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Purpose: To (i) describe the characteristics of physical fitness and cardiometabolic risk in
Chinese university students with normal-weight obesity (NWO); (ii) assess the association
between NWO with physical fitness and cardiometabolic risk.

Methods: A total of 249 participants from the 2018 Shanghai University of Sport Alumni
Health Cohort Study in China formed the study cohort. NWO was defined as normal body
mass index (17.9-23.9 kg/m? for males; 17.2-23.9 kg/m? for females) but with excess body-
fat percentage (>20% for males; >30% for females). Body composition was assessed by
dual-energy X-ray absorptiometry. Physical-fitness scores were calculated from a battery of
sex-specific tests. Cardiometabolic risk was calculated using a continuous clustered risk
(MetS) score.

Results: We found that 16.7% of male and 45.3% of female university students were
classified as having NWO. Participants with NWO showed worse cardiorespiratory fitness
than those with normal weight (NW) (male NWO (37£8) vs male NW (414+6) mL/kg/min,
p<0.01; female NWO (31+4) vs female NW (33+£6) mL/kg/min, p<0.01). NWO was asso-
ciated negatively with the fitness score (OR = 0.853; 95% CI = 0.793-0.917) and was
associated positively with the MetS score (1.280; 1.162—1.410).

Conclusion: University students with NWO were characterized by higher cardiometabolic
risk and lower levels of physical fitness. Our findings implied that university students with
NWO should be mindful of the potential hidden health risks of excess body fat and
participate in exercise to enhance physical fitness.

Keywords: body composition, body mass index, body fat distribution, skeletal muscle,
public health

Introduction
Obesity is a major risk factor for non-communicable diseases worldwide, including
cardiovascular disease, type-2 diabetes mellitus, and certain types of cancer.'
Weight gain from early-to-middle adulthood is associated with an increased risk
of major chronic diseases and mortality,>> which highlights the importance of
maintaining a healthy weight throughout life beginning from early adulthood.
Body mass index (BMI) is a relatively simple, low-cost, indirect measurement
of obesity. Nevertheless, it cannot distinguish between lean mass (LM) and fat mass
(FM) and it does not provide an indication of the distribution of body fat (BF).*
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Dual-energy X-ray absorptiometry (DXA) can be used to
evaluate body composition for FM and LM.> An excess of
fat is associated with insulin resistance, altered metabolism
of lipids, and endothelial dysfunction.® Individuals with
normal body weight according to BMI but having a high
percentage of BF are said to have “normal-weight obesity”
(NWO). Compared with their normal weight (NW) lean
counterparts, individuals with NWO carry a higher risk of
developing metabolic syndrome, cardiometabolic dysfunc-
tion, and death.”

Increased FM and body fat percentage (BF%) are
associated with cardiometabolic risk, and are also the
primary markers of worse physical performance.®
Children and adolescents suffering from obesity have
lower cardiorespiratory fitness and lower body explosive
strength.” Higher LM (which corresponds to muscle mass)
is related to higher levels of physical fitness.'® Conversely,
individuals with low cardiorespiratory fitness exhibit an
increased risk of low LM.'" Physical fitness is, therefore,
an important marker of health. A lower level of physical
fitness early in life is a key risk factor for long-term
cardiovascular disease and death.'> NWO is a risk factor
for cardiovascular disease, metabolic dysregulation, and
poor functional outcomes, but the relationship between
physical fitness and NWO in young people is not known.

We wished to (i) describe the characteristics of physi-
cal fitness and cardiometabolic risk among Chinese uni-
versity students with NWO; (ii) assess the association
between NWO with physical fitness and cardiometabolic
risk.

Materials and Methods

Study Design

This cross-sectional study was part of the 2018 Shanghai
University of Sport (SUS) Alumni Health Cohort Study in
Shanghai, China. The 2018 SUS Alumni Health Cohort
Study is a prospective longitudinal, observational cohort
study to assess changing patterns of physical exercise,
body weight, and physical fitness from early-to-middle
adulthood and their relationship to major chronic diseases
in the Chinese population. It comprised athletic students
and non-athletic students enrolled during Fall 2018
from SUS.

All participants provided written informed consent.
The study was conducted in accordance with the ethical
principles stated in the Declaration of Helsinki 1964 and
its later amendments. The Ethics Review Board at SUS

approved the study protocol (2018047). In addition, the
study was registered at the Chinese Clinical Trial Register
(ID: ChiCTR2000028981).

Determination of Sample Size

The formula for estimating the sample size is shown
below. Expecting a 95% confidence interval (CI), we
used a prevalence of NWO of 28.2% based on a study
by Romero-Corral and coworkers.'® The required sample
size was >245:

n=Za/2*x P(1 — P)/&
= 1.96° % 0282 * (1 — 0.282)/0.0564% ~ 245

where o = 0.05, confidence level = 1 — o = 95%, Zo/2 =
1.96, P is the prevalence of NWO = 0.282, and 6 is the
permissible error =0.2P = 0.0564.

Participants

A total number of 909 first-year university students were
included in the 2018 SUS Alumni Health Cohort Study.
Student athletes (n = 496) were excluded because their
routine training would affect the outcome measures. Out of
413 university students, 382 participants had data for BMI
and BF% that allowed their classification. The other 31
participants were excluded from the analysis because data
on BMI or BF% were not available. The remaining 382
first-year university students were divided into four groups
according to definitions of NW and NWO: male NW (n =
56), male NWO (n = 21), female NW (n = 83) and female
NWO (n = 116). Twenty-seven participants were excluded
because data on physical fitness or blood samples were
missing. Finally, 249 participants were included in the data
analysis: male NW (n = 53), male NWO (n = 20), female
NW (n = 73) and female NWO (n = 103) (Figure 1). The
normal cutoff point of BMI (in kg/m?) was 17.9 < BMI <
23.9 for men and 17.2 < BMI < 23.9 for women based on
National Students Constitutional Health Standards (2014
revised edition) in China.'* The cutoff for obesity using
BF% was >20% for males and >30% for females based on
definitions set by the World Health Organization."”

Anthropometry and Body Composition

The weight (precision, 0.1 kg) and height (precision,
0.1 cm) of participants were measured in light clothing
without shoes or socks. LM and FM of the whole body,
android region, and gynoid region were assessed using
DXA using a Prodigy™ Lunar system (General Electric,
Boston, MA, USA). DXA was done from head to toe with
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The 2018 SUS Alumni Health Cohort Study in Shanghai, China
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Subjects excluded:
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Figure | Flowchart of our study.

Abbreviations: BF%, body fat percentage; BMI, body mass index; NWV, normal weight; NWO, normal-weight obesity; SUS, Shanghai University of Sport.
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participants supine and arms by their side. Variables of
interest from DXA were LM and FM of the whole body,
android region, and gynoid region.

Blood Pressure
Participants were required to sit with their feet resting flat
on the ground for 5 min before the first blood-pressure
measurement. Two measurements were taken >1-min apart
using an electronic sphygmomanometer (UDEX-Twin
Type 2; Japan). The mean value of the measurements
was used for analyses. If the two measurements differed
by >5 mmHg, an additional measurement was taken with
the mean between the two closest readings used for the
analysis.'® Mean arterial pressure (MAP) was estimated
from the formula:

MAP = ([(2 x diastolic blood pressure) + systolic blood
pressure]/3)

Physical Fitness

The physical fitness of participants was assessed using
a Physical-Fitness Test System (Takei Kiki Kogyo,
Tokyo, Japan). Before testing of each item of physical
fitness, participants were asked to rest for 5 min.

The physical-fitness test comprised several test items.
Upper-limb muscle strength was evaluated by a handgrip
dynamometer (accuracy = 0.1 kg). Two attempts were
made on each hand, with the higher of the two scores
used for analyses. Respiratory function was assessed by
a portable dynamic spirometer (accuracy = 1 mL). The
“whole-body reaction time” (WBRT) was the time
required from visual stimuli to when the participant lifted
his/her leg from a starting platform. The WBRT was
evaluated by a reaction-time instrument (reading accuracy
=0.001 s). Hamstring flexibility was assessed by a sit-and-
reach test. In a seated position with both knees extended
fully and feet placed firmly against a vertical support,
participants were asked to reach forward with their
hands. Two attempts were made, and the highest two
scores used for analyses (measured to the nearest
0.1 cm). Static balance was evaluated by standing on one
leg for as long as possible with eyes closed; the accuracy
of the reading was 1 s, and the longer of the two attempts
was recorded. Cardiorespiratory endurance was assessed
by maximal oxygen consumption (VOj.x), and the accu-
racy of the reading was 1 mL/kg/min. A graded cycle-
ergometry test was undertaken for 13 min at increasing
intensity based on a submaximal heart rate. During this
time, the heartbeat was monitored, and built-in software

calculated the VO,,,x. Abdominal endurance was evalu-
ated by l-min sit-ups. Explosive power was assessed by
a standing long jump. The participants had two trials, and
the better score was used for statistical analyses.

The fitness score was the sum of the sex-specific
z-score for the test items of physical fitness stated above.
A higher fitness score indicated a better level of physical
fitness.

Blood Analyses

After an overnight fast of >8 h, 10 mL of venous blood
was drawn from participants and analyzed at Shanghai
Yulong Medical Laboratory (Shanghai, China). The con-
centration of fasting blood glucose (FBG) and concentra-
tion of lipids were measured through standard methods of
enzymatic colorimetry. All assay kits were obtained from
Qufu Yulong Biotechnology (Shandong, China) and levels
of fasting blood cholesterol (CHOL), triglycerides (TG),
high-density lipoprotein-cholesterol (HDL-C) and low-
density lipoprotein-cholesterol (LDL-C) were measured.

Assessment of Cardiometabolic Risk
To
a standardized, continuously distributed variable for the

assess cardiometabolic risk, we constructed
clustered metabolic risk (MetS) score.!” The latter was the
sum of the z scores for MAP, android FM, FBG, TG,
CHOL, HDL-C* —1 and LDL-C. A higher MetS score

indicates a worse cardiometabolic profile.

Statistical Analyses

Participant characteristics, physical fitness, body composi-
tion, glucose level, and lipid variables are reported as the
mean + standard deviation and 95% CI. Characteristic
differences in NW and NWO within the same sex were
tested by the Mann—Whitney non-parametric test. Binary
logistic regression analysis was undertaken to examine the
associations between NWO, physical fitness, and cardio-
metabolic risk. The Spearman correlation coefficient
between body composition, cardiometabolic risk factors,
and physical fitness was calculated. Analyses were per-
formed in IBM SPSS Statistics 22.0 software (IBM SPSS
Inc., Chicago, Illinois). p<0.05 indicated significance.

Results

Basic Characteristics of Participants
The study cohort was 382 (126 males and 256 females)
first-year university students in the 2018 SUS Alumni
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Health Cohort Study. Two (1.6%) males and nine (3.5%)
females were classified as underweight, 77 (61.1%) and
199 (77.7%) as NW, 31 (24.6%) and 35 (13.7%) as over-
weight, and 16 (12.7%) and 13 (5.1%) as obese, respec-
tively. We focused on participants with NW according to
BMI and participants with NW according to BMI but with
a high BF%. Of the participants who were classified as
NW by BMI, and according to the cutoff point of BF%, 56
(44.4%) males and 83 (32.4%) females were classified as
NW, and 21 (16.7%) males and 116 (45.3%) females were
classified as NWO.

The characteristics of participants classified as NW and
NWO are shown in Table 1. Age, height, systolic blood
pressure, diastolic blood pressure, and MAP between NW
and NWO were similar in males and females. Compared
with males of NW, males of NWO had a higher body mass
(»<0.05). Females with NWO had a higher body mass than
females with NW (p<0.01). Males and females with NWO
had higher BMI and BF% than males and females with
NW (p<0.01).

Physical Fitness Between People with
NW and People with NWO

The characteristics of physical fitness in people with NW
and people with NWO are shown in Table 2. Males with
NWO showed worse performance for sitting and reaching
than individuals with NW (p<0.05). Differences were not
observed between females with NWO and females with
NW for sitting and reaching. Males with NWO had lower
VOjmax than males with NW (p<0.01). VOy,,.x Was simi-
lar among females (p<0.01). Females with NWO carried
out fewer 1-min sit-ups than females with NW (p<0.05).
In terms of the standing long jump, males and females

Table | Basic Characteristics of Study Participants

with NWO showed worse performance than that of males
and females with NW (p<0.01 for all). Differences were
not observed between males and females with NWO and
males and females with NW for handgrip strength, forced
vital capacity, WBRT, or standing on one leg with eyes
closed. Males and females with NWO had a lower fitness
score than males and females with NW (p<0.01 for all)
(Figure 2B).

Body Composition Between People with
NW and People with NWO

Differences in total and regional LM and FM are shown in
Table 2. FM in the gynoid (lower body) region and
android region (abdominal area) of males and females
with NWO were higher compared with males and females
with NW (p<0.01 for all). Males and females with NWO
had greater total FM than males and females with NW
(»<0.01 for all). Total LM of males with NWO was lower
than that of males with NW (p<0.05). Total LM was
similar in females with NWO and NW. Compared with
the NW group, the LM/FM ratio was lower in the NWO
group (p<0.01 for all).

Glucose Level, Levels of Lipids, and

Cardiometabolic Risk

The different levels of glucose and lipids are displayed in
Figure 2A. Levels of LDL-C in females with NWO were
higher than those of females with NW (p<0.05), whereas
LDL-C levels were similar in males with NWO and in
males with NW. Levels of FBG, CHOL, TG, and HDL-C
were similar between the NWO group and NW group in
males and females. However, males and females with

Characteristics Male (n = 73) Female (n = 177)

NW (n = 53) NWO (n = 20) NW (n =73) NWO (n = 103)
Age (years) 18.5 £ 0.7 (183, 18.7) 18.6 £ 0.8 (18.2, 18.9) 182 £ 0.7 (18.1, 18.4) 182 £ 0.7 (18.1, 18.4)
Height (cm) 175 £ 7 (173, 177) 176 £5 (173, 178) 162 £ 5 (161, 164) 162 £ 6 (161, 164)
Body weight (kg) 63.8 + 6.4 (62.1, 65.6) 67.9 + 4.8% (65.7, 70.1) 51.3 + 43 (50.3, 52.3) 55.4 + 6.0%* (54.3, 56.6)
BMI (kg/m?) 20.8 + 1.5 (204, 21.3) 22.0 + |47 (21.4, 22.7) 1944 £ 1.0 (19.2, 19.7) 21.0 £ 1.6%* (20.7, 21.3)
BF% 13% + 3% (12%, 14%) 23% * 3% (22%, 24%) 27% * 2% (26%, 27%) 34% + 3%** (33%, 34%)
SBP (mmHg) 127 £ 14 (123, 131) 121 £ 14 (115, 128) 109 £ 10 (106, I11) [T £ 13 (109, 114)
DBP (mmHg) 76 + 13 (73, 80) 81 + 14 (75, 88) 68 £ 9 (66, 71) 70 = 11 (68, 72)
MAP (mmHg) 93 £ 11 (90, 96) 95 + 13 (89, 100) 82 + 9 (80, 84) 84 + 10 (82, 86)

Notes: Data are the mean + SD and 95% CI. *p<0.05, **p<0.01 compared with NW of the same sex (male NW vs male NWO, female NW vs female NWO)
Abbreviations: BF%, body fat percentage; BMI, body mass index; DBP, diastolic blood pressure; MAP, mean arterial pressure; NWV, normal weight; NWO, normal-weight
obesity; SBP, systolic blood pressure.
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Table 2 Characteristics of Physical Fitness and Body Composition in People with NW and People with NWO

Characteristics Male (n = 73)

Female (n = 177)

NW (n = 53)

NWO (n = 20)

NW (n = 73) NWO (n = 103)

Physical fitness

Handgrip strength (kg) 389 + 5.5 (37.4, 40.4)
3187 + 833 (2957, 3417)
0.392 £ 0.055 (0.376, 0.407)
14.7 £ 6.9 (128, 16.6)

70 + 57 (54, 86)

Forced vital capacity (mL)
Whole-body reaction time (s)
Sit and reach (cm)

Standing on one leg with
eyes closed (s)

VOymax (mL/kg/min)

Sit-ups (reps/min)

41 + 6 (40, 43)
40 + 9 (38, 43)

Standing long jump (cm) 235 + 19 (230, 240)

37.6 + 32 (36.1, 39.1)
3222 + 927 (2788, 3656)
0.405 + 0.046 (0.383, 0.426)
11.3 + 5.8% (8.5, 14.0)

59 + 67 (28, 90)

37 + 8% (33, 40)
38 + 10 (33, 42)
217 + 165 (209, 224)

24.4 + 42 (23.5, 25.4)
2314 + 516 (2194, 2435)
0.406 + 0.062 (0.392, 0.421)
16.0 + 6.4 (145, 17.5)

63 £ 56 (50, 76)

234 + 39 (227, 24.2)
2413 + 558 (2304, 2522)
0.421 + 0.052 (0.411, 0.431)
149 + 69 (13.6, 163)

56 + 57 (45, 67)

33 + 6 (32, 35)
33+ 11 (31, 36)
174 + 18 (169, 178)

31 + 4% (30, 32)
29 + 9% (28, 31)
162 + 16 (159, 165)

Body composition

Android FM (kg)
Gynoid FM (kg)
Total FM (kg)
Total LM (kg)
LM/FM ratio

0.7 £ 0.2 (0.7, 0.8)
1.7 £ 05 (1.6, 1.9)
8.1 +2.4 (7.4, 87)
52.7 % 5.3 (51.2, 54.1)
7.1 £23 (6.5,7.8)

1.5 % 0.2% (14, 1.6)
2.8 + 0.4% (2.6, 3.0)
14.9 + 2.4+ (13.8, 16.0)
49.5 + 3.4% (47.9, 51.1)
3.4 + 0.5% (3.2, 3.6)

1.0 £ 02 (0.9, 1.0)
3.0 %04 (29 3.1)
13.1 £ 1.9 (127, 13.5)
354 + 29 (348, 36.1)
2.7 + 04 (2.7, 2.8)

1.4 % 0.3% (13, 1.4)
3.7 + 0.6 (3.6, 3.8)
17.7 £ 2.8% (17.1, 18.2)
348 + 3.6 (34.1, 35.5)
2.0 + 0.2% (2.0, 2.0)

Notes: Data are the mean + SD and 95% CI. *p<0.05, **p<0.01 compared with NW of the same sex (male NW vs male NWO, female NW vs female NWO)
Abbreviations: FM, fat mass; LM, lean mass; NW, normal weight; NWO, normal-weight obesity; VO,,.x, maximal oxygen consumption.

NWO had a greater cardiometabolic risk than males and
females with NW (p<0.01 for all) (Figure 2B).

Associations of NWO with Physical

Fitness and Cardiometabolic Risk

The relationship between NWO with physical fitness and
cardiometabolic risk is shown in Table 3. NWO was
associated negatively with the fitness score (p=0.000).
NWO was associated positively with the MetS score
(»p=0.000). For every 1-unit increase in the MetS score,
the risk of NWO prevalence increased by 28.0%.

Correlations Between Body
Composition, Cardiometabolic Risk

Factors, and Physical Fitness

The correlations between FM, LM, cardiometabolic risk
factors, and physical fitness are displayed in Figure 3.
Android FM, gynoid FM, and total FM were correlated
positively with cardiometabolic risk factors such as the
glucose level, levels of lipids, and MetS score. Total LM
and the LM/FM ratio were correlated negatively with
cardiometabolic risk factors. With respect to physical-
fitness items, handgrip strength, forced vital capacity,
standing on one leg with eyes closed, VO, sit-ups,
standing long jump, and fitness score were correlated
negatively with FM (android FM, gynoid FM, total FM)

and correlated positively with LM (total LM and LM/FM

ratio).

Discussion

There is limited information on the physical fitness and
biological characteristics of Chinese young people with
NWO. We assessed the levels of physical fitness and
cardiovascular risk factors in university students with
NW or NWO.

The key finding of our study was that, out of 382
university students evaluated, 16.7% males and 45.3%
females were classified as having NWO. In addition, uni-
versity students with NWO were characterized by lower
levels of physical fitness and greater cardiovascular risk
compared with their NW counterparts.

Using a cutoff point (highest tertile) for classification
of NWO, the prevalence was 33.3% for women and 23.1%
for men in Americans aged >20 years in a study by
Romero-Corral and colleagues.'? In Swiss adults aged
35-75 years, NWO prevalence varied from 1.4% to
27.8% in women according to the cutoff point used, but
the NWO prevalence was <1% in men for all thresholds
used.'® However, a national study in Chinese individuals
aged >20 years found that NWO prevalence in different
age groups ranged from 6.7% to 10.2% in males and 1.7%
to 6.6% in females using various definitions."” The
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Figure 2 Glucose level and levels of lipids (A), fitness score and MetS score (B) in
NW and NWO.

Notes: Data are the mean * SD. *p<0.05, **p<0.01 compared with NW of the
same sex (male NW vs male NWO, female NW vs female NWO). The fitness
score was the sum of the sex-specific z-score for physical-fitness test items (hand-
grip strength, forced vital capacity, whole-body reaction time, sit and reach, standing
on one leg with eyes closed, maximal oxygen consumption, sit-ups, and standing
long jump). A higher fitness score indicates a better level of physical fitness. The
MetS score was the sum of the z-score of the following metabolic traits: mean
arterial pressure ([(2x diastolic blood pressure) + systolic blood pressure]/3);
android FM; FBG; TG, CHOL, HDL-C*-1 and LDL-C. A higher MetS score indicates
a worse cardiometabolic profile.

Abbreviations: CHOL, cholesterol; FBG, fasting blood glucose; HDL-C, high-
density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; N,
normal weight; NWO, normal-weight obesity; TG, triglycerides.

differences among these studies were due to the different
definitions used, so their results cannot be compared
directly. In addition, data for NWO prevalence differ
between studies because of ethnicity, age, sex differences
in populations, and the lack of consensus on diagnostic
criteria. Our study indicated that NWO prevalence in
female university students was higher than that in male
university students. Nearly half of the female university
students were diagnosed as having NWO obesity, which
implied an important health threat among young females.

University students with NWO were characterized by
lower levels of physical fitness in our study. Physical
fitness is operationalized as measurable health- and skill-
related attributes that includes cardiorespiratory fitness,
muscle strength, aerobic endurance, flexibility, balance,

Table 3 Associations of NWO with Physical Fitness and
Cardiometabolic Risk

Outcome OR 95% ClI P
Fitness score 0.853 (0.793, 0.917) 0.000
MetS score 1.280 (1.162, 1.410) 0.000

Notes: The fitness score was the sum of the sex-specific z-score for physical-
fitness test items (handgrip strength, forced vital capacity, whole-body reaction
time, sit and reach, standing on one leg with eyes closed, maximal oxygen con-
sumption, sit-ups, and standing long jump). A higher fitness score indicates a better
level of physical fitness. The MetS score was the sum of the z-score of the following
metabolic traits: mean arterial pressure ([(2% diastolic blood pressure) + systolic
blood pressure]/3); android FM; FBG; TG, CHOL, HDL-C*-| and LDL-C. A higher
MetS score indicates a worse cardiometabolic profile.

Abbreviations: CHOL, cholesterol; Cl, confidence interval; FBG, fasting blood
glucose; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipopro-
tein-cholesterol; NW, normal weight; NWO, normal-weight obesity; OR, odds
ratio; TG, triglycerides.

agility, reaction time, and power.”® There was a strong
inverse relationship between excess body weight and phy-
sical fitness. A study carried out in Finland found that
being overweight was associated negatively with aerobic
endurance and muscle endurance, as well as explosive
power in people aged 15-16 years.”' A national survey
from China covering the period 1985-2014 indicated that
obesity is a major driver of decline in the physical fitness
of Chinese children and adolescents, including reductions
in respiratory function, strength, explosive power, and
cardiorespiratory endurance.’” Consistent with data from
other studies, university students with NWO in our study
had poor cardiorespiratory endurance and explosive power
compared with their NW counterparts. Physical-fitness
scores were calculated from a battery of sex-specific
tests, and indicated that males and females with NWO
had lower fitness scores than males and females with
NW. In addition, a growing prevalence of NWO in mili-
tary recruits accompanied by lower fitness is a growing
concern. Fitness levels of these students can affect health
and therefore operational readiness,” because a portion of
this population would be future military recruits and there-
fore could influence the welfare of the nation. Priority
should therefore be made at poor fitness in university
students and young adults with NWO.

We found that young people with NWO had higher FM
and lower LM compared with those with NW. Excess FM
is related to insulin resistance, dyslipidemia, and increased
cardiovascular risk.”**> However, the potential role of
muscle in obesity prevention is less appreciated.”® LM
plays a major part in the maintenance of physical activity
and fitness. Lower muscular fitness is associated with
increased cardiovascular risk and metabolic risk.?” The
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Android FM (kg)  Gynoid FM (kg) Total FM (kg) Total LM (kg) LM/FM ratio
SBP (mmHg) -0.100 0.219** -0.162* _ 0.306 **
DBP (mmHg) -0.007 0.129" -0.072 0.296 " 0181 ™"
MAP (mmHg) -0.048 -0.186™" 0122 ‘ 0432 0.263 ™
CHOL (mmollL) 0.146 0.224™ 0210 02711 0276 1
TG (mmoliL) 0.094 0.054 0.076 0.236™ 0.136"
HDL-C (mmol/L) 0.019 0213™ 0.150 * -0.207™ 0211 05
|
LDL-C (mmoliL) 0159 " 0.150 * 0.162 " -0.208™" 0.212™" |
FBG (mmoliL) -0.011 -0.067 -0.054 0.093 0.104 |
I |0
MetS Score 0.405 ™ 0217 0.306 ** -0.017 0.235™"
Handgrip strength (kg) -0.243™* _ 0.394™ ‘
Forced vital capacity (ml) -0.076 0.207** -0.160" 0.326 ™ 05
Whole-body reaction time (s) 0.087 0173 ™" 0.155* 0.127" 0179
sitand reach (cm) 0.018 0.123 0.077 0.067 -0.039 1
standing on one leg with eyes closed (s) -0.140" 0114 0150 0.070 0132 " Spearman
Correlation
Sit-ups (rep/min) -0.283™* 0.378™ 0.374™ 0.360 **

Standing long jump (cm)

Fitness Score 0.196™ -0.107

0.202 ™

-0.168™"

Figure 3 Correlations between body composition, cardiometabolic risk factors, and physical fitness.

Notes: Results are Spearman correlation coefficients. ¥p<0.05, **p<0.01. The fitness score was the sum of the sex-specific z-score for physical-fitness test items (handgrip
strength, forced vital capacity, whole-body reaction time, sit and reach, standing on one leg with eyes closed, maximal oxygen consumption, sit-ups, and standing long jump).
A higher fitness score indicates a better level of physical fitness. The MetS score was the sum of the z-score of the following metabolic traits: mean arterial pressure ([(2*
diastolic blood pressure) + systolic blood pressure]/3); android FM; FBG; TG, CHOL, HDL-C*-1 and LDL-C. A higher MetS score indicates a worse cardiometabolic profile.
Abbreviations: CHOL, cholesterol; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density
lipoprotein-cholesterol; MAP, mean arterial pressure; SBP, systolic blood pressure; TG, triglycerides; VO;ax, maximal oxygen consumption.

increased cardiometabolic risk in NWO is attributable to
reduced LM.”® NWO was associated with poor physical
fitness and the relationship was mediated (at least in part)
by lower LM in Chinese university students.” In our
study, reduced LM was found in students with NWO.
Total LM of males with NWO was lower than that of
males with NW. Moreover, the LM/FM ratio was lower
in the NWO group than that in the NW group in male and
female students. Exercise is an effective strategy for treat-

ing various diseases and improving fitness,**>?

so appeal-
ing urgently to these high-risk individuals to enhance their
physical fitness is important. Worldwide recommendations
for physical activity call for adults aged >18 years to
complete >150 min of moderate-intensity physical activity
or 75 min of vigorous-intensity physical activity every
week to increase fitness levels.*”

An analysis of classic cardiovascular risks factors
showed similar profiles between university students with

NWO or NW for the glucose level, levels of lipids, and

blood pressure. Nevertheless, several recent studies have
reported that metabolic dysregulation increases cardiovas-
cular risks in people classified with NWO. Women aged
35-75 years with NWO were shown to have a higher
prevalence of dyslipidemia and hyperglycemia than
those lean women.** People aged 18-30 years classified
as having NWO carry an increased cardiovascular risk,
including high blood pressure and low levels of HDL-C.*
In accordance with data from other studies, university
students with NWO had a higher cardiometabolic risk
than their NW counterparts. However, there were no dif-
ferences in cardiovascular risk factors as continuous vari-
ables between NWO and NW in our study. This
observation could be due to the younger age of our parti-
cipants. The parameters of cardiometabolic risk in early
life are associated with an increased risk of cardiometa-
bolic morbidity and mortality in adulthood,'> so young
adults should seek to preserve their cardiometabolic
health.
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The relationship between NWO and metabolic risk has
been characterized in middle-aged adults (low-grade proin-
flammatory status, increased oxidative stress, insulin resis-
tance, and dyslipidemia) and leads to a higher risk of
cardiometabolic dysregulation, metabolic syndrome, and car-
diovascular mortality.'****>7 High levels of physical fitness
attenuate the association between obesity and clustered car-
diometabolic risk from childhood to adolescence.”® Our
results are similar to those of a recent study that showed
that Colombian children and adolescents with NWO had
a significantly worse cardiometabolic profile and lower
level of physical fitness compared with that of their NW
lean counterparts.®® In the present study, university students
classified as having NWO had higher FM and greater cardi-
ovascular risk, lower LM and lower levels of physical fitness.
NWO was associated negatively with the fitness score and
was associated positively with the MetS score. Young people
with NWO should be mindful of the potential hidden health
risks of excess BF and participate in exercise to enhance
physical fitness.

Our study had two main limitations. First, the number
of participants with NW or NWO was relatively small.
Second, because of the cross-sectional design of our study,
causality could not be established. Therefore, a large study
cohort and longitudinal studies are needed to determine the
relationship between body composition with cardiovascu-
lar risk and physical fitness.

Conclusions

We showed that NWO prevalence was 16.7% in males and
45.3% in females. University students with NWO were
characterized by lower levels of physical fitness and LM,
higher FM, and greater cardiovascular risk. These students
with NWO should be mindful of the potential hidden
health risks of excess BF and participate in exercise to
enhance physical fitness.

Practical Applications

Individuals with NWO tend to develop certain character-
istic health conditions, such as excess BF and lower levels
of physical fitness, which lead to a high risk of cardiovas-
cular disease. Screening for excess BF in individuals with
normal BMI could better identify those at a higher risk for
NWO
should be made aware of the potential hidden health

cardiometabolic disturbances. Individuals with
risks of excess BF and poor physical fitness. Proactive
efforts must be made to encourage exercise to lose weight
and enhance physical fitness.
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