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Objective: To establish age-specific Body Fat Percentage (BFP) percentile curves
for Chinese adults aged 20-79 years, providing a reference tool for accurate
BFP assessment and the prediction and prevention of obesity.

Methods: Based on the data from 29,064 individuals obtained through the
National Physical Fitness Surveillance (NPFS) in four provinces across China
(East, South, West, and North), GAMLSS (Generalized Additive Models for
Location Scale and Shape) was used to construct gender- and age- specific BFP
percentile curves, and obesity cut-off points were defined.

Results: First, age-specific BFP percentile curves were established for the P3,
P5, P10, P25, P40, P50, P60, P75, P90, P95, P97 percentiles, and standardized
Z-score curve for-3SD, —2SD, —SD, 0SD, +1SD, +2SD, and +3SD. Second, among
Chinese adults aged 20-79 years, BFP increased with age before decreasing,
with the peak occurring earlier for men than for women. The inflection points
for men and women occurred at ages 65 and 73, respectively, with a difference
of 8 years. Across all age groups, BFP percentiles for men were consistently
lower than those for women. Third, the 75th percentile was identified as the cut-
off point for BFP in defining obesity. The cut-off BFP for men across age groups
ranged from 27.8-33.5%, and the cut-off for women ranged from 29.2-36.8%.

Conclusion: The age-specific BFP percentile curves formulated in this study
allow for the personalized and precise assessment of obesity in middle-aged and
older adults. They also enable early prediction and risk warning of obesity in the
older age groups. The findings support national goals such as “early intervention”
and “precise assessment” and are recommended for use in practical settings to
evaluate BFP and obesity in middle-aged and older adult populations in China.

KEYWORDS

GAMLSS model, body fat percentage, 20—79 years old middle-aged and older adult,
percentile curve, critical value
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1 Introduction

High Body Fat Percentage (BFP) has become an increasingly
serious public health problem in China, where excessive BFP can lead
to obesity. According to the World Obesity Atlas 2024 published by
the World Obesity Federation, the adult obesity rate in China is rising
at an annual rate of 2.8% (1). A 2019 cross-sectional study of 10.58
million Chinese adults found that 48.9% of subjects were overweight
or obese, making obesity highly prevalent in China (2). Notably,
China now has the world’s largest population of overweight and obese
individuals (3). Although Body Mass Index (BMI) and BFP are widely
used as indicators for assessing obesity, they cannot distinguish
between fat mass and muscle mass (4), which may result in
misclassification of individuals with increased fat mass and decreased
skeletal muscle mass having a healthy weight, and those with high
skeletal muscle mass but relatively low-fat mass as overweight and
obese (5). In contrast, analyzing BFP through Bioelectrical Impedance
Analysis (BIA) has been shown to be a more convenient, practical, and
less invasive method for assessing body fat (6). BIA-derived BFP not
only reflects body fat levels more accurately and intuitively but also
enables precise evaluation of obesity severity.

High BFP seriously affects human health. Numerous cohort
studies have shown that BFP directly affects insulin levels (7), and is
positively correlated with insulin resistance (8), making it one of the
important factors contributing to type 2 diabetes (9) excessive body
fat promotes chronic systemic inflammation, which enhances
cardiovascular metabolic risk and increases the incidence of
cardiovascular disease (10). Obesity poses significant negative
challenges to public healthcare system and population health.
Controlling excessive BFP and reducing obesity prevalence are urgent
public health issues that China needs to address. Therefore, it is crucial
to establish more accurate BFP assessment and screening criteria for
Chinese population, and to classify the corresponding obesity
risk levels.

Currently, China lacks age-specific BFP standards for middle-aged
and older adults. Age-based BFP percentile curves allow for precise
evaluation of individuals, making it more scientifically valid than
using the same standard across different age groups. Percentile curves
have been widely applied in public health, such as in studies on
children’s visual acuity and refractive changes (11), obesity rates and
BMI variations (12), motor function measurements (13), and body
composition indices (14). These studies mainly focused on children
and adolescents, and have constructed percentile curves based on the
Lambda-Median-Sigma (LMS) method or The Generalized Additive
Model for Location, Scale, and Shape (GAMLSS) method. In 2020, the
General Administration of Sport of China first incorporated BFP into
the National Physical Fitness Surveillance (NPFS) system, marking the
beginning of large-scale, population-based assessments of BFP in
China. Therefore, before 2020, there was no widely representative
percentile standard curve of BFP for middle-aged and older adult
people aged 20 to 79 in China. After consulting the relevant literature
after 2020, only the research on Wang Yuntao’s use of the percentile
method to draw the distribution curve of body fat percentage in
Guangdong Province was found (15). Consequently, it is of great value
to establish a widely representative percentile standard curve of BFP
in China.

In summary, this study uses a large sample of data from the NPFS
across four provinces in China to construct age- and sex-specific BFP
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percentile curves for Chinese adults aged 20-79. The GAMLSS is
employed to develop these curves, providing a reference tool for the
diagnosis of obesity and preventing various obesity-induced diseases.

2 Research subjects and methods
2.1 Data sources

The study was conducted on the BFP of Chinese adults and older
adults aged 20-79 years. The data were obtained from the 2020 NPFS
program organized by the NPES Center. The program covers four
regions of China, including Zhejiang, Guangxi, Xinjiang and Jilin. The
data were selected according to the principle of stratified random
cluster sampling method. Considering the distribution characteristics
of the data, each age group was divided into 5-years intervals. Using
the standard range of ['X-3S, ‘X + 4S], data points for height and
weight outside this range were excluded, as were those that did not
meet the BFP standards. The final samples for modeling included
14,090 males and 14,975 females, with a total of 29,064 individuals.
The sample sizes, means, and standard deviation for each age group
are shown in Table 1.

2.2 Measurement method

The test method follows the relevant requirements of China’s
NPFS Work Program formulated by the National Center for
NPES. The product quality of body fat percentage testing equipment
must comply with the provisions of “General Requirements for
National Physical Fitness Testing Equipment;” that is, the test
instrument is a body fat analyzer with the following parameters: BIA
method, featuring no less than 6 frequencies, with the highest
frequency not lower than 1,000kHz, and multi-segmental
measurement capability. The test procedure is as follows: after the
tester confirms that the instrument has entered the working state, the

TABLE 1 Mean and standard deviation of body fat percentage in the
modeled population.

Male BFP (%)

Female BFP (%)

\| Mean I\ Mean
20-24 1,402 208 73 1,289 246 6.8
25-29 1,385 227 7.0 1,368 26.7 6.6
30-34 1,404 238 6.4 1,411 28.1 63
35-39 1,278 237 6.1 1,420 29.1 6.0
40-44 1,305 237 6.1 1,454 30.1 6.0
45-50 1,424 24.0 57 1,529 31.0 59
50-54 1,294 239 59 1,521 32.0 6.0
55-59 1,249 236 5.8 1,351 317 5.8
60-64 907 235 6.0 1,035 329 56
65-69 956 23.1 6.1 998 327 53
70-74 798 227 6.0 885 327 55
75-79 688 222 6.0 713 322 53
Total 14,090 232 63 14,974 30.1 6.5

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1598285
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Tuetal.

host screen inputs the basic information of the person’s gender and
age. During the test, the subject removes shoes and socks barefoot,
stands naturally on the foot electrode piece of the tester, holds the
electrodes with both hands so that the thumb and palm are in contact
with the electrodes, and the arms are separated from the torso by 15
degrees. The tester then initiates the test. The subject is instructed to
maintains stability of the center of gravity, with body weight evenly
distributed across both lower limbs, and to keep a quiet posture until
the test is completed. The BFP result is recorded with an accuracy of
one decimal place.

2.3 Research method

GAMLSS is used to construct age-specific BEP (BFP-for-age)
percentile curve. SPSS software was used for preliminary processing
of the eigenvalues of the sample data, and the modeling process was
implemented through R-3.6.2 software.

3 Research process and results
3.1 BFP percentile curve construction

The main steps in the modeling process are as follows: firstly,
select the optimal sub-model that can reflect the true nature of the
original data, then adjust and optimize the curve of each parameter,
and finally calculate the percentile curve and its reference value.

3.1.1 PBF optimal sub-model and parameters

1. Selection of Optimal Sub-model. Based on the principles and
methods of the GAMLSS model, model iteration was
conducted using the LMS () function in R. The optimal

selected from among the GAMLSS

BCCGo(u,0,u,7),

BCTo(p,0,v,7), and BCPEo(j,0,1,7), etc. Since the sample size

in this study exceeds n> 1,000, the Generalized Akaike

Information Criteria (GAIC) and the Bayesian Information

sub-model was

sub-distribution models, such as

10.3389/fpubh.2025.1598285

Criterion (SBC, also known as BIC) were used to determine the
optimal model by selecting the smallest value. By comparing
the minimum value of SBC for each sub-model, it was found
that the optimal sub-model for male BFP was BCPEo, with the
following values: GD (Global Deviance) = 195,054.8,
AIC =195111.5, and SBC = 195,346.3. When selecting the
optimal model, the power transformation coefficient (£) for age
and the initial degrees of freedom (df) of age were also
obtained. The initial fitted percentile curves are shown in
Figure 1.

3.1.2 Curve fitting and optimization

The degrees of freedom of the parameters are crucial factors that
determine the smoothness and goodness of fit of the curve. Parameters
U, 0, v, T were adjusted step-by-step for their initial degrees of freedom,
and the iterative operation is performed by applying the gamlss()
function. The Q-statistical test was applied to select the optimal curve
parameters that balance both smoothness and goodness of fit. The
process involved both quantitative and qualitative judgment, as
outlined below.

First, quantitative assessment (see Table 2): The criterion for
evaluating the fitted curve parameter is the absolute value of Z should
be less than 1.96 (p > 0.05). When a certain age group’s corresponding
|Zi| > 1.96 (i=1,2, 3, 4), the degrees of freedom of the corresponding
parameter are incremented by 0.5 to re-model until |Z| value meets
the criterion of being less than 1.96. If the individual | Zi| value slightly
larger than the criterion but the overall Q-statistic p > 0.05, the result
is still considered acceptable. In this study, the residual Z-values for
the female parameters all met the criteria (p > 0.05). For males, the
19.5-24.5 years group and the 28.5-32.5 years group had |Z| values
slightly larger than 1.96, but the overall Z-values met the criteria.
Secondly, qualitative assessment (see Figure 2). The size of the circle
in the figure is proportional to |Z| value, and the square at the center
of the circle indicates |Z| > 1.96, suggesting potential mismatch. In this
study, the Q-statistic circle plot showed that except for the 19.5-
24.5 years group and 28.5-32.5 years age group for males (where the
circles contained a square), all other age groups met the modeling
requirements (p > 0.05), indicating good fitting results. Finally, the
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FIGURE 1
Initial fitting curve after iteration of LMS() function.
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TABLE 2 Q-statistical test table for fitting Z-quantile values of model parameter residuals.

Age (year) Female
Z;
19.5-24.5 —0.66 0.82 —0.10 —1.98 -1.52 0.90 -0.09 -1.21
24.5-285 1.01 —0.04 —0.53 ~1.75 1.05 0.73 0.36 -0.52
28.5-32.5 1.55 -1.21 -1.15 -2.10 0.96 -1.61 -0.50 -1.05
32.5-36.5 -0.16 -1.27 -0.11 ~1.64 -0.57 —0.94 ~1.00 0.21
36.5-40.5 0.48 —0.60 -0.21 ~1.74 0.22 —0.45 -0.01 0.27
40.5-44.5 -1.38 0.86 —0.54 -1.65 1.58 -0.19 —0.68 0.08
44.5-48.5 -0.62 —0.46 1.09 -1.08 -0.50 1.10 1.80 -0.27
48.5-51.5 1.54 0.84 -1.17 ~1.50 -0.13 0.72 0.22 -1.22
51.5-56.5 —0.40 —1.49 -0.11 -1.21 091 -1.55 -1.09 -0.62
56.5-60.5 -0.91 035 1.22 -1.02 -1.00 1.01 0.08 —1.24
60.5-66.5 1.59 0.57 —0.68 -0.77 -1.52 0.90 —0.09 -1.21
66.5-72.5 0.33 0.16 -1.25 -0.81 1.05 0.73 0.36 -0.52
72.5-79.5 -0.37 0.16 1.27 -0.22 0.96 ~1.61 —0.50 -1.05
p-value of total 0.06 0.60 0.18 0.52 0.06 0.24 0.36 0.48
log () =2.87+0.08685"cs( Age £ 0.41,4.55).
MAN WOMAN
N N R N - N o < N
PS " .- log(c)=-0.99-0.07335" cs( Age £ 0.41,2.50).
195100245 @ @ o
1950255 @ @ @
2450285 @ - © @
*
— A
nsens @@ @@ 550N @0 o0 v=0.07+0.21856"cs (Age"0.41,4.34).
wsxns o @ o @ 35065 Q@ 0 @
650405 © @ ® 36.5t041.5 ° log(t)=0.49+0.05527" cs (Age  0.41,8.98).
g 8
40.5t0 44.5
viss @ O © @ 4650 @ - @
4450485 @ © @ @
w5515 @ O @ @ 46.5t051.5 . 0 The parametric curve equations for y, 6, v, and 7 related to female
BFP are:
51500565 © @ o @ 01510565 @ °0-
5650605 @ © @ @ 56510635 ¢« @ o @
*
wsesss @ O ® @ 1507050 @ @ @ log () =3.12-0.00982"cs (Age 1 0.87,3.92).
66510725 ©
. ®® 5o o0 - O
72510795 @ o @ e
log(c)=-1.08-0.01893"cs( Age0.87,1.38).
FIGURE 2
Q-statistical test plot of Z-quantile values for fitting model parameter
residuals.

v=0.42+0.02244"cs (Age0.87,2.25).

optimal models and parameters are obtained as follows: male, BCPEo
(£=0.41, df(u) = 4.55, df(c) = 2.50, df(v) = 4.34, df(z) = 8.98). Female,
over comparison selection yields BCPEo (€ =0.87, df(u)=3.92,
df(o) = 1.38, df(v) = 2.25, df(z) = 1.12).

log(t)=0.75-0.00787"cs (Age £ 0.87,1.12).

3.1.3 Parameter curve fitting equations for 3.2 Percentile standard curve and standard

distribution models

From the above parameters, the four parametric curve equations
are obtained as follows, where cs() is the cubic spline function:

The parametric curve equations for y, o, v, and 7 related to male
BFP are:

Frontiers in Public Health

04

Z-score reference values
Based on the above modeling process and results, the gender- and

age-specific BFP percentile curves and standard Z-score curves were
derived. The reference values for Ps, Ps, Py, Pas, Py, Pso, Peos Prs, Pogs
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FIGURE 3
Body fat percentage percentile standardized.

Py, Py, and-3SD, -2SD, -SD, 0SD, +1SD, +2SD, +3SD are shown in
Table 2 and Figure 3. The findings indicate that BFP for both males
and females increased and then decreased with age, and there are
gender differences. The reference values of the percentile curves for
males are consistently lower than those for females across all age
groups. Ps, was further analyzed as follows (Table 2, Figures 2, 3):

1. Age trend characteristics: For males, the BFP increases with age
from 20 to 64 years. The increase is rapid from ages 20 to 35 but
slows down significantly from 35 to 64. After 65, BFP starts to
decrease, and the rate of decrease accelerates with each passing
year. For females, BFP shows a consistent increase from ages 20
to 69. Although the rate of increase remains moderate between
ages 20 and 49, a continued upward trend is observed from 50
to 69 years, albeit at a slower pace. After 70, body fat percentage
starts to decrease, and the rate of decrease increases during the
70 to 79 age range.

. Gender comparison: the growth rates for males and females
shift from positive to negative at ages 65 and 73, respectively.
This means that males see their BFP change from increasing to
decreasing eight years earlier than females. There is also a
crossover in the growth rates between males and females at
ages 29-30. Males experience higher growth rates than females
from ages 20 to 29, but from ages 30 to 79, the growth rates for
males are lower than those for females (see Figure 2) (Table 3).

4 Discussion

This study utilizes data gathered from the NPFS conducted across
four provinces in southeastern, northwestern, and northern China.
The GAMLSS method was employed to construct age- and gender-
specific percentile standardized curves for BEP among adults aged 20
to 79 years. These curves serve as a reliable reference tool for accurately
assessing and predicting obesity risk, providing valuable insights for
early intervention. This approach is vital for addressing the rising
obesity epidemic and its associated health risks.

Characterization of age trends in body fat percentage in China.
The study results indicated that BFP in Chinese middle-aged and older
adult individuals aged 20 to 79 years initially increased and then
decreased with age, with significant gender differences. Regarding age
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trends, the study found that the obesity rate of Chinese middle-aged
and older adult people was at a high level. The growth rates of men
and women turned from positive to negative at 65 and 73 years of age,
respectively. Men experienced a transition from increasing to
decreasing body fat 8 years earlier than women. A study of adult BFP
in Japan show (16) that the BFP of Japanese men reaches its peak at
the age of 70 to 79, while that of women reaches its peak at the age of
50 to 60. The male inflection point occurred earlier in China than in
Japan, while the female inflection point occurred later in China than
in Japan. The reasons for this difference are closely linked to lifestyle,
physical activity, dietary habits, and environment factors. The
accelerated urbanization has led to a more sedentary lifestyle in China,
with physical activity-related work and travel being replaced by
machinery and equipment. It might also be related to the fact that the
Japanese study was conducted earlier, leading to differences in
findings. This transition has resulted in a significant reduction in the
amount of time spent in physical activity. In addition, higher work
stress often leads to irregular eating and sleep patterns, which can
increase appetite (17), thus increasing the risk of obesity. Poor sleep
quality reduces adiponectin levels, which are negatively associated
with obesity (18). In terms of diet, results from a prospective cohort
study of UK adults showed that consumption of a diet rich in ultra-
processed foods increased the risk of obesity by 79% and abdominal
obesity by 30% (19). Other potential mechanisms for the link between
ultra-processed diets and obesity may be related to their low satiety
and induction of a hyperglycemic response (20). Furthermore,
environmental factors also have multiple potential pathways of
influence on obesity. Research on air pollution in China has shown
that fine particulate matter (PM, ), and lower air quality are significant
correlates of obesity (21).

Regarding gender differences. The BFP of women is higher than
that of men at all ages, and this gap gradually widens with age. The
peak BFP in women occurs 8 years later than in men. The reasons for
this may be related to the differences in physiological conditions
between men and women, the social division of labor, and
technological progress. Physiologically, women are affected by the
decline of hormone levels after menopause, and the risk of obesity
increases (22). From a societal perspective, in the social division of
labor, society is more inclined to allocate or choose women to
undertake work with a lower degree of physical labor. Furthermore,
the widespread adoption of labor-saving technologies in the

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1598285
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Tuetal.

10.3389/fpubh.2025.1598285

TABLE 3 Reference value of percentile standard curve of BFP of Chinese 20-79 years old.

Reference values for percentile standard curves

Reference values for standardized Z-scores

-3S 2S5 -1S O0S +1S +2S +3S
Male
20-24 102 114 | 133 170 | 202 222 | 244 | 278 | 323 | 347 362 5.8 9.7 149 | 222 302 37.0 42.8
25-29 114 130 155 197 227 | 245 263 | 293 | 336 | 361 377 42 10.6 174 245 316 38.5 45.2
30-34 127 144 | 171 214 242 | 259 | 27.6 | 304 | 345 369 385 43 11.8 191 259 | 326 39.3 46.0
35-39 134 | 153 181 | 224 252 267 283 310 350 374 391 42 12.5 201 267 331 39.9 47.0
40-44 139 158 186 230 257 | 273 289 | 315 | 355 | 380 @ 396 44 12.9 207 273 336 40.4 47.6
45-50 143 162 | 189 233 261 277 | 294 | 321 | 361 | 386 402 5.2 13.4 210 277 @ 343 41.0 47.8
50-54 145 163 190 234 | 263 281 | 298 326 367 391 406 5.8 13.6 210 | 281 348 414 47.9
55-59 144 162 189 234 264 | 282 300 | 329 | 370 | 394 410 5.5 134 210 282 352 41.7 48.1
60-64 142 159 | 186 232 264 284 | 303 | 334 374 397  4l1 5.6 133 207 | 284 356 418 47.4
65-69 137 155 | 182 229 263 283 | 304 | 335 | 375 | 396 409 5.4 12.9 203 | 283 357 41.6 46.5
70-74 132 150 | 177 225 260 281 | 302 | 334 | 373 | 393 406 48 123 199 281 356 412 45.7
75-79 126 144 | 172 220 256 278 | 299 | 331 | 369 | 389 400 42 11.7 194 | 278 | 352 40.6 44.8
Female
20-24 128 142 165 203 230 @ 247 264 | 292 | 335 | 361 378 6.6 12.1 182 247 | 315 38.7 46.1
25-29 145 160 | 183 221 248 264 | 280 | 308 349 @ 375 391 7.7 13.8 201 | 264 330 40.0 47.5
30-34 161 176 = 199 | 238 | 264 279 | 294 321 361 386 @ 402 8.8 153 217 279 342 41.1 48.5
35-39 174 190 213 | 251 276 | 29.1 305 | 331 | 369 | 394 410 9.8 16.6 231 291 @ 351 418 49.2
40-44 186 201 | 225 262 287 301 | 315 | 339 | 377 | 401 @ 417 10.7 17.8 243 301 359 425 49.8
45-50 197 212 | 236 272 | 296 310 323 347 384 | 408 @ 424 11.8 18.8 253 310 366 432 50.6
50-54 205 220 | 244 | 280 303 317 330 353 389 | 413 | 429 12.6 19.7 261 | 317 @ 372 43.7 51.0
55-59 211 227 250 | 286 @ 309 321 | 334 357 | 392 | 415 430 13.0 20.3 267 | 321 375 43.8 50.8
60-64 216 232 | 256 | 29.1 314 326 338 360 394 | 416 | 43.0 12.9 20.7 273 326 378 43.8 50.4
65-69 218 | 235 | 259 | 295 317 329 341 362 394 | 414 | 42.8 123 20.9 276 329 379 435 49.5
70-74 217 235 260 | 296 317 329 | 341 361 391 @ 410 422 11.3 20.8 277 329 | 377 2.9 48.3
75-79 216 | 234 | 259 | 295 316 328 339 358 386 | 404 415 103 20.6 277 | 328 373 42.1 47.0

home—such as automated appliances—has significantly reduced the
amount of physical activity required for domestic tasks, contributing
to decreased energy expenditure among women.

Application of findings to the development of an obesity cut-off
point. Pawel Macek et al. (23) suggest that the 75th percentile
could serve as the cut-off for BFP to determine obesity. In this
study, the BFP cut-off values for Chinese men of all age groups
ranged from 27.8 to 33.5%, and the total cut-off average for all ages
was 31.2%. For women, the cut-off values ranged from 29.2 to
36.8%, with an overall mean of 34.1%. World Health Organization
(WHO) has not established a percentile curve for adult body fat
percentage, nor has it divided the cut-off points for body fat
percentage at different ages, WHO recommends that adult males
are classified as obese if their BFP exceeds 25%, while for females,
the threshold is 35%. In this study, the cut-off point for males is 6.2
percentage points higher than the WHO recommendation and 0.9
percentage points lower for females. In contrast, a study by Fan
et al. (24), which used ROC curves analysis, reported obesity
cut-off values for the Chinese adults aged 18-69, with male and
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female BFP cut-offs of 23.2 and 36.4%, respectively. The male
cut-off in this study is 8.0 percentage points higher, while the
female cut-off is 5.2 percentage points lower. These differences may
be attributed to variations in the study populations, as the previous
studies did not establish age-specific cut-off standards. BFP
demonstrates complex associations with genetic predisposition,
psychosocial factors, environmental influences, and individual
health behaviors. Moreover, substantial variations in body
composition patterns exist across sex and age groups (25).
Age-related changes in body composition typically manifest as
decreased muscle mass and increased adiposity (5). Application of
uniform BFP criteria across all age groups may increase the risk of
misdiagnosis and under diagnosis in obesity screening.
Consequently, given the age-dependent variability of BFP,
age-stratified thresholds should be established. The BFP thresholds
derived from this study demonstrate scientific validity for obesity
identification. In clinical practice, an integrated assessment
incorporating BFP, BMI, and other adiposity indicators is
recommended to provide a comprehensive evaluation of obesity.
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4.1 Limitations

The BFP testing equipment used in this study is “General
Requirements for National Physical Fitness Testing Equipment.”
However, if health professionals do not have access to such
equipment when using the tabulated data from this study to
evaluate health status, the applicability of the study’s results may
be limited.

5 Conclusion

BFP is commonly used to assess obesity in clinical, research,
and community settings. This study utilized national survey data
from four provinces in southeast, northwest, and northern China
to establish gender- and age-specific BFP percentile standard
curves. It also defined the cut-offs for different age groups. The
findings from this study can be applied in various ways: they can
facilitate comparisons of body fat percentage within the same
gender and age group, be used for trend analysis based on age,
and help in predicting and warning against potential obesity
risks. Additionally, this tool can be instrumental in monitoring
healthy aging, contributing to the improvement of national
physical fitness and health levels.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Author contributions

CT: Writing - review & editing, Writing - original draft. QP:
Writing - original draft. JZ: Writing - original draft, Data
curation. LL: Writing - review & editing, Writing - original draft.
XC: Writing - original draft, Data curation. YL: Writing -
original draft. XP: Data curation, Writing - original draft. YD:
Writing - original draft. XL: Methodology, Conceptualization,

References

1. World Obesity (2024). World obesity atlas 2024. Available online at: https://data.
worldobesity.org/publications/Wof-Obesity- Atlas-v6.pdf

2. NCD Risk Factor Collaboration (NCD-RisC). Trends in adult body-mass index in
200 countries from 1975 to 2014: a pooled analysis of 1698 population-based
measurement studies with 19.2 million participants. Lancet. (2016) 387:1377-96. doi:
10.1016/S0140-6736(16)30054-X

3. Chen K, Shen ZW, Gu WJ, Shen Z, Gu W, Lyu Z, et al. Prevalence of obesity and
associated complications in China: a cross-sectional, real-world study in 15.8 million
adults. Diabetes Obes Metab. (2023) 25:3390-9. doi: 10.1111/dom.15238

4. Ruan YT, Zhong JN, Chen RP, Ruan Y, Zhong J, Chen R, et al. Association of body
fat percentage with time in range generated by continuous glucose monitoring during
continuous subcutaneous insulin infusion therapy in type 2 diabetes. ] Diabetes Res.
(2021) 2021:216. doi: 10.1155/2021/5551216

5. Huayi Z, Gang X, Laiyuan L, Hui H. Age- and sex-related trends in body
composition among Beijing adults aged 20-60 years: a cross-sectional study. BMC Public
Health. (2023) 23:1519. doi: 10.1186/512889-023-16459-0

6. Petermann-Rocha F, Balntzi V, Gray SR, Lara ], Ho FK, Pell JP,
et al. Global prevalence of sarcopenia and severe sarcopenia: a systematic review and meta-
analysis. ] Cachexia Sarcopenia Muscle. (2022) 13:86-99. doi: 10.1002/jcsm.12783

Frontiers in Public Health

10.3389/fpubh.2025.1598285

Formal analysis, Investigation, Resources, Visualization,

Software, Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was supported
by the Project of National Social Science Fund General under Grant
No.21BTY075, and by the Major Humanities and Social Sciences
Project Research Program of Zhejiang Province’s Higher Education
Institutions No.2021GHO008.

Acknowledgments

We are sincerely thankful to the National Physique Surveillance
Center of Zhejiang, Jiling, Guangxi provinces, and all subjects being
test volunteers and testers for their assistance in our study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

7. Cardoso NS, Ribeiro VB, Dutra S, Dutra SGV, Ferriani R, Gastaldi AC, et al.
Polycystic ovary syndrome associated with increased adiposity interferes with serum
levels of Tnf-alpha and I1-6 differently from leptin and adiponectin. Arch Endocrinol
Metab. (2020) 64:4-10. doi: 10.20945/2359-3997000000197

8. Du N, Peng H, Chao XQ, Chao X, Zhang Q, Tian H, et al. Interaction of obesity and
central obesity on elevated urinary albumin-to-creatinine ratio. PLoS One. (2014) 9:926.
doi: 10.1371/journal.pone.0098926

9. GBD 2021 Diabetes Collaborators. Global, regional, and national burden of
diabetes from 1990 to 2021, with projections of prevalence to 2050: a systematic analysis
for the global burden of disease study 2021. Lancet. (2023) 402:203-34. doi:
10.1016/S0140-6736(23)01301-6

10. Huang BT, Yang L, Yang BS, Huang FY, Xiao QF Pu XB, et al. Relationship of body fat
and left ventricular hypertrophy with the risk of all-cause death in patients with coronary
artery disease. ] Geriatr Cardiol. (2022) 19:218-26. doi: 10.11909/j.issn.1671-5411.2022.03.002

11. Diez PS, Yang LH, Lu MX, Kiess W, Wahl S. LMS parameters, percentile, and
Z-score growth curves for axial length in Chinese schoolchildren in Wuhan. Sci Rep.
(2022) 12:4850. doi: 10.1038/541598-022-08907-5

12. Costa-Urrutia P, Vizuet-Gdmez A, Ramirez-Alcantara M, Guillen-Gonzalez MA,
Medina-Contreras O, Valdes-Moreno M, et al. Obesity measured as percent body fat,

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1598285
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://data.worldobesity.org/publications/Wof-Obesity-Atlas-v6.pdf
https://data.worldobesity.org/publications/Wof-Obesity-Atlas-v6.pdf
https://doi.org/10.1016/S0140-6736(16)30054-X
https://doi.org/10.1111/dom.15238
https://doi.org/10.1155/2021/5551216
https://doi.org/10.1186/s12889-023-16459-0
https://doi.org/10.1002/jcsm.12783
https://doi.org/10.20945/2359-3997000000197
https://doi.org/10.1371/journal.pone.0098926
https://doi.org/10.1016/S0140-6736(23)01301-6
https://doi.org/10.11909/j.issn.1671-5411.2022.03.002
https://doi.org/10.1038/s41598-022-08907-5

Tuetal.

relationship with body mass index, and percentile curves for Mexican pediatric
population. PLoS One. (2019) 14:e0212792. doi: 10.1371/journal.pone.0212792

13. Hafner P, Schmidt S, Schéddelin S, Rippert P, Hamroun D, Fabien S, et al.
Implementation of motor function measure score percentile curves - predicting motor
function loss in Duchenne muscular dystrophy. Eur ] Paediatr Neurol. (2022) 36:78-83.
doi: 10.1016/j.ejpn.2021.11.004

14. 14. De Carvalho CJ, Longo GZ, Juvanhol LL, Carvalho CJ, Kakehasi AM,
Pereira PE, et al. Body composition indices in Brazilian adults: age-specific and sex-
specific percentile curves. Arch Endocrinol Metab. (2019) 63:358-68. doi:
10.20945/2359-3997000000124

15. 15. WangY, Wen Y, Zheng Q (2024). Research on the physical characteristics
of populations with different body fat percentage distribution intervals. Abstract
collection of the 2024 National Academic Conference on physical fitness and health
through exercise123-125.

16. Kim H, Tanaka K, Amagai H, Suzuki T. Tage-related changes of body composition
by dual-energy X-ray absorptiometry in Japanese men and women. Taiikugaku Kenkyu.
(1999) 44:500-9. doi: 10.5432/jjpehss.KJ00003397560

17. Jurado-Fasoli L, Amaro-Gahete FJ, De-La-O A, Dote-Montero M, Gutiérrez A,
Castillo MJ. Association between sleep quality and body composition in sedentary
middle-aged adults. Med Lithuania. (2018) 54:91. doi: 10.3390/medicina54050091

18.Van Egmond LT, Meth E, Engstrom J, Ilemosoglou M, Keller JA, Vogel H,
et al. Effects of acute sleep loss on leptin, ghrelin, and adiponectin in adults with
healthy weight and obesity: a laboratory study. Obesity. (2023) 31:635-41. doi:
10.1002/0by.23616

Frontiers in Public Health

08

10.3389/fpubh.2025.1598285

19. Rauber F, Chang K, Vamos EP, da Costa Louzada ML, Monteiro CA, Millett C,
et al. Ultra-processed food consumption and risk of obesity: a prospective cohort study
of Uk biobank. Eur J Nutr. (2021) 60:2169-80. doi: 10.1007/s00394-020-02367-1

20. Fardet A. Minimally processed foods are more satiating and less hyperglycemic
than ultra-processed foods: a preliminary study with 98 ready-to-eat foods. Food Funct.
(2016) 7:2338-46. doi: 10.1039/C6000107F

21. Deschenes O, Wang HX, Wang S, Wang H, Zhang P. The effect of air pollution on
body weight and obesity: evidence from China. J Dev Econ. (2020) 145:461. doi:
10.1016/j.jdeveco.2020.102461

22.JiT, Zhang L, Tang Z, Sun E, Li Y, Ma L. Prevalence of Normal-weight obesity in
community-dwelling Chinese older adults: results from the Beijing longitudinal study
of aging. Diabetes Metabolic Syndrome Obes Targets Therapy. (2020) 13:1611-7. doi:
10.2147/Dms0.5246884

23. Macek P, Biskup M, Terek M, Stachura M, Krol H, Gozdz S, et al. Optimal body
fat percentage cut-off values in predicting the obesity-related cardiovascular risk factors:
a cross-sectional cohort study. Diabetes Metab Syndr Obes. (2020) 13:1587-97. doi:
10.2147/Dmso.5248444

24.Fan D, Su C, Du W, Wang H, Wang Z, Zhang B. Tresearch on the
appropriate cut-off values of body fat percentage for residents aged 18-69 in three
provinces of China. ] Hyg Res. (2018) 47:228-31. doi: 10.19813/j.cnki.weishengyanjiu.
2018.02.010

25. Powell-Wiley TM, Poirier P, Burke LE, Després JP, Gordon-Larsen P, Lavie
CJ, et al. Obesity and cardiovascular disease: a scientific statement from the American Heart
Association. Circulation. (2021) 143:E984-E1010. doi: 10.1161/Cir.0000000000000973

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1598285
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1371/journal.pone.0212792
https://doi.org/10.1016/j.ejpn.2021.11.004
https://doi.org/10.20945/2359-3997000000124
https://doi.org/10.5432/jjpehss.KJ00003397560
https://doi.org/10.3390/medicina54050091
https://doi.org/10.1002/oby.23616
https://doi.org/10.1007/s00394-020-02367-1
https://doi.org/10.1039/C6fo00107F
https://doi.org/10.1016/j.jdeveco.2020.102461
https://doi.org/10.2147/Dmso.S246884
https://doi.org/10.2147/Dmso.S248444
https://doi.org/10.19813/j.cnki.weishengyanjiu.2018.02.010
https://doi.org/10.19813/j.cnki.weishengyanjiu.2018.02.010
https://doi.org/10.1161/Cir.0000000000000973

	A study on the construction of body fat percentage percentile curve for adults aged 20–79 in China
	1 Introduction
	2 Research subjects and methods
	2.1 Data sources
	2.2 Measurement method
	2.3 Research method

	3 Research process and results
	3.1 BFP percentile curve construction
	3.1.1 PBF optimal sub-model and parameters
	3.1.2 Curve fitting and optimization
	3.1.3 Parameter curve fitting equations for distribution models
	3.2 Percentile standard curve and standard Z-score reference values

	4 Discussion
	4.1 Limitations

	5 Conclusion

	References

