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Purpose: The purpose of this study was to determine the association between parental 
socioeconomic status (SES) and skeletal muscle mass in Chinese college students.
Methods: A cross-sectional study including 2204 college freshmen was conducted in 
Shenyang, China. Data regarding body composition, health examinations, and a self- 
reported questionnaire were available from all the participants. Skeletal muscle mass assess-
ment was completed by a bioelectrical impedance analyzer. Information on parental SES 
(educational levels, annual income, and occupational status) was collected via question-
naires. Covariance analysis was used to adjust for the confounding effects of sex, age, 
ethnicity, smoking status, alcohol use, and sleep duration.
Results: Multivariate analysis showed that college freshmen with higher parental SES levels 
generally had higher skeletal muscle mass after adjustment for confounding factors (mean 
[95% confidence interval]: low, 42.4 [42.0, 42.8]; middle, 42.9 [42.6, 43.3]; high, 43.7 [43.4, 
44.1], p for trend < 0.001). Similar results were observed for paternal and maternal SES 
(p for trend < 0.001, respectively), whereas association between paternal SES and youth 
muscle mass became non-significant after adjusting for maternal SES (p for trend = 0.077). 
Results also showed positive linear trends for skeletal muscle mass and paternal or maternal 
educational levels and annual income (p for trend < 0.001, respectively), but not for 
occupational status.
Conclusion: This study found a positive association between parental SES and skeletal 
muscle mass in Chinese college students. Compared to the normalization of height or weight, 
body mass index-adjusted skeletal muscle mass is more likely to be associated with SES.
Keywords: educational status, annual income, occupational status, muscular fitness, youth

Introduction
The skeletal muscle is an important component of the human body and is key in energy, 
protein, and glucose metabolism.1 Skeletal muscle mass peaks in the 20s, remain high 
in the 30s to 40s, and declines after 45 years old.2,3 Previous study showed that 
a negative association has been observed between muscle mass and cardiometabolic 
risk in adolescents.4 Additionally, data indicated that adults with higher skeletal muscle 
mass have a significantly lower rates of cardiovascular disease (CVD) after 10 years.5 It 
is suggested that maintaining muscle mass during the youth stage is crucial for 
conserving physical capacity and preventing metabolic diseases in middle and old age.
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Previous studies have reported the relationships 
between skeletal muscle mass and behavioral habits, such 
as diet and physical exercise, during adolescence.6–8 Also, 
skeletal muscle may be affected by fat mass and obesity 
associated gene in adolescents.9 However, limited studies 
have focused on the association between socioeconomic 
status (SES) and skeletal muscle mass. SES is a sign of 
social position, which is usually estimated according to the 
educational level, income, and occupational status.10 

Evidence indicates that children and youths in families 
with lower levels of SES exhibit significantly higher mor-
tality risk compared with children and youths living in 
higher SES families.11 Also, adolescents with a low SES 
have inferior physical fitness than those with a high SES.12 

A recent study reported that lower muscle mass among 
prepubertal children is associated with lower parental SES, 
based on the parental educational level and standard of 
living.13 Poor living conditions during adolescence, which 
result in low muscle mass, could contribute to the vulner-
ability to diabetes.14 Despite these findings, further evi-
dence regarding the association between parental SES and 
muscle mass in youths is needed.

Based on previous studies, there is uncertainty regard-
ing the relationship between SES and muscle mass, and 
the assessment of SES must be more comprehensive and 
specific. Therefore, the purpose of this study was to inves-
tigate whether skeletal muscle mass in youths is related to 
their parents’ SES, which is evaluated by the levels of 
paternal and maternal education, income, and occupation.

Materials and Methods
Study Participants
Fitness Improvement Tactics in Youths (FITYou) project 
was carried out in Shenyang, China. Its objective was to 
clarify the influence of the social economy, lifestyle, phy-
siological status, metabolic regulation on the health-related 
quality of life, and health status of college students during 
college. Further details regarding the project content can 
be found in previously published works.15,16

The baseline data of the FITYou project were used in the 
current study, which were collected at the same time seg-
ments (7:30–17:00) over several days (September 5–20, 
2017). Of the 4717 Chinese college freshmen that were 
invited to participate in this survey, 4323 students agreed 
by submitting written informed consent (response rate = 
91.6%). Additional written informed consent from parents 
or legal guardians was obtained for participants under 18 

years of age. Of the 4323 students, 218, 1300, and 534 
students had missing data on physical examination, SES, 
and skeletal muscle mass, respectively. Among the remain-
ing 2271 students, age (n=27), body mass index (BMI) 
(n=6), smoking status (n=4), drinking status (n=17), and 
sleep duration (n=13) had different degrees of data comple-
teness. As a result, a total of 2204 college freshmen were 
included in the final analysis (Figure 1). The study was 
carried out in strict accordance with the Helsinki 
Declaration,17 to protect the rights of participants and 
ensure their safety. The research plan was approved by the 
Ethics Committee of the College of Education, Zhejiang 
University.

Assessment of SES
To measure the SES, data on the self-reported educational 
status, annual income, and primary occupation status were 
utilized. The paternal and maternal SES values were 
assessed separately. The paternal and maternal educational 
levels were determined based on the question: “What is 
your paternal and maternal educational status?” The 
responses were categorized into four groups: primary 
school, middle school, high school, and ≥ college. 
Parental annual income was assessed by the question: 
“What is your paternal or maternal average annual 
income?” with the possible answers categorized into four 
groups: <15,000, 15,000–29,999, 30,000–49,999, and 
≥50,000 Chinese Yuan (CNY). Similarly, parental occupa-
tional status was assessed by the question: “What is your 
paternal and maternal current occupational status?” The 
answers were divided into four groups: non-employed, 
self-employed, blue-collar workers, and white-collar 
workers. The four categories of each SES components 
were assigned 1–4 points. The total score for the six 
questions (three for fathers and three for mothers) was 
calculated and reported as the family’s SES level. The 
score ranged from 6 to 24, with higher scores indicating 
higher SES.

Assessment of Skeletal Muscle Mass
Due to the high accuracy of bioelectrical impedance,18 

a bioimpedance instrument (TANITA BC-420 MA, 
Tokyo, Japan) was used to measure body weight and 
skeletal muscle mass by eight-point contact electrodes in 
a multi-loop method. Participants stood barefoot on the 
analyzer platform and maintained the upper body upright 
with their muscles being as relaxed as possible. The toes 
and heels were required to maintain contact with the four 
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electrodes. The participants were asked to hold the two 
handles with both hands while the thumbs-maintained 
contact with the tactile electrodes. While facing directly 
forward the arms were maintained straight at a 30° abduc-
tion in the frontal plane. The measurements were carried 
out by trained staff and the measurements’ phase was 
completed within 30 seconds. Since the skeletal muscle 
mass is significantly affected by body size, the value of the 
skeletal muscle mass was standardized by the body height 
(skeletal muscle mass [kg]/height [m2]), body weight (ske-
letal muscle mass [kg]/weight [kg]), and BMI (skeletal 
muscle mass [kg]/BMI [kg/m2]), respectively.19 BMI was 
calculated by dividing the weight in kilograms by height in 
square meters (kg/m2).

Relevant Covariates
Data on socio-demographic variables were collected by 
self-reported questionnaires. Age was calculated based on 
the date of birth while ethnicity was summarized into Han 
or other ethnic groups, according to the answers provided 
for the multiple-choice question. Lifestyle-related informa-
tion was obtained directly from the self-administered ques-
tionnaire, including smoking status (current, former, or 
never smoking), drinking status (current drinkers, non- 

drinkers), and daily sleep duration (<6, 6–7, 7–8, ≥8 
hours).

Statistical Analysis
To describe the participants’ characteristics according to 
the SES levels, the analysis of variance or χ2 test was used 
for continuous and categorical variables, respectively. 
Continuous variables were presented as means (standard 
deviations, SD), while categorized variables were pre-
sented as numbers and percentages.

Analysis of the covariance was used to obtain the 
linear trend between SES scores and skeletal muscle 
mass in college freshmen. Data were shown as means 
and 95% confidence intervals (CI). The covariance ana-
lysis included three statistical models adjusted for cov-
ariates while considering both total and paternal/ 
maternal-specific relationships. Model 1 was adjusted 
for age, gender, and ethnicity. In Model 2, lifestyle- 
related variables including smoking status, drinking sta-
tus, and sleep duration were added. Based on the existing 
covariates in Model 2, paternal and maternal SES scores 
were added to Model 3 as appropriate. Moreover, asso-
ciations of each component with SES levels and skeletal 
muscle mass were also examined. All the tests were two- 

Figure 1 Participants’ selection flowchart.
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tailed, and p-value < 0.05 was considered as statistically 
significant for group differences. IBM SPSS Statistics for 
MAC, version 22.0 (IBM Corp., Armonk, N.Y., USA) 
was used for the statistical analysis of the data in this 
study.

Results
Participants’ Characteristics
The participants’ characteristics in the different categories 
of the total parental SES scores are summarized in Table 1. 
A total of 2204 college students aged 15–24 years were 
included in this study; of these, 537 (24.4%) were males 
and 1667 (75.6%) were females. Mean (SD) skeletal mus-
cle mass was 54.9 (7.8) kg in the male students and 39.2 
(4.3) kg in the female students. A large number of students 
were from Chinese Han ethnicity.

Younger students tended to have higher parental SES 
levels (p < 0.001). There was no significant difference in 
BMI, smoking status, and sleep duration between the SES 
tertiles, while the youths with middle and high parental 
SES were related to higher proportions of alcoholic bev-
erage drinking (p = 0.016). Both paternal and maternal 
educational status (p < 0.001), annual income (p < 0.001), 
and occupational status (p < 0.001) were significantly and 
positively associated with total parental SES levels.

Parental SES and Skeletal Muscle Mass in 
College Freshmen
Table 2 indicates the association between tertiles of total 
parental SES levels and skeletal muscle mass in the 
youths, before and after adjusting for the potential covari-
ates (Model 2). In the univariate model, lower total par-
ental SES scores were associated with lower skeletal 
muscle mass (p for trend < 0.001), and the trend was 
similar and significant subsequent to the adjustment for 
all potential covariates (p for trend < 0.001). Regarding the 
association between paternal and maternal SES scores and 
skeletal muscle mass separately, shown in Table 3, both 
the covariate non-adjusted model and the covariate- 
adjusted model had the same approximate tendency 
regarding the association of the total paternal SES scores 
with the skeletal muscle mass. In contrast, an additional 
adjustment for maternal SES levels (as appropriate) was 
added to Model 3 for the analysis of the association 
between paternal SES and skeletal muscle mass. This 
resulted in the previously significant linear trend becoming 
non-significant (p for trend = 0.077). Moreover, higher 

paternal or maternal SES was significantly associated 
with youth skeletal muscle mass adjusted by BMI, but 
not body height or weight.

A more detailed analysis of the relationship between 
domain-specific paternal and maternal SES levels and 
youths’ skeletal muscle mass after adjusting for age, gen-
der, ethnicity, smoking status, alcohol use, and daily sleep 
duration (Model 2) is shown in Figure 2. Overall, higher 
skeletal muscle mass was associated with higher paternal 
and maternal educational status (p for trend < 0.001, 
respectively) and annual income (p for trend < 0.01, 
respectively); however, there was no observed linear 
trend for occupational status (p for trend = 0.089 for 
father; p for trend = 0.339 for mother). The youths had 
the lowest skeletal muscle mass in the paternal or maternal 
blue-collar job groups, which was significantly lower than 
that in the white-collar job groups (p < 0.05, data not 
shown). Similar results were also observed between SES 
and skeletal muscle mass adjusted by BMI (Figure 3).

Discussion
In this cross-sectional study, we investigated the associa-
tion between parental SES levels and skeletal muscle mass 
in Chinese college freshmen. The results indicate that 
students with a high total family SES scores tend to have 
higher skeletal muscle mass after adjusting for age, gen-
der, ethnicity, smoking status, alcohol use, and daily sleep 
duration. Compared to the normalization of body height or 
weight, body mass index-adjusted skeletal muscle mass is 
more likely to be associated with SES. Paternal SES was 
not significantly associated with the skeletal muscle mass 
in youths after adjusting for maternal SES. Moreover, 
skeletal muscle mass was positively associated with edu-
cational status and annual income, but not with the occu-
pational status of the parents.

This study indicates a positive association between 
parental SES and skeletal muscle mass in Chinese college 
freshmen, which is consistent with several previous stu-
dies. Pruszkowska-Przybylska et al reported that high SES 
was associated with high muscle mass percentage in 607 
healthy Polish elementary school students aged 6–13 
years.13 A cross-sectional study including 2297 
Caucasian children revealed that appendicular skeletal 
muscle mass is lower in the lower-income London chil-
dren aged 5–14 years, but this significant association is 
only shown in the oldest boys and girls and the youngest 
girls.20 In addition, a cross-sectional study found that those 
with sarcopenia are significantly more likely to be in the 
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Table 1 Participants’ Characteristics According to Parental SES Scores in Chinese College Freshmen (n=2204)

Variablea Tertiles of Total Parental SES Scores

Low Middle High p valueb

Participants, no. (%) 712 (32.3) 739 (33.5) 753 (34.2)

Sex (female), no. (%) 556 (78.1) 562 (76.0) 549 (72.9) 0.066

Age (years) 18.7 (1.4) 18.5 (1.4) 18.3 (1.2) <0.001

Han ethnicity, no. (%) 592 (83.1) 627 (84.8) 628 (83.4) 0.635

BMI (kg/m2) 21.7 (3.8) 21.6 (3.8) 21.8 (4.0) 0.519

Smoking status

Never, no. (%) 685 (96.2) 711 (96.2) 720 (95.6)

Former, no. (%) 11 (1.5) 17 (2.3) 13 (1.7)

Current, no. (%) 16 (2.2) 11 (1.5) 20 (2.7) 0.450

Alcohol use (yes), no. (%) 70 (9.8) 107 (14.5) 106 (14.1) 0.016

Sleep duration (hours/day)

<6, no. (%) 145 (20.4) 155 (21.0) 181 (24.0)

6–7, no. (%) 280 (39.3) 279 (37.8) 279 (37.1)

7–8, no. (%) 239 (33.6) 250 (33.8) 226 (30.0)

≥8, no. (%) 48 (6.7) 55 (7.4) 67 (8.9) 0.273

Paternal educational status

Primary school, no. (%) 182 (25.6) 64 (8.7) 6 (0.8)

Middle school, no. (%) 422 (59.3) 316 (42.8) 93 (12.4)

High school, no. (%) 89 (12.5) 247 (33.4) 179 (23.8)

≥ College, no. (%) 19 (2.7) 112 (15.2) 475 (63.1) <0.001

Paternal annual income (CNY)

<15,000, no. (%) 531 (74.6) 235 (31.8) 74 (9.8)

15,000–29,999, no. (%) 129 (18.1) 146 (19.8) 33 (4.4)

30,000–49,999, no. (%) 40 (5.6) 187 (25.3) 193 (25.6)

≥ 50,000, no. (%) 12 (1.7) 171 (23.1) 453 (60.2) <0.001

Paternal occupational status

Non-employed, no. (%) 169 (23.7) 76 (10.3) 30 (4.0)

Self-employed, no. (%) 115 (16.2) 131 (17.7) 73 (9.7)

Blue collar worker, no. (%) 422 (59.3) 470 (63.6) 288 (38.2)

White collar worker, no. (%) 6 (0.8) 62 (8.4) 362 (48.1) <0.001

Maternal educational status

Primary school, no. (%) 229 (32.2) 81 (11.0) 3 (0.4)

Middle school, no. (%) 390 (54.8) 351 (47.5) 103 (13.7)

High school, no. (%) 78 (11.0) 203 (27.5) 191 (25.4)

≥ College, no. (%) 15 (2.1) 104 (14.1) 456 (60.6) <0.001

Maternal annual income (CNY)

<15,000, no. (%) 631 (88.6) 362 (49.0) 93 (12.4)

15,000–29,999, no. (%) 67 (9.4) 173 (23.4) 79 (10.5)

30,000–49,999, no. (%) 12 (1.7) 137 (18.5) 233 (30.9)

≥ 50,000, no. (%) 2 (0.3) 67 (9.1) 348 (46.2) <0.001

Maternal occupational status

Non-employed, no. (%) 228 (32.0) 118 (16.0) 38 (5.0)

Self-employed, no. (%) 117 (16.4) 156 (21.1) 134 (17.8)

Blue collar worker, no. (%) 365 (51.3) 433 (58.6) 295 (39.2)

White collar worker, no. (%) 2 (0.3) 32 (4.3) 286 (38.0) <0.001

Notes: aCategorized variables were presented as number and percentages, and continuous variables were presented as means (standard deviations). bAnalysis of variance or 
χ2 test, as appropriate. 
Abbreviations: BMI, body mass index; CNY, Chinese Yuan; SES, socioeconomic status.
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lowest income bracket than those with no sarcopenia. This 
was true in both men and women.21 Another observational 
study reported that sarcopenia was significantly associated 
with low income in 426 elderly Hispanic and non-Hispanic 
white men living in New Mexico.22 These previous stu-
dies’ results suggest that lower-income may be a risk 
factor for reduced skeletal muscle mass. Furthermore, 
this study showed that parental SES was more likely to 
be associated with BMI-adjusted youth skeletal muscle 
mass than those adjusted by height or weight. Chang 
et al suggested that qualitative muscle indices, which 
were adjusted by BMI, are more accurate in predicting 
low muscle function than are height- and weight-adjusted 
indices in Asian older adults, because they consider 
anthropometric characteristics as part of the definition.23

The authors of this study are unaware of any previous 
study regarding the independent relationship of family 
occupational and educational levels with skeletal muscle 
mass in adolescents or youths. Some studies discussed 
such an association in middle-aged and elderly Chinese. 
A study reported that participants in the lower educational 
level tended to have sarcopenia,24 which is similar to the 
results of the current study. Furthermore, findings regard-
ing the occupational status and skeletal muscle mass in 

this study differ from those in currently-existing literature. 
A large-scale cross-sectional survey of the elderly indi-
cated that the mean skeletal muscle mass index was lower 
in white-collar, blue-collar, and pink-collar workers com-
pared to agribusiness, fisheries, and low-level workers.25 

Nevertheless, our study showed a significant difference in 
the skeletal muscle mass of the youths between blue-collar 
and white-collar worker parents, with the highest muscle 
mass occurring in the children of white-collar worker 
parents. This discrepancy could be explained by the fact 
that those who are engaged in agricultural jobs are more 
physically active while those in white-collar jobs have 
higher SES and contribute more to their children by pro-
viding a better living environment.

Interestingly, the maternal SES was not only indepen-
dently associated with muscle mass in the youths, but 
also affected the relationship between paternal SES and 
their children’s skeletal muscle mass. In China, mothers 
tend to take on more parenting responsibilities, which 
may be one reason why they play an important role in 
their children’s development. Although the paternal edu-
cational status is important, the maternal educational 
status may have a greater impact on reducing the pre-
valence of childhood undernutrition after adjusting for 

Table 2 Association Between Total Parental SES Scores and Skeletal Muscle Mass in Chinese College Freshmen (n=2204)

Tertiles of Total Parental SES Scores

Low (n=712) Middle (n=739) High (n=753) p value a

Skeletal muscle mass (kg)

Non-adjusted model 42.0 (41.3, 42.6) 42.9 (42.3, 43.5) 44.2 (43.6, 44.8) <0.001
Adjusted model 1b 42.4 (42.0, 42.8) 43.0 (42.6, 43.3) 43.7 (43.4, 44.1) <0.001

Adjusted model 2c 42.4 (42.0, 42.8) 42.9 (42.6, 43.3) 43.7 (43.4, 44.1) <0.001

Skeletal muscle mass (kg)/height2 (m2)

Non-adjusted model 15.4 (15.3, 15.6) 15.4 (15.3, 15.6) 15.5 (15.4, 15.7) 0.269

Adjusted model 1b 15.5 (15.4, 15.6) 15.4 (15.3, 15.5) 15.4 (15.3, 15.5) 0.461
Adjusted model 2c 15.5 (15.4, 15.6) 15.4 (15.3, 15.5) 15.4 (15.3, 15.5) 0.417

Skeletal muscle mass (kg)/weight (kg)
Non-adjusted model 0.72 (0.72, 0.73) 0.72 (0.72, 0.73) 0.72 (0.72, 0.73) 0.949

Adjusted model 1 b 0.72 (0.72, 0.73) 0.72 (0.72, 0.73) 0.72 (0.72, 0.73) 0.385

Adjusted model 2c 0.72 (0.72, 0.73) 0.72 (0.72, 0.73) 0.72 (0.72, 0.73) 0.377

Skeletal muscle mass (kg)/BMI (kg/m2)

Non-adjusted model 1.96 (1.94, 1.99) 2.01 (1.98, 2.03) 2.05 (2.03, 2.08) <0.001
Adjusted model 1b 1.98 (1.96, 1.99) 2.01 (1.99, 2.03) 2.03 (2.02, 2.05) <0.001

Adjusted model 2c 1.98 (1.96, 1.99) 2.01 (1.99, 2.03) 2.03 (2.02, 2.05) <0.001

Notes: ap for linear trend was obtained by using analysis of covariance, and data were shown as mean and 95% confidence interval. bAdjusted for age (continuous variable), 
sex (male, female), and ethnicity (Han ethnicity, others). cAdjusted for model 1 plus smoking status (current smoker, former smoker, never smoker), alcohol use (yes, no), 
and daily sleep duration (<6, 6–7, 7–8, ≥8 hours). 
Abbreviations: BMI, body mass index; SES, socioeconomic status.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                    

Risk Management and Healthcare Policy 2020:13 2462

Tian et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Ta
bl

e 
3 

A
ss

oc
ia

tio
n 

Be
tw

ee
n 

To
ta

l P
at

er
na

l a
nd

 M
at

er
na

l S
ES

 S
co

re
s 

an
d 

Sk
el

et
al

 M
us

cl
e 

M
as

s 
in

 C
hi

ne
se

 C
ol

le
ge

 F
re

sh
m

en
 (

n=
22

04
)

Te
rt

ile
s 

of
 P

at
er

na
l S

E
S 

Sc
or

es
Te

rt
ile

s 
of

 M
at

er
na

l S
E

S 
Sc

or
es

Lo
w

 (
n=

70
1)

M
id

dl
e 

(n
=6

90
)

H
ig

h 
(n

=8
13

)
p 

va
lu

e 
a

Lo
w

 (
n=

96
6)

M
id

dl
e 

(n
=6

11
)

H
ig

h 
(n

=6
27

)
p 

va
lu

e 
a

Sk
el

et
al

 m
us

cl
e 

m
as

s,
 k

g

N
on

-a
dj

us
te

d 
m

od
el

42
.2

 (
41

.5
, 4

2.
8)

42
.5

 (
41

.8
, 4

3.
1)

44
.3

 (
43

.7
, 4

4.
9)

<0
.0

01
42

.0
 (

41
.5

, 4
2.

6)
43

.1
 (

42
.4

, 4
3.

7)
44

.6
 (

43
.9

, 4
5.

2)
<0

.0
01

A
dj

us
te

d 
m

od
el

 1
b

42
.4

 (
42

.0
, 4

2.
8)

43
.1

 (
42

.7
, 4

3.
5)

43
.6

 (
43

.2
, 4

4.
0)

<0
.0

01
42

.5
 (

42
.2

, 4
2.

8)
43

.0
 (

42
.6

, 4
3.

4)
44

.0
 (

43
.5

, 4
4.

4)
<0

.0
01

A
dj

us
te

d 
m

od
el

 2
c

42
.4

 (
42

.0
, 4

2.
8)

43
.1

 (
42

.7
, 4

3.
5)

43
.6

 (
43

.2
, 4

4.
0)

<0
.0

01
42

.5
 (

42
.2

, 4
2.

8)
43

.0
 (

42
.5

, 4
3.

4)
44

.0
 (

43
.5

, 4
4.

4)
<0

.0
01

A
dj

us
te

d 
m

od
el

 3
d

42
.7

 (
42

.4
, 4

3.
1)

43
.1

 (
42

.8
, 4

3.
5)

43
.2

 (
42

.9
, 4

3.
6)

0.
07

7
42

.6
 (

42
.3

, 4
2.

9)
43

.1
 (

42
.8

, 4
3.

4)
43

.7
 (

43
.3

, 4
4.

1)
<0

.0
01

Sk
el

et
al

 m
us

cl
e 

m
as

s 
(k

g)
/h

ei
gh

t2 
(m

2 )

N
on

-a
dj

us
te

d 
m

od
el

15
.4

 (
15

.3
, 1

5.
6)

15
.4

 (
15

.2
, 1

5.
5)

15
.6

 (
15

.4
, 1

5.
7)

0.
15

5
15

.4
 (

15
.3

, 1
5.

5)
15

.4
 (

15
.2

, 1
5.

5)
15

.6
 (

15
.5

, 1
5.

8)
0.

01
6

A
dj

us
te

d 
m

od
el

 1
b

15
.5

 (
15

.4
, 1

5.
6)

15
.5

 (
15

.4
, 1

5.
6)

15
.4

 (
15

.3
, 1

5.
5)

0.
77

2
15

.5
 (

15
.4

, 1
5.

6)
15

.4
 (

15
.2

, 1
5.

5)
15

.5
 (

15
.4

, 1
5.

6)
0.

54
9

A
dj

us
te

d 
m

od
el

 2
c

15
.5

 (
15

.4
, 1

5.
6)

15
.5

 (
15

.4
, 1

5.
6)

15
.4

 (
15

.3
, 1

5.
5)

0.
75

7
15

.5
 (

15
.4

, 1
5.

6)
15

.4
 (

15
.3

, 1
5.

5)
15

.5
 (

15
.4

, 1
5.

6)
0.

56
3

A
dj

us
te

d 
m

od
el

 3
d

15
.5

 (
15

.4
, 1

5.
6)

15
.5

 (
15

.4
, 1

5.
6)

15
.4

 (
15

.3
, 1

5.
5)

0.
44

8
15

.5
 (

15
.3

, 1
5.

6)
15

.4
 (

15
.3

, 1
5.

5)
15

.5
 (

15
.3

, 1
5.

8)
0.

67
9

Sk
el

et
al

 m
us

cl
e 

m
as

s 
(k

g)
/w

ei
gh

t 
(k

g)

N
on

-a
dj

us
te

d 
m

od
el

0.
73

 (
0.

72
, 0

.7
3)

0.
72

 (
0.

71
, 0

.7
3)

0.
72

 (
0.

72
, 0

.7
3)

0.
51

0
0.

72
 (

0.
72

, 0
.7

3)
0.

72
 (

0.
72

, 0
.7

3)
0.

72
 (

0.
72

, 0
.7

3)
0.

95
5

A
dj

us
te

d 
m

od
el

 1
b

0.
73

 (
0.

72
, 0

.7
3)

0.
72

 (
0.

72
, 0

.7
3)

0.
72

 (
0.

71
, 0

.7
2)

0.
09

6
0.

72
 (

0.
72

, 0
.7

3)
0.

72
 (

0.
72

, 0
.7

3)
0.

72
 (

0.
71

, 0
.7

3)
0.

23
6

A
dj

us
te

d 
m

od
el

 2
c

0.
73

 (
0.

72
, 0

.7
3)

0.
72

 (
0.

72
, 0

.7
3)

0.
72

 (
0.

71
, 0

.7
2)

0.
09

7
0.

72
 (

0.
72

, 0
.7

3)
0.

72
 (

0.
72

, 0
.7

3)
0.

72
 (

0.
71

, 0
.7

3)
0.

23
4

A
dj

us
te

d 
m

od
el

 3
d

0.
73

 (
0.

72
, 0

.7
3)

0.
72

 (
0.

72
, 0

.7
3)

0.
72

 (
0.

71
, 0

.7
3)

0.
18

8
0.

72
 (

0.
72

, 0
.7

3)
0.

72
 (

0.
72

, 0
.7

3)
0.

72
 (

0.
71

, 0
.7

3)
0.

63
0

Sk
el

et
al

 m
us

cl
e 

m
as

s 
(k

g)
/B

M
I (

kg
/m

2 )

N
on

-a
dj

us
te

d 
m

od
el

1.
98

 (
1.

95
, 2

.0
0)

1.
99

 (
1.

96
, 2

.0
1)

2.
05

 (
2.

03
, 2

.0
7)

<0
.0

01
1.

97
 (

1.
95

, 1
.9

9)
2.

02
 (

1.
99

, 2
.0

5)
2.

05
 (

2.
02

, 2
.0

8)
<0

.0
01

A
dj

us
te

d 
m

od
el

 1
b

1.
98

 (
1.

97
, 2

.0
0)

2.
00

 (
1.

99
, 2

.0
3)

2.
03

 (
2.

01
, 2

.0
4)

0.
00

1
1.

98
 (

1.
97

, 2
.0

0)
2.

02
 (

2.
00

, 2
.0

4)
2.

03
 (

2.
01

, 2
.0

5)
<0

.0
01

A
dj

us
te

d 
m

od
el

 2
c

1.
98

 (
1.

97
, 2

.0
0)

2.
01

 (
1.

99
, 2

.0
3)

2.
03

 (
2.

01
, 2

.0
4)

0.
00

1
1.

98
 (

1.
97

, 2
.0

0)
2.

02
 (

2.
00

, 2
.0

4)
2.

03
 (

2.
01

, 2
.0

5)
<0

.0
01

A
dj

us
te

d 
m

od
el

 3
d

1.
99

 (
1.

97
, 2

.0
2)

2.
01

 (
1.

99
, 2

.0
3)

2.
01

 (
1.

99
, 2

.0
4)

0.
22

5
1.

98
 (

1.
96

, 2
.0

1)
2.

02
 (

2.
00

, 2
.0

4)
2.

03
 (

1.
99

, 2
.0

7)
0.

17
7

N
ot

es
: a p 

fo
r 

lin
ea

r 
tr

en
d 

w
as

 o
bt

ai
ne

d 
by

 u
si

ng
 a

na
ly

si
s 

of
 c

ov
ar

ia
nc

e,
 a

nd
 d

at
a 

w
er

e 
sh

ow
n 

as
 m

ea
n 

an
d 

95
%

 c
on

fid
en

ce
 in

te
rv

al
. b A

dj
us

te
d 

fo
r 

ag
e 

(c
on

tin
uo

us
 v

ar
ia

bl
e)

, s
ex

 (
m

al
e,

 f
em

al
e)

, a
nd

 e
th

ni
ci

ty
 (

H
an

 e
th

ni
ci

ty
, o

th
er

s)
. 

c A
dj

us
te

d 
fo

r 
m

od
el

 1
 p

lu
s 

sm
ok

in
g 

st
at

us
 (

cu
rr

en
t 

sm
ok

er
, f

or
m

er
 s

m
ok

er
, n

ev
er

 s
m

ok
er

), 
al

co
ho

l u
se

 (
ye

s,
 n

o)
, a

nd
 d

ai
ly

 s
le

ep
 d

ur
at

io
n 

(<
6,

 6
–7

, 7
–8

, ≥
8 

ho
ur

s)
. d A

dj
us

te
d 

fo
r 

m
od

el
 2

 p
lu

s 
pa

te
rn

al
 o

r 
m

at
er

na
l S

ES
 (

co
nt

in
uo

us
 

va
ri

ab
le

), 
as

 a
pp

ro
pr

ia
te

. 
A

bb
re

vi
at

io
ns

: B
M

I, 
bo

dy
 m

as
s 

in
de

x;
 S

ES
, s

oc
io

ec
on

om
ic

 s
ta

tu
s.

Risk Management and Healthcare Policy 2020:13                                                                        submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
2463

Dovepress                                                                                                                                                             Tian et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


the children’s age, sex, and country developmental levels 
in low- and middle-income countries.26 Aslam and 
Kingdon reported that only the maternal educational sta-
tus was a significant predictor of a child’s height and 
weight.27 The prevalence of stunting and underweight is 
higher among adolescents with low and medium SES 
than those with high SES.28

Notably, the nutritional status may be an underlying 
mechanism for the positive association between SES and 

skeletal muscle mass. It is well known that high intake of 
vegetables and fruits may lead to sufficient intakes of vita-
mins, such as vitamin C,29 and the trace elements.30 Students 
with high SES tend to consume more vegetables, fruit, 
grains,31 and higher amounts of vitamin C, vitamin D, and 
protein.32,33 Observational studies showed that sufficient 
vitamin C and vitamin D statuses may contribute to reduce 
the loss of skeletal muscle.34,35 Moreover, an 8-week inter-
vention including branched-chain amino acids and vitamin 

Figure 2 Association of paternal and maternal socioeconomic status with skeletal muscle mass in Chinese college freshmen. Analysis of covariance was performed by 
adjusting for age (continuous variable), sex (male, female), ethnicity (Han ethnicity, others), smoking status (current smoker, former smoker, never smoker), alcohol use (yes, 
no), and daily sleep duration (<6, 6–7, 7–8, ≥8 hours). Data are presented as mean and 95% confidence interval.
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D supplementation significantly increased the muscle 
strength and muscle mass in post-acute sarcopenic older 
adults.36 Thus, the nutritional status including the amounts 
of vitamins and protein consumed, may be a potential path-
way underlying the association between parental SES and 
youths’ skeletal muscle mass, when low muscle mass is 
a diagnostic criterion for malnutrition.37

It is possible that the correlation between higher SES 
level in parents and the children’s muscle mass may be 

attenuated by the children’s level of participation in phy-
sical activity. Furthermore, evidence38 has shown that 
lower personal and household wealth are associated with 
an increased likelihood of inactivity. Fuemmeler et al39 

pointed out that greater parental participation in moderate- 
to high-intensity physical exercise is associated with 
increased participation of the child in moderate- to high- 
intensity physical exercise. Apparently, parents with good 
exercise habits are more likely to encourage their children 

Figure 3 Association of paternal and maternal socioeconomic status with skeletal muscle mass adjusted by BMI in Chinese college freshmen. Analysis of covariance was 
performed by adjusting for age (continuous variable), sex (male, female), ethnicity (Han ethnicity, others), smoking status (current smoker, former smoker, never smoker), 
alcohol use (yes, no), and daily sleep duration (<6, 6–7, 7–8, ≥8 hours). Data are presented as mean and 95% confidence interval. BMI, body mass index.
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to participate in sports than parents who are sedentary. In 
addition, physical activity in young adults is a significant 
predictor of appendicular muscle mass and skeletal muscle 
mass index.40 Good exercise habits are significantly asso-
ciated with a lower prevalence of sarcopenia, and exercise 
could effectively delay the rate of skeletal muscle mass 
loss in middle-aged and elderly people.41,42 The effect of 
resistance exercise on skeletal muscle mass is particularly 
significant.43 Given the cited literatures, physical activity 
levels may be another possible underlying mechanism of 
the association between parental SES and skeletal muscle 
mass in youths.

This study has some limitations. First, we were unable 
to determine the causal relationship between parental SES 
scores and their children’s skeletal muscle mass due to the 
cross-sectional study design. Secondly, the research data 
were obtained from only one university, which might have 
led to sample selection bias. Thirdly, the covariates in this 
study were limited. Dietary intakes, physical exercise, and 
genetic factors in youths should be considered as potential 
confounding factors.

Conclusions
In conclusion, our study revealed that higher parental SES 
levels are associated with skeletal muscle mass in Chinese 
college students. Higher parental educational status and 
annual income present a linear trend with the youths’ 
skeletal muscle mass. Compared to the normalization of 
height or weight, body mass index-adjusted skeletal mus-
cle mass is more likely to be associated with SES. These 
findings suggest that better family SES levels may con-
tribute to better muscular fitness in youths. Beyond eco-
nomics, curbing the widening gap between the rich and the 
poor worldwide also has important implications for human 
health. Future investigation is needed to confirm the causal 
relationship between family SES and muscular fitness in 
youths.
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