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Objective: The aim of this study was to develop a predictive model to screen for

sarcopenia in patients with type 2 diabetes mellitus (T2DM) combined with

osteoporosis, with a view to identifying and intervening early in those at high

risk of falls and fractures, thereby reducing the risk of disability and death in

the elderly.

Methods: Clinical data collection, physical performance evaluations, and dual-

energy X-ray absorptiometry were performed on 847 patients with T2DM

combined with osteoporosis. Risk factors for sarcopenia were identified using

the least absolute shrinkage and selection operator method. Furthermore, a sex-

specific nomogram was constructed based on these indicators to predict the

occurrence of sarcopenia, and the predictive efficacy and clinical value of the

model were evaluated by receiver operating characteristic curve and decision

curve analysis.

Results: The prevalence of sarcopenia in patients with T2DM combined with

osteoporosis was 33.88%, with men having a significantly higher prevalence than

women. Among male patients, body mass index, 25-hydroxyvitamin D, and

calcium levels were associated with a decreased risk of sarcopenia, whereas

age and weight-adjusted waist index were associated with an increased risk. In

female patients, body mass index and creatine kinase were associated with a

decreased risk of sarcopenia, while age, weight-adjusted waist index, and low-

density lipoprotein cholesterol were associated with an increased risk. The area

under the receiver operating characteristic curve of the nomogram was 91.2% in

males and 84.5% in females, showing high predictive accuracy.

Conclusions: In this study, gender-specific nomograms were successfully

established, which provided an effective tool for early screening of sarcopenia
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in patients with T2DM combined with osteoporosis. These models help

healthcare professionals identify individuals at high risk of falls and fractures,

facilitating timely preventive measures and reducing the burden on the social

healthcare system.
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1 Introduction

Sarcopenia is an age-related loss of muscle mass accompanied

by a decline in muscle strength and function, often coexisting with

chronic diseases such as type 2 diabetes mellitus (T2DM) and

osteoporosis, which may lead to an increased risk of falls and

fractures. The diagnosis of sarcopenia is usually based on

measurements of muscle mass, assessments of muscle strength,

and tests of physical performance.

With the acceleration of global population aging, the prevalence

of three chronic diseases, T2DM, osteoporosis and sarcopenia, is

increasing (1–3). Patients with T2DM are at a high risk of

developing osteoporosis and sarcopenia. Insulin resistance,

microangiopathy, and oxidative stress caused by T2DM may be

involved in the pathophysiological processes of osteoporosis and

sarcopenia (4, 5). Additionally, common risk factors such as aging,

metabolic abnormalities, and physical inactivity contribute to the

comorbidity of osteoporosis and sarcopenia (6). A study in the UK

reported a prevalence of sarcopenia of up to 50% in postmenopausal

women with osteoporosis (7). Another study in elderly Europeans

showed that patients with sarcopenia had a four-fold higher risk of

osteoporosis compared to those without sarcopenia (8). The triad of

comorbidity of T2DM, osteoporosis and sarcopenia is particularly

common in the elderly. These conditions greatly increase the risk of

falls, fractures, and subsequent disability and death (6), posing not

only a serious threat to individual health, but also a heavy burden on

the social healthcare system. Therefore, it is crucial to promptly

identify this high-risk group and provide early intervention.

Despite the relatively clear diagnosis of osteoporosis, the

diagnostic criteria and screening methods for sarcopenia remain

controversial and challenging (9). The complexity of muscle

function assessment, limitations of muscle mass measurement

equipment, and geographic variability in diagnostic criteria make

it difficult to generalize the diagnosis. There is also a lack of effective

screening tools for early identification of sarcopenia risk in patients

with T2DM combined with osteoporosis, resulting in a large

number of high-risk elderly patients who do not receive adequate

attention and intervention.

This study aims to fill this gap by establishing a gender-specific

nomogram to predict the risk of sarcopenia in patients with T2DM

combined with osteoporosis. Nomograms play an increasingly

important role in modern medical research and clinical practice
02
as tools that simplify complex statistics and provide intuitive

predictive graphics. Our goal is to provide an early screening tool

to help healthcare professionals identify high-risk patients so that

timely preventive measures can be taken to reduce the incidence of

falls and fractures, and to understand and manage patients with

comorbidities of T2DM, osteoporosis and sarcopenia from a

new perspective.
2 Methods

2.1 Study population

A total of 859 patients with T2DM combined with osteoporosis,

hospitalized at the First Affiliated Hospital of Fujian Medical

University from 1 March 2014 to 31 December 2022, were

included in this cross-sectional study. Inclusion criteria consisted

of hospitalized patients with a confirmed diagnosis of T2DM (10)

and osteoporosis (11). Exclusion criteria included patients with

neuromuscular diseases or other endocrine disorders affecting

muscle mass and function, acute infectious diseases, severe organ

dysfunction such as those of the heart, lungs, and kidneys,

malignant tumors, psychiatric disorders or cognitive dysfunction,

and patients who used drugs affecting muscle mass or bone density

during the study period. We excluded patients with missing data on

body weight (n=2), blood counts (n=4), and renal function (n=6),

resulting in a final sample of 847 subjects. All participants

voluntarily signed an informed consent form after being fully

informed about the study, which adhered to the principles of the

Declaration of Helsinki. The study was approved by the Ethics

Committee of the First Affiliated Hospital of Fujian Medical

University (approval number: [2021] 336).
2.2 Clinical data collection, laboratory
testing and body composition analysis

All participants underwent detailed clinical data collection at

the time of enrollment, including but not limited to age, gender,

disease history, drug use history, and lifestyle habits. Additionally,

all patients underwent a comprehensive physical examination,

including measurements of weight, height, waist circumference,
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blood pressure, heart rate, grip strength, and walking speed, as well

as the necessary laboratory tests, such as complete blood glucose,

glycated hemoglobin, blood routine, biochemical tests and bone

metabolism-related indicators.
2.3 Body mass index and weight-adjusted-
waist index

BMI is a metric calculated by dividing body weight in kilograms

by the square of height in meters, commonly used in clinical

practice to assess body fat and categorize weight status. WWI is

calculated by dividing waist circumference (cm) by the square root

of body weight (kg) to more accurately reflect the relationship

between abdominal fat and body weight.
2.4 Grip strength and gait speed
measurement

Grip strength was measured using an electronic hand

dynamometer (model EH101, Senssum, Hubei, China). All

participants were asked to stand up straight with the dynamometer

in their hands and their arms parallel to their body without leaning.

Participants were allowed to perform the test three times with both

their right and left hands, with the highest value being the final result.

Gait speed was measured using a 4-meter walk test, where

participants were instructed to walk at their normal pace for more

than 6 meters from a standing position to avoid deceleration before

reaching the 4-meter mark. The test duration was recorded using an

electronic counter (XJ894, Xin Jie, Zhejiang, China).
2.5 Body composition analysis

Body composition, including upper limb muscle mass, upper

limb fat mass, lower limb muscle mass, lower limb fat mass, trunk

muscle mass, and trunk fat mass, was determined using dual-energy

x-ray absorptiometry (DEXA, Lunar Prodigy scanner, GE Lunar

Corporation, Madison, WI, USA). The Appendicular Skeletal

Muscle Index (ASMI) evaluates skeletal muscle mass relative to

body size and is calculated by dividing the combined muscle mass of

the upper and lower limbs by the square of the height. The formula

is ASMI (kg/m2) = muscle mass of the limbs (kg)/height (m)2.
2.6 Definition of sarcopenia

Muscle strength (grip strength) and physical performance

(usual gait speed) were used as screening tests according to the

Asian Working Group for Sarcopenia 2019 definition. Low grip

strength was defined as less than 28 kg for males and less than 18 kg

for females, while low gait speed was defined as less than 1.0 m/s.

Screening tests were followed by DEXA, with the ASMI cut-off
Frontiers in Endocrinology 03
point for the diagnosis of sarcopenia was < 7.0 kg/m2 for males and

< 5.4 kg/m2 for females (12).
2.7 Statistical analyses

All statistical analyses were performed using SPSS version 25.0 and R

version 4.1.1. Continuous variables were expressed as mean ± standard

deviation ormedian (interquartile range), based on the distribution of the

data. Categorical variables were expressed as frequencies and percentages.

Comparisons between groups were conducted using the Student’s t-test

for normally distributed continuous variables, the Mann-Whitney U test

for non-normally distributed continuous variables, and the Chi-square

test for categorical variables. Spearman’s correlation analysis was used to

assess the correlation between risk factors and different muscle content

areas. For random missing values in the data, the Multiple Imputation

technique was used to enhance data completeness and analysis accuracy.

A P-value of < 0.05 was considered statistically significant for all tests.

The samples were randomly divided into 7:3 training and

validation cohorts using the “sample()” function from the base

package in R. And least absolute shrinkage and selection operator

(LASSO) regression analyses were performed using the “glmnet”

package in R to identify key predictor variables. Candidate variables

were screened by maximizing the log-likelihood ratio test and 10-

fold cross-validation to determine the optimal regularization

parameter l. A value of l with a standard error of 1 was chosen

to ensure optimal simplicity and predictive effectiveness of the

model. The screened variables were then included in a multivariate

logistic regression model. The nomogram function in the “rms”

package was used to construct a visualization of the effect of each

predictor on the outcome variable. The discriminative power of the

model was assessed by receiver operating characteristic (ROC)

curve analysis performed by the “ROCR” package, and the area

under the curve (AUC) value of the model was calculated. The

calibration performance of the model was comprehensively

evaluated by generating calibration curves using the “rms”

package, enabling a detailed comparison between predicted

probabilities and actual outcomes. Decision curve analysis was

performed using the “rmda” package to comprehensively evaluate

the clinical utility of the nomogram, and clinical impact curves were

constructed to quantify the potential impact of the model at

different clinical thresholds. Additionally, internal validation of

the model was achieved through self-sampling to ensure

robustness. The internal validation set was used to validate the

generalizability and calibration of the model by comparing AUC,

calibration curves, decision curve and clinical impact curves.
3 Results

3.1 Prevalence and baseline profiling

This study included 847 patients aged 41–91 years who were

diagnosed with both T2DM and osteoporosis. Among them, 287
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patients (age range 41–89 years, mean age 65.49 ± 11.31) were

classified in the sarcopenia group, while the remaining 560

patients (age range 41–91 years, mean age 65.33 ± 9.57) were

in the non-sarcopenia group. The overall prevalence of

sarcopenia in these patients was 33.88% (see Supplementary

Table S1 for baseline data). Due to significant gender differences

in the diagnostic criteria for sarcopenia, this study stratified by

gender. The prevalence of sarcopenia was significantly higher in

male patients compared to female patients (56.84% vs. 25.12%,

P<0.05). Additionally, male patients with sarcopenia had higher

values of age, WWI, neutrophil count, but lower BMI, weight,

waist circumference, grip strength, gait speed, lymphocyte count,

hemoglobin, albumin, alanine aminotransferase, creatine kinase

(CK), uric acid, triglycerides, high-density lipoprotein

cholesterol, calcium, phosphorus, 25-Hydroxyvitamin D (25

(OH)D), N-mid osteocalcin, and N-terminal propeptide of

type I procollagen. In female patients with sarcopenia, higher

values were observed for WWI, heart rate, and low-density

lipoprotein cholesterol (LDL-C), whereas lower values were

noted for BMI, weight, waist circumference, grip strength, gait

speed, alanine aminotransferase, CK, creatinine, uric acid, total

triglycerides, very low-density lipoprotein cholesterol,

phosphorus, as well as lower prevalence rates of hypertension

and use of hypoglycemic drugs (see Supplementary Table S2).
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3.2 Clinical screening modeling for male
patients

3.2.1 Variable screening results
Of the 49 parameters collected from male patients, five key

characteristics were identified using LASSO logistic regression

analysis based on non-zero coefficients (Figures 1a, b). These

parameters were age, BMI, WWI, 25(OH)D, and calcium, which

were subsequently incorporated into the multifactorial logistic

regression analysis (Table 1).

3.2.2 Nomogram development
The overall male cohort was randomly divided into a training

cohort (70%) and a validation cohort (30%), with baseline data

presented in Supplementary Table S3. Based on the selected

variables, we developed a nomogram model for individualized

prediction of sarcopenia risk in male patients (Figure 1c). The

nomogram consisted of 8 rows, with rows 2–6 corresponding to

model variables. Each row’s risk score was determined by the

coefficients from the logistic regression model. For example, a 72-

year-old male patient with T2DM and osteoporosis, with a BMI of

21.77 kg/m², WWI of 12.27 cm/√kg, calcium 1.94 mmol/L, and 25

(OH)D 16.12 ng/ml, had a predicted probability of sarcopenia

occurrence of 99.6% according to the model (Figure 1d).
FIGURE 1

Predictor selection and nomogram for prediction of sarcopenia in males with T2DM combined with osteoporosis. (a) LASSO coefficient distributions
for 49 risk factors. (b) Selection of the minimum criterion (left dashed line) and the 1- standard error criterion (right dashed line) based on the
miniature LASSO regression deviation (lambda). (c) A nomogram for predicting sarcopenia in males. (d) Example of a dynamic nomogram for
predicting sarcopenia in a male individual. The significance of the asterisk next to each variable in part D represents the significance of all risk factors.
T2DM, type 2 diabetes mellitus; LASSO, least absolute shrinkage and selection operator; BMI, Body Mass Index; WWI, weight-adjusted-waist index;
25(OH)D, 25-Hydroxyvitamin D. *** represents P < 0.001.
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3.2.3 Evaluation of model performance
The calibration curve of the nomogram (Figure 2a)

demonstrated a high concordance between the predicted

probabilities and the actual observations. The ROC curve was

employed to assess the discriminatory power of the nomogram,

yielding an AUC of 0.912 (95% CI 0.868-0.955) for the training

cohort and an AUC of 0.964 (95% CI 0.929-0.999) for the internal

validation cohort. In the training cohort, the sensitivity at the

maximum Youden index of the ROC curve was 82.8% while the

specificity was 86.3%. In the internal validation cohort, the

corresponding values were 87.0% and 96.4%, respectively

(Figure 2b). These results indicate the high predictive accuracy of

the model. Furthermore, the decision curve analysis demonstrated

robust clinical applicability of the model across various clinical

thresholds (Figure 2c). The clinical decision curve of the model,

depicted in Figure 2d, shows that out of 1000 patients, the solid red

line represents the total number of individuals considered high risk

at each threshold, while the blue dashed line indicates true

positive cases.
3.3 Clinical screening modeling for female
patients

3.3.1 Variable screening results
In female patients, the LASSO regression analysis process was

similar to that of male patients, as illustrated in Figures 3a and b,

which demonstrate the screening process and coefficient plots of the

variables. Five variables were selected: age, BMI, WWI, LDL-C, and

CK (Table 2), which were subsequently included in the multivariate

logistic regression analysis.
3.3.2 Nomogram development
We randomly divided the overall female study sample into a

training cohort (70%) and a validation cohort (30%) in a 7:3 ratios,

with baseline data shown in Supplementary Table S4. The

nomogram model developed for female patients (Figure 3C) also

consisted of 8 rows, where rows 2–6 corresponded to the model

variables. For instance, an 80-year-old female patient with T2DM

and osteoporosis, with a BMI of 16.59 kg/m², WWI 12.20 cm/√kg, a

CK level of 107 mmol/L, and a LDL-C level of 1.97 mmol/L, had a
Frontiers in Endocrinology 05
predicted probability of sarcopenia of 84.5% according to the

model (Figure 3D).

3.3.3 Evaluation of model performance
The calibration plots for female patients were in clear agreement

with the ideal diagonal (Figure 4a). The ROC curves demonstrated

high accuracy and discrimination, with an AUC of 0.845 (95% CI:

0.804-0.885) for the training cohort and 0.836 (95% CI: 0.769-

0.904) for the internal validation cohort. In the training cohort, the

sensitivity at the maximum Youden index of the ROC curve was

86.8%, and the specificity was 67.0%. In the internal validation

cohort, the corresponding values were 85.0% and 73.5%,

respectively (Figure 4b).

3.3.4 Decision curve analysis and model
validation

Decision curve analysis (Figure 4c) for female patients suggests

evidence of high clinical applicability of the model in both the

training and validation cohorts. Figure 4d presents the clinical

decision curves for this model in detail. Of the 1000 patients

included in the analysis, the solid red line indicates the total

number of patients judged to be at high risk at each risk

threshold. Meanwhile, the blue dashed line clearly shows the

number of these patients who tested positive.
3.4 Correlation analysis of muscle mass

In male patients, muscle mass of the upper limbs, lower limbs,

and trunk significantly decreased in the sarcopenia group

(Figure 5a). Upper limb muscle mass was negatively correlated

with age and WWI, and positively correlated with BMI and serum

calcium. Lower limb muscle mass exhibited a significant negative

correlation with both age and WWI, and a positive correlation with

BMI. Similarly, trunk muscle mass was negatively correlated with

age and positively correlated with BMI (Figure 5b). In female

patients, the muscle mass of the upper limbs, lower limbs, and

the trunk was decreased in the sarcopenia group, with the greatest

decrease in muscle mass in the lower limbs (Figure 5c). Upper limb

muscle mass was positively correlated with both BMI and CK.

Lower limb muscle mass was significantly negatively correlated with

LDL-C and positively correlated with BMI and CK. Additionally,

trunk muscle mass was positively correlated with BMI (Figure 5d).
4 Discussion

In this clinical observation study, it was found that sarcopenia is

significantly more prevalent in a population with T2DM combined

with osteoporosis, with gender differences. By analyzing gender-

specific risk factors, including age, BMI, WWI, vitamin D, calcium,

LDL-C, and CK, we could construct an effective predictive model to

identify the risk of sarcopenia in patients with T2DM combined

with osteoporosis. We anticipate that this model will enhance
TABLE 1 Multivariate analysis of predictors selected by the LASSO
regression procedure in the male training cohort.

Variables Estimate
Estimate OR
(95% CI)

P

Age 0.0953 6.728 (2.907, 15.568) <0.0001

BMI -0.9373 0.037 (0.015, 0.091) <0.0001

WWI 1.6748 4.525 (2.346, 8.725) <0.0001

25-Hydroxy Vitamin D -0.0586 0.928 (0.856, 1.006) 0.0708

Calcium -2.1894 0.621 (0.331, 1.167) 0.1388
BMI, Body Mass Index; WWI, weight-adjusted-waist index.
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clinicians’ understanding of early diagnosis and intervention

for sarcopenia.

Sarcopenia and osteoporosis often coexist as comorbidities in

the elderly, especially in diabetic populations (6). Our findings

suggest that the prevalence of sarcopenia is significantly higher in

the T2DM combined with osteoporosis population than in the
Frontiers in Endocrinology 06
general population and the T2DM-alone population (13), which is

consistent with previous studies (14). This finding indicates that

sarcopenia comorbidity is more prevalent in patients with T2DM

combined with osteoporosis, potentially exacerbating clinical

symptoms and complication risks. It also underscores the

importance of screening for sarcopenia in this specific population,
FIGURE 2

Performance of the male nomogram model. (a) Sarcopenia screening model calibration curves. The left side displays the calibration curves for the
training cohort, while the right side presents the calibration curves for the internal validation cohort. In these plots, the diagonal dashed line
represents the ideal curve, the solid line indicates the bias-corrected curve, and the dotted line shows the actual observed curve. (b) The area under
the curve was 0.912 (95% CI 0.868-0.955) for the training cohort (left side) and 0.964 (95% CI 0.929-0.999) for the internal validation cohort (right
side). Demonstrating the high ability to screen for sarcopenia. (c) Analysis of the decision curve for the nomogram assessing sarcopenia risk.
Decision curve analysis of the sarcopenia risk nomogram for the training set (left) and the internal validation cohort (right), while Y-axis measures
standardized net benefit. The grey line indicates the hypothesis that all patients have sarcopenia and receive treatment, the black line indicates the
hypothesis that all patients have no sarcopenia and none receive treatment (net benefit of 0), and the blue line indicates the risk plot. (d) Clinical
impact curves of the nomogram from the training set (left) and the internal validation cohort (right). Out of 1000 patients, the solid red line indicates
the total number of people considered high risk at each risk threshold. The blue dashed line indicates how many of these were true positives (cases).
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as early identification and intervention can significantly reduce the

risk of falls, fractures, and subsequent disability and death.

Additionally, the key findings of the study emphasize the

importance of gender in disease development. We found

significant differences in the incidence of sarcopenia by gender,

with men having a much higher incidence than women, which is

consistent with many studies (13, 15, 16). This difference may be

related to gender differences in body composition and metabolism,

hormone levels, lifestyle habits, disease management, and genetic

factors. Males and females differ in body composition distribution

and metabolic rate (17), with males tending to have a lower

percentage of body fat and a higher basal metabolic rate, which

may influence the rate of muscle mass change and muscle loss

during aging or stress. Additionally, sex hormones like testosterone
Frontiers in Endocrinology 07
significantly affect muscle growth and maintenance. Testosterone

levels in men are typically higher than in women, helping to

maintain higher muscle mass. As men age, a sharp decline in

testosterone levels may lead to a more rapid loss of muscle mass

(18). Finally, the later onset of osteoporosis in men is also a

contributing factor. Our results suggest that men are more

susceptible to sarcopenia in the context of T2DM combined with

osteoporosis. Thus, our study highlights the importance of gender-

specific strategies in managing diabetes and osteoporosis,

particularly the need for early identification and intervention in

male patients.

The nomogram was constructed based on an in-depth analysis

of patients with T2DM combined with osteoporosis. We first

identified several clinical indicators associated with the risk of

sarcopenia through LASSO statistical analysis, including age,

BMI, WWI, 25(OH)D, calcium, LDL-C, and CK. Subsequently,

we constructed a prediction model using these indicators, which

was then optimized and validated through ROC curve and decision

curve analyses. The predictive efficacy of the nomogram was

assessed by the area under the ROC curve (19). In male patients,

the AUC reached 91.2%, while in female patients, it was 84.5%.

These high AUC values indicate that the nomogram has high

sensitivity and specificity, effectively differentiating between

sarcopenia and non-sarcopenia patients. The gender-specific

design of the nomogram takes into account the physiological and

metabolic differences between males and females, which are rarely

reported in the existing literature. This design improves the

applicability and accuracy of the model for gender-specific
FIGURE 3

Predictor selection and nomogram construction for sarcopenia in women with T2DM combined with osteoporosis (a) LASSO coefficient profiles of
the 49 risk factors. (b) Selection of the minimum criterion (left dashed line) and the 1- standard error criterion (right dashed line) based on the
miniature LASSO regression deviation (lambda). (c) A nomogram for predicting sarcopenia in females. First, for each variable for a patient, a point
was found on the highest rule, then all points were summed and the total number of points was collected. Finally, find the corresponding predicted
probability of sarcopenia on the lowest rule. (d) Example of a dynamic nomogram for predicting sarcopenia in a female individual. T2DM, type 2
diabetes mellitus; LASSO, Least Absolute Shrinkage and Selection Operator; BMI, Body Mass Index; WWI, weight-adjusted-waist index; LDL-C, low-
density lipoprotein cholesterol; CK, Creatine Kinase. ** represents P < 0.01 and *** represents P < 0.001.
TABLE 2 Multivariate analysis of predictors screened by the LASSO
regression procedure in the female training cohort.

Variables Estimate Estimate OR (95% CI) P

Age 0.0257 1.361 (0.979, 1.893) 0.0666

BMI -0.4641 0.113 (0.074, 0.171) <0.0001

WWI 0.3854 1.461 (1.121, 1.903) 0.0050

LDL-C 0.2043 1.350 (0.997, 1.829) 0.0524

Creatine kinase -0.0096 0.874 (0.784, 0.974) 0.0151
BMI, Body Mass Index; WWI, weight-adjusted-waist index; LDL-C, low-density
lipoprotein cholesterol.
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patients. Meanwhile, the simplicity of the nomogram makes it easy

to use widely in clinical practice, helping to improve the early

diagnosis of sarcopenia. Additionally, in our muscle mass

correlation analysis, the correlation between these clinical
Frontiers in Endocrinology 08
indicators and lower limb muscle mass was significant. This

suggests that the nomogram composed of these indicators is more

responsive to the loss of muscle mass in the lower limbs and the

consequent risk of falls and fractures.
FIGURE 4

Performance of the nomogram model for females. (a) Calibration curves for the training set (left) and internal validation cohort (right) of the female
sarcopenia screening model. The diagonal dashed line represents the ideal curve, the solid line indicates the bias-corrected curve, and the dotted
line shows the actual observed curve. (b) Receiver operating characteristic curves for the training cohort (left side) and the internal validation cohort
(right side). The area under the curve was 0.845 (95% CI 0.804-0.885) for the training cohort and 0.836 (95% CI 0.769-0.904) for the internal
validation cohort, both of which showed a high ability to screen for sarcopenia. (c) Decision curve analysis of the sarcopenia risk nomogram for the
training set (left) and the internal validation cohort (right), while Y-axis measures standardized net benefit. The grey line indicates the hypothesis that
all patients have sarcopenia and receive treatment, the black line indicates the hypothesis that all patients have no sarcopenia and none receive
treatment (net benefit of 0), and the blue line indicates the risk map. (d) Clinical impact curves of the nomogram from the training set (left) and the
internal validation cohort (right). Out of 1000 patients, the solid red line indicates the total number of people considered high risk at each risk
threshold. The blue dashed line indicates how many of these were true positives (cases).
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Age is an established factor in the development of sarcopenia,

characterized by a gradual decline in muscle mass and function.

Studies have shown that in older adults, the rate of muscle protein

synthesis decreases while catabolism increases, leading to a

reduction in muscle mass and strength (20). In the present study,

age was used as an independent predictor of sarcopenia, which is

consistent with the existing conclusions. Current research indicates

a complex and ambiguous relationship between BMI and

sarcopenia. Our study showed a negative association between

BMI and sarcopenia, indicating that lower BMI predicts lower

muscle mass and a higher risk of sarcopenia in patients with

T2DM combined with osteoporosis, which is consistent with

some studies. Molly Curtis found that low BMI was significantly

associated with a higher likelihood of sarcopenia in community-

dwelling older adults in the UK, highlighting that individuals with

low BMI are an important risk group for sarcopenia (21). Another

10-year follow-up cohort study in Brazil showed that low BMI was

significantly associated with sarcopenia, with lower BMI correlating

with higher odds of sarcopenia (22). However, other studies have
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suggested that higher BMI may mask differences in muscle mass

and body fat distribution, leading to the phenomenon known as

“Sarcopenic Obesity” (23). The inability of BMI to accurately

differentiate between muscle mass and body fat proportions may

be one reason for the discrepancy in conclusions (24). WWI is a

new type of obesity assessment index that combines the advantages

of waist circumference in reflecting abdominal obesity, while

reducing the correlation with BMI by adjusting for body weight.

WWI is superior to BMI and waist circumference in assessing

muscle and fat mass, and shows a positive correlation with total

abdominal fat area and a negative correlation with total abdominal

muscle area (25, 26). Recent studies have shown that for every 1-

unit increase in WWI, the risk of sarcopenia increases 14.55-fold in

men and 2.86-fold in women, suggesting an increased risk of

sarcopenia in individuals with higher WWI (27), which is

consistent with our results.

In the male group, we found that reductions in both vitamin D

and calcium were associated with the risk of sarcopenia. The

relationship between vitamin D and sarcopenia has been widely
FIGURE 5

Gender-specific muscle mass changes and correlation analysis. (a) Changes in muscle mass by component in males with sarcopenia. (b) Heat map
of the correlation between each component of muscle and risk factors in males. (c) Changes in muscle mass by component in female patients with
sarcopenia. (d) Heat map of the correlation between each component of muscle and risk factors in females. The results are from the student’s t-test
and Spearman’s correlation analysis, * represents P < 0.05, ** represents P < 0.01, and ***represents P < 0.001. ULMM, upper limb muscle mass;
LLMM, lower limb muscle mass; TMM, trunk muscle mass; BMI, Body Mass Index; WWI, weight-adjusted-waist index; 25(OH)D, 25-Hydroxyvitamin
D; LDL-C, low-density lipoprotein cholesterol; CK, Creatine Kinase.
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studied and observed. According to a recent study, there is a

significant non-linear association between decreased vitamin D

levels and an increased risk of sarcopenia. Particularly, at serum

25(OH)D levels below 20 ng/mL, the risk of sarcopenia increases

dramatically with decreasing vitamin D levels (28). Another study

also found that vitamin D deficiency was significantly associated

with reduced muscle strength, and that vitamin D can directly

promote muscle fiber proliferation and differentiation by binding to

vitamin D receptors in skeletal muscle cells (29). Additionally, a

cross-sectional analysis using the UK Biobank showed that higher

calcium intake was associated with lower odds of sarcopenia (30).

Another analysis of the Korean National Health and Nutrition

Examination Survey found that daily calcium intake was positively

associated with lower limb skeletal muscle mass (31). Reduced

calcium levels may affect muscle contraction and nerve conduction,

further impacting muscle strength and function, which is consistent

with the features of sarcopenia (32). Therefore, our study supports

the importance of maintaining adequate vitamin D and calcium

levels for the prevention and treatment of sarcopenia.

Meanwhile, our study demonstrated that elevated LDL-C levels

increase the risk of sarcopenia in the female population. Several

studies have indicated that the increase in LDL-C, a parameter

related to lipid metabolism, is a risk factor for sarcopenia (33).

Another study revealed a negative correlation between LDL-C levels

and skeletal muscle mass, emphasizing the potential role of

abnormal lipid metabolism in the development of sarcopenia

(34). However, the relationship between lipid levels and

sarcopenia may be influenced by various factors, including diet,

lifestyle, and other metabolic factors, necessitating further studies to

elucidate the exact mechanisms linking lipid metabolism and

sarcopenia. The correlation between CK and sarcopenia in

females was an interesting finding in this study, and we found

that reduced CK was an independent predictor of sarcopenia

development. A cross-sectional study on the relationship between

serum CK and sarcopenia showed that CK was positively correlated

with skeletal muscle mass in patients with T2DM, which is in

agreement with our results, suggesting that CK may be used as a

biomarker to assess the risk of sarcopenia in patients with T2DM.

This study has several limitations. First, the sample size, as well

as regional and ethnic differences, may affect the generalizability of

the results. Second, due to the cross-sectional design of the study, it

was not possible to establish a causal relationship between these risk

factors and sarcopenia. Finally, our study did not consider other

factors that may influence sarcopenia, such as genetic factors,

lifestyle habits, nutritional status, and environmental factors.

Future studies could improve the representativeness and

generalizability of the findings by expanding the sample size and

including genetic, lifestyle and environmental factors. Follow-up

studies can also be conducted to assess the long-term predictive

ability of the nomogram in practical clinical applications.

In summary, this study provides a scientific basis for the early

identification and intervention of sarcopenia in patients with T2DM

combined with osteoporosis by establishing a gender-specific

nomogram. It also highlights the need for gender-specific
Frontiers in Endocrinology 10
strategies in disease management. Despite the limitations of

sample representativeness and cross-sectional design, this study

provides an accurate, low-economic cost, non-invasive screening

tool for early identification of people at high risk of fractures and

falls. Further long-term prospective studies are necessary to validate

the predictive power and clinical effectiveness of the nomogram.
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