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Abstract 
Introduction: Aging, which can lead to frailty and sarcopenia (loss of muscle mass and strength), requires the application of effective diagnostic 

tools to control functional decline.

Objective: To verify the effectiveness of Handgrip Strength (HGS), body composition, calf circumference, and nutritional assessment as 
diagnostic methods for sarcopenia in frail elderly individuals.

Methods: Observational, descriptive, and retrospective study using data from the medical records of 15 frail elderly individuals (mean age 82.46 
± 6.52 years) treated at a Physiotherapy Teaching Clinic (2022-2024). The Random Forest model (Python language) was used to predict sarcopenia 
based on the four variables.

Results: Calf circumference, HGS, and Fat-Free Mass Index (FFMI) showed low accuracy (33.33%). In contrast, nutritional assessment (MAN) 
demonstrated superior performance, reaching 66.66% accuracy.

Conclusion: Nutritional assessment stood out as the most sensitive tool for predicting sarcopenia in this group of frail elderly individuals. The 
findings reinforce the need for the integration of multiple screening methods, given the multifactorial complexity of sarcopenia.
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Introduction

Aging is a natural, gradual process that directly affects systemic 
physiological functions, significantly altering organic functionality 
across physical, emotional, and social domains [1]. When these 
alterations, initially considered organic, compromise health and 
independence, they configure Frailty Syndrome [2]. Sarcopenia, 
in turn, is defined by the European Working Group on Sarcopenia 
in Older People (EWGSOP) as the loss of muscle mass associated 
with the decline of musculoskeletal function [3]. It can arise acutely 
following the onset of another illness, or progressively due to 
sedentary habits, hospitalization, chronic inflammation, motor  

 
unit remodeling, decreased hormone levels, and reduced protein 
synthesis [4].

With an estimated prevalence of 17% in Brazil, sarcopenia 
is a geriatric syndrome that demands clinical attention [3]. The 
inability to exert adequate strength is the primary criterion for 
diagnostic investigation [3], which can be evaluated using the 
handgrip strength test. In cases of reduced strength, assessing 
muscle mass via bioelectrical impedance analysis is necessary to 
confirm sarcopenia; finally, diagnosed individuals are classified 
based on their performance in the Timed Up and Go Test (TUGT) 
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[5,6].  Regarding the clinical diagnostic prediction of sarcopenia, 
other methods are also utilized, including handgrip strength, calf 
circumference, body composition, and nutritional assessment. The 
handgrip strength (HGS) test can indicate the functional integrity 
of the upper limbs, presenting determinant characteristics directly 
related to sarcopenia and the characterization of the older adult as 
frail [7].

Furthermore, regarding sarcopenia screening, calf 
circumference (CC) perimetry is considered by the World Health 
Organization (WHO) to be a sensitive measure for detecting muscle 
loss in individuals due to its direct relationship with aging [8]. This 
aligns with the European Working Group on Sarcopenia in Older 
People (EWGSOP) statement, which points to this measurement 
method as effective for verifying the presence of sarcopenia 
[9]. Concerning nutrition, methods such as the Mini Nutritional 
Assessment (MNA) and the monitoring of weight-associated 
anthropometric measures can be employed [10]. Considering the 
adverse effects that sarcopenia can have on various aspects of 
health, and recognizing the importance of predictive tools, such 
as handgrip strength, body composition, calf circumference, and 
nutritional assessment, in aiding the prevention, management, and 
treatment focused on maintaining and gaining muscle mass and, 
consequently, muscle strength, the present study was designed.

Objective

To determine which assessment method is most effective for 
predicting the diagnosis of sarcopenia in frail older adults: handgrip 
strength, body composition, calf circumference, or nutritional 
assessment.

Methods

Study Design

This was a retrospective, descriptive, observational study 
that analyzed data obtained from patient health records from the 
Geriatrics Department of the Physical Therapy School Clinic at 
the Fundação Educacional do Município de Assis (FEMA) for the 
years 2022, 2023, and 2024. The objective was to determine which 
assessment method is most effective for predicting a diagnosis 
of sarcopenia in frail older adults: handgrip strength, body 
composition, calf circumference, or nutritional assessment.

Inclusion Criteria

Patients who underwent initial assessment for physical therapy 
care at the Geriatric Revitalization Sector (Block 9) of the Physical 
Therapy School Clinic at FEMA during 2022, 2023, and 2024 were 
included.

Exclusion Criteria

Patients who did not complete all the assessments and 
questionnaires required for analysis were excluded, as well as 
those who did not sign the Informed Consent Form.

Data Collection Instruments

To characterize the sample, several assessments were 
performed, as detailed below.

Personal and Frailty Characterization

Personal and sociodemographic data were extracted from each 
patient’s medical records, including: age, sex, educational level, 
scores on the Fried Frailty Phenotype, number of falls in the last 12 
months, and the presence of cardiovascular disease risk factors—
such as hypertension (HTN), family history, diabetes mellitus (DM), 
dyslipidemia (hypercholesterolemia and hypertriglyceridemia), 
smoking, and alcohol consumption. The Fried Frailty Phenotype 
was used to classify the participants’ frailty profiles. This tool 
consists of five criteria: unintentional weight loss, exhaustion, low 
handgrip strength, low physical activity level, and slow walking 
speed. Older adults who met three or more criteria were classified 
as frail, whereas those who met one or two criteria were considered 
pre-frail [11].

Anthropometric Characterization

Body weight was measured using an anthropometric scale 
(Balmak, Premium Bk–12 200Fa, Brazil) with the participant in an 
orthostatic position. Height was then measured using a stadiometer 
attached to the same scale, with the patient positioned with their 
back to the device. Based on these data, Body Mass Index (BMI) 
was calculated as the ratio of weight (in kilograms) to height (in 
meters) squared (BMI= weight/height²), and the resulting value 
was classified according to the reference literature [12].

Handgrip Strength (HGS) Assessment

To measure handgrip strength, the recommendations of the 
American Society of Hand Therapists (ASHT) were followed: the 
participant was seated with the shoulder slightly adducted, elbow 
flexed at 90°, forearm in a neutral position, and the wrist varying 
between 0° and 30° of extension [13]. The mean value of three 
attempts was recorded for analysis.

Body Composition Assessment

Body composition was evaluated using tetrapolar bioelectrical 
impedance analysis (BIA; TBW BIODYNAMICS, model 310e, Seattle, 
USA). The procedure required strict preparation (abstaining from 
physical activity for 12 hours and alcohol consumption for 24 hours, 
as well as the removal of metal accessories). It was performed with 
the participant in a supine position using four electrodes placed on 
the right side of the body (two on the hand and two on the foot) 
[14]. This method provided essential data on body composition, 
including fat percentage, muscle mass, bone mass, total body water, 
basal metabolic rate, and body mass index [15,16].

Calf Circumference Assessment

For this measurement, the participant stood erect with their 
feet 20 cm apart. An inelastic tape measure was placed horizontally 
around the widest part of the calf. Three measurements were taken, 
and the mean value was calculated for each individual. To classify 
low muscle mass, the cutoff points used were 34 cm for men and 33 
cm for women [17]. The predictive cutoff value for sarcopenia was 
established at less than 31 cm [18].

Nutritional Assessment

The Mini Nutritional Assessment (MNA) evaluates the risk of 
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malnutrition and overweight. It is a quick and easily administered 
tool that correlates with morbidity and mortality factors [19]. To 
complete the questionnaire, the therapist asked the questions and 
provided the predefined answer choices. If the patient was unable 
to respond, their primary caregiver was permitted to provide the 
answers.

Data Analysis

Following approval by the Institutional Review Board (IRB; 
CAAE: 83190024000008547) and after obtaining informed 
consent from the participants, data from the medical records were 
tabulated. The analysis focused on the assessment scores recorded 
in each patient’s evaluation form. Descriptive statistics were used 
to analyze the population profile and characterize the sample; 
the results are presented in tables as mean values and standard 
deviations. Subsequently, to evaluate which of the four clinical 
assessments was most effective in predicting a sarcopenia diagnosis, 
two machine learning algorithms were applied and compared to 
select the model with the best performance: Random Forest and 
Logistic Regression. Data processing and algorithmic analyses were 

conducted using Python software, and the significance level was set 
at 0.05%.

Results

The sample comprised 15 older adults stratified with 
Frailty Syndrome (eight men and seven women) according to 
the Fried criteria. Table 1 summarizes the sociodemographic 
and anthropometric characteristics found, and Table 2 presents 
the results from the Fried criteria assessment. The Random 
Forest model was used to evaluate the predictive capacity of 
four isolated variables in the diagnosis of sarcopenia. Accuracy, 
defined as the proportion of correct classifications made by the 
model, demonstrated significant variations across the evaluated 
domains, as detailed in Figure 1. Traditional metrics for diagnosing 
sarcopenia—handgrip strength (HGS), calf circumference (CC), and 
the fat-free mass index (FFMI)—demonstrated a low and identical 
accuracy of 33.33% in predicting the syndrome. In contrast, 
nutritional assessment (MNA) demonstrated significantly superior 
accuracy, reaching 66.66%, which represents double the predictive 
power of the physical and body composition metrics.

Note: CC: Calf Circumference; HGS: Handgrip Strength; MNA: Nutritional Assessment; FFMI: Fat-Free Mass Index. Source: Created by the 
author.
Figure 1: Predictive performance of the Random Forest model: Accuracy in the diagnosis of sarcopenia (N=15).

Table 1: Sociodemographic and anthropometric characteristics of the study sample.

Variable Total (15 older adults)

Age (years) 82,46 (±6,52)

Weight (kg) 66,7 (±13,49)

Height (m) 1,59 (±0,08)

Education Level

Complete Primary Education 1

Incomplete Elementary Education 4

Incomplete High School 2

Complete High School 4

Complete Higher Education 3
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Risk of Falls and Hospitalization

Falls in the last 12 months 10

Report of hospitalization in the last 12 months 1

Risk Factors for Cardiovascular Disease (CVD)

Physical Inactivity / Sedentary Lifestyle  11

Systemic Arterial Hypertension (HTN) 12

Diabetes Mellitus (DM) 7

Family History  5

Excessive Stress 4

Hypercholesterolemia 4

Note: Kg: Kilograms; m: Meters.

Table 2: Frailty characterization according to the Fried criteria.

Fried Scale Score Frailty Classification n (Total N=15)

1 Point Pre-frail 4

2 Points Pre-frail 2

3 Points Frail 6

4 Points Frail 2

5 Points Frail 1

Total Frail 9  

Total Pre-Frail 6  

Note: N: number

Discussion

The present study aimed to evaluate the diagnostic 
effectiveness of predicting sarcopenia in frail older adults. The 
results demonstrated that out of the four analyzed variables, 
nutritional assessment (NA) achieved the highest accuracy 
(66.66%), surpassing traditional physical metrics. This finding 
suggests a shift in screening priorities for oldest-old and frail 
populations, standing in contrast to the prioritization of low muscle 
strength recommended by the EWGSOP2 Consensus [6], even 
though a bidirectional relationship between nutritional status and 
sarcopenia is observed [20,21] state that the predictive efficacy of 
the Mini Nutritional Assessment reinforces the understanding that 
nutritional risk operates as a co-factor in the pathophysiological 
cascade leading to frailty syndrome and, subsequently, sarcopenia. 
This condition, in conjunction with other aspects, contributes 
significantly to the progressive decline in health status and 
increased levels of dependency [21].

It is also observed that insufficient energy and protein intake 
is classified as a common characteristic among older adults [21]. 
Nutritional inadequacy acts as the primary driver of sarcopenia, 
with the risk of malnutrition serving as the immediate precursor 
to the loss of muscle mass and function [22]. Consequently, by 
sensitively capturing this insufficiency in intake and absorption, the 
Mini Nutritional Assessment identifies the etiology of the disease 
more directly than measures that merely evaluate the physical 
effects of muscle loss, such as HGS and FFMI [23]. Handgrip strength 
(HGS) presented an accuracy of 33.33%, a value inconsistent with 
its status as the primary criterion of the EWGSOP2 Consensus [6]. 
This discrepancy may be justified by the profile of the analyzed 

sample (frail and oldest-old individuals), for whom standard HGS 
cutoff points are frequently inadequate [24].

Similarly, the fat-free mass index (FFMI) and calf circumference 
(CC) achieved an accuracy of 33.33%. The low accuracy of the 
FFMI is attributed to the sensitivity of bioelectrical impedance to 
hydration variations [25], an unstable factor in frail older adults 
[26]. CC, although a simple screening method recommended by the 
EWGSOP2 [6], demonstrated an equally reduced accuracy within 
the analyzed sample. The methodological limitations of this study 
include the small sample size ($N=15$), which compromises the 
robustness of the Random Forest model and introduces a high 
risk of class imbalance to be predicted [27,28]. Another critical 
limitation is the absence of a previously established clinical 
diagnosis of sarcopenia defined by clinical criteria [6]; this lack of a 
validated diagnosis may have compromised the direct comparison 
and the precision of the analysis model. From the perspective 
of future scientific evidence, it is considered highly relevant to 
develop studies that enable the definition of the best predictive tool 
for sarcopenia in frail older adults, utilizing a more comprehensive 
and broader sample size [29-31].

Conclusion

This study concluded that nutritional assessment was the 
most effective indicator, achieving 66.66% accuracy in predicting 
sarcopenia in frail older adults. In contrast, handgrip strength, 
calf circumference, and FFMI demonstrated low accuracy 
(33.33%). Based on this sample and analysis, it is recommended 
to include nutritional status as an auxiliary indicator for the early 
detection of sarcopenia. Combining multiple measures (functional, 
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anthropometric, and nutritional) is essential to increase diagnostic 
accuracy and promote a more comprehensive approach to the 
management of sarcopenia.
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