflammation and oxidative stress.'®
Genetics, diet, and physical activity are possible etiological
factors for the occurrence of NWO.'¢ However, the effective
intervention to prevent or treat NWO is still unclear.
Unhealthy lifestyles are considered a significant cause of
body fat among  university
students.'”'® It has been reported that NWO, overweight and
obese people have a significantly higher incidence of

excessive accumulation

unhealthy lifestyles (such as poor diet, sedentary behavior
and lack of physical activity) than people with normal fat.”"”
Considering the importance of unhealthy lifestyles on body
composition and potential health threats, it is extremely urgent
to find the potential link between them in young university
students, particularly in NWO students. Therefore, the objec-

tive of this study was to differentiate the lifestyles that affect

NWO by investigating the differences and relationships
between lifestyles and body composition in NWO and
NWNO university students.

Participants and Methods
Study Participants

This cross-sectional study was conducted with 372 university
students (232 females and 140 males), including undergradu-
ate and postgraduate students between the ages of 18 to 27
years old (21.7 + 2.1) from one university in China from
November 2019 to January 2021. This study was approved
by the Ethical Committee of Jiangnan University. We recruited
participants by distributing leaflets in public areas of the uni-
versity, such as self-study classrooms, library, canteens, and so
on. We also encouraged the participants to forward relevant
information about the project on Qzone or WeChat Moments
to attract more university students. All participants participated
voluntarily. After receiving oral and written information about
the research purpose and procedures, they signed an informed
consent form, followed by questionnaire surveys, anthropo-
metrics and body composition determination. The inclusion
criteria for participants were undergraduates from freshman to
senior year and postgraduates. Participants had to be appar-
ently healthy and free from ailments. Exclusion criteria
included chronic diseases such as diabetes and endocrine
diseases and long-term use of oral medications that affected
body weight, such as estrogen or glucocorticoids. In this study,
underweight was defined as BMI < 18.5, overweight was
defined as 24 = BMI = 27.9, while obesity was defined as
BMI = 28 based on the criteria of the Working Group on
Obesity in China (WGOC),%® students with excessive BF% (=
20% in male and = 30% in female), but normal BMI (18.5 =
BMI = 23.9) were designated as NWO, while students with
normal BMI (18.5 = BMI = 23.9) and normal BF% (<20% in
male and <30% in female) were defined as NWNO based on
the previously published literatures.”'** Figure 1 provides
a detailed flow chart of the study participants.

Determination of Sample Size

The formula for determining the sample size is shown
below. Expecting a 95% confidence interval (CI), the pre-
valence of NWO was 32% based on a study by Kim et al.*
The required sample size was = 363:

Zi/z Xp X (l —P)
52
n=1.962x0.32% (1-0.32)/ (0.15%0.32)?=0.8359/0.0023=363

n =
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Where a = 0.05, confidence level = 1 - o= 95%, Zy» =
1.96, p was the prevalence of NWO and p= 0.32, 6 was the
permissible error and §=0.15p = 0.048.

Healthy Lifestyle Questionnaire

The questionnaire included general characteristics and
Wang’s Healthy Lifestyle Scale for University Students
(HLSUS).** The general characteristics of subjects
included sex, age, family monthly income, parents’ educa-
tion level, residence before entering university, and

whether the family has only one child. HLSUS contains
38 items with a total of 8 dimensions, including physical
exercise behavior, regular life behavior, dietary nutrition
behavior, health risk behavior, health responsibility beha-
vior, social support behavior, stress management behavior,
and life appreciation behavior. According to the Likert 5
score system, the corresponding score of “never, occasion-
ally, about half, often, always” is 1 to 5, while the reverse
question is 5 to 1. The Cronbach’s a coefficient for the
total scale was 0.892. The HLSUS has good construct

University students (N=372)
(140 males & 232 females)

( Definitions : )
Underweight: BMI <18.5
Normal weight: 18.5 = BMI = 23.9 —>
Overweight: 24 = BMI = 27.9

L Obesity: BMI = 28 y

Excluded (N = 93) :

Underweight: N = 50 (10 males & 40 females)
Overweight: N = 23 (14 males & 9 females)
Obesity: N = 20 (14 males & 6 females)

Normal weight (N=279)
(102 males & 177 females)

<—

-

-

Definitions :

NWO: 18.5 = BMI = 23.9, and BF% = 20

for males, BF% = 30 for females, respectively.
NWNO: 18.5 = BMI = 23.9, and BF% <20

for males, BF% < 30 for females, respectively.)

\J

4

NWO group (N=97)
(26 males & 71 females)

NWNO group (N=182)

(76 males & 106 females)

Lifestyles and body
composition analysis.

Figure | Flow chart of study participants.

Abbreviations: BMI, body mass index; BF%, body fat percentage; NWO, normal weight obesity; NWNO, normal weight non-obesity.
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validity and reliability, and it has been widely used in
China as an evaluation tool for health counselling in uni-

versity health centers.”**

Anthropometrics Measurement

Participants’ body height (cm) and weight (kg) were mea-
sured to the nearest 0.1 cm and 0.1 kg, respectively, with
participants wearing light clothing without shoes. BMI
was calculated by dividing body weight (kg) by height
squared (m?). Waist circumference (WC) and hip circum-
ference (HC) were determined in duplicate to the nearest
0.5 cm with a flexible but inelastic measuring tape when
the participant was standing relaxed. If the difference
between the two measurements exceeded 1 cm, the third
measurement would be performed. The mean of the two
closest measurements was used for data analysis. Waist
was taken at the level of the narrowest part of the torso. If
it was difficult to recognize a waist narrowing, the smallest
horizontal circumference in the part between the last rib
and iliac crest was determined. HC was determined at the
maximum circumference of the buttocks posteriorly and
the symphysis pubis anteriorly, in a horizontal plane.
Waist-to-hip ratio (WHR) was calculated by dividing
WC by HC.

Body Composition Assessment

The body composition of participants was determined
InBody 770 bio-
impedance device (Biospace, Korea). The participants

by body composition analyzer

were asked to overnight fasting before the body compo-
sition assessment. Two hours before the test, the parti-
cipants did not go on exercise vigorously. They wore
light clothes, removed metal jewelry and watches, took
off their shoes and socks, drooped their limbs, and
separated upper limbs from their torso by about 15
degrees. After inputting the participants’ personal infor-
mation, body fat mass, BF%, total body water, soft lean
mass, fat-free mass, skeletal muscle mass, visceral fat
area, protein content and mineral content were automa-
tically determined.

Statistical Analyses

Data analyses were performed using SPSS 22.0 (SPSS
Inc., Chicago, IL, USA). Data were expressed as mean
+SD, and categorical variables were presented as frequen-
cies (N) and percentages (%). Chi-square test was used to
analyze the differences between categorical variables.
Independent sample #-test was used to analyze the

differences in lifestyles and body composition between
NWO and NWNO university students of different sex.
Pearson correlation analysis was used to examine the
correlations among lifestyles and body composition.
Finally, in order to investigate the relationships between
whether university student was NWO and the lifestyles,
a binary logistic regression analysis was conducted, NWO
was taken as dependent variables, the lifestyle behaviors
with statistical significance in univariate analysis were
taken as independent variables, and the multivariate logis-
tic regression analysis was used. Univariate and multivari-
ate logistic regression analyses were both performed with
adjustment for variables age, family monthly income,
father’s educational level, mother’s educational level, resi-
dence before entering university, and whether the only
child. The Hosmer—Lemeshow test was used to evaluate
the goodness of fit between the data and the binary logistic
regression. The model fitting accuracy was high, and there
was no multicollinearity. A value of P < 0.05 was consid-
ered statistically significant.

Results
Demographic Characteristics of the Study

Participants

Out of the 372 participants (140 males and 232 females),
10 (7.1%) males and 40 (17.2%) of females were under-
weight, 14 (10.0%) males and 9 (3.9%) females were
overweight, and 14 (10.0%) males and 6 (2.6%) females
were obesity, respectively. Fifty-six (15.1%) participants
were freshmen, 91 (24.4%) participants were sophomores,
71 (19.1%) participants were juniors, 80 (21.5%) partici-
pants were seniors, and 74 (19.9%) participants were post-
graduate students. A total of 102 (72.9%) males and 177
(76.3%) females were classified as normal weight and
participated in the study, of which 26 (25.5%) males and
71 (40.1%) females were classified as NWO, while 76
(74.5%) males and 106 (59.9%) females were NWNO.
The demographic characteristics of the 279 subjects with
normal BMI are shown in Supplementary Table 1. No

statistically significant differences were detected in age,
father’s educational level, mother’s educational level, resi-
dence before entering university and whether the only
child between the NWO and NWNO in both sexes (P >
0.05). There was a statistical difference in family monthly
income between NWO and NWNO in females (P < 0.01),

but not in males.
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Anthropometric Indicators and Body

Composition of University Students
Anthropometric indicators and body composition of uni-
versity students are demonstrated in Table 1. Compared to
NWNO students, body weight, BMI, body fat mass, BF%,
visceral fat area, waist circumference, and hip circumfer-
ence of NWO students were all significantly higher both in
male and female students (P < 0.05). In addition, NWNO
female students demonstrated significantly higher fat-free
mass (P = 0.028) and skeletal muscle mass (P = 0.024)
than NWO female students.

Healthy Lifestyles of University Students
The scores of the HLSUS are shown in Table 2. Total
HLSUS scores, physical exercise behavior scores, regular
life behavior scores, dietary nutrition behavior scores and
stress management behavior scores of NWNO students
were all remarkably higher than those of NWO students
in both males and females (P < 0.01). However, significant
differences on life appreciation behavior scores between
NWO and NWNO groups were only found in females
(P <0.01).

Correlations Among Body Composition

and Lifestyles of University Students
The body fat mass, BF% and visceral fat area were sig-
nificantly negatively correlated with the total HLSUS,

physical exercise behavior, and dietary nutrition behavior
in NWNO males, NWO and NWNO females, and also
negatively correlated with regular life behavior and stress
management behavior in NWNO male students (P < 0.05)
(Table 3). In NWO females, the BF% was negatively
correlated with stress management behavior and life
appreciation behavior, while the visceral fat area was
negatively correlated with life appreciation behavior,
respectively (P < 0.05). BMI was negatively correlated
with NWO male and NWNO female students’ dietary
nutrition behavior, and NWO female students’ total
HLSUS and physical exercise behavior (P < 0.05).

Binary Logistic Regression Analyses of
NWO University Students

Univariate logistic regression analyses between NWO and
lifestyles revealed that physical exercise behavior, regular
life behavior, dietary nutrition behavior and stress manage-
ment behavior significantly decreased the risk of NWO in both
male and female students, while the life appreciation behavior
only decreased the risk of NWO in female students (P < 0.05)
(Supplementary Table 2). Multivariate logistic regression ana-

lysis (Table 4) further revealed that physical exercise behavior
was the independent protective factor for NWO in males (OR
= 0.298, 95% CI = 0.121~0.733), while physical exercise
behavior (OR = 0.653, 95% CI = 0.505~0.843), dietary nutri-
tion behavior (OR = 0.759, 95% CI = 0.584~0.986) and stress

Table | Anthropometric Indicators and Body Composition of Participants Stratified by Sex and Body Fat Percentage

Male (n = 102) Female (n = 177)
NWO (n = 26) NWNO (n = 76) NWO (n=71) NWNO (n = 106)

Body weight (kg) 688 + 6.8 63.5 £ 8.6%F 557 +54 52.6 £ 4.6%*
Body height (cm) 171.7 £ 6.9 175.0 £ 7.1 162.9 £ 5.7 161.6 £ 4.7
BMI (kg/m?) 233 +£05 20.6 £ |.6%* 21.0% 1.6 20.1 £ 1.2%*
Body fat mass (kg) 16.5 + 3.4 9.2 £ 2.5%* 182 £ 2.6 13.9 + 2.0%*
BF (%) 239 £ 3.6 14.4 + 2.7%* 327 £ 27 26.4 £ 2.5%F
Total body water (L) 384 +38 39.7 £ 5.1 275 27 282 + 25

Soft lean mass (kg) 494 £ 438 512 £ 6.6 35.1 +34 36.1 £ 3.6

Fat-free mass (kg) 524 £5.2 542 +70 375+ 37 38.6 + 3.4%
Skeletal muscle mass (kg) 292 29 30.5 + 42 20.0 + 1.96 20.7 + 2.0*
Bone mineral content (kg) 2.96 + 0.36 3.06 + 0.46 2.30 £ 0.22 237 £ 024
Visceral fat area (cm?) 678 + 17.1 33.6 & 12.2%* 80.9 £ 18.2 55.2 £ 8.4
Waist circumference (cm) 80.7 £ 7.1 744 + 6.9%F 69.3 + 43 67.9 + 4.8*
Hip circumference (cm) 989 + 4.9 92.0 £ 6.4% 94.1 £43 90.9 + 4.2%*
WHR 0.81 £ 0.05 0.81 £ 0.04 0.74 £ 0.04 0.75 £ 0.04

Notes: *P < 0.05 (NWO vs NWNO); *P < 0.0 (NWO vs NWNO).

Abbreviations: NWO, normal weight obesity; NWNO, normal weight non-obesity; BMI, body mass index; BF%, body fat percentage; WHR, waist-to-hip ratio.
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Table 2 Healthy Lifestyles Scale of University Students Stratified by Sex and Body Fat Percentage

HLSUS and Dimension Range of Obtainable Male (n = 102) Female (n = 177)
Scores (Min and Max.)
NWO (n = 26) NWNO (n = 76) NWO (n=71) NWNO (n = 106)

Total HLSUS (38 items) 38-190 1433 £ 10.6 154.0 £ 11.5%* 1394 £ 9.5 147.0 + 8.1%*
Physical exercise behavior 4-20 125 £20 15.6 + 2.3%* 11415 13.1 £ 2.6%
Regular life behavior 4-20 13.1 + 1.4 I5.1 £ 2.1%* 128 + 2.4 14.3 + 2.2%*
Dietary nutrition behavior 4-20 144 £ 26 16.5 + [.9%* 132+ 1.6 14.5 + 2.4+
Health risk behavior 4-20 124 + 2.1 133 £ 1.4 135+ 1.4 134+ 13
Health responsibility behavior 6-30 26.1 £22 26.0 £22 262 %27 262 % 2.1
Social support behavior 6-30 246 £ 1.8 254 +£20 24.6 24 252 + 2.1
Stress management behavior 5-25 198+ 1.7 21.0 £ |.7%* 187 £ 1.8 20.0 = 1.9%*
Life appreciation behavior 5-25 204 £ 23 212+24 189 + 2.4 204 + |.9%*

Note: **P < 0.0l (NWO vs NWNO).

Abbreviations: NWO, normal weight obesity; NWNO, normal weight non-obesity; HLSUS, healthy lifestyles scale of university students.

management behavior (OR = 0.503, 95% CI = 0.335~0.755)
were the protective factors in females.

Discussion

In this study, we studied the lifestyles that might determine
NWO in Chinese university students by investigating the
differences and associations on lifestyles and body com-
position between NWO and NWNO individuals. The pri-
mary findings were that the incidence of NWO was high
among university students, especially in females.
Compared with NWO students, NWNO students showed
healthier lifestyles, especially in terms of physical exercise
and dietary nutrition. Furthermore, physical exercise was
an independent protective factor for NWO in both sexes,
while dietary nutrition and stress management were also
protective factors for NWO only in females.

Typically, obesity has been classified based on BMI,
because of its simplicity and validation in a variety of
epidemiologic studies.”® However, NWO is more likely
to be ignored by people because it cannot be easily recog-
nized by BMI. Researchers found that half of the people
with excessive BF% were failed to identify only based on
BML?” The reason might be that BMI cannot distinguish
between lean and fat tissue, especially in subjects with
normal BMI but excessive body fat.*® Studies have con-
firmed that NWO has become a critical factor affecting the
health of university students and is associated with meta-
bolic disorders, cardiovascular disease, as well as an
increase in all-cause mortality.'>** Therefore, timely
detection and intervention of NWO is the key to prevent
university students from obesity and other metabolic dis-
eases. Currently, the cutoffs of BF% used to identify NWO
have varied, depending on the study population, sex and

ethnicity of the studied populations,®® and no clear criteria
have been set. The cut-off value for NWO people from the
Asia-Pacific region is =2 33.4% in women and = 20.6% in
men."' We referred to the definition of NWO'' and pre-
vious Chinese researchers’ cut-off value on NWO univer-
sity students based on BF% (2 20% for men and = 30%
for women),”'*? and found that 25.5% of male students
and 40.1% of female students were classified as NWO in
our research, which was higher than the incidence of
NWO in both sexes investigated by Zhang et al.?!
However, we both confirmed that female university stu-
dents were more susceptible to become NWO.
Additionally, NWNO students also had lower body
weight, body fat mass, visceral fat area, waist circumfer-
ence and hip circumference than NWO students in both
sexes, indicating that NWNO university students had
a healthier body composition.

Healthy lifestyles are directly beneficial to the study
and life of university students, and they also play critical
roles in the formation and construction of a healthy society
as a whole.’® Since the prevalence of NWO in university
students was relatively high, factors related with body
composition, such as body weight, BMI, body fat mass,
fat-free mass, visceral fat area, waist and hip circumfer-
ence, and WHR needed to be identified, in order to keep
prevention programs more effective.®’ It is well known
that unhealthy lifestyles, such as sedentary behaviors, low
physical exercise levels, and unreasonable dietary beha-
viors, were essential causes of body fat accumulation in
the
adolescents.”*>> An active lifestyle is significantly corre-

general public as well as in children and

lated to improvements on body composition parameters.>*
In order to evaluate the lifestyles of NWO and NWNO
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Table 3 The Correlations Between Body Composition and Lifestyle Scores

Total HLSUS Physical Dietary Regular Stress Life
Exercise Nutrition Life Management Appreciation
Behavior Behavior Behavior Behavior Behavior

NWO male (n = 26)
Body weight -0.318 —0.184 —0.355 —0.158 —0.320 -
BMI —0.058 —0.233 —0.402* —0.174 —0.027 -
Body fat mass —0.255 —0.174 —0.432% —0.308 —0.228 -
BF% —0.148 —0.114 —0.352 -0.313 —-0.127 -
Visceral fat area —0.163 —0.069 —0.344 —0.233 —0.233 -
Waist circumference —0.061 —0.082 —0.097 —0.185 —0.156 -
Hip circumference 0.084 —0.057 —-0.137 —0.039 —0.094 -
NWNO male (n = 76)
Body weight —0.069 —0.137 —0.144 —0.160 —0.108 -
BMI =0.117 —0.156 —0.155 —0.092 —0.165 -
Body fat mass —0.367%* —0.374** —0.343%* —0.288* —0.332%* -
BF% —0.474%* —0.41 1** —0.376%* —0.287* —0.409** -
Visceral fat area —0.384** —0.410%* —0.384** —0.351%* —0.309** -
Waist circumference —0.131 —0.105 —0.114 —0.141 —0.089 -
Hip circumference —0.056 —0.078 —0.095 —0.129 —0.078 -
NWO female (n = 71)
Body weight —0.105 —0.098 —0.048 —0.069 —0.100 —0.021
BMI —0.245* —0.261* —0.220 —0.052 —0.157 —0.020
Body fat mass —0.310%* —0.338** —0.252* —0.132 —0.215 —0.206
BF% —0.402** —0.462%* —0.374** —0.149 —0.242* —0.316%*
Fat-free mass 0.078 0.112 0.114 —0.006 0.013 0.129
Skeletal muscle mass 0.112 0.137 0.134 0.035 0.033 0.137
Visceral fat area —0.347%* —0.409** —0.324** —0.176 —0.203 —0.247*
Waist circumference -0.176 —0.088 -0.016 —0.102 —0.031 0.117
Hip circumference —0.091 —0.163 0.060 0.018 —0.153 —0.055
NWNO female (n = 106)
Body weight —0.167 —-0.110 —0.301** 0.021 0.182 0.005
BMI —0.073 —0.105 —0.260* 0.073 0.245 0.029
Body fat mass —0.370%* —0.417%* —0.475%*% —0.189 0.129 —0.047
BF% —0.355%* —0.502** —0.400%* —0.271* 0.032 —0.064
Fat-free mass —0.004 —0.099 —0.126 0.149 0.163 0.030
Skeletal muscle mass -0.018 —0.093 -0.129 0.136 0.166 0.028
Visceral fat area —0.314*%* —0.365%* —0.408** —0.167 0.103 —0.040
Waist circumference —0.129 —0.239 —0.228 —0.195 0.242 0.204
Hip circumference —0.209 —0.234 —0.328%* —-0.010 0.145 0.051

Notes: *P < 0.05, **P < 0.01.

Abbreviations: NWO, normal weight obesity; NWNO, normal weight non-obesity; BMI, body mass index; BF%, body fat percentage; HLSUS, healthy lifestyles scale of

university students.

university students, the HLSUS questionnaire was used.
NWNO
HLSUS scores than NWO students, especially in physical

students demonstrated higher average total

exercise, dietary nutrition and regular life behavior scores,
implying that the lifestyles of NWO university students
were not healthy. Additionally, total HLSUS, physical
exercise behavior, and dietary nutrition behavior also sig-
nificantly negatively correlated with BF%, indicating that

these lifestyle factors might be important in determining
whether a university student was NWO or NWNO, which
was in accordance with the previous study.>

Physical exercise behavior was significantly negatively
correlated with body fat mass, BF% and visceral fat area
in both NWNO males and females, but only in NWO
females. In a study, physical activity has been shown to
be inversely related with BMI, waist circumference and
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Table 4 Multivariate Logistic Regression Analysis of University
Students’ Lifestyles and NWO by Sex

OR 95% ClI P-value

Male

Physical exercise behavior 0.298 (0.121, 0.733) 0.009
Regular life behavior 0.600 | (0.324, 1.108) | 0.127
Dietary nutrition behavior 1.661 (0.863, 3.198) 0.208
Stress management behavior | 0.570 (0.305, 1.065) 0.130
Female

Physical exercise behavior 0.653 | (0.505, 0.843) | 0.001
Regular life behavior 0.878 | (0.699, 1.103) | 0.263
Dietary nutrition behavior 0.759 (0.584, 0.986) 0.039
Stress management behavior | 0.503 (0.335, 0.755) 0.001
Life appreciation behavior 1.046 | (0.784, 1.397) | 0.759

Notes: The multivariate logistic regression models were adjusted for age, family
monthly income, father’s educational level, mother’s educational level, residence
before entering university, and whether the only child.

Abbreviation: NWO, normal weight obesity.

fat-mass percentage and positively related with fat-free
mass percentage.”* However, we failed to find the signifi-
cant relations between physical activity, BMI, and waist
circumference. Although the sample sizes were similar, we
did not directly analyze the correlations by sex, but further
divided the males and females into NWO and NWNO
groups and then analyzed the correlations, respectively,
which might lead to the differences in the two studies.
NWO had also been demonstrated to be associated with
poor physical fitness, and the relationship was partially
regulated by lower skeletal muscle mass.?' We found the
difference on skeletal muscle mass between NWO and
NWNO females, but did not find the significance in
males, possibly because of the small sample size in
NWO males, and further analysis failed to reveal the
correlation between skeletal muscle mass and physical
exercise behavior, which might be attributed to the differ-
ent ways to evaluate physical activity.

Dietary factors also exert important roles in body com-
position. The intakes of energy-yielding nutrients were not
associated with NWO. Instead, some healthy dietary fac-
tors (low intakes of meat and soft drinks) as well as
unhealthy factors (low intakes of root vegetables, cereals
and fish and high intake of confectionery) were related to
NWO.?® Despite the fact that NWO male university stu-
dents appeared lean, they have been reported to consume
lower amounts of dietary antioxidants and demonstrated
the same low body antioxidant status as obese individuals
because of the unhealthy diet.’” The above findings sug-
gest that a reasonable diet is critical for maintaining

healthy body composition. We found a significant inverse
correlation between dietary nutrition behavior and body fat
mass and BF%, respectively, in NWO and NWNO
females, as well as NWNO males. We also found that
dietary nutrition behavior was an independent protective
factor for NWO in females, further emphasizing the posi-
tive role of nutrition in NWO prevention and treatment.
However, it had been reported that self-regulation of eat-
ing and physical activity was lower in obese female col-
lege students as compared to their normal weight
counterparts.’® Physical activity and dietary behaviors
both play a substantial action in subjects becoming over-
weight and developing obesity, and they were the most
modifiable factors,® we believe that if NWO students
want to become NWNO, healthy lifestyle adjustments,
particularly physical exercise and dietary nutrition, should
be focused.

Obesity is a known risk factor for many chronic con-
ditions, as well as mental health disorders.*® Obesity will
progress from childhood to adulthood without effective
intervention, followed by a series of expanding related
physical and mental health problems.*' We found that
stress management behavior and life appreciation behavior
scores of NWNO female students were significantly higher
than those of the NWO, and these two indicators remark-
ably negatively correlated with BF%. Regression analysis
revealed that the risk of NWO was lower in females with
a higher score in stress management behavior, which was
consistent with the previous researches that stress had been
shown as a key risk factor affecting obesity,** and psycho-
logical stress in the family led to childhood obesity.*
Stress can lead to obesity through inappropriate eating
behavior,** while relaxation can reduce emotional eating
and improve cognitive restraint, thereby reducing
weight.*> In addition, people who are stressed are also
the most difficult to lose weight.*® Stress management
plays an important role in reducing weight, improving
body

comorbidities.*” Therefore, it is important to try to help

composition and preventing various
university students identify the source of stress and main-
tain a good mental state.

There are some additional limitations on this research
that should be considered. First, the HLSUS questionnaire
content is limited, which cannot summarize all the situa-
tions involved in the lifestyles, leading to incomplete
surveys. Second, because of the cross-sectional design,
we cannot exclude the possibility of reverse causality.

Finally, we conducted a study on a small sample (N =
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279) of university students. Only 26 male students were
classified as NWO, which might affect the accuracy of the
results. Therefore, large-scale cross-sectional studies or
longitudinal studies are needed to determine the factors
of NWO in the future.

Conclusion

This study showed that 25.5% of male and 40.1% of
female university students with normal BMI were classi-
fied as NWO. NWO university students had lower
HLSUS, physical exercise, dietary nutrition, regular life
and stress management scores than their NWNO peers,
which might directly lead to significantly higher BMI,
body fat mass and percentage, visceral fat area. Among
the lifestyles, physical exercise was the independent pro-
tective factor for NWO in both sexes, while dietary nutri-
tion and stress management were also protective factors
for NWO in female students. These findings indicated that
much attention should be paid for the lifestyle adjust-
ments, especially physical exercise, dietary nutrition and
stress management behavior, for preventing the health risk
in NWO university students.
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