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a b s t r a c t

The normative values of vertical jump (VJ) and sit-and-reach (SR) for Chinese people are still unclear. We
aimed to determine these values and their correlations with body composition using data from China
National Health Survey which included 19,269 participants aged 8e80 years. Sex-specific smoothed
centile tables were generated for the P1, P5, P25, P50, P75, P95, and P99 centiles of VJ and SR using lambda-
mu-sigma method. The median (Interquartile range) values of VJ and SR in males and females were as
follows: 20.3 (8.8) cm and 14.1 (5.5) cm for VJ, 1.8 (11.6) cm and 6.8 (10.4) cm for SR, respectively. In
males, VJ values increased to a peak around the age of 18, with the 5th and 95th values being 17.7 cm and
41.3 cm, respectively. After reaching the peak, VJ values gradually declined with age. In females, VJ values
remained relatively stable from childhood to early adulthood, and then declined after the age of 30. The
peak values of SR were observed in early adulthood in both sexes, and remained stable in females but
declined with age in males. VJ had a negative association with body composition, particularly in females.
SR was found to have a negative association with fat mass indexes in males. However, correlations in
females were only marginally statistically significant. The study provides age- and sex-specific percentile
reference values for VJ and SR in Chinese people and can aid in the assessment of muscle fitness and
facilitate early prediction of neuromuscular disorders.
© 2023 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Introduction

The assessment of health-related fitness is considered useful for
identifying motor performance levels, which serves as a funda-
mental basis for determining health status and measuring the
impact of interventions aimed at improving physical capacities
associated with health [1].

Muscle fitness, defined as the maximal force or tension that a
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muscle or a group of muscles can generate as a specified velocity, is
a key component of health-related fitness. It is believed to be
essential for maintaining good health and playing a crucial role in
preserving normal movement in humans [2,3]. During the aging
process, physical fitness, which includes strength, endurance,
agility, and flexibility, tends to diminish. This reduction can lead to
challenges in performing daily activities and hinder the normal
functioning of older individuals [4,5].

The vertical jump (VJ) and sit-and-reach (SR) tests are important
tools for assessing physical fitness and muscle function. VJ, in
particular, is considered to be an intuitive and valid test [6]. Unlike
other physical tests, VJ is able to accurately measure awide range of
physical capabilities [7]. Over the past few decades, VJ has been
utilized to assess muscular power in the lower limbs and is
considered as a reliable indicator of functional capacity [8]. Until
recently, there have been limited studies investigating the
normative value of VJ, with most of the research focused on English
and Canadian young adults, and most were athletes [3,9]. In the
same context, the existed studies documented the differences in
muscle strength, performance, and power between different ethnic
groups [10,11].

Unlike VJ, the SR measure is used to assess hamstring and
lumbar extensibility [12]. Flexibility is usually determined by the
maximum range of motion in a joint or series of joints. Therefore,
angular tests that specifically measure hip flexion with the knee
extended have been widely used to assess hamstring extensibility
[12,13]. Nonetheless, due to the need for sophisticated instruments,
qualified technicians, and time limitations, the SR test appears to
only be conducted in specific environments and with relatively
small sample sizes.

The overall body composition characterizes the size and
configuration of the body, which is often described by anthropo-
metric measures [14]. Body composition primarily includes both fat
mass (FM) and muscle mass (MM) and is known to vary with age
[9]. Motor strength and performance are significantly influenced by
anthropometric changes that occur during growth and maturation
[15]. Furthermore, as individuals age, there is generally a decrease
in muscle mass but an increase in fat mass [16,17]. Muscle mass and
strength are two important components of muscle fitness, and both
tend to reduce during aging [18]. The loss of muscle mass and loss
of muscular power that occur with aging are referred to as sarco-
penia and dynapenia. The combined impact of reduced muscle
mass and increased fat mass results in sarcopenic obesity, which
has been found to be strongly linked to cardiovascular diseases and
can increase the risk of mortality among aging individuals [19,20].
Our previous study on the association between hand grip strength
(HGS) and body composition indicated that, in ageing, the decrease
of muscle strength was faster than that of muscle mass in both
sexes [10]. The correlations between muscle mass and HGS were
most robust than other correlations. Therefore, in the assessment of
muscle fitness and power, it is also important to explore the rela-
tionship between body composition, VJ and SR, thus to estimate
muscle fitness with aging more comprehensively. It has been
shown that genetic, environmental and anthropometric factors
could influence biological parameters. Therefore, it is important to
understand the normative values of muscle strength and power in
different population with variations on genetic background and
environments.

Currently, the normative values of VJ and SR, as well as their
changing trajectories in relation to body composition, remain un-
clear for the general Chinese population across a wide range of
ages. Therefore, we conducted a secondary analysis using data from
the National Health Survey (CNHS) that we conducted from 2012 to
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2017. This survey includes a representative sample of the general
Chinese population [21]. Our objective was to determine the
normative values of muscle fitness and examine their associations
with body composition in a sample of unselected Chinese in-
dividuals between the ages of 8 and 80. We also aimed to promote
the assessment of muscle function growth and development, and
further apply it to the early identification of health damage by
monitoring abnormal levels of muscle fitness.
Methods

Data resource and study population

This is a secondary analysis of data from the CNHS, which is a
large, representative survey conducted in mainland China. The
protocol of the CNHS has been previously published [22]. Briefly, a
multistage stratified cluster sampling method was used to select
eleven provinces or autonomous regions (Guizhou, Hainan, Xin-
jiang, Shaanxi, Inner Mongolia, Qinghai, Heilongjiang, Yunnan,
Gansu, Sichuan and Hebei) from mainland China to conduct the
health survey. Provinces or autonomous regions were chosen in the
initial sampling phase based on their geographical locations. Then,
cities and counties were selected from each province in the second
stage. In the following stage, districts were chosen from cities, and
rural townships were chosen from counties. In the fourth stage,
communities were selected from urban districts, while villages
were chosen from rural townships. Individuals from the selected
communities and villages were invited to participate. The inclusion
criteria were individuals aged 20e80 who had been living in the
local area for at least one year. The exclusion criteria were in-
dividuals with severe mental or physical disorders, pregnant
women, individuals on active military duty, or foreigners. In four
out of the eleven selected provinces or autonomous regions, chil-
dren and adolescents over the age of 7 were additionally recruited.
The study has been conducted in accordance with the Declaration
of Helsinki. Ethical approval was obtained from the Bioethical
Committee of the Institute of Basic Medical Sciences, Chinese
Academy of Medical Sciences (No. 029e2013). Written informed
consent was obtained from the parent/legal guardian of partici-
pants younger than 16 and participants above 16.
Vertical jump and sit-and-reach measurement

The vertical jump was assessed using the Squat Jump (SJ) test.
Participants were informed of the testing procedures verbally
before the beginning of test. They were then instructed to warm up
for an at least 2-min with light exercises before performing the VJ
tests. During the test, participants were instructed to sink and to
hold a squat position on the contact mat for 3 s. On the count of
three, they were required to jump as high as they could. A suc-
cessful test was considered if there was no sinking or counter-
movement prior to the jump [22]. The sit-and-reach test involved
participants assuming a long-sitting position on a board, with their
knees fully extended and feet dorsiflexed and flat against the foot
platform. They placed their fingertips together and adjacent to a
block that was positioned along a scale. The participants pushed the
block forward along the scale using their hands, trying to reach the
furthest point possible [22]. Both the VJ and SR tests were per-
formed twice, and the maximum values were recorded in
centimeters.
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Anthropometry and body composition measurements

During the anthropometric measurements, participants wore
lightweight clothing andwere not wearing any footwear. Height was
measured using a fixed stadiometer to the nearest 0.1 cm. Body
composition, includingweight, body fat percentage, fat mass, fat free
mass, muscle mass, was measured using a body composition
analyzer (TANITA BC-420, Japan), with decimal-level accuracy. Body
mass index (BMI) was calculated by dividing weight in kilograms by
the square of height in meters (kg/m2). Fat mass index (FMI) was
calculated by dividing body fat in kilograms by the square of height
in meters (kg/m2), and MMI was calculated by dividing muscle mass
in kilograms by the square of height in meters (kg/m2).

Measurement of other covariates

A standardized questionnaire was administered through face-
to-face interviews. Demographic information, such as sex, age,
current residence (urban or rural), and educational level, was ob-
tained. Personal disease history including cardiovascular disease,
cerebrovascular diseases, respiratory diseases, musculoskeletal
disorders, fraction history, neurological disorders, and cancer, was
collected. Prior to the survey, all interviewers and technicians un-
derwent a training program to ensure their proficiency in using
specific tools and methods.

Statistical analyses

After excludingmissing values in VJ and SR, individuals with any
diseases, including cardiovascular diseases, respiratory diseases,
cerebrovascular disease, musculoskeletal disorders, neurological
disorders, had fracture history, or cancer, and individuals who did
not reside in the local area, the final analytic sample consisted of
19,269 participants. Descriptive summary statistics were used to
present the characteristics of the study population. The mean and
standard deviationwere used to describe the average value of body
composition indexes, VJ and SR. Additionally, the 5th to 9th values
of VJ and SR, stratified by sex and age groups, were calculated to
display their normative values in the study population. Spearman
partial correlations were conducted to examine the age-adjusted
correlations among VJ, SR and body composition indexes. The
Dixon-Reed method was utilized to identify outliers for each body
composition and muscle fitness index [23].

The LMS (lambda, mu, sigma) method was used to construct
growth reference charts, which extends regression analysis to
include three indexes [24]: the median (mu), which represents the
corresponding change when an explanatory variable changes; the
coefficient of variation (sigma), which models the spread of values
around the mean and adjusts for any nonuniform dispersion; and
the skewness (lambda), which models the departure of the vari-
ables from normality using a Box-Cox transformation. The LMS
models smooth the percentile curves of muscle fitness indexes
using cubic natural smoothing spline functions [25].

Since there are significant difference between sexes in terms of
both muscle fitness and body composition, the analyses were
conducted separately for each sex. Additionally, due to the high
correlation between muscle mass (MM) and VJ, and between BFP
and SR, the percentiles of MM and SR, as well as the normalized
values of VJ and SR divided by MM and SR, respectively, were also
included in the LMS procedures.

The descriptive and correlation analyses were conducted using
SAS, version 9.4 (SAS Institute Inc., Cary, NC, USA). We utilized
GAMLSS package in R (version 4.0) to apply the LMS method. A p-
value of less than 0.05 (two-tailed) was considered as statistically
significant.
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Results

Basic characteristics

The basic characteristics of the study population are presented
in Table 1. Out of the total 19,269 participants, 7574 individuals
(39.31%) were males, and 1380 were children and adolescents aged
8e18 years. Significant differences were observed between males
and females in terms of body composition and muscle fitness
profiles (Table 1). To briefly summarize, males displayed higher
levels of muscle mass and VJ, but lower levels of fat mass and SR
compared to their female counterparts.

The correlations among body composition and muscle fitness
indexes

Table 2 displays the age-adjusted correlations between body
composition and muscle fitness. VJ was negatively correlated with
body composition, particularly among females. Both sexes showed
relatively stronger correlations between VJ and muscle mass in-
dexes. In males, the age-adjusted correlation between muscle mass
and VJ was 0.102 (p < 0.001), while in females, it was not statisti-
cally significant (Spearman correlation coefficient: 0.02, p ¼ 0.062).
MMI showed opposite correlations with VJ in both sexes, with
correlation coefficients of 0.045 in males and �0.133 in females. SR
was found to be negatively associated with fat mass indexes,
including BMI, BFP and FMI, in males. In females, however, these
correlations were only marginally statistically significant (Table 2).
Supplementary Table S2 shows the stratified analyses based on
adulthood status (aged <18 and aged �18). In girls, there were
negative associations between body composition indexes and VJ,
but no statistically significant results was found in boys.

The sex-specific muscle fitness with ageing

There were 16,376 and 18,903 participants who completed the
VJ and SR tests, respectively. The age- and sex-specific normative
values of VJ and SR are presented in Table 3 and Table 4, respec-
tively. Fig. 1 illustrats the trajectories of absolute VJ, muscle mass,
and the normalized values of VJ (VJ divided bymuscle mass) from 8
to 80 years of age. The values of upper and lower VJ across ages in
males had two periods: an increase to peak values around 18 (with
the 5th and 95th values of 17.7 cm and 41.3 cm, respectively), fol-
lowed by a decline with aging. The trajectory of VJ in females
differed from that of males, as it showed preservation from child-
hood to early adulthood, and then declined after 30 years old. The
lowest VJ values in both sexes were observed in the 70e80 years
age group, with the 5th and 95th percentile values of 0 cm and
20.6 cm in males, and 0 cm and 15.5 cm in females, respectively
(Fig. 1). The age-and sex-specific normative values of SR are shown
in Table 4. The peak values of SR in both sexes occurred in early
adulthood and then remained stable in females but declined with
ageing in males (Table 4 and Fig. 2).

Discussion

To the best of our knowledge, this study is the first to examine
the age- and sex-specific percentile reference values for vertical
jump and sit-and-reach across a broad age spectrum in a large
representative Chinese population. The suggested normative values
from this study could provide valuable information for assessing
muscle function and serve as a reference for comparing with
research from other populations. Our findings indicate that muscle
fitness trajectories vary between sexes and change with age.
Generally, VJ and SR values declined with age, particularly in males.



Table 1
Body composition and muscle fitness of the study population, stratified by age and sex (N ¼ 19,269). (Median, IQR).

Male Height (cm) Weight (kg) BMI (kg/m2) FM (kg) BFP (%) FMI (kg/
m2)

MM (kg) MMI (kg/
m2)

VJ (cm) SR (cm)

8- 128.30 10.10 24.45 5.95 14.53 1.81 1.60 1.95 6.65 5.65 0.98 0.96 21.20 4.40 12.93 0.72 18.40 5.85 2.80 5.90
10- 137.70 7.20 29.30 6.80 15.26 2.28 2.40 2.60 8.30 6.30 1.22 1.20 25.60 3.90 13.32 0.87 19.50 7.00 2.15 8.05
12- 150.90 13.70 37.40 12.00 16.31 2.34 3.00 3.60 8.00 7.00 1.32 1.38 32.60 7.70 14.24 1.14 21.50 7.40 3.30 8.00
14- 162.20 8.50 45.80 10.40 17.44 2.08 3.80 4.50 8.90 7.30 1.51 1.45 39.40 6.00 14.91 0.79 24.25 7.20 6.60 9.20
16- 166.90 7.20 51.70 7.40 18.63 2.64 5.00 3.70 9.60 5.40 1.78 1.16 44.20 5.70 15.83 1.45 27.70 9.00 10.50 9.50
18- 168.00 8.65 54.90 8.60 19.00 3.00 5.40 3.80 10.05 6.40 1.94 1.44 46.55 7.00 16.28 1.69 28.55 9.60 10.10 8.80
20- 170.00 8.30 63.65 17.90 22.10 5.70 11.40 9.30 18.00 9.40 4.00 3.13 50.20 9.30 17.26 2.45 25.40 9.80 4.80 11.40
30- 168.20 8.90 68.20 17.90 24.30 5.30 15.20 8.70 22.20 7.40 5.36 3.01 50.70 9.10 17.93 2.27 22.75 8.30 2.90 11.70
40- 167.10 8.70 68.80 17.10 24.50 5.00 15.70 8.30 22.80 7.00 5.59 2.81 50.40 8.90 18.07 2.20 20.25 7.10 2.00 11.10
50- 166.50 8.90 66.70 17.40 24.10 5.20 15.10 8.80 22.50 7.80 5.43 2.97 49.30 8.70 17.79 2.22 17.70 6.60 0.40 10.90
60- 163.60 9.20 62.00 15.90 23.20 4.70 13.10 8.30 21.40 8.10 4.96 2.92 46.20 8.80 17.29 2.01 15.15 5.30 �1.70 11.10
70e80 162.60 8.50 60.20 15.10 22.45 4.50 12.45 7.50 20.40 7.55 4.63 2.60 44.90 7.65 16.89 1.90 12.70 5.10 �2.95 13.20
Overall 166.50 9.70 64.70 18.90 23.40 5.80 13.50 9.60 21.10 9.10 4.92 3.26 48.60 9.80 17.51 2.45 20.30 8.80 1.80 11.60

Female
8- 128.90 10.30 23.60 4.60 14.41 1.67 2.80 1.50 11.90 4.60 1.73 0.82 19.75 3.20 12.03 0.80 16.90 5.10 5.00 7.00
10- 140.90 11.80 30.00 7.80 15.06 2.33 3.90 2.90 13.60 5.30 1.99 1.18 24.70 5.10 12.24 0.96 18.80 6.10 5.00 7.00
12- 150.80 8.30 39.10 9.10 16.73 2.84 7.20 4.60 18.10 8.00 3.08 1.94 29.50 4.70 12.81 1.00 18.30 5.40 8.00 10.30
14- 155.30 8.30 43.80 7.10 17.93 2.70 10.00 4.60 23.50 5.80 4.17 1.62 31.70 3.80 13.04 1.00 18.60 4.95 9.60 8.60
16- 156.75 7.30 45.45 6.05 18.50 2.07 10.60 3.40 23.60 4.70 4.33 1.30 32.60 3.40 13.35 1.00 17.80 5.60 12.80 9.80
18- 156.10 7.30 46.00 6.70 18.70 2.39 10.60 3.60 23.30 5.00 4.33 1.42 33.30 3.60 13.60 1.02 17.85 5.20 11.10 9.70
20- 158.20 8.10 51.40 11.10 20.50 4.00 13.90 6.90 27.20 7.50 5.53 2.72 35.40 4.90 14.11 1.37 16.90 5.60 7.40 11.10
30- 156.30 7.80 54.65 12.10 22.30 4.50 16.75 7.65 30.70 7.80 6.83 3.16 35.70 4.80 14.61 1.37 15.05 5.10 6.40 10.20
40- 156.10 7.80 57.50 12.80 23.60 4.70 19.00 8.40 33.10 7.50 7.82 3.31 36.40 4.90 14.95 1.27 13.40 4.30 6.70 10.40
50- 154.80 8.20 57.55 13.90 23.80 4.80 19.40 8.80 33.90 7.60 8.07 3.44 35.70 5.30 14.89 1.33 12.20 3.60 6.60 10.30
60- 151.60 7.80 53.30 14.50 23.20 5.10 17.80 9.00 33.30 8.40 7.74 3.68 33.80 5.30 14.65 1.31 11.00 3.00 6.40 10.20
70e80 148.60 7.80 49.30 15.20 22.30 5.50 15.85 9.60 32.65 9.50 7.26 3.97 31.50 5.50 14.30 1.49 11.00 2.55 3.90 10.30
Overall 155.20 8.60 54.40 14.20 22.50 5.20 17.00 9.10 31.40 9.20 7.06 3.69 35.30 5.40 14.60 1.50 14.10 5.50 6.80 10.40

BMI: body mass index; FM: fat mass; BFP: body fat percentage; FMI: fat mass index; MM: muscle mass; MMI: muscle mass index; VJ: vertical jump; SR: sit-and-reach.

Table 2
The age-adjusted correlations among muscle fitness and body composition indexes.

Male BMI BFP Muscle FMI MMI VJ SR

BMI 1 0.940a 0.789 0.974 0.960 0.026 ¡0.051
NA <0.001b <0.001 <0.001 <0.001 0.038 <0.001

BFP 1 0.659 0.992 0.817 ¡0.002 ¡0.111
NA <0.001 <0.001 <0.001 0.844 <0.001

Muscle 1 0.712 0.834 0.102 ¡0.019
NA <0.001 <0.001 <0.001 0.133

FMI 1 0.877 0.006 ¡0.091
NA <0.001 0.606 <0.001

MMI 1 0.045 0.001
NA <0.001 0.966

VJ 1 0.162
NA <0.001

Female
BMI 1 0.964 0.668 0.987 0.952 ¡0.149 ¡0.004

NA <0.001 <0.001 <0.001 <0.001 <0.001 0.723
BFP 1 0.573 0.994 0.842 ¡0.159 ¡0.034

NA <0.001 <0.001 <0.001 <0.001 0.001
Muscle 1 0.617 0.702 ¡0.020 0.030

NA <0.001 <0.001 0.062 0.041
FMI 1 0.894 ¡0.155 ¡0.021

NA <0.001 <0.001 0.041
MMI 1 ¡0.133 0.031

NA <0.001 0.003
VJ 1 0.141

NA <0.001

a: correlation coefficient, b: p value. BMI: body mass index; BFP: body fat percent-
age; FMI: fat mass index; MM: muscle mass; MMI: muscle mass index; VJ: vertical
jump; SR: sit-and-reach.
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Over the years, several methods have been applied to conduct
the VJ test, such as the Sargent jump, contact mat, and force plate
[26e28]. While the force plate is commonly regarded as the most
precise tool for measuring lower limb power, its main drawback is
its expensive cost (exceeding10000 USD), the requirement of a
specialized laboratory, and the necessity for data processing by a
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user [8]. On the other hand, the contact mat, which was employed
in this study, is a popular device for conducting VJ measurements in
large populations due to its considerably lower cost (above 1000
USD) and the convenience of portability outside of a laboratory
setting. Bui et al. compared three VJ testing methods and concluded
that the contact mat test demonstrated high accuracy, particularly
for individuals with elevated VJ values [8].

Both age and sex are strongly associated with physical perfor-
mance. Differences in motor skills between sexes are likely attrib-
uted to interactions between environmental and biological factors
[29]. Therefore, it is reasonable to develop sex-specific instru-
mental tools for the practical interpretation of muscle function. This
would help identify probable sarcopenia in clinical practice. Find-
ings of this study indicated the faster decline in muscle strength in
males during aging than their female counterparts, which high-
lights the attention of potential early onset of function impairment
in men. Although the fundamental processes underlying aging re-
mains unclear, it is important to have detailed knowledge on
muscle tissue-specific mechanisms of aging [17]. Few studies that
explored VJ and SR in the general population, with most focusing
on selected populations such as elders, children and adolescents,
athletes, or special occupational groups [3,7e9,13,30], or having
relatively small sample size [6]. This limits our understanding of the
growth and change pattern of these indexes in the general popu-
lation. Jumpingmechanography provides an alternative method for
assessing muscle function [7]. According to our study, for girls, VJ
may be more likely to be influenced by fat mass, while for boys,
there may be other determinants that influence VJ aside from body
composition. Additionally, there are sex differences in the trajec-
tory of VJ. Males reach their peak values at early adulthood and then
experience a rapid decline with ageing, while females show peak
values in children and adolescents, reach a platform for years, and
then decline with ageing. Previous studies also reported sex dif-
ferences in drop vertical jump in diverse populations [31,32]. Dur-
ing puberty, girls experience an increase in total body fat mass,



Table 3
Normative values for vertical jump, stratified by sex and age.

Age groups Male Female

n Centiles Mean SD n Centiles Mean SD

5th 25th 50th 75th 95th 5th 25th 50th 75th 95th

8- 92 12.5 15.55 18.4 21.4 25.2 18.54 3.9 134 11.4 14.6 16.9 19.7 23.9 17.22 3.93
10- 139 12.7 16.3 19.5 23.3 26.8 19.87 4.66 154 12.8 15.3 18.8 21.4 25 18.59 4.01
12- 154 13.6 18.4 21.5 25.8 34.5 22.54 6.34 131 12.1 15.7 18.3 21.1 25.6 18.65 4.36
14- 78 14.5 20.8 24.25 28 34.4 24.24 5.59 108 11.7 16.1 18.6 21.05 24.8 18.62 3.98
16- 107 13.7 22.3 27.7 31.3 39.7 26.97 7.48 207 11.4 15 17.8 20.6 25.1 17.93 4.00
18- 124 17.7 23.8 28.55 33.4 41.3 28.59 7.26 202 12.2 15.4 17.85 20.6 24.5 18.08 3.72
20- 934 15.0 20.8 25.4 30.6 38.7 26.04 7.55 1370 11.1 14.1 16.9 19.7 23.6 17.09 4.08
30- 1320 13.5 18.9 22.75 27.2 34.25 23.23 6.34 2226 10.2 12.6 15.05 17.7 21.7 15.34 3.61
40- 1834 12.4 16.7 20.25 23.8 30.5 20.53 5.48 2868 9.4 11.4 13.4 15.7 19.4 13.69 3.44
50- 1285 10.8 14.2 17.7 20.8 26.7 17.93 5.03 1543 9 10.5 12.2 14.1 17.5 12.33 3.22
60- 662 9.7 12.6 15.15 17.9 23.2 15.5 4.48 487 0 9.7 10.9 12.7 16.4 10.99 3.47
70e80 141 0 10.9 12.7 16 20.6 12.82 4.97 76 0 9.8 11 12.35 15.5 10.76 3.15
Overall 6870 11.4 16.1 20.3 24.9 33.3 20.96 6.83 9506 9.5 11.7 14.1 17.2 21.9 14.62 4.13

SD: standard deviation.

Table 4
Normative values for sit-and-reach, stratified by sex and age.

Age groups Male Female

n Centiles Mean SD n Centiles Mean SD

5th 25th 50th 75th 95th 5th 25th 50th 75th 95th

8- 101 �7.9 �0.5 2.8 5.4 11.5 2.27 5.66 147 �3.2 1.1 5 8.1 12.8 4.81 5.17
10- 144 �8.3 �2.25 2.15 5.8 12.4 1.9 5.86 165 �5.1 1.3 5 8.3 13.8 4.89 5.47
12- 159 �8.3 �1.1 3.3 6.9 13 2.99 6.2 139 �3.5 2.8 8 13.1 19.2 7.99 6.78
14- 79 �3.6 2.1 6.6 11.3 17.7 6.67 6.22 109 �1 6.2 9.6 14.8 20.1 10.13 6.37
16- 109 �1.6 6.4 10.5 15.9 23.2 10.96 7.51 211 0.9 7.2 12.8 17 23.3 12.29 6.68
18- 123 �3.2 5.2 10.1 14 19.8 9.23 7.74 204 0.4 7.3 11.1 17 22.6 11.63 6.96
20- 921 �9.9 �1.2 4.8 10.2 17.8 4.39 8.58 1390 �7.5 1.9 7.4 13 20 7.28 8.23
30- 1326 �11.6 �3.1 2.9 8.6 17.3 2.76 8.66 2337 �6.7 1.4 6.4 11.6 18.2 6.41 7.54
40- 1866 �12 �3.6 2 7.5 16.1 1.97 8.59 3233 �6.7 1.4 6.7 11.8 19.1 6.6 7.88
50- 1414 �13.4 �5.2 0.4 5.7 14.7 0.33 8.36 2139 �6.6 1.4 6.6 11.7 18.8 6.46 7.73
60- 875 �14.8 �7.4 �1.7 3.7 12.7 �1.49 8.31 1110 �6.4 1.2 6.4 11.4 18.8 6.29 7.83
70e80 278 �20 �10.2 �2.95 3 13.7 �3.15 9.52 324 �8.2 �0.55 3.9 9.75 16.4 4.3 7.87
Overall 7395 �12.3 �4 1.8 7.6 16.3 1.83 8.74 11,508 �6.5 1.6 6.8 12 19.1 6.72 7.79

SD: standard deviation.
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particularly in their lower limbs, while boys gain more lean body
mass [33]. Boys also continue to grow in skeletal length andmuscle
width, surpassing girls in these aspects [34]. Women have lower
muscular volume due to less testosterone production, and a higher
percentage of fat mass influenced by estrogen. Therefore, female
performance can never reach the same level as that of males [15]. In
line with other research among different populations, a decreasing
trajectory of jump power with aging in both sexes were observed
[6,9]. It revealed that low jump power is associated with a three-
fold higher risk of sarcopenia and dysmobility syndrome [6,35].
Jumping ability requires a robust neuromuscular system, coordi-
nated generation of muscle power, intact balance, and stiffness of
muscle-tendon system, all of which related to age-related loss of
mobility [36]. Although sarcopenia is a common issue among aging
individuals, it is important to understand the life-course trajectory
of jump power in order to evaluate the optimal intervention time to
increase the peak value of muscle fitness and achieve greater
clinical benefits. The varied normative values of VJ with regards to
sex, in terms of magnitude and rapidity of decline, indicate the
necessity for a more focused and gender-specific approach in
monitoring muscle power and physical fitness. This is essential for
identifying neuromuscular diseases or sarcopenia in the general
population as they age.

Several methods have been used to evaluate hamstring exten-
sibility, such as angular tests and lineal tests. Compared to angular
145
tests, lineal tests have a straightforward procedure, are easier to
conduct, and require less training to apply [12]. SR is one of the
most commonly used measures of flexibility. In our study, females
achieved their peak SR values during late adolescence or early
adulthood and maintained them consistently as they aged. On the
other hand, in males, SR values declined gradually after early
adulthood as they aged. The variation in SR trajectory between
sexes may indicate differences in hamstring and lumbar extensi-
bility, which are associated with muscle flexibility and overall
fitness. Similar with our study, Cai et al. reported sex and age dis-
parities in the associations between combinations of 24-h move-
ment behaviors and physical fitness (including SR) among 135,852
Chinese adolescents [37]; �Stefan et al. also reported a higher per-
formance in SR among girls than in boys in Yugoslavia [38]; Tsu-
noda et al. examined the differences in correlations between
physical activity and physical performance based on age and
gender in older Japanese adults, and they found a positive
connection between leisure time physical activity and physical
performance in certain age and sex groups [39].

Unlike jump power, it appears that SR has only a marginal as-
sociation with body composition and remains stable in female
participants, unaffected by advanced age. Furthermore, forward-
reach distance in sitting has been suggested to be positively asso-
ciated with the magnitude of trunk and upper-arm segmental
motion, and previous studies have shown that SR can be used as a



Fig. 1. Vertical jump, muscle mass, and VJ/muscle mass reference percentiles for Chinese people aged 8e80, stratified by sex. The solid lines represented the 5th, 50th, and 95th

percentiles, and the dotted lines represented the 1st, 25th, 75th, and 99th percentages. VJ: vertical jump, cm.
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predictor of stroke recovery and cardiovascular health [30,40]. This
emphasizes the importance of establishing normative values for SR
to serve as a reference in assessing these study topics.

Muscle fitness and functional capacity are influenced by a dy-
namic interaction of various factors, including age, sex, physical
activity, nutritional status, genetic backgrounds, and more
[9,22,41e44]. With the establishment of sex- and age-specific VJ
and SR normative values, this data can provide a precise tool for
assessing growth in healthy individuals across a wide range of age.
Additionally, it can be used to estimate the potential effects of
intervention or make early predictions of sarcopenia.

Our study has several strengths. Firstly, the large sample size of
over 19,000 individuals’ representative of general population with
a wide age range provided comprehensive data on muscle fitness
assessment. Secondly, this is the first study to investigate norma-
tive values of vertical jump and sit-and-reach in Chinese people.
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These normative values can be used to assess the growth and
development of muscle function, and further applied to early
identification of health damage by monitoring abnormal muscle
fitness levels. In this regard, our data provides a unique opportunity
to evaluate changes in muscle fitness across all ages and genders.
However, it is important to acknowledge the limitations of our
study. Firstly, the sample size for children and adolescents was
relatively small, whichmay result in unstable estimation in the LMS
procedure. Secondly, since the current data from CNHS only covers
certain regions in China, further research should be conducted to
include a more diverse range of areas in order to make the dataset
more representative of the entire country. Nevertheless, during the
sampling procedure, we took into consideration the geographic and
socio-economic characteristics of the target population, and
included subjects based on the local age and sex distribution in
order to achieve better representativeness.



Fig. 2. Sit-and-reach, body fat percentage, and SR/BFP reference percentiles for Chinese people aged 8e80, stratified by sex. The solid lines represented the 5th, 50th, and 95th

percentiles, and the dotted lines represented the 1st, 25th, 75th, and 99th percentages. SR: sit-and-reach, cm; BFP: body fat percentage, %.
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Conclusions and implications

Our study investigated for the first time the age- and sex-
specific percentile reference values for VJ and SR in an unselected
Chinese population spanning a wide range of ages. The extensive
data obtained can assist in the practical assessment of muscle
strength and promote the early detection of sarcopenia and other
impairments related to neuromuscular disorders.
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