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Abstract: This study aimed to assess lung function, glucose metabolism, lipid metabolism, liver function, age and
gender differences in Chinese obese children and youth. A cross-sectional study including normal control, over-
weight and obese subjects was designed. The anthropometric characteristics, glucose metabolism, liver function,
lipid metabolism and lung function parameters were detected. In addition, analyses stratified by age and gender
were conducted. Totally, 45 normal, 55 overweight and 136 obese students were enrolled. The levels of weight
status, FVC and FEV1 in control group were lowest and highest in obesity. The levels of PI, ALT and AST were lowest
in obesity. The levels of AST, TG, FVC and FEV1 were associated with age, while ALT, AST, TG, FVC and FEV1 were as-
sociated with gender. Age, FVC, Pl and AST were found associated with obesity. The lung function, glucose metabo-
lism, lipid metabolism and liver function which related to sex and schooling grade to some extent were progressively

impaired in the progress of obesity in Chinese children and youth.
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Introduction

Juvenile obesity is becoming one of the most
prevalent public health concerns worldwide
and recognized as a worldwide epidemic. Its
rate has tripled in the developing countries dur-
ing the last 20 years [1]. A recent United States
census in 2009-2010 shows that 35.7% of
adults, and 16.9% of children and adolescents
are obese [2, 3]. In Canadian, 19.5% of boys
and 6.3% of girls are obese between 5 and 11
of age [4]. In Chinese, the national estimates in
2005 reveal that 7.73% of Chinese youth are
overweight and 3.71% of them are obese [5].

It has been reported that many factors includ-
ing lung function, glucose metabolism, lipid
metabolism and liver function are associated
with obesity [6]. Impaired lung function in indi-
viduals with obesity has been revealed to be
a consequence of fat deposition around the
thoracic-abdominal border, which makes the
mobility alteration of the diaphragm muscles
[7], lung compliance and strength, as well as

thoracic expansion. In addition, a low and rapid
amplitude breathing pattern is emerged, fol-
lowed by a reduction in maximum ventilator
capacity and an augment in respiratory work
[8]. Recently, accumulating evidences have
suggested that obesity is strongly related to
liver diseases [9, 10]. Abnormal liver function
with increased alanine aminotransferase (ALT)
activity has been found in 10-25% of obese chil-
dren [11]. Childhood obesity may increase the
prevalence of cardiovascular risk factors, incl-
uding dyslipidemia, impaired glucose metabo-
lism and hypertension [12]. In addition, obesity
has been verified to be associated with sex and
age [13]. However, few studies have reported
on the relationships between obesity and risk
factors influencing lung function, glucose
metabolism, lipid metabolism, and liver func-
tion in Chinese children and youth.

Thus, the current cross-sectional survey was
designed to investigate the potential correla-
tions between obesity and lung function, glu-
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cose metabolism, lipid metabolism as well as
liver function in Chinese juveniles (7-18 years
old). This study may help to identify risk factors
and anthropometric characteristics related to
the development of obesity. Furthermore, the
present study was stratified by gender and
schooling grade to conduct stepwise discrimi-
nation analysis in exploring the factors associ-
ated with obesity.

Methods
Subjects

A cross-sectional study based on 10595 stu-
dents from Tiantai County, Zhejiang Province
between July 31th 2015 and August 31th 2015
was undertaken. Students were recruited by
telephone, wechat, short message service and
newspaper. This study received approval from
the Human Research Ethics Committee of the
People’s Hospital of Tiantai, Tiantai, Zhejiang.
Students aged between 7 to 18 years, and with
sufficient reporting, voluntarily participated in
this study were included. While subjects suffer-
ing primary lung diseases such as asthma, and
allergies, as well as possible related therapy
were excluded.

The BMI z-score was calculated from height
and weight and adjusted for age and sex, based
on the World Health Organization Growth
Reference data from 2007. The students sub-
jects were classified as overweight when they
had a Z score between +1 and +2 standard
deviation (SD), while those higher than +2 SD
were classified as obesity [14]. Normal volun-
teer subjects (BMI z-score between -1 and +1)
were included with the same criteria.

Subjects with any history of or medication for
major systemic diseases such as diabetes,
hypertension, asthma, chronic lung diseases,
or autoimmune diseases were excluded.

Anthropometric evaluation

The subjects remained in the quiet standing
position, barefoot and with light clothing. The
anthropometric characteristics including lipid
levels, blood pressure, heart rate, height and
weight were measured using a height and
weight machine (HW-9Q00B, Henan lejia elec-
tronic Co., Ltd, Henan, China) as previously
described [15]. Waist circumference was mea-
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sured using a tape measure at navel level dur-
ing expiration [16]. Hip circumference was mea-
sured at the point yielding the maximum
circumference over the buttocks.

Laboratory examination

For glucose metabolism, 5 ml of fasting venous
blood was collected from each participant to
measure fasting blood glucose (FBG) and fast-
ing insulin (FI). Then subjects were given 1.75 g
of glucose per kg of body weight (up to 75 g,
soluble in 350 ml water), and the levels of post-
prandial blood sugar (PPBS) and postprandial
insulin (Pl) were detected two hours later.
Percent body fat was measured by a bio-imped-
ance device (TBF-310, Tanita International
Division, United Kingdom). In addition, all sub-
jects underwent a routine hemato-biochemical
examination including alanine aminotransfer-
ase (ALT) and aspartate aminotransferase
(AST) for liver function detection, as well as
total cholesterol (TC), HDL-cholesterol (HDL-
Chol), LDL-cholesterol (LDL-Chol) and triglycer-
ides (TG) for lipid metabolism detection using
commercially available enzyme-linked immune
sorbent assay (ELISA) kits purchased from the
Nanjing Jiancheng Bioengineering Institute
(Nanjing, China).

Evaluation of lung function

Lung function was evaluated using a Jaeger
Master Screen Body (Erich Jaeger, Inc., Wurz-
burg, Germany) according to American Thoracic
Society recommendations. Reference values
for lung function tests in this study were the
maximum vital capacity (VC MAX), tidal volume
(VT), FVC, FEV1, peak expiratory flow (PEF),
maximum midexpiratory (MMEF) and maximum
voluntary ventilation (MVV).

Statistical analysis

All analyses were performed with SPSS version
19.0 statistical package (SPSS, Inc., Chicago,
IL, USA). Differences of continuous variables
were analyzed using independent sample t test
when data met the normal distribution.
Otherwise, the Mann-Whitney U test was used.
Differences in the classification variables were
analyzed using chi square test. For continuous
variables, data were presented as means + SD.
For classification, data were presented as fre-
quency and percentage. Previous research has
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Table 1. Demographic and anthropometric data of subjects

Control (n = 45) Overweight (n = 55) Obesity (n = 136) F/X2 P

Age (years) 11.47+2.90 13.07 +2.73 13.50+2.81 15.403 < 0.001&*"
Grade 21.654 <0.001™"

Primary school 33 (73.33%) 26 (47.27%) 50 (36.76%)

Middle school 11 (24.44%) 14 (25.45%) 48 (35.29%)

Senior high school 1(2.22%) 15 (27.27%) 38 (27.94%)
Sex 0.680 0.712

Boy 34 (75.56%) 38 (69.09%) 101 (74.26%)

Girl 11 (24.44%) 17 (30.91%) 35 (25.74%)
Height (cm) 143.99 + 14.85 153.23 + 15.15 160.09 + 14.84 20.460 < 0.001""#
Weight (kg) 46.24 +11.02 57.35 + 14.91 75.54 + 18.90 60.492 < 0.001""*
BMI z-score 21.95 + 1.47 23.86 +2.38 28.89 + 3.33 135.93 < 0.001%""#
Waistline (cm) 70.87 £ 6.04 75.49 + 8.26 89.03 £ 10.85 65.992 < 0.001""*
Hip (cm) 80.28 + 7.00 86.72 £ 9.77 9791 +11.12 50.151 < 0.001™"#
Body fat (%) 29.01 + 3.46 29.91 +4.27 32.29+3.95 13.911 <0.001"#
SBP (mmHg) 115.07 + 11.69 120.57 + 12.55 126.26 + 11.06  16.913 < 0.001""#
DBP (mmHg) 65.20 £ 8.75 69.15 + 9.95 72.63 +8.01 13.023 < 0.001""#
Heart rate (%) 90.39 £ 11.85 88.11+11.50 88.99 + 13.42 0.392 0.6726
Leukocyte (N*103/mm3) 725+ 1.41 7.86 + 1.56 8.27 +1.81 6.392 0.002»
Platelet (N*10%/mm?3) 301.36 £ 55.36 291.64 + 54.39 307.81 £ 58.25 1.604 0.203

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; P value was calculated using non paramet-
ric test (Kruskal Wallis Test ). **indicate the comparisons between Control and Overweight, Control and Obesity, and Obesity

and Overweight, respectively.

pointed out that obesity is associated with gen-
der and age [12]. Thus, the stratified analyses
were performed based on gender and school-
ing grade. Logistic regression analyses were
conducted to explore risk factors independent-
ly associated with obesity in overweight and
obese students, of which the factors were gen-
der (boy vs. girl), schooling grade (middle school
vs. primary school), VCMAX, FVC, FEV1, PEF,
MMEF, MVYV, Fl, PI, PPBS, ALT, AST and HDL-
Chol. For all the analysis, a p-value < 0.05 was
considered significant.

Results

Since most eligible normal control subjects and
some overweight students did not participate
in due to unwillingness, as a result, a total of
236 subjects (male: female = 173: 63) includ-
ing 45 normal, 55 overweight and 136 students
categorized with obesity were enrolled. The
mean age was 13.49 + 2.76 years with age
range 7-18 years. The general characteristics
and anthropometric data were shown in Table
1. The mean values of weight, height, BMI
z-score, waistline, hip and body fat were higher
in the obese group than those in the overweight
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group (P < 0.05), and those of control subjects
were the lowest (P < 0.05). However, no signifi-
cant differences of age, schooling grade, sex,
heart rate, leukocyte and platelet were
observed between the obese group and over-
weight group (P > 0.05). However, age and
schooling grade of controls were lower than
those of the other two groups. Therefore, these
results indicated the age-related progressive
changes of weight status in childhood and
youth.

Differences among groups in lung function, glu-
cose metabolism, lipid metabolism, and liver
function were shown in Table 2. No significant
differences of FBG, TC, LDL-Chol and VT were
found between the students in three groups (P
> 0.05). Compared with the overweight stu-
dents, obese students had higher levels of FI (P
< 0.001), PI (P < 0.001), PPBS (P < 0.001), ALT
(P<0.001), AST (P=0.012), TG (P < 0.001), VC
MAX (P < 0.001), FVC (P < 0.001), FEV1 (P <
0.001), PEF (P < 0.001), MMEF (P < 0.001) and
MVV (P < 0.001) and lower level of HDL-Chol (P
= 0.026). In addition, no significant difference
in levels of Fl, PI, PPBS, ALT, AST, TG, MMEF
between the control group and the overweight
group were found (P > 0.05). The levels of VC
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Table 2. Difference of indexes regarding lung function, glucose metabolism, lipid metabolism, and

liver function among control, overweight and obesity group

Control (n = 45) Overweight (n = 55) Obesity (n = 136) F p

FI (pmol/L) 75.44 + 32.72 85.02 + 44.84 156.53 + 99.54 66.053 < 0.001a"*
Pl (pmol/L) 474.37 + 327.86 515.33 + 303.94 1070.59 £ 662.99 46.690 < 0.001"*
FBG (mmol/L) 4.81 +0.45 4.92 +0.40 4.96 + 0.59 1.380 0.254
PPBS (mmol/L) 6.40 + 1.00 6.42 + 1.04 735+ 1.49 25.992 < 0.001a"*
ALT (U/L) 20.67 + 10.80 20.76 £ 10.17 42.35 + 36.25 37.890 < 0.0012"#
AST (U/L) 24.69 + 8.56 21.75+5.81 29.11 + 18.02 8.881 0.012a#
TC (mmol/L) 4.36 + 0.76 4.38 +0.74 4.54 + 0.83 1.299 0.275
TG (mmol/L) 1.44 £0.81 1.48 £0.73 1.80+£0.83 15.934 < 0.001>"#
HDL-Chol (mmol/L) 1.49 + 0.26 1.41 +£0.24 1.35+0.26 13.541 0.026™*
LDL-Chol (mmol/L) 2.42 +0.70 2.53+0.64 2.66 + 0.68 2.400 0.093
VT (L) 1.88 + 0.99 2.28 +0.74 2.35+1.02 2.083 0.128
VC MAX (L) 242 +0.84 2.93+0.94 3.48 + 0.99 20.620 < 0.001*"#
FVC (L) 2.35+0.82 2.81+0.92 3.39+1.02 22,232 <0.001""*
FEV1 (L) 2.06 £ 0.76 2.44 +0.81 2.92 +0.90 19.061 < 0.001™"#
PEF (L) 3.76 £ 1.37 443 +1.49 5.14 + 1.73 13.245 < 0.001""#
MMEF (L) 2.28 + 1.05 2.66 + 1.08 3.21+1.19 12.789 < 0.001"#
MWV (L) 69.22 £ 26.13 84.42 + 30.46 95.54 + 32.33 16.178 < 0.001""#

Data expressed as mean and standard deviation. Fl: fasting insulin; PI: postprandial insulin; FBG: fasting blood glucose; PPBS:
postprandial blood sugar; ALT: alanine aminotransferase; AST: aspartate aminotransferase; TC: total cholesterol; TG: triglyc-
eride; HDL-Chol: high density lipoprotein-cholesterol; LDL-Chol: low density lipoprotein-cholesterol; VT: tidal volume; VC MAX:
maximum vital capacity; FVC: forced vital capacity; FEV1: forced expiratory volume in the first second; PEF: peak expiratory
flow; MMEF: maximum midexpiratory; MVV: maximum voluntary ventilation. ?P value was calculated using non parametric

test (Kruskal Wallis Test). * " *indicate the comparisons between control and overweight, control and obesity, and obesity and

overweight, respectively.

MAX, FVC, FEV1, PEF and MVV of control sub-
jects were the lowest (all P < 0.001). Similarly,
the progressive changes of many indexes were
observed between the overweight group and
the obese group.

Since age and schooling grade of control sub-
jects were lower than that of the other two
groups, subjects in the overweight and the
obese group were stratified by schooling grade
to investigate the potential correlations bet-
ween obesity and indexes. Table 3 showed the
differences between overweight and obese
group in lung function, glucose metabolism,
lipid metabolism, and liver function of subjects
in different schooling grades. The levels of Fl,
Pl, ALT, TG, PPBS, FVC and FEV1 of students at
primary school were significantly higher in the
obese group than those in the overweight group
(P < 0.05). Obese students at middle school
had higher levels of Fl, PI, ALT, AST and LDL-
Chol than those of the overweight students (P <
0.05). In addition, the obese students at senior
high school, compared with the overweight
group, had higher levels of Fl, PI, ALT, GOT, VC
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MAX, FVC, FEV1, PEF, MMEF and MVV (P <
0.05).

Given that obesity is also associated with sex
[12], the differences between overweight group
and obese group in lung function, glucose
metabolism, lipid metabolism, and liver func-
tion was stratified by sex and analyzed (Table
4). Compared with the overweight group, male
students in the obese group had significantly
higher levels of Fl, PI, ALT, GOT, TG, PPBS, VC
MAX, FVC, FEV1, PEF, MMEF and MVYV, as well
was lower level of HDL- Chol (P < 0.05). However,
female students in the obese group had signifi-
cantly higher levels of FI and PI than those in
the overweight group (P < 0.05). No significant
differences of FBG, PPBS, ALT, AST, TC, TG,
HDL-Chol, LDL-Chol, VT, VC MAX, FVC, FEVZ,
PEF, MMEF and MVV were found between
obese group and overweight group in girl stu-
dents (P > 0.05).

The results of logistic regression analyses

using the categorical variables of schooling
grade and sex and some continuous variables

Int J Clin Exp Med 2017;10(5):8253-8261
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Table 3. Difference of indexes regarding lung function, glucose metabolism, lipid metabolism, and liver function among different grades of the
overweight and the obesity group

Primary school Middle school Senior high school
Overweight (n =26) Obesity (n = 50) P Overweight (n =14)  Obesity (n = 48) P Overweight (n = 15)  Obesity (n = 38) P
Fl (pmol/L) 73.73 £29.58 150.78 £ 111.11 < 0.001° 100.71 £ 53.94 178.98 + 105.90 < 0.001° 89.93 + 54.63 135.19 +65.17  0.009°
Pl (pmol/L) 415.04 £218.57 971.42+667.65 <0.001*> 570.29+283.87 1204.81+696.33 0.003° 637.87 +£+398.01 1031.32 £599.41 0.018°
FBG (mmol/L) 4.85 +0.40 4.85 + 0.52 0.995 4,98 £ 0.41 5.03 +0.63 0.773 4.97 £0.39 5.01+0.61 0.845
PPBS (mmol/L) 6.20 £ 0.99 7.21+1.20 0.0012 6.78 £ 1.13 7.70 £ 1.88 0.115° 6.46 +1.01 7.08 £ 1.16 0.094°
ALT (U/L) 21.92 + 10.38 33.84 +28.25 0.0212 17.71 + 11.12 41.77 + 38.17 0.0012 21.60 + 8.90 54.29 + 40.53 0.001°
AST (U/L) 2512 +6.07 28.52 +12.69 0.4052 18.07 £ 2.79 27.21 + 15.69 0.006° 19.33 £ 4.07 32.29 + 25.35 0.009°
TC (mmol/L) 4.59+0.79 4.55 + 0.66 0.840 4.00 + 0.66 4.45 + 0.96 0.112 4.38 + 0.60 4.65 + 0.86 0.275
TG (mmol/L) 1.28 + 0.49 1.70 £ 0.77 0.023¢ 1.74 £ 0.94 1.85 +0.83 0.3212 1.57 + 0.80 1.85 +£0.91 0.176°
HDL-Chol (mmol/L) 1.51+0.21 1.46 £ 0.26 0.166° 1.29 + 0.20 1.27 £ 0.20 0.6132 1.37+0.28 1.33+0.30 0.240°
LDL-Chol (mmol/L) 2.67 +0.70 2.59 + 0.60 0.617 2.20 + 0.50 2.63+0.73 0.043 2.61+0.55 2.79+0.70 0.369
VT (L) 1.65 +0.34 1.40 £ 0.61 0.280 2.28+0.78 2.66 + 0.64 0.107 2.64 + 0.65 2.94 +1.04 0.245"
VC MAX (L) 2.22+0.53 2.54 + 0.64 0.050 3.37+£0.79 3.78+0.61 0.058 3.61+0.82 4.31+0.74 0.005
FVC (L) 2.12+0.53 2.45 + 0.68 0.035 3.40 + 0.56 3.70 £ 0.63 0.120 3.53+0.83 4.26 +0.75 0.004
FEV1 (L) 1.84 £ 0.46 2.10 £ 0.57 0.045 2.89+0.53 3.15+0.62 0.173 3.16 £ 0.70 3.71+£0.62 0.008
PEF (L) 3.62+1.09 3.90+1.17 0.319 5.20 + 1.53 537+ 151 0.725 520+ 1.35 6.48 + 1.49 0.007
MMEF (L) 1.97 +£0.72 2.29+0.71 0.072 3.05+0.92 3.35+1.06 0.345 3.58 +0.93 4.25 +0.87 0.021
MWV (L) 64.70 + 17.45 70.47 £ 22.29 0.255 97.19 + 27.99 106.56 + 22.42 0.213 109.18 + 28.31 125.74 £ 24.43 0.044

Data expressed as mean and standard deviation. Fl: fasting insulin; PI: postprandial insulin; FBG: fasting blood glucose; PPBS: postprandial blood sugar; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; TC: total cholesterol; TG: triglyceride; HDL-Chol: high density lipoprotein-cholesterol; LDL-Chol: low density lipoprotein-cholesterol; VT: tidal volume; VC MAX: maximum vital capacity; FVC:
forced vital capacity; FEV1: forced expiratory volume in the first second; PEF: peak expiratory flow; MMEF: maximum midexpiratory; MVV: maximum voluntary ventilation. 2P value was calculated using non
parametric test (U Mann-Whitney); “P value was calculated using calibration t test.
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Table 4. Difference of indexes regarding lung function, glucose metabolism, lipid metabolism, and
liver function between boy student and girl student of the overweight and the obesity group

Boy student Girl student
Overweight (n = 38) Obesity (n = 101) P Overweight (n =17)  Obesity (n = 35) P
FI (pmol/L) 86.08 + 41.00 161.59 + 107.20 < 0.001¢ 82.65 + 53.78 141.50 £ 71.40 0.0012
PI (pmol/L) 471.71 £243.41 1065.44 +662.27 <0.001* 612.82+400.20 1086.36+675.53 0.017°
FBG (mmol/L) 498 + 0.36 5.00 + 0.61 0.782 4.78 +0.45 4.83+0.48 0.720
PPBS (mmol/L) 6.31+1.11 7.35+ 1.50 <0.001° 6.66 + 0.83 7.35 + 1.47 0.180°
ALT (U/L) 2211 +11.08 46.86 + 38.00 < 0.0012 17.76 + 7.16 29.34 + 27.17 0.223°
AST (U/L) 2213 +5.71 30.72 +18.74 0.0012 20.88 +6.12 24.46 + 15.02 0.653°
TC (mmol/L) 4.39+0.75 4.61+0.83 0.145 4.36+0.74 4.33+0.82 0.901
TG (mmol/L) 1.42 +0.74 1.86 + 0.87 0.0012 1.59+0.71 1.61+0.70 0.830°
HDL-Chol (mmol/L) 1.44 +0.23 1.35+0.28 0.0172 1.35+0.26 1.35+0.23 0.646°
LDL-Chol (mmol/L) 2.51 + 0.65 2.72 + 0.69 0.111 2.58 + 0.63 2.50 +0.63 0.663
VT (L) 2.36 +0.88 2.44 +1.06 0.749 2.15+0.35 2.04 +0.77 0.588"
VC MAX (L) 3.05+1.02 3.61+1.05 0.010 2.70+0.73 3.06 + 0.66 0.084
FVC (L) 2.88+1.02 3.55+1.05 0.001 2.65 + 0.65 2.93+0.75 0.193
FEV1 (L) 2.50+0.89 3.05+0.92 0.003 2.32+0.61 254 +0.71 0.268
PEF (L) 472+151 5.40 + 1.76 0.041 3.81+1.26 4.38+1.42 0.174
MMEF (L) 2.71+1.13 331+121 0.011 2.55 + 0.98 291+ 1.09 0.252
MWV (L) 87.29 + 33.12 103.39 + 33.65 0.015 78.33+23.61 84.55 +23.41 0.377

Data expressed as mean and standard deviation. Fl: fasting insulin; PI: postprandial insulin; FBG: fasting blood glucose; PPBS: postprandial
blood sugar; ALT: alanine aminotransferase; AST: aspartate aminotransferase; TC: total cholesterol; TG: triglyceride; HDL-Chol: high density
lipoprotein-cholesterol; LDL-Chol: low density lipoprotein-cholesterol; VT: tidal volume; VC MAX: maximum vital capacity; FVC: forced vital capacity;
FEV1: forced expiratory volume in the first second; PEF: peak expiratory flow; MMEF: maximum midexpiratory. MVV: maximum voluntary ventila-
tion. P value was calculated using non parametric test (U Mann-Whitney); “P value was calculated using calibration t test.

Table 5. Logistic regression analyses of the relationship between

obesity and other indexes

Factors OR

Grade (reference categories: primary School) 0.199

Sex (reference categories: girl students ) 2.610
FVC 8.635
MMEF 1.897
MVV 0.970
PI 1.003
AST 1.118

those in overweight stu-
dents, independently of sex
and schooling grade.

95% Cl P

0.079-0.496 0.001 Discussion

0.854-7.977 0.092

2.786-26.758 0.000 In the present cross-sec-

0.911-3.950 0.087 tional study, we found that

0.937-1.004 0.081 there were significant pro-

1.001-1.004 0.000 gressive changes in weight
status, lung function, glu-

1.037-1.204 0.003

OR: odds ratio; Cl: confidence interval; FVC: forced vital capacity; MMEF: maximum
midexpiratory; MVV: maximum voluntary ventilation; PI: postprandial insulin; AST:

aspartate aminotransferase.

were shown in Table 5. Compared with middle
school students, primary school students had
a stronger correlation with obesity than over-
weight (OR = 0.199, 95% CI: 0.079-0.496, P <
0.01). In addition, high levels of FVC (OR =
8.635, 95% CI: 2.786-26.758, P < 0.01), PI (OR
= 1.003, 95% CI: 1.001-1.004, P < 0.01) and
AST (OR = 1.118, 95% CI: 1.037-1.204, P <
0.01) were also significantly associated with
obesity. These results indicated that FVC, PI
and AST in obese students were different from
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cose metabolism and liver
function among overweight,
obese and normal subjects,
including the indicators of
BMI z-score and FVC. As

stratified by schooling grade, results showed
that the differences between obese and over-
weight students in PPBS, AST, TG, LDL-Chol,
FVC and FEV1 levels could be affected by age.
In addition, in male students, the levels of ALT,
AST, TG, FVC and FEV1 were higher and that of
HDL-Chol was lower in the obese group than
those in the overweight group, but no signifi-
cant differences of these variations were found
in girl students. Finally, the logistic regression
analyses revealed that age, levels of FVC, PI
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and AST were associated with obesity. These
results may help to identify potential risk fac-
tors of childhood and youth obesity.

The progressive changes in various indexes
from normal subjects, to overweight and then,
to obesity, illustrated the development and pro-
gression of obesity to some extent. The age dif-
ference among three groups may indicate the
progressive changes of weight status. In addi-
tion, to identify more potential risk factors for
obesity, the following comparisons between
overweight group and obese group were achiev-
able. Lung function abnormalities, including the
decrease in volume and expiratory flow rate,
have been well elaborated in adults with obe-
sity [17]. A previous study has documented that
BMI increase in children may be regarded as an
essential determinant for the reduction in spi-
rometric variables [18]. Ulger et al. have stud-
ied that children in obese group had lower lev-
els of FVC and FEV1 than that in the normal
group [19]. In our study, a significant difference
of FVC level between obese and overweight
students was found. Previous studies on test-
ing lung functions show that obese subjects
usually present with reduced FEV1, FVC and
total lung capacity, as well as restrictive lung
patterns [20, 21]. The possible mechanisms of
abnormal lung function in obese subjects may
contribute to the increased respiratory resis-
tance and the decreased chest wall compli-
ance. In addition, the levels of FVC and FEV1
between obese students and overweight stu-
dents were found different by age/gender-
based stratified analyses. Studies have found
that both FEV1 and FVC have close relationship
with age [22, 23]. A recent research has also
found that the values of FEV1 and FVC were
higher in males than that in females across all
the age groups [24]. Moreover, the consistent
results were obtained in our study. Taken
together, we conclude that the progress of obe-
sity which may be associated with age and gen-
der, related to the decline in lung function.

I’Allemand et al. found that among 32% of over-
weight children, multiple lipid concentrations
are abnormal, such as TC in 14.1%, LDL-Chol in
15.8%, HDL-Chol in 11.1% and TG in 14.3% of
them [25]. In more detailed studies, a relation-
ship between dense LDL particles and
increased TG and lower HDL-Chol has been
identified in children [26]. In our study, we found
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that TG levels of boy students and primary
school students were higher in the obesity
group than that in the overweight group, how-
ever, no difference of TG was found in girl stu-
dents and middle school students. A previous
study regarding lipid metabolic disturbances by
Guo et al. [27] indicated that there was no gen-
der difference in TG. However, the TG level was
significantly higher in secondary school stu-
dents than that in primary school students,
suggesting an obvious difference of TG at dif-
ferent ages [27]. Thus, more researches are
needed to verify the effects of age and gender
on TG in future.

Epidemiological studies have indicated that
overweight and obesity lead to a large number
of increase in cancer risk, including liver cancer
[28, 29]. The possible mechanism is that obesi-
ty-induced gut microbial metabolite alternation
could accelerate liver cancer growth through
senescence secretome [30]. Furthermore, a
previous study has found that the median lev-
els of AST and ALT were improved with a grow-
ing number of obese population, and the
increasing level of BMI and the prevalence of
elevated liver enzymes [31]. The consistent
results that the levels of AST and ALT were high-
er in the obese group than those in the over-
weight group were obtained in our study. In our
study, we also found that the AST levels of boy
students and middle school students with obe-
sity were much higher than that in the over-
weight state; however, no difference of AST
level was found between the girl students and
the primary school students. A previous study
also found that plasma AST was related to the
age and the gender of population [32], suggest-
ing that the differences of lipid metabolism
between obesity and overweight may be influ-
enced by age and gender. Obesity has been
reported to be associated with glucose metab-
olism. In addition, substantial weight loss in
obese children could result in improvement in
glucose metabolism [33]. As an important indi-
cator of glucose metabolism, Pl has been found
closely associated with decreased hunger in
overweight or in obese patients in a recent
meta-analysis [34]. In our study, the level of PI
was significant higher in the obese students
than that in the overweight students in differ-
ent age and gender. A previous study has
reported that both gender and BMI could sig-
nificantly affect the level of PI [35]. In addition,
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Rita et al. [36] found that age and sex could
have significant impact on insulin secretion and
insulin action.

There were some limitations in our study, such
as, the current prevalence of childhood obesity
in China should be around 8%, and only 45
serves as control voluntarily participated in the
study.

Based on the present findings, we could con-
clude that the lung function, glucose metabo-
lism, lipid metabolism and liver function, espe-
cially the levels of FVC, AST and PI, were
different between obesity and overweight in
Chinese childhood and youth. These factors
may be associated with the progression of
obesity.
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