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Little is known about the association between physical activity and the risk of pre-sarcopenic obesity 
(pre-SO) among adolescents. Hence, this study aimed to examine the association between physical 
activity and pre-SO in a sample of 2143 adolescents aged 12 to 18 years from Yinchuan, China. The 
pre-SO was defined by three criteria: low skeletal muscle mass adjusted by weight (SMM/W) combined 
with body mass index (BMI), fat mass percentage (FMP), and waist circumference (WC). After adjusting 
for age, smoking, drinking, sleep time, and high-fat food consumption, participants with high physical 
activity (HPA) had a lower risk of pre-SO compared to those with low physical activity (LPA) according 
to the obesity criteria of FMP (OR   0.63, 95% CI, 0.48–0.83, P < 0.05), and WC (OR 0.71, 95% CI, 0.52–
0.96, P < 0.05). Additionally, restricted cubic spline models showed a linear dose-response association 
between total physical activity (TPA) and pre-SO no matter what obesity criteria were adopted (all P 
overall trend < 0.05, all P non-linear > 0.50). Subgroup analyses revealed that individuals with higher 
TPA levels exhibited a decreased risk of pre-SO in boys according to the obesity criteria of FMP, and 
WC. In conclusion, HPA is associated with a reduced risk of pre-SO in adolescents, especially among 
boys.
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Sarcopenic obesity (SO) is defined as the concurrent presence of sarcopenia and obesity, and is initially proposed 
among the elderly population1. However, the prevalence of SO among adolescents has also drawn widespread 
attention in recent years, particularly in the context of escalating obesity rates and sedentary lifestyle2. Results 
from a system review shows that the prevalence of SO ranged between 5.66% and 69.7% in girls, with a range 
from 7.2% to 81.3% in boys3. Importantly, compared to individuals who only have sarcopenia or obesity, those 
with SO face more severe health risks4. It can cause higher risks of metabolic disturbances, a greater incidence 
of cardiovascular disease and increased mortality5–7, thereby posing a significant threat to the long-term health 
of adolescents.

Pre-sarcopenic obesity (pre-SO), as a critical stage from a healthy state to sarcopenic obesity, is an important 
period for clinical prevention and treatment. However, there are no effective drugs for treating SO8. The 
SO and lack of physical activity are fast becoming a concern among children and adolescents. The exercise 
intervention is regarded as a means with both therapeutic and preventive potential9. Physical activity helps 
reduce fat accumulation and prevent low muscle mass, which is of great significance for preventing metabolic 
diseases such as sarcopenic obesity. Data from a survey of community-dwelling older adults in Korea revealed 
a significant association between high physical activity and a reduced risk of SO10. Choi et al. involved 2071 
participants and found that vigorous physical activity may be beneficial for reducing the prevalence of SO5. A 
randomized controlled trial showed that implementing exercise intervention measures for the elderly with SO 
could significantly improve their physical conditions9.

Nevertheless, current studies have primarily focused on middle-aged and elderly populations, investigations 
from adolescents have predominantly centered on the associations between physical activity and sarcopenia 
or obesity. For example, A cross-sectional study revealed that moderate to high physical activities significantly 
increase muscle mass among adolescents11. Oshita et al. found that physical activity was significantly positively 
associated with skeletal muscle mass index among female university students from Japan12. A study from school-
going 13 year old multi-ethnic adolescents from population representative samples in Malaysia showed that high 
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physical activity scores were associated with the decreased precursor risk factors of obesity13. In summary, there 
remains a significant gap in the relationship between physical activity and sarcopenic obesity or pre-SO among 
adolescents.

Therefore, this study utilizes cross-sectional data from Yinchuan, Ningxia, China, to investigate the 
association between physical activity and pre-sarcopenic obesity (pre-SO) in adolescents. It aims to provide a 
theoretical basis for the prevention and management of sarcopenic obesity in adolescents and promote the in-
depth application of exercise-medicine integration in youth health initiatives.

Methods
Study population
This study was a series of cross-sectional studies conducted in Yinchuan, China, from October 2017 to September 
2020. Stratified random cluster sampling was used to select three junior high schools and three senior high 
schools as samples. After stratification by grade, 13 junior high school classes and 32 senior high school classes 
were randomly selected. Inclusion criteria: (1) Willing participation in the study and ability to provide required 
information; (2) General good health with normal physical development, capable of engaging in various physical 
activities. Exclusion criteria: (1) Age outside the range of 12 to 18 years; (2) Incomplete physical activity data; (3) 
Presence of current or recent cardiovascular disease, hepatic, renal, or thyroid dysfunction, or ongoing treatment 
with steroid hormones or thyroid hormone. Ultimately, 2143 subjects were included.

This study was approved by the Ethics Review Committee of Ningxia Medical University (Approval 
ID: 2016 − 123). Written informed consent was obtained from all participants and/or their legal guardians, 
confirming that all experiments were performed in accordance with relevant guidelines and regulations.

Assessment of physical activity levels
The International Physical Activity Questionnaire (IPAQ) has been validated as an effective tool for assessing the 
physical activity levels of adolescents14. This study utilized the IPAQ - Short Form, which consists of seven items. 
Participants were asked to retrospectively report the duration and frequency of their engagement in three types 
of physical activities during the previous week: light physical activity (LPA), moderate physical activity (MPA), 
and vigorous physical activity (VPA). Physical activity levels were expressed in metabolic equivalents (METs), 
with the METs values for LPA, MPA, and VPA being 3.3, 4.0, and 8.015, respectively16.

	

Total physical activity [METs − min/week] = [3.3METs × min × days]+
[4.0METs × min × days ]+[ 8.0METs × min × days].

The participants were classified into three levels of physical activity based on the IPAQ guidelines: High physical 
activity (meeting either of the following two criteria): (1) 7 d of walking or moderate or vigorous intensity 
activities totaling ≥ 3000 MET-min/week; (2) vigorous intensity activity on ≥ 3 d with ≥ 1500 MET-min/week; 
Moderate activity (any one of the following three criteria) : (1) ≥ 5 d of walking or moderate or vigorous intensity 
activities totaling ≥ 600 MET-min/week; (2) ≥ 5 d of 30 min of moderate intensity and/or walking per day; (3) 
≥ 3 d of 20 min of vigorous activity per day; And low activity (not enough to meet moderate or high activity 
criteria)17.

Anthropometric measurements
All anthropometric measurements were performed by trained staff using standardized procedures. Height, 
weight, and waist circumference were measured twice, and the mean value was used for analysis. Measurements 
were recorded to the nearest 0.1 cm or 0.1 kg. If the two measurements differed by more than 0.5 cm or 0.5 kg, 
a third measurement was taken to ensure accuracy and minimize technical error18. Body Mass Index (BMI) was 
calculated as weight (kg) divided by height squared (m²). Body composition analysis and bioelectrical impedance 
analysis (BIA) were performed using Inbody 370 (Biospace Co., Seoul, Korea), and the skeletal muscle mass 
(SMM) and fat mass percentage (FMP) were directly read. FMP has always been regarded as an ideal indicator 
for evaluating body composition. However, BIA is inevitably limited by factors such as the degree of obesity and 
age, and there may be problems of underestimating or overestimating FMP19

Definition
According to the study by Xu et al.20 the definition of pre-SO combined the low skeletal muscle mass adjusted by 
weight (SMM/W) and obesity criteria. Low muscle mass was characterized by SMM/W < 1 standard deviation 
below sex-specific mean values. To ensure the robustness of the criteria, obesity was assessed using three 
screening standards for adolescents: body mass index (BMI) ≥ 28 kg/m²21; fat mass percentage (FMP) > 20% for 
boys and FMP > 25% for girls22,23; Waist circumference (WC) ≥ the 90th percentile in each sex and age group24

Covariates
Based on previous research25–27, we examined potential confounding factors among demographic characteristics 
and health-related factors, and ultimately selected age, gender, smoking, drinking status, high-fat food 
consumption and sleep time as covariates. Smoking was defined as having smoked or attempted to smoke at 
least once during the past month. Drinking was defined as having consumed alcohol or attempted to consume it 
during the same period. Sleep time was calculated based on the participants reported going to bed at night and 
waking up in the morning on school days. High-fat food consumption was defined based on high-fat dietary 
behaviors reported during the past week, including fried foods, high-sugar foods (such as cakes and chocolates), 
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high-sugar beverages, and poultry meat consumed more than three times per week. If any one of these criteria 
was met, the individual was classified as having a high-fat diet.

Statistical analysis
Data were entered using EpiData 3.1 software, and statistical analyses were performed with SPSS 26.0 (SPSS 
Inc., Chicago, Illinois) and R (version 4.2.2). Normally distributed continuous variables were described as 
mean (standard) deviation, non-normally distributed data were presented as median (interquartile range), and 
categorical variables were expressed as percentages. Differences between groups were compared using t-tests, 
chi-square tests, and rank-sum tests. After adjusting for covariates including age, gender, smoking, drinking 
status, and sleep time, a binary logistic regression model was employed to analyze the relationship between 
physical activity levels and pre-SO. The dose-response relationship between physical activity levels and pre-SO 
was modeled using restricted cubic splines (RCS), followed by stratified analysis. Statistical significance was 
defined as a two-sided P-value < 0.05.

Results
Characteristics of the participants
The characteristics of participants are shown in Table 1. The study included 2,143 participants (1,292 boys and 
851 girls). The mean age of participants was 15.00 years. The prevalence of pre-SO based on different criteria; 
high BMI, high FMP, and high WC were 176 (8.21%), 397 (18.49%), and 315 (14.70%), respectively. Compared 
to individuals non-pre-SO, those with pre-SO were younger, had a higher proportion of engaging in MPA, and 
higher proportion of girls (P < 0.05). The TPA was significantly higher in the non-pre-SO group than in the pre-
SO group (P < 0.05). Additionally, the differences in the comparison of smoking, drinking, sleep time, physical 
activity between pre-SO and non-pre-SO adolescents were statistically significant (all P < 0.05).

Association between physical activity and pre-sarcopenic obesity
ORs of different physical activity level groups were examined using logistic regression analysis (Table 2). TPA 
was significantly associated with pre-SO in the three obesity criteria. Specifically, the risk of pre-SO decreased 
by 24%, 27% and 24% for each 1 METs-min/week increase in total physical activity, respectively. In the fully 
adjusted model, when obesity was assessed using FMP, participants who engaged in high physical activity (HPA) 
exhibited a significantly lower risk of pre-SO compared to those with low physical activity (LPA) (OR = 0.63, 
95%CI, 0.48–0.83, P < 0.05). When obesity was assessed using WC, the results indicated a reduced risk of pre-SO 
for individuals engaging in HPA compared to those with LPA (OR = 0.71, 95%CI, 0.52–0.96, P < 0.05).

Dose-response relationships between the total physical activity and pre-sarcopenic obesity
The dose-response relationships between the total physical activity and pre-SO using by the restricted cubic 
splines (RCS) regression models are presented in Fig. 1. After adjusted for age, smoking, drinking, sleep time 
and high-fat food consumption, the results demonstrated a linear dose-response association between total 
physical activity and pre-SO no matter what obesity criteria were adopted (all P overall trend < 0.05, all P 
non-linear > 0.50). RCS analysis results also indicated that with increased of TPA level, the risk of pre-SO was 
significantly lower in which adiposity status assessed by BMI, FMP and WC.

Subgroup analyses
The results of the stratified analyses based on age, smoking, drinking, sleep time, and high-fat food 
consumption are shown in Fig. 2. Results indicated that a negative correlation between TPA and pre-SO across 

Variables Total Non-pre-sarcopenic obesity

Pre-sarcopenic obesity

P valueLow SMM/W + BMI Low SMM/W + FMP Low SMM/W + WC

N (%) 2143(100.00) 1746(81.51) 176(8.21) 397(18.49) 315(14.70)

Age(years) 15.00(1.46) 15.06(1.46) 14.39(1.35) 14.75(1.42) 14.78(1.39) < 0.001

Boys (%) 1292 (60.17) 1207 (68.97) 68(38.63) 85(21.41) 75(23.81) < 0.001

Smoking (%) 480 (22.36) 443 (25.31) 21(11.9) 37 (9.32) 34(10.79) < 0.001

Drinking (%) 715 (33.30) 630 (36.00) 39(22.16) 85 (21.41) 70(22.22) < 0.001

High-fat food consumption
(%) 1609 (74.94) 1318 (75.86) 130(73.70) 291 (73.30) 226(71.75) 0.338

Sleep time (hours) 7.69(1.24) 7.72(1.24) 7.53(1.19) 7.53(1.21) 7.55(1.22) < 0.001

TPA(METs-min/week) 3544.89(3248.30) 3722.19(3357.02) 2707.76(2570.17) 2763.35(2579.74) 2838.78(2578.30) < 0.001

Physical activity category < 0.001

LPA (%) 590(27.53) 536(27.25) 54(30.68) 125(31.48) 92(29.21)

MPA (%) 642(29.96) 576(29.28) 66(37.50) 145(36.53) 121(38.41)

VPA (%) 911(42.51) 855(43.47) 56(31.82) 127(31.99) 102(32.38)

Table 1.  The characteristics of the study participants. SMM/W, low skeletal muscle mass adjusted by weight; 
BMI: body mass index; FMP, fat mass percentage; WC, waist circumference; LPA, low physical activity; MPA, 
moderate physical activity; HPA, high physical activity; TPA, total physical activity.
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Fig. 1.  Dose-response relationships between the total physical activity levels and pre-SO.  (a–c) unadjusted 
model; (d–f) adjusted for age, smoking, drinking, sleep time, and high-fat food consumption. (a,d) Pre-SO was 
assessed by low SMM/W + high body mass index; (b,e) Assessed by low SMM/W + high fat mass percentage; 
(c,f) Assessed by low SMM/W + high waist circumference.

 

Model 1 Model 2

OR 95% CI P value OR 95% CI P value

Assessed by low SMM/W + high body mass index

TPA(METs-min/week) 0.70 0.58, 0.85 < 0.001 0.76 0.62, 0.92 0.005

Physical level category

LPA Reference Reference

MPA 1.14 0.78, 1.66 0.505 1.07 0.73, 1.57 0.741

VPA 0.65 0.44, 0.96 0.030 0.70 0.47, 1.04 0.079

Assessed by low SMM/W + high fat mass percentage

TPA(METs-min/week) 0.70 0.61, 0.80 < 0.001 0.73 0.63, 0.83 < 0.001

Physical level category

LPA Reference Reference

MPA 1.09 0.83, 1.42 0.553 1.05 0.80, 1.39 0.718

VPA 0.60 0.46, 0.79 < 0.001 0.63 0.48, 0.83 0.001

Assessed by low SMM/W + high waist circumference

TPA(METs-min/week) 0.73 0.64, 0.85 < 0.001 0.76 0.66, 0.88 < 0.001

Physical level category

LPA Reference Reference

MPA 1.26 0.93, 1.69 0.132 1.23 0.91, 1.66 0.177

VPA 0.68 0.50, 0.92 0.014 0.71 0.52, 0.96 0.027

Table 2.  Odds ratio (95% confidence interval) for physical activity level association with pre-SO. SMM/W, low 
skeletal muscle mass adjusted by weight; LPA, low physical activity; MPA, moderate physical activity; HPA, 
high physical activity; TPA, total physical activity; Model 1, unadjusted model; Model 2, adjusted for age, 
smoking, drinking, sleep time, and high-fat food consumption.
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various subgroups. There was a significant interaction between the TPA levels and stratified variables based 
on sex in which pre-SO status assessed by low SMM/W combined with obesity criteria of FMP, and WC (P 
interaction < 0.05). Specifically, individuals with higher TPA levels exhibited a decreased risk of pre-SO in boys, 
but not remarkable in girls. There was no significant interaction between the total physical activity levels and 
other stratified variables.

Discussion
This study investigated the relationship between physical activity with the pre-SO in adolescents. The definition 
of pre-SO based on three criteria: low SMM/W combined with obesity criteria of BMI, FMP and WC. Our 
results indicated that TPA was significantly associated with pre-SO in the three obesity criteria. After adjusted 
for age, smoking, drinking, sleep time and high-fat food consumption, participants with HPA had a significantly 
lower risk of pre-SO than those with the LPA did. Additionally, we found a linear dose-response relationship 
between TPA and the risk of pre-SO no matter what obesity criteria were adopted.

The SO was previously thought to primarily affect the older, emerging evidence points that SO can also 
manifest in adolescents, particularly in the context of climbing obesity rates and physical inactivity2. The 
prevalence of SO in adolescents has been reported to 7.5 to 33.3% according to previous studies28,29. This 

Fig. 2.  Stratified analyses for the association between total physical activity and prevalence of pre-SO. SMM/W, 
low skeletal muscle mass adjusted by weight.
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wide range is because of the different methods employed to define SO and the varying cutoff points applied3. 
Although the definition of SO different between studies, all of the results indicate that the burden of adolescent 
SO is substantial. In this study, we found the prevalence of pre-SO included different criteria; high BMI, high 
FMP, and high WC were 8.21%, 18.49%, and 14.70%, respectively.

Regular physical activity supports weight management, enhances physical function, and slows the muscle 
loss linked to aging30. Although the benefits of physical activity for combating obesity and sarcopenia have been 
widely reported, most studies focus on elderly populations. Research examining the effects of physical activity 
on SO in adolescents remains scarce. Our findings revealed a decline in the risk of pre-SO with rising levels of 
TPA. A cross-sectional study in post-liver transplantation (LT) children aged between 6 and 18 years showed 
that lower moderate-to-high physical activity was associated with a high prevalence of sarcopenia in children31. 
A study by Hao et al. revealed that the skeletal muscle mass index was positively correlated with physical activity, 
particularly in moderate-to-high intensity activities11. In our study, although individuals with HPA had a lower 
risk of pre-SO compared to those with LPA, no significant improvement effect of MPA on adolescent sarcopenic 
obesity was observed. The primary reason may be that the assessment of physical activity was based on the 
retrospective IPAQ questionnaire, which may subject to bias.

Exercise serves as an effective intervention for Pre-SO. Studies have shown that exercise can upregulate 
anti-inflammatory cytokines such as IL-10, thereby counteracting the inhibitory effect of TNF-α on muscle 
protein synthesis and alleviating inflammation and oxidative stress in skeletal muscle32,33. Moreover, exercise 
stimulates the production of IGF-1, a key regulator of muscle maintenance and hypertrophy34. It also activates 
intramuscular anabolic signaling pathways, including the PI3-K/Akt/mTOR axis, enhancing protein synthesis, 
increasing lean mass, elevating basal metabolic rate, and ultimately reducing adiposity35. These mechanisms 
support the beneficial role of physical activity in decreasing the risk of pre-sarcopenic obesity, as observed in 
our study.

This research focuses on the adolescent population and investigates the preclinical stage of SO, aiming to 
provide evidence for early prevention and treatment strategies of sarcopenic obesity in adolescents. For the 
diagnosis of pre-sarcopenic obesity, we employed three criteria to enhance the robustness of the results. However, 
this study also has limitations. Firstly, due to the cross-sectional study design, this study cannot establish causality 
between physical activity and pre-SO. Secondly, this study utilized the IPAQ, which is a retrospective survey 
questionnaire, potentially leading to information bias. Thirdly, the study sample may not be representative of the 
entire adolescent population, as it was limited to participants from a single city in Northwest China. Moreover, 
the physical activity data were collected based on self-reporting, which may introduce deviations from the actual 
situation.

In conclusion, we found that a high physical activity level was associated with a lower prevalence of pre-SO 
in adolescents.

Data availability
The data that support the findings of this study are not publicly available due to their containing information that 
could compromise the privacy of research participants but are available from the corresponding author upon 
reasonable request.
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