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Objective: Previous studies have extensively explored the association between
body mass index (BMI) and the risk of diabetes. However, evidence regarding
the relationship between body fat percentage (BF%) and diabetes risk remained
limited. This study aimed to investigate the association between BF% and the
risk of diabetes among Chinese adults.

Methods: We conducted a retrospective cohort study involving 211,833 Chinese
adults who underwent health evaluations from 2010 to 2016. The relationship
between baseline BF% and diabetes risk was analyzed using Cox proportional
hazards regression models. Additionally, cubic spline functions and smooth
curve fitting were used to examine the nonlinear relationship between BF% and
diabetes onset. Sensitivity and subgroup analyses were performed to validate
the robustness of our findings.

Results: After adjusting for the variables, our analysis demonstrated that a 1%
increase in BF% is associated with a 1.04-fold higher risk of diabetes (HR: 1.04,
95% Cl: 1.04-1.05, p <0.0001). Diabetes risk progressively increased across
BF% quartiles (Q1 to Q4), with Q4 showing a significantly higher risk than Q1
(adjusted HR: 2.72, 95% Cl: 2.19-3.37). Furthermore, a nonlinear association
between BF% and diabetes risk was identified, with a critical inflection point at
25.09%. Below this threshold, the HR was 1.17 (95% Cl: 1.13-1.21), while above
it, the HR was 1.02 (95% Cl: 1.02-1.03). The subgroup analysis and sensitivity
analysis demonstrated the robustness of these results.

Conclusion: This study indicates a positive, nonlinear relationship between BF%
and diabetes risk in Chinese adults. Reducing BF% below the identified threshold
could significantly lower the risk of developing diabetes.
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Introduction

Diabetes is a chronic metabolic disorder affecting multiple organ
systems and leading to significant health complications (1). In 2021,
the International Diabetes Federation (IDF) estimated that
approximately 536.6 million adults worldwide had diabetes, with this
number expected to rise to 783.2 million by 2045 (2). Diabetes has
become a major global health crisis, contributing to widespread
morbidity, mortality, and a substantial economic burden (3). In 2017,
diabetes caused approximately 5 million deaths worldwide, and global
healthcare expenditure on diabetes was estimated at USD 850 billion.
It is estimated that nearly half (49.7%) of all people with diabetes are
undiagnosed (4). Therefore, preventing diabetes through early
diagnosis and treatment, along with exploring factors influencing
prognosis, has become a critical research focus in recent years.

Type 2 diabetes mellitus (T2DM) risk factors include
overweight or obesity, physical inactivity, family history of
diabetes, and unhealthy dietary habits (5, 6). Traditional measures
like body mass index (BMI) often fall short in accurately assessing
body fat and its distribution, particularly in individuals with
normal weight but high body fat (7). Body fat percentage (BF%) is
calculated based on weight, age, and gender. It represents the
proportion of fat relative to total body weight and provides a more
precise evaluation of metabolism and inflammation (8). Unlike
BMI, BF% directly measures body fat, offering deeper insights into
body composition (9). Its safety, simplicity, and affordability have
made BF% increasingly popular in both home settings and medical
check-ups. Emerging evidence suggests that compared BMI, BF%
is more strongly associated with cardiovascular disease risk
factors, including diabetes mellitus, hypertension, and
dyslipidemia (10, 11). Recent studies have shown a positive
correlation between BF% and diabetes (12, 13). A survey-based
study in China revealed that exceeding specific thresholds of BF%
and trunk fat percentage significantly increases the risk of
developing T2DM (14). Additionally, research conducted in
Mexican populations indicates that BF% may be a better predictor
of T2DM than BMI (12).

However, current research is primarily limited to cross-sectional
studies with relatively small sample sizes and may not account for
ethnic differences. Moreover, there is a lack of large-scale, long-term
cohort studies in Chinese populations. Therefore, this study aims to
investigate whether BF% is independently related to the risk of
incident diabetes in a large cohort population across 32 sites and 11
cities in China. In this study, we conducted a secondary data analysis
using previously published data to explore the correlation between
BF% and the risk of incident diabetes.

Methods
Study design

This study adopted a retrospective cohort design to analyze the
data. The data originated from a prior cohort study by Chinese
scientists, documented by Chen et al. (15). Baseline BF% served as the
primary independent variable. The outcome variable, defined as the
presence of diabetes mellitus (DM), was dichotomous: 0 for
non-diabetic and 1 for diabetic individuals.

Frontiers in Nutrition

10.3389/fnut.2025.1510210

Data source

Data were obtained from the DATADRYAD repository,' provided
by Chen, Ying et al. The data is freely accessible under the Creative
Commons Attribution-Non-Commercial (CC BY-NC 4.0) license,
which allows for non-commercial sharing, modification, remixing,
and creation of derivative works, provided that appropriate credit is
given to the original authors and source.

According to Dryad’s guidelines, researchers may use this data for
secondary analyses without infringing on the rights of the original
authors. Therefore, ethical approval was not required for this
secondary analysis. The original study adhered to the Declaration of
Helsinki, ensuring all procedures complied with its protocols and
rules. These same standards were upheld during the secondary analysis.

Study population

The scientists initially utilized a digital database created by the
Rich Healthcare Group in China, containing medical records from
health examinations conducted between 2010 and 2016, across 32
regions and 11 cities nationwide (15). The study initially included
685,277 participants, all aged 20 or older, who had undergone at least
two health examinations. After excluding 473,744 individuals, 211,833
participants remained for analysis (Figure 1).

Data collection

In the initial study, researchers used standardized questionnaires
to collect baseline data, which included demographic information
such as age and gender, lifestyle habits like smoking and alcohol
consumption, and family history of diabetes. BMI was calculated by
dividing weight (in kilograms) by height (in meters) squared. Blood
pressure was measured with standard mercury sphygmomanometers.
Fasting venous blood samples were drawn after a minimum of 10 h of
fasting at each visit. Plasma glucose, triglycerides (TG), total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-c), blood
urea nitrogen (BUN), serum creatinine (Scr), and low-density
lipoprotein cholesterol (LDL-c) were analyzed using an autoanalyzer
(Beckman 5,800).

Variables and outcome measures

BF% was recorded as a continuous variable. It was calculated
using the formula: BF% =(1.20 x BMI) + (0.23 x Age) —
(10.8 x Gender) — 5.4, where Gender is coded as 1 for males and 0 for
females (16, 17). Diabetes was diagnosed based on fasting plasma
glucose levels of >7.00 mmol/L (18) or self-reported diabetes during
follow-up. Follow-up data were censored at the earlier of the two
dates: diabetes diagnosis or last visit (15). The outcome variable,
incident diabetes, was defined as a binary variable (0 = non-MD,
1= MD).

1 www.datadryad.org
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685,277 Chinese participants >20 years old with at
least two visits in 2010-2016

473,444 were excluded

1) 103,946 had no available weight and
height measurements

2) 1 had no available information on
gender

3) 152 had extreme BMI values (<15
kg/m2 or >55 kg/m2)

4) 31,370 had no available FPG value
at baseline

5) 324,233 had visit intervals less than 2
years

6) 7,112 diagnosed with diabetes at
baseline

7) 6,630 undefined diabetes status at
follow-up

[ 211,833 were enrolled in the study ]

FIGURE 1
Flowchart of study participants.

Covariates

The selection of covariates was guided by our clinical experience
and relevant findings from existing literature. We included several
variables in our analysis as covariates. The first category comprises
continuous variables, including age, height, weight, BMI, ALT, SBP,
DBP, BUN, Scr, HDL-¢, LDL-¢, TG, and TC. The second category
includes categorical variables such as gender, family history of
diabetes, alcohol consumption, and smoking habits.

Statistical analysis

Participants were divided into four groups based on BF%
quartiles. Continuous variables were presented as mean + standard
deviation for normally distributed data, and as median with
interquartile range for non-normally distributed data. Categorical
variables were expressed as frequencies (percentages). For group
comparisons, the chi-square test was used to analyze differences in
categorical variables. One-way ANOVA was applied to continuous
variables with normal distribution, while the Kruskal-Wallis H test
was used for non-normally distributed continuous variables. Missing
data is inevitable in observational studies. We have defined the missing
data for smoking and alcohol as unknown. For other missing data,
we have performed multiple imputations.

Univariate and multivariate Cox proportional hazards models
were employed to analyze the association between BF% and diabetes
risk. After assessing multicollinearity, three models were considered:
an unadjusted basic model, a partially adjusted model (Model I,
adjusting for BMI), and a fully adjusted model (Model I, adjusting for
BMI, SBP, DBP, ALT, TC, TG, HDL-c, LDL-¢, BUN, Cr, smoking
status, alcohol consumption, family history of diabetes, and baseline
FPG). Hazard ratios (HR) and 95% confidence intervals (CI)
were calculated.
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Confounding factors were identified based on clinical experience,
literature review, and univariate analysis results, along with
multicollinearity screening data. To address non-linear relationships,
Cox regression models with cubic spline functions and smooth curve
fitting were used, followed by a two-piecewise Cox regression model
to further clarify the non-linear association between BF% and diabetes
risk. The log-likelihood ratio test was employed to identify the model
best suited to explain the relationship between BF% and diabetes risk.

To ensure the robustness of the results, stratified Cox regression
models were applied for subgroup analyses and sensitivity analyses.
The generalized additive model (GAM) was also used to incorporate
continuous covariates as curves (19). All results were reported
according to the STROBE guidelines (20, 21). Data analysis was
performed using R software and Empower Stats, with statistical
significance defined as a two-sided p-value of less than 0.05.

Results
Characteristics of participants

Table 1 displays the demographic and clinical characteristics of
the study participants. The mean age of participants was
42.10 + 12.65 years, and 116,123 participants (54.82%) were male.
The mean follow-up period was 3.12 years. BF% ranged from 7.59
to 66.89, with a mean of 26.25 (refer to Supplementary Figure 1).
Nevertheless, 4,174 people, accounting for 1.97%, were ultimately
diagnosed with diabetes. Diabetes rates increased progressively
across BF% quartiles. Table 1 also provides additional details on the
initial traits of participants, categorized by BF% quartiles. Increasing
BF% from Q1 to Q4 was significantly associated with higher age,
BMI, suggesting a correlation between higher body fat and these
factors. The proportion of women increased significantly in the
higher quartiles, whereas the proportions of smokers and alcohol
consumers were greater in the lower quartiles (p <0.001).
Biochemical markers, including TC and LDL-c, FBG, exhibited a
progressive increase from Q1 to Q4, whereas Scr levels demonstrated
a declining trend (p < 0.001). An elevated BF% was linked to a
greater number of people with a familial history of diabetes
(p < 0.001), indicating a potential rise in diabetes risk (see Table 1).

The frequency of diabetes among
individuals

According to Table 2, the total cumulative incidence of diabetes was
1.97%. Diabetes incidence rates significantly increase across BF%
quartiles, showing a clear upward trend (P for trend < 0.001). Q1 had the
smallest incidence rate, recorded at 207 per 10,000 person-years, and a
reversal rate of 0.39% (95% CI 0.34-0.44). In contrast, Q2, Q3 and Q4
showed much higher incidence rates, 1.46, 2.42 and 3.61, respectively.
The results suggest a significant link between increased BF% and a
higher likelihood of developing diabetes, emphasizing the need for
effective body fat control to prevent diabetes incidence. In every 10-year
age bracket, the occurrence of diabetes rose with advancing age in both
males and females. Furthermore, the rate of diabetes development was
greater in women compared to men for less than 70 years old (Figure 2).
Kaplan-Meier plots illustrate the likelihood of diabetes among different
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TABLE 1 The baseline characteristics of participants.
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BF% (quartile) Q1 (7.59-21.73) Q2 (21.73-26.01) Q3(26.01-30.39) Q4

(30.39-66.89)
Participants 52,945 52,919 52,953 53,016
Age (years) 3435+7.12 39.38 +10.64 4294 +12.14 51.70 £ 12.98 <0.001
BMI (kg/m?) 21.70 £2.20 22.84 £3.38 23.34+£3.38 25.06 £3.33 <0.001
SBP (mmHg) 118.26 + 13.25 117.56 + 15.49 117.12 £ 16.97 123.31 £ 18.57 <0.001
DBP (mmHg) 73.13+9.17 74.22 +10.74 73.64 + 11.57 75.72 £11.43 <0.001
FBG (mg/dL) 4.83 £0.56 4.88 £0.61 491 £0.62 5.04 £0.63 <0.001
TC (mmol/L) 4.48 £0.83 4.69 £0.88 4.68 £0.88 4.97 £0.94 <0.001
TG (mmol/L) 1.20+£0.77 1.41+1.15 1.32+1.15 1.43 £ 1.00 <0.001
HDL-c¢ (mmol/L) 1.33+0.28 1.36 +0.32 1.39+0.32 1.40 +0.31 <0.001
LDL-c (mmol/L) 2.64+0.63 2.74 £ 0.67 2.73 £0.67 293+0.71 <0.001
ALT (U/L) 19.40 (14.20-28.00) 19.70 (13.00-31.20) 16.10 (11.60-26.20) 17.00 (13.00-24.70) <0.001
BUN (mmol/L) 478 £1.12 4.63+1.19 4.54+1.20 4.67 +1.22 <0.001
Scr (pmol/L) 7891 +11.43 72.11 £ 15.16 66.87 £ 16.47 62.42 + 14.69 <0.001
Gender, n (%) <0.001
Male 51,763 (97.77%) 34,644 (65.47%) 21,736 (41.05%) 7,980 (15.05%)
Female 1,182 (2.23%) 18,275 (34.53%) 31,217 (58.95%) 45,036 (84.95%)
Smoking status, n (%) <0.001
Current smoker 4,174 (7.88%) 4,070 (7.69%) 2,888 (5.45%) 943 (1.78%)
Ever smoker 1,207 (2.28%) 772 (1.46%) 421 (0.80%) 159 (0.30%)
Never 13,045 (24.64%) 11,144 (21.06%) 10,576 (19.97%) 10,831 (20.43%)
Unknown 34,519 (65.20%) 36,933 (69.79%) 39,068 (73.78%) 41,083 (77.49%)
Drinking status, n (%) <0.001
Current drinker 319 (0.60%) 468 (0.88%) 405 (0.76%) 159 (0.30%)
Ever drinker 3,770 (7.12%) 2,831 (5.35%) 1,647 (3.11%) 708 (1.34%)
Never 14,337 (27.08%) 12,687 (23.97%) 11,833 (22.35%) 11,066 (20.87%)
Unknown 34,519 (65.20%) 36,933 (69.79%) 39,068 (73.78%) 41,083 (77.49%)
Family history of diabetes, n (%) <0.001 <0.001
No 52,280 (98.74%) 51,990 (98.24%) 51,744 (97.72%) 51,475 (97.09%)
Yes 665 (1.26%) 929 (1.76%) 1,209 (2.28%) 1,541 (2.91%)
Follow-up (year) 3.11+0.93 3.13+0.94 3.15+0.95 3.11+£0.93 <0.001
Incident of DM, n (%) <0.001
No 52,738 (99.61%) 52,144 (98.54%) 51,673 (97.58%) 51,104 (96.39%)
Yes 207 (0.39%) 775 (1.46%) 1,280 (2.42%) 1,912 (3.61%)

Continuous variables were summarized as mean (SD) or medians (quartile interval); categorical variables were displayed as percentage (%). BF%, body fat percentage; BMI, body mass index;

SBP, systolic blood pressure; DBP; diastolic blood pressure; TC, total cholesterol; TG triglyceride; HDL-c, high-density lipoprotein cholesterol; ALT, alanine aminotransferase; FBG, fasting
plasma glucose; DM, diabetes mellitus. The gray shading is highlights the four groups of participants divided based on body fat percentage (BF%) quartiles. Specifically, Q1 to Q4 represent the

first to fourth quartiles.

BF% quartiles, highlighting notable variations in progression rates (log-
rank test, p < 0.001) (see Supplementary Figure 2).

Examining the elements affecting diabetes
risk in individuals using univariate Cox
proportional hazards regression analysis

In Table 3, univariate Cox proportional hazards regression
identifies key factors influencing diabetes risk. Age is a significant
factor, with each additional year increasing the risk by 7% (HR: 1.07,
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P <0.0001), and males having a 106% higher risk than females
(p < 0.0001). Metabolic indicators such as BMI, SBP and DBP, and
lipid levels (TC and TG) also significantly elevate risk, underscoring
their importance in metabolic health. Notably, FBG emerges as the
most powerful predictor, with an HR of 10.45, highlighting its critical
role in diabetes risk assessment. Lifestyle factors indicate that never
smokers have a significantly reduced risk of diabetes (HR: 0.44,
P <0.0001), while former drinkers also show a lower risk compared
to current drinkers (HR: 0.46, p < 0.0001). Additionally, having a
family history of diabetes increases the risk by 73% (p < 0.0001),
highlighting the role of genetic predisposition.
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TABLE 2 The Incidence rate of diabetes (% or Per 10,000 person-year).

(BF %) Participants (n) Diabetes Incidence rate Per 10,000 person-
events (n) (95% CI) (%) year

Total 211,833 4,174 1.97 (1.91-2.03) 63.141

Qt 52,945 207 0.39 (0.34-0.44) 1254

Q2 52,919 775 1.46 (1.36-1.57) 46.645

Q3 52,953 1,280 242 (2.29-2.55) 76.825

Q4 53,016 1912 3.61 (3.45-3.77) 116.077

P for trend <0.001

BF%, body fat percentage; CI, confidence interval.

The relationship between the BF% and the
diabetes was analyzed using a multivariate
Cox proportional hazards regression model

Table 4 analyzes the relationship between BF% and diabetes risk
using different regression models. After analyzing the imputed data,
we found that the results were consistent with those before imputation,
which indicates that the conclusions of our study are very robust.
Finally, we chose to present the unimputed real data in the manuscript
(Supplementary Table S1). In the basic model, without adjusting for
covariates, a 1% increase in BF% is associated with a 1.10-fold higher
likelihood of diabetes onset (HR: 1.10, 95% CI: 1.10-1.11, p < 0.0001).
After adjusting for BMI in Model I, the risk remains substantial, with
a 1.05-fold increase (HR: 1.05, 95% CI: 1.05-1.06, p < 0.0001). Further
adjustments in Model II, which account for factors such as liver
enzymes, lipid profiles, renal function markers, lifestyle factors, and
FPG, show a 1.04-fold higher risk (HR: 1.04, 95% CI: 1.03-1.05,
p <0.0001).

Additionally, we applied a Generalized Additive Model (GAM) in
Model 111, incorporating the continuous variable as a curve. The
results remained stable, with an HR of 1.05 (95% CI: 1.04-1.06,
p <0.0001), similar to the fully adjusted model. Across BF% quartiles,
there is a progressive increase in diabetes risk, with Q4 in Model II
showing a 2.97-fold higher risk (HR: 2.97, 95% CI: 2.23-3.73,
P <0.0001) compared to Q1. This trend is also observed in Q2 and Q3,
with HRs of 1.83 and 2.47, respectively (P for trend all < 0.0001).

Sensitivity analysis

Table 5 presents the outcomes of sensitivity analyses examining
the association between BF% and diabetes risk using three models that
each exclude certain participant groups to assess consistency. Initially,
BF% was converted from a continuous to a categorical measure based
on quartiles and then reintroduced into the regression models.

In Model I, which excluded individuals with BMI > 25 kg/m?, a
1% increase in BF% was linked to a 5% higher risk of diabetes onset
(HR: 1.05, 95% CI: 1.03-1.06, p < 0.0001). The analysis of BF%
quartiles revealed that participants in the second quartile (Q2) had an
81% higher risk compared to the first quartile (Q1). The risk increased
substantially in the third (HR: 1.89, p < 0.0001) and fourth quartiles
(HR: 2.28, p < 0.0001). Model II, which excluded individuals with SBP
of 140 mmHg or higher, showed similar results. A 1% rise in BF% was
associated with a 4% higher risk of diabetes (HR: 1.04, 95% CI: 1.03-
1.05, p < 0.0001). In this model, participants in Q4 had a 2.49 times
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higher risk compared to those in Q1. Model III, which excluded
participants with DBP of 90 mmHg or higher, revealed an 5%
increased risk per 1% rise in BF% (HR: 1.05, 95% CI: 1.04-1.05,
P <0.0001). In this model, Q4 participants had more than twice the
risk of diabetes compared to QI (HR: 2.79, p <0.0001), with a
consistent trend across all quartiles (P for trend < 0.0001).

Cox regression model utilizing cubic
splines to handle non-linear relationships

Using the Cox proportional hazards regression model with cubic
spline functions, we observed that the association between BF% and
the onset of diabetes was non-linear (Figure 3). Consequently, a
segmented Cox proportional hazards regression model was applied to
identify two distinct slopes. A conventional binary two-piece Cox
proportional hazards regression model was also used for sensitivity
analysis, with the optimal model determined via the log-likelihood
ratio test.

Table 6 shows the results of the segmented linear regression
model, clarifying the association between BF% and diabetes risk, and
the threshold point. The analysis found that for every 1% increase in
BF%, diabetes risk rises by 4% (HR: 1.04, 95%CI: 1.03-1.05,
p <0.0001). Segmented regression analysis identified a BF% inflection
point at 25.09%. Below this threshold, even small increases in BF%
significantly increase diabetes risk (HR: 1.17, 95%CIL: 1.13-1.21,
P <0.0001). Above it, the risk remains elevated but grows more slowly
(HR: 1.02, 95%CI: 1.02-1.03, p < 0.0001). To explore sex - specific
differences in the inflection point, stratified analysis found male and
female breakpoints at 24.60 and 34.93%, respectively, with
similar trends.

The results of subgroup analyses

Table 7 presents the stratified association between BF% and
diabetes risk, considering age, BMI, gender, blood pressure levels, and
family history of diabetes. For individuals under 60 years of age, each
1% increase in BF% was associated with a 3% higher diabetes risk
(HR: 1.03). In contrast, for those aged 60 and above, the risk increased
by 1% (HR: 1.01), indicating that younger individuals are more
sensitive to increases in BF%. The hazard ratios were 1.05 for those
with a BMI under 25 kg/m* and 1.04 for those with a BMI of 25 kg/m?
or higher, indicating that BF% is an independent risk factor regardless
of BMI. Women had a higher diabetes risk (HR: 1.19) than men (HR:
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FIGURE 2
The occurrence of diabetes among Chinese individuals, categorized by age in 10-year intervals. The data indicates that female had a higher rate of
developing diabetes compared to man less than 70 years old. The study revealed that as people aged, the rate of diabetes rose in both genders.

1.16), indicating greater susceptibility to the metabolic consequences
of increased BF%. The hazard ratios were 1.05 for those with a SBP
under 140 mmHg and 1.03 for those with a SBP of 140 mmHg or
higher. Similarly, the hazard ratios were 1.05 for those with a DBP
under 90 mmHg and 1.01 for those with a DBP of 90 mmHg or higher.

Discussion

In this retrospective cohort study, we investigated the association
between BF% and diabetes incidence among Chinese patients.
We found that a 1% increase in BF% was associated with a 1.04-fold
higher risk of diabetes (HR: 1.04, 95% CI: 1.03-1.05, p < 0.0001).
Sensitivity and subgroup analyses further confirmed the robustness
and reliability of these findings. Additionally, we identified a threshold
effect, revealing a nonlinear relationship between BF% and
diabetes incidence.

Obesity is widely recognized as a critical risk factor for T2DM (22,
23). BMI has become the most commonly used anthropometric
indicator for diagnosing obesity and predicting diabetes due to its
simplicity in measurement and calculation (24). However, in
individuals with normal BMI who experience muscle loss and high
body fat, using BMI to assess obesity can underestimate its prevalence
(25). In older adults, BMI can also be overestimated due to height loss
from aging and the presence of sarcopenia (25, 26). Moreover, BMI is
influenced by factors such as gender, age, race, and short stature,
which can distort body fat estimation. Research (27) have shown
many diabetic patients have a normal BMI, but their body fat
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distribution is notably abnormal. BF% represents the proportion of
body weight composed of fat and serves as a crucial indicator of health
status and body composition (28). It provides a more accurate
assessment of body fat compared to BMI and has shown a strong
association with diabetes risk. A study (29) evaluated the relationship
between BF% and the risk of developing T2DM in 5,972 Korean adults
over 10 years. The results indicated that the risk of T2DM increased
significantly when BF% exceeded 22.8% in men and 32.9% in women,
with non-obese men showing a lower threshold (22.8%) compared to
obese men (28.4%). Furthermore, men with a high BF% (>25) had
1.83 times the risk of developing diabetes compared to those with a
low BMI (<25), while no significant association was observed in
women in the same subgroup. Another study (14) of 5,595 Chinese
adults aged 18-65 from the China Health and Nutrition Survey
(CHNS) in 2015 and 2018 found that the risk of T2DM increased
significantly with higher BF%. Males with trunk BF% over 25.5% and
females with trunk BF% over 34.4% were at a notably higher risk of
developing diabetes.

Our study reached similar conclusions using a multivariate
Cox proportional hazards regression model, which showed that a
1% increase in BF% was associated with a 1.04-fold higher risk of
diabetes (HR: 1.04, 95% CI: 1.03-1.05, p < 0.0001). The risk of
diabetes increased progressively across BF% quartiles (Q1 to Q4),
with Q4 showing a significantly higher risk than Q1 (adjusted
HR =2.72,95% CI = 2.19-3.37). These findings emphasize a strong
positive association between higher BF% and increased diabetes
risk. The consistency across models, even after adjusting for various
confounders, highlights BF% as a crucial factor in diabetes risk
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TABLE 3 Univariate Cox proportional hazards regression was used to
examine the factors influencing diabetes.

Variable

Age (years)

Characteristics

42.10 £12.65

HR

(95% ClI) P-value

1.07 (1.06, 1.07) < 0.0001

Gender, n (%)

Female

95,710 (45.18%)

1.0

Male

116,123 (54.82%)

2.06 (1.93, 2.20) < 0.0001

BMI (kg/m?)

2324 +£3.34

1.24 (1.23,1.25) < 0.0001

SBP (mmHg) 119.06 + 16.38 1.04 (1.04, 1.04) < 0.0001
DBP (mmHg) 74.18 + 10.81 1.05 (1.04, 1.05) < 0.0001
TC (mmol/L) 471+0.90 1.43 (1.39, 1.47) < 0.0001
TG (mmol/L) 1.34+1.03 1.26 (1.25, 1.28) < 0.0001
HDL-c (mmol/L) 137 +031 0.60 (0.53, 0.68) < 0.0001
LDL-c (mmol/L) 2.77 £0.68 1.35 (1.28, 1.42) < 0.0001
ALT (U/L) 23.95+22.13 1.00 (1.00, 1.00) < 0.0001
BUN (mmol/L) 466+1.19 1.24 (1.21, 1.26) < 0.0001
Scr (mmol/L) 70.07 + 15.80 1.01 (1.01, 1.01) < 0.0001
BF (%) 2624+ 6.65 1.10 (1.10, 1.11) < 0.0001
FBG (mmol/L) 492 +0.61 10.45 (10.00, 10.91) < 0.0001

Smoking status, n (%)

Current smoker

12,075 (5.70%)

1.0

Ever smoker

2,559 (1.21%)

0.79 (0.62, 1.00) 0.0544

Never

45,596 (21.52%)

0.44 (0.39, 0.49) < 0.0001

Unknown

151,603 (71.57%)

0.58 (0.52, 0.64) < 0.0001

Drinking status, n (%)

Current drinker

1,351 (0.64%)

1.0

Ever drinker

8,956 (4.23%)

0.47 (0.34, 0.65) < 0.0001

Never 49,923 (23.57%) 0.46 (0.35, 0.62) < 0.0001

Unknown 151,603 (71.57%) 0.49 (0.37, 0.65) < 0.0001
Family history of diabetes, n (%)

No 207,489 (97.95%) 1.0

Yes 4,344 (2.05%) 1.73 (1.48,2.01) < 0.0001

10.3389/fnut.2025.1510210

management. Additionally, we revealed the nonlinear relationship
between BF% and diabetes risk. The results of the analysis using the
piecewise Cox proportional hazards regression model showed that
the inflection point of BF% was 25.09%. Our study found that
among individuals with a BF% below 25.09%, the risk of diabetes
increased significantly with each 1-unit increase in BF%. However,
when the BF% was above 25.09%, the increase in diabetes risk
became more gradual with increasing BF%. The possible reasons
are as follows: First, in the population with a BF% of 25.09% or
higher, BMI and blood lipids (TC, TG, LDL-c) were significantly
increased, but HDL-c was even higher, suggesting adaptive lipid
metabolism adjustments (such as enhanced reverse cholesterol
transport) that partially offset the metabolic risks. Second, in the
population with a BF% of 25.09% or higher, FBG and blood
pressure (SBP/DBP) were significantly elevated, and age also
increased, consistent with the pathological characteristics of
insulin resistance and cardiovascular risks
(Supplementary Table S2). To further analyze gender differences,
we conducted stratified analyses and found that the relationship
between BF% and diabetes risk was nonlinear in both males and
females, with inflection points at 24.60% for males and 34.93% for
females, showing similar trends. These findings imply that
clinicians can use these thresholds for personalized diabetes risk
assessment. The differing thresholds between genders also highlight
the need for gender-specific considerations in diabetes prevention
and management. Overall, our results stress the importance of
monitoring BF% and considering gender differences to better
manage diabetes risk.

To the best of our knowledge, this is the largest cohort study to
date investigating the link between BF% and diabetes risk. To
ensure the robustness of the findings, we applied stratified Cox
regression models for subgroup and sensitivity analyses. The
subgroup analysis confirmed that the correlation remained
consistent in individuals with a BMI lower than 25 kg/m2, systolic
blood pressure below 140 mmHg, and diastolic blood pressure
under 90 mmHg. Additionally, the subgroup analysis showed
hazard ratios of 1.05 for individuals with a BMI under 25 and 1.04
for those with a BMI of 25 or higher (P for interaction >0.05),
indicating that BF% is an independent risk factor regardless of
BMI. Furthermore, the analysis showed that in non-overweight

TABLE 4 Association between BF% and diabetes risk across various models.

Exposure

Crude model
(HR, 95%ClI) P

Model
I (HR, 95%Cl) P

Model Il
(HR, 95%Cl) P

Model Il
(HR, 95%ClI) P

BF% 1.10 (1.10, 1.11) < 0.0001 1.05 (1.05, 1.06) < 0.0001 1.04 (1.03, 1.05) < 0.0001 1.05 (1.04, 1.06) < 0.0001
(BF quartiles)
Q1 Ref Ref Ref Ref
Q2 3.65 (3.13, 4.25) < 0.0001 2.69 (2.31, 3.14) < 0.0001 1.84 (1.48, 2.28) < 0.0001 1.83 (1.47, 2.28) < 0.0001
Q3 5.90 (5.09, 6.83) < 0.0001 3.89 (3.35, 4.52) < 0.0001 2.38 (1.93, 2.93) < 0.0001 2.47 (1.98, 3.07) < 0.0001
Q4 9.34 (8.09, 10.78) < 0.0001 4.51 (3.88,5.23) < 0.0001 2.72(2.19, 3.37) < 0.0001 2.97 (2.37,3.73) < 0.0001
P for trend <0.0001 <0.0001 <0.0001 <0.0001

In the basic model, we did not account for additional variables. Model I: We adjusted BMI. In Model II, we adjusted baseline values for BMI, SBP, DBP, ALT, TC, TG, HDL-¢, LDL-c, BUN, Cr,
smoking and drinking habits, family history of diabetes, and FPG. In Model III, we adjusted baseline values for BMI (smooth), SBP (smooth), DBP (smooth), ALT (smooth), TC (smooth), TG

(smooth), HDL-c (smooth), LDL-c (smooth), BUN (smooth), Cr (smooth), smoking and drinking habits, family history of diabetes, and FPG (smooth). HR stands for Hazard Ratios, CI
denotes confidence intervals, and Ref means reference.

Frontiers in Nutrition

07

frontiersin.org



https://doi.org/10.3389/fnut.2025.1510210
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Panetal.

10.3389/fnut.2025.1510210

TABLE 5 Relationship between BF% and risk of diabetes in different sensitivity analyses.

Model | (HR, 95%Cl) P

Exposure

Model Il (HR, 95%Cl) P

Model Il (HR, 95%ClI) P

BF % 1.05 (1.03, 1.06) < 0.0001 1.04 (1.03, 1.05) < 0.0001 1.05 (1.04, 1.05) < 0.0001
(BF% quartiles)
Q1 Ref Ref Ref
Q2 1.81 (1.43, 2.29) < 0.0001 1.63 (1.30, 2.05) < 0.0001 1.75 (1.39, 2.20) < 0.0001
Q3 1.89 (1.48,2.41) < 0.0001 2.23(1.78,2.80) < 0.0001 2.41(1.93,3.01) < 0.0001
Q4 2.28 (1.77, 2.95) < 0.0001 2.49 (1.97, 3.14) < 0.0001 2.79 (2.22,3.51) < 0.0001
P for trend <0.0001 <0.0001 <0.0001

The model I involved a sensitivity analysis conducted after removing participants with BMI of 25 kg/m? and above (N = 60,830). We adjusted BMI, SBP, DBP, ALT, TC, TG, HDL-c, LDL-c,
BUN, Cr, smoking habits, alcohol consumption, diabetes family history, and FPG at baseline. Model II involved a sensitivity analysis conducted after removing participants with systolic blood
pressure of 140 mmHg or higher (N = 21,403). We adjusted BMI, SBP, DBP, ALT, TC, TG, HDL-c, LDL-c, BUN, Cr, smoking habits, alcohol consumption, diabetes family history, and FPG at
baseline. Model IIT involved a sensitivity analysis conducted after removing participants with a diastolic blood pressure of 90 mmHg or higher (N = 17,063). We adjusted BMI, SBP, DBP, ALT,
TC, TG, HDL-c, LDL-c, BUN, Cr, smoking habits, alcohol consumption, diabetes family history, and FPG at baseline. HR stands for Hazard Ratios, CI denotes confidence intervals, and Ref

means reference.

P for non-linearity: <0.001
Inflection points of BF %: 25.09

Log HR for risk of diabetes
-2

T T T T T T
10 20 30 40 50 60

BF %

FIGURE 3

The non-linear relationship between BF % and risk of diabetes. The
relationship between BF % and risk of diabetes was non-linear, with
the inflection point of BF % being 25.09%.

individuals, the risk of diabetes increased more with BF% (HR: 1.05
vs. 1.04). For leaner individuals, maintaining a healthy body fat
percentage is crucial for diabetes prevention. Furthermore, the
analysis showed that the risk of diabetes was higher in individuals
under 60 compared to those over 60 (HR: 1.03 vs. 1.01), suggesting
that younger individuals are more sensitive to increases in BF%.
Therefore, screening for diabetes risk factors in individuals with
normal BMI is crucial, particularly in younger populations, who
should place greater emphasis on monitoring BF% to better assess
their diabetes risk. Previous studies have reported significant
differences in biological risk factors and pathophysiological
mechanisms for diabetes between men and women (30). Our
findings also support this conclusion, as women had a higher
diabetes risk (HR: 1.19) than men (HR: 1.16), indicating gender
differences in the influence of BF% on the pathogenesis of diabetes.
This may be due to differences in fat distribution and endocrine
hormone secretion between men and women. Therefore, further
research is needed to explore the impact of BF% on diabetes risk
factors in different genders and the underlying mechanisms.

Frontiers in Nutrition

Insulin resistance and impaired insulin secretion are the primary
mechanisms in the development of T2DM (31). While obesity is
closely linked to insulin resistance and the onset of diabetes, not all
obese individuals with insulin resistance progress to diabetes (32),
suggesting that other mechanisms are involved in the impact of BF%
on diabetes risk. Obesity not only increases total body fat but also
affects fat distribution, with visceral fat playing a particularly crucial
role in metabolic health and disease risk. Visceral fat is more sensitive
to lipolytic stimulation, leading to the release of large amounts of free
fatty acids (FFAs) into the bloodstream. These FFAs are then deposited
as ectopic fat in organs such as the liver, muscles, and pancreas, which
impairs insulin sensitivity and affects insulin production (13).
Additionally, an increase in visceral fat disrupts adipocyte function,
altering the secretion of hormones such as leptin, resistin, and
adiponectin, as well as various cytokines (33). The imbalance in these
hormone levels plays a key role in the development of insulin
resistance. Visceral fat also releases pro-inflammatory molecules like
TNF-a and IL-6, which interfere with insulin signaling and worsen
insulin resistance (34, 35). This inflammatory response, combined
with the accumulation of FFAs, further increases insulin resistance in
key tissues such as muscles and the liver, exacerbating hyperglycemia.

Our study had several strengths: Firstly, the total sample size was
relatively large. To the best of our knowledge, this research represents
the largest cohort study to date investigating the link between BF%
and diabetes risk. Secondly, the study uncovered a nonlinear
relationship between BF% and diabetes risk, with Cox proportional
hazards regression identifying a critical BF% threshold that
significantly impacts diabetes risk. Thirdly, the BF% in this study was
derived from height, weight, age, and gender, making it easily
obtainable with minimal error, which is suitable for wide-scale
promotion. Additionally, a comprehensive range of sensitivity tests
was performed, including subgroup evaluations and the use of
generalized additive models to treat continuous covariates as smooth
terms. The findings were further validated in individuals under 25 kg/
m? with systolic blood pressure below 140 mmHg and diastolic blood
pressure under 90 mmHg, underscoring the robustness and reliability
of the study’s conclusions.

The potential limitations of this study are as follows. First, the study
focused solely on Chinese participants, which limits the generalizability
of the findings to other populations. To address this issue, we plan to
analyze data from regions like Europe, America, Japan, and Korea to
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TABLE 6 The result of the two-piecewise linear regression model.

HR, 95%CI P-value (all)

Outcome: diabetes

HR, 95%ClI P —value (male)

10.3389/fnut.2025.1510210

HR, 95%ClI P -value (female)

Standard Cox regression 1.04 (1.03, 1.05) < 0.0001

1.15 (1.13, 1.17) < 0.0001 1.21 (1.17, 1.25) < 0.0001

Two-piecewise Cox regression

Inflection points of BF% 25.09 24.60 34.93
<K 1.17 (1.13,1.21) < 0.0001 1.32 (1.26, 1.38) < 0.0001 1.30 (1.23, 1.36) < 0.0001
>K 1.02 (1.02, 1.03) < 0.0001 1.10 (1.08, 1.13) < 0.0001 1.17 (1.13,1.21) < 0.0001
P for log-likelihood ratio test <0.001 <0.001 0.016

We accounted for baseline measurements of BMI, SBP, DBP, ALT, TC, TG, HDL-c, LDL-c, BUN, Cr, smoking habits, alcohol consumption, diabetes family history, and FPG at baseline. K

stands for inflection point. HR stands for hazard ratios, while CI denotes confidence intervals.

TABLE 7 Stratified associations between BF% and diabetes risk, categorized by age, gender, BMI, SBP, DBP and family diabetes history.

Variable HR (95% ClI) P-value P for interaction

Age, yeas <0.0001
<60 1.03 (1.02, 1.05) <0.0001
>60 1.01 (1.00, 1.02) 0.1592

BMI (kg/m?) 0.0613
<25 1.05 (1.04, 1.07) <0.0001
>25 1.04 (1.03, 1.05) <0.0001

Gender <0.0001
Female 1.19(1.17,1.21) <0.0001
Male 1.16 (1.14, 1.17) <0.0001

SBP (mmHg) 0.0229
<140 1.05 (1.04, 1.06) <0.0001
>140 1.03 (1.02, 1.04) <0.0001

DBP (mmHg) <0.0001
<90 1.05 (1.04, 1.05) <0.0001
>90 1.01 (1.00, 1.03) 0.0540

Family history of diabetes 0.9508
No 1.04 (1.03, 1.05) <0.0001
Yes 1.04 (1.01, 1.07) 0.0078

The model was adjusted to account for baseline BMI, SBP, DBP, ALT, TC, TG, HDL-c, LDL-c, BUN, Cr, smoking habits, alcohol consumption, diabetes family history, and FPG. For every
instance, the model remains unadjusted concerning the stratification variable when it was categorical.

investigate the global relationship between BF% and diabetes risk. Our
goal is to develop population-specific prevention strategies and refine
risk-assessment models for diverse groups. Second, although
we adjusted for known confounding factors, unmeasured or
uncontrolled variables could still have influenced the results. Third, as
a secondary analysis of an existing database, the study lacked certain
important variables that may have impacted the conclusions. Fourth,
the diabetes diagnosis relied on FPG levels and self-reported data,
potentially underestimating diabetes prevalence, as more precise
methods like the 2-h oral glucose tolerance test or glycated hemoglobin
were not used. Fifth, BF% and other parameters were measured only
at baseline, missing any longitudinal changes that could provide deeper
insights. Sixth, while there have been studies in China on the
relationship between BF% and diabetes, they had small sample sizes
and used different methods for measuring BF%, highlighting a
fundamental distinction from this study. Seventh, we recognize that the
accuracy of the BFP calculated by this formula needs validation against
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gold standard methods, such as DEXA. To enhance the reliability of
our study, we suggest that future research conduct comparative
analyses between this formula and gold standard measurements to
assess its accuracy. Lastly, the retrospective, observational design of the
study allows us to identify associations between BF% and diabetes risk
but does not establish causality. Future prospective studies with diverse
populations and comprehensive, longitudinal data are needed to better
understand these relationships and the underlying mechanisms.

Conclusion

This study highlights that BF% is a significant predictor of diabetes
risk and reveals a positive, nonlinear relationship between BF% and
diabetes risk in Chinese adults. Reducing BF% below the identified
threshold likelihood  of
developing diabetes.

could substantially reduce the
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