Zhang et al. BMC Pulmonary Medicine (2022) 22:373
https://doi.org/10.1186/512890-022-02176-8

BMC Pulmonary Medicine

RESEARCH Open Access
()]

Check for
updates

The associations between body composition
and vital capacity index of medical students
in Shenyang of China: a cross-sectional survey

Han Zhang', Lu Sun?, Ye Yu'!, Hong Xin®, Li Wu', Fengmei Yang', Jie Liu' and Zhuo Zhang'

Abstract

Objectives: This study aimed to examine the associations between body composition and vital capacity index (VCI)
among medical students of Shenyang, China.

Study design: The design of this study is a cross-sectional study.

Methods: Participants were 2063 individuals (17-25 years) from a medical college in Shenyang, who participated in
this survey from April to May 2017. Height, weight, fat mass (FM), fat free mass (FFM), protein mass (PM), total body

water (TBW), mineral mass (MM), vital capacity were measured, then BMI and VCl were calculated. Stepwise multiple
linear regression analysis was used to evaluate the effect of body composition on VCl of participants in different gen-

with BMI<18.5 (r>0; P=0.050).

ders. In addition, subgroup analysis was carried out according to BMI levels.

Results: Male students showed significantly higher height, weight, BMI, FFM, PM, TBW, MM, VC, and VCl, but lower
FM in comparison with female students. Stepwise multiple linear regression analysis showed that in both sexes FM
was negatively correlated with VCI which represents pulmonary function (r<0; P<0.001). After dividing the whole
participants by BMI, further correlation analysis showed FM was positively correlated with VCl only for male subgroups

Conclusion: Overall, FM is highly negatively correlated with the VCl of Chinese medical students of both genders.
However, there was a positive correlation between FM and VCl among low-weight male students.
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Background

Obesity is becoming a global epidemic [1] and has been
proved to be a risk factor for many diseases such as can-
cer, cardiovascular disease, diabetes and colitis [2—4].
According to the WHO criteria, Obesity was defined as
BMI>30 kg/m? [5, 6]. Generally speaking, as a result
of increase in weight and body fat, obesity cause or
aggravates the symptoms of some diseases. Respiratory
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movement is undertaken and carried out through the
interaction of respiratory muscles, lungs and chest wall
[7, 8], so fat thickening of chest wall increases respiratory
resistance and then leads to the decline of lung function
[9].

Interestingly, the results of current studies on the
relationship between obesity and lung function are not
consistent. On the one hand, obesity is a risk factor for
chronic respiratory diseases such as chronic obstruc-
tive pulmonary disease (COPD), asthma and bronchitis
[10-13]. On the other hand, obesity can reduce mortality
in COPD, and provide a protective factor for the prog-
nosis of many chronic respiratory diseases [14, 15]. How
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obesity can be a protective factor against chronic dis-
eases? Some studies [16, 17] have shown that obesity may
reduce inflammatory cytokines, including interleukin-6
and interleukin-8. In addition, obese patients have higher
energy reserves than people of normal weight, so this
may give obese patients a survival advantage in the event
of ARDS [18]. Researchers have discussed the contradic-
tory results of these two aspects and conclude that one
of the possible reasons is that body mass index (BMI),
the most widely used obesity index, cannot exactly show
body composition status [14], thus easily giving rise to
"obesity paradox" in those studies. The "obesity para-
dox " [14, 15] found in patients with chronic respiratory
diseases means that in addition to BMI, other specific
indicators related to body composition should be used
for the relationship between body composition and lung
function.

Body composition includes fat mass (FM), protein mass
(PM), total body water (TBW) and mineral mass (MM)
in the human body [19], and the measurement of body
composition is closely related to evaluate the health situ-
ation of human. In recent years, more and more studies
have shown that body composition indicators play an
important role in the evaluation of pulmonary function
[20-22]. With the development of body composition
measurement technology, body composition has gradu-
ally become a focus point for study of lung function.

At present, most of the studies on body composition
and cardiopulmonary function are limited to high-risk
groups such as patients and the elderly [23, 24], while
there are relatively few studies on healthy subjects, espe-
cially college students who are at a special stage. The col-
lege years is likely a critical period for risk of weight gain
and body composition change among young-adults[25].
The abnormal changes of body composition and car-
diopulmonary function in this stage are causing a range
of adverse health effects on physical health of adults. Fur-
ther studies into the body composition and lung function
of this group are warranted.

Therefore, this study was conducted using the data of
body composition and vital capacity index (VCI) col-
lected from medical students in Shenyang with the
objective to explore the relationship between body com-
position and VCL

Materials and methods

The cluster sampling survey method for a cross-sectional
study was conducted in Shenyang, China from April to
May 2017, and students were recruited from Shenyang
Medical College, and the informed verbal consent of
each participant was obtained. The Ethics Committee
of Shenyang Medical college (grant number: 2017-006)
has approved the informed verbal consent procedure for
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the study. The recruitment criteria were as follows: par-
ticipants were functionally independent Chinese medical
students over 17-25 years of age, who were in apparent
good health. Participants were included if they did not
meet any of the following exclusion criteria: (1) Partici-
pants with severe metabolic and respiratory diseases. (2)
Participants who refused to participate in this study.

After that, 2259 medical students recruited were meas-
ured for body composition, vital capacity (VC) and the
corresponding data were collected. Of all these partici-
pants, 196 students without providing valid data were
excluded during the test. In the end, 2063 participants in
total were eventually eligible for the statistical analyses.
The flow chart is shown in Fig. 1.

Vital capacity test

VC was measured by using a spirometry meter (model
number: WQS-8888, Wangqing Electronics, Shanghai,
China) according to the guidance of the National Physical
Health Test Standard [26]. In short, everyone stood with
his feet flat on the floor, and took a deep breath, then
exhaled steadily into the mouthpiece for as long as pos-
sible until there was no air left. The maximum value was
recorded after three measurements. Since VC is affected
by body shape such as height and weight, we employed
the VCI with the consideration of the body mass, to rep-
resent the lung ventilation function: VCI=VC (ml) /
weight (kg).

Anthropometric measurement

Participants were asked to remove their shoes and
coats before anthropometric measurement. The height
was accurate to 0.1 cm, and the weight was accurate to
0.1 kg. BMI was calculated as body weight (in kilograms)
divided by the square of height (in metres), as shown in
the following formula: BMI=weight (kg) / height (m)>
Based on Chinese National Standard of BMI Classifica-
tion [27], a BMI lower or equal to 18.5 kg/m? is defined as
underweight, between 18.5 kg/m? and 23.9 kg/m? is con-
sidered as normal weight for individuals. Overweight is
defined as BMI between 24.0 and 27.9 kg/m?, and obesity
is defined as BMI above 28.0 kg/m?.

Body composition test

Body composition was determined by body composition
analyzer (model number: BCA-1B Tsinghua Tongfang,
Beijing, China) including FM, fat-free mass (FEM), PM,
TBW and MM. After the preheating 30 min or above,
all participants removed the coat and all metal products,
stood barefoot parallel on the pedal electrode, grasped
the hand-held electrode with both hands, looked for-
ward, and remained motionless, then the arms were nat-
urally separated from the body about 15°, raised the head.
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2259 medical students from Shenyang Medical
College were selected as research object.

111 medical students did not
meet the inclusion criteria.

85 medical students refused to
participate in this study.

Finally, 2063 medical students (717 males,
1346 females) participated in this study.

Body composition was determined
by body composition analyzer.

Vital capacity was measured according
to the Chinese college students’ test.

l

SPSS 22.0 software was used for data analysis

Evaluating the association between body
composition and VCI in medical students

Fig. 1 The flow chart of the study enrollment

After that, the test results were transmitted to the com-
puter for data processing.

Statistical analysis

Statistical analysis was performed using SPSS version
22.0. Independent sample ¢-test was used to compare the
two groups [9, 28]. To investigate associations between
body composition (x) and VCI (y), stepwise linear regres-
sion analyses were conducted [29, 30]. Two regression
models were created: a. unadjusted modell; b. model
IIadjusted for age and ethnicity of the medical students.
The measurement data were expressed as mean =+ stand-
ard deviation. All hypothesis tests were two-sided and a
p<0.05 was considered statistically significant.

Results

Participant characteristics

A total of 2063 participants were enrolled in this study. Of
these, 717 male students were aged 17— 25 years and 1346
female students were aged 17—24 years. Table 1 shows
descriptive statistics for the participants grouped by sex.
The age, height, weight, BMI, FEM, PM, TBW, MM, VC
and VCI of male students were significantly higher than
those of female students (P=0.002 or P<0.001), while

FM was significantly lower than that of female students
(P<0.001).

Correlations of body composition and VCI

In Fig. 2, Pearson’s correlation analysis showed, for male
students, negative correlations between FM and VCI
and between FFM and VCI, respectively (r<0, P<0.001).
Female students showed similar result as male students,
and FM and FFM were negatively correlated with VCI
(r<0, P<0.001).

Stepwise multiple regression between body composition
and VCl

To further examine the relationship between body com-
position indices (FM, PM, TBW and MM) and VCI, two
multiple regression models were developed. In Model
I of Table 2, only FM was negatively associated with VCI
(P<0.001) in two sexes respectively, and other body com-
position indices had no statistically significant associa-
tions with VCI. In adjusted analysis of Model I, each unit
(kg) increase in FM was associated with a 0.573 points
(P<0.001) decrease in VCI for male students, a 0.411
points (P<0.001) decrease for female students.
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Table 1 Characteristics of the participants
Characteristic Total (2063) Male (717) Female (1346) P value
Age (years) 20398+ 1.264 2051541.248 20.33741.269 0.002
Height (cm) 167.182+£8.039 175.061 £6.027 162.985 +5.387 <0.001
Weight (Kg) 61.412+£12.786 70.292 4+ 13.406 56.682+£9.515 <0.001
BMI (Kg/mz) 21.867 +3.597 22.8964+3.937 2131943273 <0.001
FM (Kg) 14.8314+5.877 12.960 £ 6.099 15.828 +5.504 <0.001
FFM (Kg) 46.584 £9.945 5733248115 40.859+4.709 <0.001
PM (Kg) 9.573£2071 11.810£1.691 8.381+£0.982 <0.001
TBW (Kg) 33.9414+7339 41.873+£5.989 2971513474 <0.001
MM (Kg) 3.070£0.534 3.648+£0436 2.7634+0.253 <0.001
VC (ml) 3843.48241005.305 4883.842+775.702 3289.293 +587.144 <0.001
VCl (ml/kg) 63.8114+£12972 71.783£12.494 59.564411.089 <0.001
BMI Body mass index, FM Fat mass, FFM Fat-free mass, PM Protein mass, TBW Total body water, MM Mineral mass, VC Vital capacity, VCl Vital capacity index
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Fig. 2 Scatter plot of the correlation between FM (A), FFM (B) and VCI (A-B)
Table 2 Stepwise multiple linear regression of VCl on body composition indices
B(95%Cl) B S.E t P Vif

Male Model | FM — 1.169(— 1.293,— 1.046) — 0571 0.063 — 18591 <0.001 1.000

Model I FM — 1.173(= 1.296,— 1.050) — 0573 0.063 —18.730 <0.001 1.001
Female Model | FM — 0.826(— 0.924,— 0.728) — 0410 0.050 — 16479 <0.001 1.000

Model Il FM — 0.827(—0.926,— 0.729) — 0411 0.050 — 16519 <0.001 1.000
FM Fat mass. Model Il was adjusted for student’s age and nationality
Correlation analysis between FM and VCl in the different Discussion

BMI groups

In Fig. 3, further Pearson correlation analysis showed
that there was a significant negative correlation between
FM and VCI in different BMI groups of male and female
students with BMI>18.5 kg/m? respectively. However,
FM was positively correlated with VCI only in male stu-
dents with BMI<18.5 kg/m? (P=0.050). In particular,
body composition analysis showed that among the stu-
dents with BMI less than 18.5, the FM (9.78 +1.58 kg)
of female students was significantly higher than that
(5.36 £ 1.38 kg) of male students (P<0.001).

In this study, a cross-sectional study was conducted to
evaluate the relationships between body composition
and VCI of medical students in China. By comparing
the body composition, the results showed that FFM and
VCI of male students were higher than those of females,
while FM was lower than those of female students. This
seems to be related to the physiological condition of
both sexes, due to the role of androgen, the body FFM
of men increases significantly, while for women estro-
gen plays an important role in the increase of FM [31].
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Fig.3 Scatter plot of the Pearson correlation between FM and VCl in different BMI groups

After Pearson correlation and further stepwise regres-
sion analysis, we found that among the subjects of dif-
ferent genders, only FM was negatively correlated with
VCI, and the negative correlation still existed after
adjusting for confounding factors. Other studies, when
taken together, also support this result of the correlation
[32-34]. Although the mechanism underlying the asso-
ciation has not been elucidated, considering comprehen-
sively, and increased FM can potentially cause decreased
VClI in below ways: first of all, the increase of FM leads to
weight gain, and the body overcomes its own load, which
will cause an increase in vital capacity after a period of
time [35]. Secondly, the adipose tissue of the chest and
abdomen may lead to a decrease in the compliance of
chest and lung tissue, at the same time, the structure of
respiratory muscle and trachea is abnormal, and the ven-
tilatory capacity of lung tissue is limited. Previous stud-
ies have shown decreased chest wall compliance in obese
patients who are awake and breathing spontaneously,
which supports our speculation [36—38]. The third pos-
sible explanation is that adipose tissue can be involved in
the secretion of a variety of inflammatory factors, since
it is considered one of the largest endocrine organs in
the body [39, 40]. In the study of body composition, adi-
pose tissue is the site of the early link between inflam-
mation and obesity. Hotamisligil et al. [41] found that
TNEF- a was over-expressed in adipose tissue of obese
mice, providing the first link between obesity, diabetes
and chronic inflammation. Later studies confirmed that
there are over-expressed pro-inflammatory and inflam-
matory mediators in adipose tissue of obese patients,
such as TNF-a, IL-6, monocyte chemoattractant pro-
tein-1, and macrophages infiltrate adipose tissue [42]. It
is worth noting that a variety of cytokines produced by
fat-induced inflammation are also detected many times
in lung diseases, so adipose tissue may regulate the endo-
crine system, lead to chronic inflammation, and then
cause or aggravate the occurrence and development of
abnormal lung function [43-45].

After determining that FM is the main influencing fac-
tor of VCI, we further divided our subject population
into four groups to explore the relationship between FM
and VCI of participants from different BMI levels. Of
note, we also showed that there was a positive correlation
between FM and VCI in male students with BMI<18.5.
Contrary to our results, a survey showed that fat tissue
was not correlated with lung function in males [46]. But
the study did not survey participants whose BMI was less
than 18.5. This may be one of the reasons for the different
results.

This result may provide a new point of view that FM
has a protective effect on pulmonary ventilatory func-
tion in low-weight male students. An interesting physi-
ological explanation may be that a protective increase in
lung recoil has been found in patients with higher BMI
[47], while the loss of lung recoil is often associated with
decreased lung function and COPD progression [48].
Since the FM varies in men and women, it is reasonable
that gender difference in FM contributes differently to
lung functions for two sexes with low weight, in addition
to the gender difference in hormones.

Adipose tissue makes up around 15-20% of the body
weight of an average person, which actively participates
in the functioning of the body. However, unusually high
levels of this type of tissue have been clearly linked with
health problems including non-communicable disorders
as well as cardiovascular disorders [49, 50].

In recent years, the associations of obesity with reduced
pulmonary function and chronic airway disease have
received considerable attention [51-53]. In particular, a
close relationship between obesity and VCI has been sug-
gested [32]. However, evidence is limited with regard to
whether body composition is associated with VCI among
the Chinese medical students. This study went some way
to filling a gap in such research.

This study has several limitations. First, this study is a
cross-sectional study which can only explore the correla-
tion between body composition and lung function rather
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than causality. Also, this study clarified the relationship
between FM and VCI, but neglected the effects of adi-
pose tissue in different parts of the body on lung func-
tion; thus, we cannot confidently extrapolate findings to
how body fat distribution affects VCI in Chinese medi-
cal students. Finally, the subjects of this study are only
Han and Manchu medical students, which may lead to
the results of the study can not be extrapolated to other
ethnic groups. Here, we also suggest to strengthen the
research on the correlation between body composition
and pulmonary ventilation function of thin and weak
groups, in order to better provide effective guidance for
such groups.

Conclusion

Generally speaking, there was a negative correlation
between FM and VCI in Chinese medical students with
both sexes. However, there was a positive correlation
between FM and VCI among low-weight male students.
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