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OPEN Predicting the occurrence of
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The objective of this research was to identify the factors contributing to the decline in handgrip
strength among middle-aged and elderly individuals with this condition. In addition, an algorithmic
model for the detection of probable sarcopenia will be developed. This research encompassed the
collection and evaluation of fundamental data, laboratory indicators, body composition metrics, and
lifestyle factors. Patients were diagnosed with handgrip strength loss according to the diagnostic
criteria established by the Asian Working Group for Sarcopenia in 2019, specifically for “probable
sarcopenia”. A multifactorial logistic regression model was employed to discern the independent
variables that significantly influence the occurrence of handgrip strength reduction among patients
suffering from coronary artery disease. An internal validation of this model was conducted using the
bootstrap repetitive sampling technique. The predictive efficacy of the model was assessed through
comparisons of the area under the receiver operating characteristic curve, the calibration curve,

and the decision curve for the subjects. High gait speed (OR 0.015; 95%Cl 0.001-0.232), high calf
circumference (OR 0.650; 95%CI 0.503-0.839), and high albumin level (OR 0.714; 95%Cl 0.572-0.891)
were significantly and negatively associated with reduced handgrip strength, which were protective
factors for the development of probable sarcopenia. (all p<0.05). Gait speed, calf circumference, and
serum albumin levels were independent factors that influenced the likelihood of developing probable
sarcopenia. The nomogram model based on these factors has a certain predictive value of probable
sarcopenia, which can guide the development of disease prevention strategies.

Keywords Probable sarcopenia, Coronary artery disease, Nomogram, Handgrip strength

Abbreviations

ALB Albumin

ASM Appendicular skeletal muscle mass
ASMI Appendicular skeletal muscle index
AUC Area under the curve

AWGS Asian working group for sarcopenia
BMI Body mass index

CAD Coronary artery disease

CcC Calf circumference

ChE Choline esterase

CI Confidence intervals

1Chengdu University of Traditional Chinese Medicine, Chengdu, Sichuan Province, China. 2Hospital of Chengdu
University of Traditional Chinese Medicine, No. 39 Shi-Er-Qiao Road, Chengdu 610072, Sichuan Province, China.
*email: 3173907 @qq.com

Scientific Reports|  (2025) 15:28830 | https://doi.org/10.1038/541598-025-13712-x nature portfolio


http://orcid.org/0009-0002-0363-4247
http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-13712-x&domain=pdf&date_stamp=2025-8-6

www.nature.com/scientificreports/

COPD Chronic obstructive pulmonary disease
DBP Diastolic blood pressure

EWGSOP  European working group on sarcopenia in older people
FTSST Five-repetition sit-to-stand test

GGT y-Glutamyl transferase

GS Gait speed

Hb Hemoglobin

HDL-C High-density lipoprotein cholesterol
HGS Handgrip strength

LDL-C Low-density lipoprotein cholesterol
LYM Lymphocytes

NEU Neutrophils

OR Odds ratios

RBC Red blood cells

ROC Receiver operating characteristic
SARC-F The simple five-item scoring scale for sarcopenia
SBP Systolic blood pressure

Scr Serum creatinine

TC Total cholesterol

TG Triglycerides

UA Uric acid

VIF Variance inflation factor

WBC White blood cells

WHR Waist-to-hip ratio

Sarcopenia is a systemic muscle disorder defined by a decline in muscle mass, reduced muscle strength, and
diminished physical performance.! Studies indicate that the projected number of individuals suffering from
sarcopenia is anticipated to rise to approximately 500 million by 2050.2 The concept of probable sarcopenia
was first introduced by the European Working Group on Sarcopenia in Older People (EWGSOP2) through
the identification of low muscle strength.’> However, given the specific context of this study, which focused on
a Chinese population, the diagnostic criteria for muscle strength loss established by the 2019 Asian Working
Group for Sarcopenia (AWGS) were adopted, with cutoff values of <28 kg for men and <18 kg for women.?
The primary description of sarcopenia centered on muscle bulk, but current international guidelines now place
greater emphasis on muscle function.’ Sarcopenia diagnosis often centers on muscle strength, typically assessed
through handgrip strength (HGS). The prevalence of sarcopenia in patients with cardiovascular disease ranges
from 10.1 to 68.9%, indicating a notable presence, especially at 43% in those with coronary artery disease
(CAD).® However, most studies on coronary artery disease and sarcopenia have concentrated on assessing
muscle mass and analyzing related risk factors, with comparatively few examining handgrip strength in isolation.
Previous studies have indicated that lower handgrip strength is associated with a higher likelihood of death
from cardiovascular causes.” Analyses from a genetic risk perspective also found a negative correlation between
coronary heart disease and handgrip strength.® Thus, a simple measurement such as handgrip strength appears
to have a strong ability to predict outcomes in cardiovascular disease, leading to benefits in terms of improved
disease prognosis and reduced economic burden.

Sarcopenia is the most prevalent health issue among older adults and is a leading cause of falls, fractures,
and declines in cardiorespiratory function in this population.” Sarcopenia typically manifests insidiously, with
subtle or no discernible symptoms during its early stages. Consequently, many patients are not diagnosed or
treated proactively.!” In comparison, measuring handgrip strength is a convenient method for risk stratification
of cardiovascular mortality and cardiovascular disease.!! However, there is currently no validated predictive
model for probable sarcopenia based on simple clinical and functional parameters such as HGS. Although
generic screening tools (e.g. SARC-F)? are available, they lack specificity for cardiovascular populations and fail
to account for CAD-specific confounders, such as problems with cut-off point settings.!? To address this critical
gap, we developed and validated the first clinical prediction model integrating general characteristics and CAD-
specific medical history data. This model facilitates the early detection of sarcopenia and prompt treatment,
which contributes to improved healthcare results for elderly CAD patients.!?.

The prevalence of sarcopenia increases with age, but it is not exclusively an elderly condition. Several studies
have reported that handgrip strength declines from middle age onward.!* Therefore, we focused our study on
the middle-aged and elderly population with coronary heart disease. By identifying individuals with decreased
handgrip strength, we aimed to uncover more cases of probable sarcopenia. The inclusion of both groups
enables the development of a predictive model with broader applicability and provides a reference for sarcopenia
screening and management in patients across different age groups. This is in line with EWGSOP2’s call to action
for healthcare professionals treating patients at risk of sarcopenia to promote early detection and treatment. We
believe that detecting “probable sarcopenia” may hold greater interventional value and clinical significance than
identifying sarcopenia itself. Therefore, the availability of easily accessible indicators with strong correlations is
an important topic for clinicians, as it will influence the extent to which this predictive model can be generalized
and adapted. Therefore, the current study investigated the risk factors for probable sarcopenia in middle-aged
and elderly patients with coronary heart disease, categorizing participants based on their handgrip strength
levels. This analysis aimed to lay a theoretical groundwork for the development of more effective predictive and
intervention strategies.
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Materials and methods
Study subjects
This hospital-based cross-sectional analytical study was conducted at the Hospital of Chengdu University of
Traditional Chinese Medicine between October 2022 and September 2024 to investigate the predictive value
of general information and clinical parameters for probable sarcopenia in consecutively enrolled CAD patients
aged > 45 years. The study adhered to STROBE guidelines for observational studies.

Inclusion criteria: (i) Age =45 years. (ii) Coronary angiography identifies a stenosis of more than 50% of the
diameter of one or more major coronary arteries.'

Exclusion criteria: (i) Patients with aphasia, delirium, and severe cognitive impairment resulting in an
inability to communicate. (ii) Those with incomplete clinical information.

Data collection
(1) The following information was collected by inspecting the digital medical records:

(i) Demographic information: gender, age, height, weight, smoking history, and alcohol consumption history
(Smoking history: Defined as consecutive or cumulative smoking for > 6 months during a lifetime.'® Alco-
hol consumption history: Defined as consuming >40 g of alcohol per day for > 12 months.'”)

(ii) Co-morbidities: including hypertension, type 2 diabetes, chronic obstructive pulmonary disease (COPD),
and the number of long-term medications. Diagnostic criteria: Hypertension is defined as follows'®: when
measuring blood pressure on three non-consecutive days without the use of antihypertensive medica-
tion, a systolic blood pressure (SBP) =140 mmHg and/or a diastolic blood pressure (DBP)>90 mmHg.
A patient with a prior history of hypertension who is currently on antihypertensive medication is still
diagnosed with hypertension even if their blood pressure is below 140/90 mmHg. Diabetes is defined as
follows': a clear prior history of diabetes with the use of hypoglycemic agents or insulin, or a fasting blood
glucose level >7.0 mmol/L on two consecutive occasions. COPD was defined as FEV1/FVC<70% with
bronchodilators.?

(iii) Laboratory parameters: red blood cells (RBC), white blood cells (WBC), lymphocytes (LYM), neutrophils
(NEU), hemoglobin (Hb), albumin (ALB), uric acid (UA), serum creatinine (Scr), y-glutamyl transferase
(GGT), choline esterase (ChE), total cholesterol (TC), triglycerides (TG), high-density lipoprotein choles-
terol (HDL-C), and low-density lipoprotein cholesterol (LDL-C).

(2) Subjects dietary habits, permanent exercise, etc. were collected through in-person questioning.
(Permanent exercise: Defined as engaging in at least 150 min of moderate-intensity aerobic exercise per week.?!)

(3) The Simple Five-item Scoring Scale for Sarcopenia (SARC-F)?%: The survey includes five sections: muscle
power, walking aid, chair rise, stair climbing, and fall history (Table 1).

Body composition analysis, measurement of handgrip strength, five-repetition sit-to-stand
test, and gait speed

(1) Body composition analysis: All subjects ate a normal diet, emptied their bowels, and wore light clothing on
the day of testing. Body composition was assessed using bioelectrical impedance analysis (DBA-510) with-
out strenuous exercise. The appendicular skeletal muscle mass (ASM) was recorded, and the appendicular
skeletal muscle index (ASMI) was computed.

(2) Measurement of HGS: This was done by an electronic handgrip strength device (EH101). Subjects were
asked to maintain their elbows in 90° flexion while holding the device at maximum force for 3 seconds
in a seated position. The highest measurement obtained from two trials using their dominant hand was
recorded. As outlined in the Asian Working Group for Sarcopenia (AWGS) 2019, low HGS was defined
as <28 kg for men and < 18 kg for women.* The measurement process was guided and supervised by trained
professionals.

(3) Five-repetition sit-to-stand test (FTSST): Subjects crossed their arms over their shoulders, held this posi-
tion, and quickly rose from their chairs and sat down again. The time taken for five consecutive times was

recorded.

Number | Inquiry Scoring system

1 Lifting and carrying 10 pounds?

2 Walking across a room? None 0

How much difficulty do you have in... Some 1

3 Transferring from a chair or bed? | A 1ot or unable 2

4 Climbing a flight of 10 stairs?
None 0

5 How many times have you fallen in the past year? less than 3 falls 1
4 or more falls 2

Table 1. SARC-E
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(4) Gait speed (GS): Subjects walked 6 meters at a normal speed on a flat surface. The duration was noted, and
gait speed was calculated.

Statistical analysis

The SPSS Statistics version 25.0 (IBM) and R 4.4.1 software package were used for statistical analysis. Normally
distributed data were presented as mean + SD, with comparisons between the two groups conducted using the
t-test. Non-normally distributed data were expressed as median (interquartile range), and the Mann-Whitney U
test was employed for group comparisons. Categorical data were reported as frequency (percentage), and group
comparisons were performed using the chi-square test.

To assess potential multicollinearity among predictor variables, we calculated Variance Inflation Factors
(VIF), which quantify the inflation of regression coefficient variances due to collinear relationships among
predictors. Following O’Brien’s 2 methodological review, we used VIF>10 as the diagnostic threshold for
problematic multicollinearity that requires remediation, as this level of inflation has been shown to substantially
distort parameter estimates and their inferential statistics.

LASSO regression was employed to reduce the dimensionality of the included variables and identify the
significant influencing factors. Multivariate logistic regression analysis was conducted to assess risk factors,
with odds ratios (OR) and 95% confidence intervals (CI) used to express the results. Statistical significance was
determined with a p-value threshold of less than 0.05.

The R 4.4.1 software package was employed to build a nomogram model for predicting the likelihood of
sarcopenia. Internal validation was carried out through bootstrap resampling, involving 1000 iterations. Receiver
operating characteristic (ROC) curves were utilized to evaluate the predictive capability of the nomogram model.
Calibration curves were applied to gauge the model’s accuracy in data representation, and a decision curve was
constructed to assess the clinical utility of the nomogram model.

Results

General characteristics of the study population

Based on the criteria for participation, 81 individuals with coronary artery disease were enrolled in the research.
Participants’ ages ranged from 48 to 92 years (mean+SD =69.36+9.59). According to the diagnostic criteria of
the AWGS 2019, 45 were categorized in the low HGS group (probable sarcopenia), and 36 fell into the normal
HGS category. Of these, 18 participants were confirmed sarcopenia. (Fig. 1).

Comparison of data in patients with CAD in the low HGS group and the normal HGS group
Comparison of general data in patients with CAD in the low HGS group and the normal HGS group

Participants in the low handgrip strength group were significantly older than those in the normal group
(72.67 £9.04 vs. 65.22+ 8.70 years, p <0.001; Table 2). Furthermore, both height and weight measurements were
significantly lower (p <0.05) in comparison to the normal HGS group. It’s also worth noting that there were no
statistically substantial variations between the two groups concerning gender, BMI, smoking history, alcohol
consumption history, or permanent exercise (all p-values > 0.05).

Comparison of clinical data in patients with CAD in the low HGS group and the normal HGS group

As shown in Table 3, the low HGS group showed significantly lower levels of erythrocytes, hemoglobin, and
albumin (all p <0.05), along with poorer performance on sarcopenia-related measures (FTSST time, gait speed,
calf circumference, and SARC-F score) compared to the normal HGS group. Body composition analysis revealed
significantly lower ASM and ASMI in the low HGS group (p<0.05). No significant differences were found in
other metabolic parameters or clinical characteristics between groups.

Patients with CAD were enrolled according to the inclusion criteria (n=83)

Exclusion: Incomplete clinical
information (n=2)

A 4

Final inclusion of patients with CAD (n=81)

General data collection, body
> composition analysis, HGS,
FTSST, GS measurement

A4

A 4
Low HGS group(n=45) | | Normal HGS group(n=36)

Fig.1. A flow diagram illustrating the selection of study participants.
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Variables Low HGS group(n=45) | Normal HGS group(n=36) | Z/t/ x> | Pvalue
Male 25(55.6%) 27(75.0%) 3.290¢ 0.070
Age, years 72.67£9.04 65.22+8.70 -3.745" | <0.001
Height, m 1.57(1.54, 1.65) 1.68(1.58, 1.75) —3.741* | <0.001
Weight, kg 60.49+11.62 69.01+£10.69 3.396" 0.001
BMI, kg:m™ 24.04+3.71 24.97+£3.09 1.208° 0.231
Greasy Diet 18(40.0%) 14(38.9%) 0.010° 0.919
Smoking history 17(37.8%) 21(58.3%) 3.393¢ 0.065
Alcohol consumption history | 17(37.8%) 16(44.4%) 0.368¢ 0.544
Permanent exercise 37(82.2%) 26(72.2%) 1.157¢ 0.282

Table 2. Comparison of general data in patients with CAD in the low HGS group and the normal HGS group.
BMI, body mass index. Statistical annotations: : Mann-Whitney U test; °: Independent samples t-test; <: Chi-
square test.

Variables Low HGS group(n=45) | Normal HGS group(n=36) | Z/t/ x> | Pvalue
WBC, 10A%/L 5.51(4.65, 6.98) 5.79(4.87,7.14) —-0.703* 0.482
RBC, 10712/ 4.23+0.62 4.60+0.41 3.243% 0.002
Hb, g/L 133.00(116.00, 141.00) 144.50(133.50, 153.75) —3.266% 0.001
NEU, 10/°/L 3.87(2.92, 4.90) 3.65(2.99, 4.79) —-0.204* 0.838
LYM, 107%/L 1.19(0.93, 1.51) 1.42(1.17, 1.66) —-1.659* 0.097
ALB, g/L 41.83+£3.52 44.64+2.45 4.226° <0.001
UA, pmol/L 353.57+86.59 364.22+84.01 0.557° 0.579
Scr, umol/L 73.90(63.65, 95.95) 70.50(63.78, 87.88) -0.556° 0.578
GGT, U/L 24.00(19.50, 37.00) 23.50(19.00, 38.75) -0.024* 0.981
ChE, U/L 8311.69+2662.81 8983.58+1550.16 1.974° 0.052
TG, mmol/L 1.38(1.08, 1.89) 1.46(1.09, 2.25) —-0.737% 0.461
TC, mmol/L 3.74+1.11 3.68+0.95 -0.254° 0.800
HDL-C, mmol/L 1.11(0.91, 1.29) 1.03(0.83, 1.29) —-0.746* 0.455
LDL-C, mmol/L 2.11(1.22,2.87) 1.94(1.54, 2.36) —-0.190* 0.849
CAD duration, years 2.50(0.25, 6.00) 1.00(1.00, 4.13) —-0.689* 0.491
Hypertension 34(75.6%) 25(69.4%) 0.378¢ 0.539
Type 2 diabetes 15(33.3%) 12(33.3%) 0°¢ 1.000
COPD 3(6.7%) 2(5.6%) - 1.000
Long-term medications, species | 4(3, 6) 5(3,6) -0.376% 0.707
FTSST, s 15.98(12.14, 20.86) 12.51(10.27, 14.31) -3.678 | <0.001
GS, m/s 0.90+0.27 1.14+0.24 4.080° <0.001
CC,cm 32.24+3.22 35.15+2.58 4.409° <0.001
SARC-F 1(0,2) 0(0, 1) -2.3331 | 0.020
Body fat mass, kg 16.62+6.82 19.08 £5.96 1.705° 0.092
Body fat percentage, % 29.30(21.00, 32.35) 27.75(21.20, 33.05) -0.076% 0.939
WHR 0.93(0.88, 0.97) 0.95(0.92, 0.96) -1.048% | 0.295
ASM, kg 17.19+4.22 20.78+4.70 3.616" 0.001
ASMI, kg-m™2 6.75+1.12 742+1.11 2.662° 0.009

Table 3. Comparison of clinical data in patients with CAD in the low HGS group and the normal HGS
group. WBC, white blood cells; RBC, red blood cells; Hb, hemoglobin; NEU, neutrophils; LYM, lymphocytes;
ALB, albumin; UA, uric acid; Scr, serum creatinine; GGT, y-glutamyl transferase; ChE, choline esterase;

TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; FTSST,
five repetition sit-to-stand test; GS, gait speed; CC, calf circumference; SARC-E, the simple five-item scoring
scale for sarcopenia; WHR, waist-to-hip ratio; ASM, appendicular skeletal muscle mass; ASMI, appendicular
skeletal muscle index. Statistical annotations: > Mann-Whitney U test; ®: Independent samples t-test; <: Chi-
square test; d. Fisher’s exact test.
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Fig. 2. Mapping of the LASSO regression model.

Variables | OR | 95%CI P value

GS 0.015 | 0.001-0.232 | 0.003

CcC 0.650 | 0.503-0.839 | 0.001

ALB 0.714 | 0.572-0.891 | 0.004

Table 4. Multifactorial logistic regression analysis of the occurrence of probable sarcopenia in patients with
CAD. GS, gait speed; CC, calf circumference; ALB, albumin.

Independent risk factors for probable sarcopenia in middle-aged and elderly patients with
CAD

Covariance diagnostics were run for 12 statistically significant variables such as age, height, weight, erythrocytes,
hemoglobin, etc. in Tables 2 and 3. Initial analysis revealed high multicollinearity, with variance inflation factor
(VIF) values of 156.171 for ASM and 63.205 for ASMI. After excluding ASM, all remaining variables exhibited
acceptable collinearity (VIF < 10). Subsequently, the 11 retained variables were subjected to LASSO regression
with tenfold cross-validation. The optimal model (lambda=0.026) identified six predictors with non-zero
coefficients: age, height, FTSST, GS, CC, and ALB, all of which demonstrated low multicollinearity (VIF<5)
(Fig. 2).

A multifactorial logistic regression analysis was performed using whether the subjects experienced a reduction
in HGS (no=0, yes=1) as the outcome variable. The above statistically significant indicators were included as the
independent variables, and the regression process was performed using the forward LR method. The inclusion
criterion was p <0.05 (Table 4). The results showed that high GS (OR 0.015; 95% CI 0.001-0.232), high CC (OR
0.650; 95% CI 0.503-0.839) and high ALB level (OR 0.714; 95% CI 0.572-0.891) were protective factors for the
development of probable sarcopenia. The Hosmer-Lemeshow test for the regression model resulted in a p-value
exceeding 0.05, suggesting a satisfactory model fit.

Development and evaluation of the prediction model

The three independent factors identified from the multifactorial logistic regression analysis were utilized to
create a nomogram model for forecasting the incidence of probable sarcopenia (Fig. 3). Internal validation was
conducted through bootstrap resampling, consisting of 1000 iterations. The evaluation outcomes indicated the
consistency index of the model was 0.89. Analysis of the ROC curve, as depicted in Fig. 4, revealed an Area
Under the Curve (AUC) for the nomogram model to be 0.888, with a 95% confidence interval spanning from
0.815 to 0.96. As shown in Fig. 5, both the apparent line and the bias-corrected line of the calibration curve
showed slight fluctuations near the ideal line. The model’s predictions, characterized by a mean absolute error
of 0.015, generally aligned with the observed variables in the dataset, indicating robust predictive capacity. After
bias correction, the predictive results of the model were able to reflect the actual risk quite well, particularly
performing ideally within the moderate risk range. The decision curve analysis underscored that the red curve
outperformed both the “none” and “all” lines, affirming that the model delivered superior net benefits across
various high-risk thresholds (Fig. 6).

Discussion
The univariate analysis of this research showed that the low HGS group experienced notably reduced values in
height, weight, Hb, RBC, ALB, GS, CC, ASM, and ASMI, as well as higher scores for age, FTSST, and SARC-F
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Fig. 3. Prediction nomogram model for probable sarcopenia.
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Fig. 4. ROC curve for the nomogram model predicting probable sarcopenia.

compared to the normal HGS group. Based on the outcomes of the univariate variable screening, a multivariate
logistic regression model was developed to identify three distinct diagnostic markers. Among them, gait speed,
calf circumference, and ALB were protective factors for the development of probable sarcopenia in patients
in middle age and beyond with coronary artery disease. The AWGS defined probable sarcopenia as a lack of
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Fig. 5. Calibration curve for the nomogram model predicting probable sarcopenia.
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Fig. 6.

muscle strength or poor physical performance, especially concerning primary care and community-based
health promotion for early lifestyle interventions.* The three independent predictors derived from this study are
conveniently accessible in the clinic and are applicable and actionable in many clinical settings. Furthermore, this
research showed that the nomogram model we developed demonstrated strong discriminative and calibration
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capabilities. It will be a promising method to identify the risk of sarcopenia in middle-aged and older individuals
with CAD, as demonstrated by the ROC curve and the calibration curve in this study.

As reported by the World Health Organization, coronary artery disease, the leading form of cardiovascular
disease, has caused a serious socioeconomic burden.?* A prospective study including 345 elderly patients with
CAD indicated a prevalence of 22.6% for sarcopenia.? The two often interact and influence each other, having a
significant negative effect on the health and general life quality of elderly individuals.

Among the various risk factors associated with sarcopenia, advanced age is likely the most significant.*
Compared to measuring muscle strength, assessing muscle mass requires specific equipment and specialized
personnel, which makes it challenging and limited in clinical practice. Therefore, we focused our study on the
middle-aged and elderly population with coronary heart disease. By identifying individuals with decreased
handgrip strength, we aimed to uncover more cases of probable sarcopenia. The results indicated a higher
prevalence of “probable sarcopenia” at 55.56% in contrast to the prevalence of sarcopenia, which was 22.22%.
It suggests that our study is an important guide for identifying probable sarcopenia, exploring independent
influencing factors, and developing a nomogram prediction model. Therefore, it can be a potent method for the
preliminary identification of sarcopenia and improve the outlook for coronary heart disease.

The prevalence of malnutrition tends to rise in middle-aged and elderly individuals with coronary artery
disease, attributed to the gradual impairment of cardiopulmonary function, a decline in digestive and absorptive
capabilities, and limited physical activity. Complications, including osteoporosis, muscle wasting, and cognitive
decline, may arise. When the body ages or experiences a chronic disease state, a series of changes in skeletal
muscle may lead to decreased protein synthesis and increased degradation. Proteins have a significant impact on
changes to muscle structure and function.?®

Malnutrition elevated the likelihood of having low handgrip strength by nearly twice as much (p<0.001
Chronic malnutrition may lead to anemia. Previous studies have found that low hemoglobin level served as an
autonomous risk factor for sarcopenia in patients with Crohn’s disease, cirrhosis of the liver, and Alzheimer’s
disease in women.?830 Malnutrition is also positively associated with handgrip strength.3*? The findings from
this research indicated that the hemoglobin level in the low HGS group (x=133.00 g/L) was substantially below
that of the normal HGS group (x=144.50 g/L). Nevertheless, low hemoglobin level was not identified as a
standalone contributing element for the onset of probable sarcopenia in patients with CAD.

For individuals in middle age and later life, ensuring sufficient protein intake is crucial. According to a meta-
analysis, protein supplements could augment the effectiveness of resistance training in boosting muscle mass,
handgrip strength, and gait speed in older people.*> Albumin is a nonspecific protein transporter for acute-
phase reactants as well as for various hormones.* In the absence of a disease state affecting albumin production,
hypoalbuminemia is thought to result from poor nutritional status and chronic inflammation.’> Nonetheless,
the assessment related to sarcopenia in middle-aged and elderly patients with CAD does not necessarily need to
be conducted in the presence of reduced albumin levels to indicate risk. A recent prospective cohort study found
that even serum albumin levels within the normal spectrum could serve as a potential warning sign for reduced
muscle performance.’® Whereas calf circumference and gait speed measurements reflect muscle mass and
function respectively.’” Therefore, in conjunction with the results of this study, healthcare professionals need to
consider the patient’s calf circumference and gait speed at different albumin levels. Our findings underscore the
multifactorial nature of sarcopenia and its potential impact on health outcomes in the CAD population. These
will complement handgrip strength measurements and enrich the screening criteria for “probable sarcopenia’”.
Using this nomogram model, a comprehensive assessment of probable sarcopenia can be made.

Previous studies have demonstrated the prognostic value of sarcopenia components (e.g., gait speed, and
calf circumference). Xiao et al. reported a significant association between slow gait speed and cardiometabolic
disease risk,*® while Canonico et al. identified calf circumference as a predictor of mortality in frail elderly
patients.>® These findings support our selection of core indicators (gait speed and calf circumference).

However, existing sarcopenia screening tools show limited applicability in specific populations. For instance,
in COPD patients, the SARC-F questionnaire exhibits moderate specificity (74.47%) but poor sensitivity
(55.56%), potentially leading to underdiagnosis. Although the Ishii test demonstrates better sensitivity/specificity
(71.59%/90.48%),% its performance in cardiovascular diseases remains unvalidated. Critically, no validated
screening model exists for middle-aged and elderly coronary artery disease patients, a high-risk population with
elevated comorbidity burden and accelerated muscle loss.?®

To address this gap, we developed and validated the first clinical model for probable sarcopenia in CAD
patients, incorporating gait speed, calf circumference, and serum albumin levels. Compared to prior tools, our
model provided a tailored solution for early sarcopenia detection in this population.

While this study provides novel insights into sarcopenia screening in CAD patients, several important
limitations should be considered. First, as a single-center study conducted at Chengdu University of Traditional
Chinese Medicine Hospital, our cohort may not fully represent broader CAD populations due to regional
healthcare disparities and local socioeconomic factors. Second, we acknowledge potential confounding from
unmeasured variables including dietary patterns, protein intake, and physical activity levels, which could
influence the sarcopenia-CAD relationship. Third, the cross-sectional design limits our ability to establish causal
relationships between sarcopenia components and long-term CAD prognosis. Additionally, while our sample
size (n=81) was adequate for initial model development, it restricts more detailed subgroup analyses by CAD
severity or age stratification. To address these limitations, future multi-center studies should incorporate: (1)
standardized nutritional assessments, (2) longitudinal follow-up for mortality outcomes, and (3) ethnicity-
specific calibration of anthropometric measures like calf circumference to validate and refine our model.
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Conclusion

This research involved utilizing three parameters—walking speed, calf muscle thickness, and albumin levels—to
construct a nomogram that forecasts the likelihood of probable sarcopenia development. Our model exhibited
robust predictive capabilities and practical clinical value, and it can be used to assist clinicians with screening
recommendations. Identifying individuals at risk promptly and initiating early treatment can slow the decline in
muscle power and mass, thereby preventing future functional impairments and adverse cardiovascular events.

Data availability
The dataset generated and analyzed during the current study is available from the corresponding author upon
reasonable request.
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