J Frailty Aging 2024;in press
Published online January 24, 2024, http:/ / dx.doi.org/10.14283/jfa.2024.4

Original Research

New Perspectives in the Association between Anthropometry and Mortality:

The Role of Calf Circumference

C. Ceolin', V. Acunto', C. Simonato', S. Cazzavillan', M. Vergadoro®, M.V. Papa’, G.S. Trapella’, R. Sermasi’,
M. Noale’, M. De Rui', B.M. Zanforlini', C. Curreri’, A. Bertocco', M. Devita’?, A. Coin!, G. Sergi’

1. Division of Geriatrics, Department of Medicine (DIMED), University of Padua, Italy; 2. School of Community Medicine and Primary Care, Department of Women’s and Children’s
Health, University of Padua, Italy; 3. Neuroscience Institute, National Research Council, Padua, Italy; 4. Department of General Psychology (DPG), University of Padua, Italy

Corresponding Author: Chiara Ceolin, Department of Medicine (DIMED), Geriatrics Division, University of Padua, Via Giustiniani 2, 35128 Padua, Italy, Fax: +39 049 8211218; Phone:

+39 049 8218949, E-mail: chiara.ceolin.l@gmail.com

Abstract

AIMS: Considering the impact of sarcopenia on mortality, and the
difficulty to assessment of body composition, the hypothesis of the
study is that calf circumference (CC) is closely related to mortality in
older patients. The aim of the study was to analyze the potential role of
CC to predict mortality in old individuals at 3, 6 and 12 months after
discharge from hospital.

METHODS: Patients aged >65 years were recruited for this retrospective
study from September 2021 to March 2022. Their physical and body
composition characteristics (including Body Mass Index-BMI and
Mini Nutritional Assessment-MNA) were measured; data on mortality
at 3 (T3), 6 (T6) and 12 (T12) months after discharge were recorded.
Sarcopenia was diagnosed according to the 2019 European Consensus
criteria.

RESULTS: Participants were 192 older adults (92 women), with a
mean age of 82.8+7.0 years. Sarcopenic people were 41. The mortality
rate was higher in sarcopenic people only at T3 and T6. CC had
comparable validity in predicting mortality to that of MNA and ASMMI
(Appendicular Skeletal Muscle Mass), and was better than BMI and
serum albumin at each time point. Youden’s index showed that the
best cut-off for CC for predicting mortality was 30.6 cm both at T3
(sensitivity: 74%; specificity: 75%) and T6 (sensitivity: 75%; specificity:
67%). At the Cox regression model for mortality, high values of CC (HR
0.73, CI95% 0.60-0.89/p<0.001) and ADL scores (HR 0.72, CI95%
0.54-0.96/p=0.04) were protective factors at T6 and T12 respectively;
at T12 high comorbidity rate was a risk factor (HR 1.28, IC95% 1.02-
1.62/p=0.04).

CONCLUSIONS: CC has a validity comparable to MNA and ASMMI
in predicting mortality at 3, 6 and 12 months after hospital discharge.
Moreover, it can be considered an independent predictor of medium-
term mortality in the hospitalized older population. CC can be an
effective method for the prognostic stratification of these patients, due
to its simplicity and immediacy.

Key words: Older adults, mortality, calf circumference, sarcopenia,
hospitalization.

Introduction

and functional decline of skeletal muscle (1).
Sarcopenia is a recognized independent risk factor
for numerous poor outcomes: although the pathophysiological
mechanisms underlying sarcopenia are not fully understood,
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The term sarcopenia refers to the age-related structural

the relapse of inflammatory cytokines in sarcopenic people
seems to be involved, which in turn leads to a cascade of
adverse events, such as bed rest prolongation and infections
(2). Moreover, sarcopenia reduces functional performance with
impact on quality of life (3), falls, trauma and fractures, and
it is associated to frequent and long hospitalizations, and high
morbidity burden and mortality (4).

In recent decades attempts have been made to correlate
sarcopenia with other parameters, such as anthropometric
indices, and calf circumference (CC) has emerged as the
one with the strongest associations (5-7). Together with arm
circumference, CC reflects subcutaneous fat and bone mass (8),
but is considered a particularly good indicator of body muscle
mass: this is because the legs contain over half the muscle mass
of the body, which is frequently and directly compromised
by reduced walking during illness (8—10). This makes CC a
surrogate marker of muscle mass for diagnosing sarcopenia as
well (5, 11). Santos et al. (12) evaluated about 15,000 adults
in community settings and found relatively high correlations
between CC and appendicular skeletal muscle mass (ASMM)
measured by dual-energy X-ray absorptiometry. Similarly,
Gonzales-Correa et al. found significant moderate positive
correlations between CC and ASMM measured by bioelectrical
impedance analysis BIA (13). The results were confirmed in
hospital settings (7, 14).

Given the relationships between CC and sarcopenia, and
between sarcopenia and mortality, we would expect CC to
play a role in predicting mortality. Previously, different studies
reported the association between CC and mortality in older
adults, also proposing heterogeneous cut-off values that defined
the risk profile (15-17). To our knowledge, the Italian studies
about the role of CC in predicting mortality are lacking, and
no one directly compared the validity of this anthropometric
tool with other indices currently in use for estimating a state of
malnutrition, i.e. Mini Nutritional Assessment (MNA), Body
Mass Index (BMI) or serum albumin.

Given these premises, the hypothesis of the study is that CC
may be closely related to mortality in the older adults and that
its validity in predicting mortality may be similar or better to
that other malnutrition indices. Therefore, the primary aim of
the study was to compare to MNA, BMI and serum albumin
the potential of CC to predict mortality in older individuals



hospitalized for any cause at 3, 6 and 12 months after discharge;
secondarily, we aimed to estimate the most accurate value to
adopt as a risk cut-off.

Materials and methods

Study Population

This retrospective study was conducted with a consecutive
series of Caucasian patients recruited at the UOC Geriatria of
the Azienda Ospedale Universita Padova from September 2021
to March 2022. Participants were patients over 65 years of age,
regardless of their admission diagnosis. The only inclusion
criterion was that we could evaluate their body composition
using bioelectrical impedance analysis; exclusion criteria were:
fever status, severe dehydration, heart failure with important
body edema, patients with unstable medical conditions (e.g.,
uncontrolled cardiac arrhythmias, uncontrolled hypertension,
recent myocardial infarction or angina pectoris, hemodynamic
instabilities, or severe dementia) or those who had been
hospitalized within three months before the assessment.

The study protocol was conducted in accordance with good
clinical practice guidelines and the ethical standards of the
1964 Declaration of Helsinki as revised in 2000, and was
approved by the local Ethics Committee (Comitato Etico per
la Sperimentazione Clinica della Provincia di Padova, protocol
number 16412/A0/23). The subjects taking part in the study
were given a detailed explanation of the risks and benefits of
participation, and all gave oral and written informed consent to
publication of the data.

Data collection

The following information was collected from each
participant by trained physicians.

Patient characteristics

Physiological, clinical and pharmacological data were
collected during a medical interview by skilled physicians.
These included smoking and alcohol habits, social and
environmental conditions, and symptoms and diagnosis at
admission; comorbidities were assessed with the Cumulative
Illness Rating Scale (CIRS) (18). In addition, the patients’
functional autonomy was assessed with the Activities of Daily
Living (ADL) (19) and the Instrumental Activities of Daily
Living (IADL) (20), nutritional status with the MNA (21), and
cognitive performance with the Mini Mental State Examination
(MMSE) (22). Information on mortality was collected at 3 (T3),
6 (T6) and 12 (T12) months after discharge.

Anthropometry

All measures were recorded at the admission of the patients,
within the first 24-24 hours, in order to exclude the worsened
physical function due to hospitalization. Body weight was

ROLE OF CALF CIRCUMFERENCE IN PREDICTING MORTALITY

measured to the nearest 0.1 kg, using a standard balance with
individuals wearing light clothes and no shoes; for those unable
to walk, a lift scale was used. As most people were unable to
maintain an upright position, body height was calculated from
knee-to-heel length according to the Chumlea’s equations
(23). BMI was calculated as the ratio between weight
(kg) and height squared (meters). CC was measured at the
maximum circumference of the dominant calf (24), keeping
the individuals in a supine position with the knee bent at 90°,
using a measuring tape at the point of greatest diameter. An
experienced physician checked for pitting edema before CC
measurement; furthermore, the measurements were all obtained
in the morning in order to reduce the effect of edema. The
feet were placed on the bed with the feet and ankles relaxed.
Mid-upper arm circumference (MUAC) was measured on the
dominant upper arm at the midpoint between the tip of the
shoulder and the tip of the olecranon process (25).

Muscle strength measurement

Upper limb strength was evaluated with DynEx electronic
hand dynamometers (Ohio, USA) by trained medical personnel.
Three tests were carried out for each hand, and grip strength
was calculated as the mean of the maximum performance at the
dominant and non-dominant hand.

Evaluation of body composition

Whole-body tetrapolar bioelectrical impedance analysis
(BIA) was performed using a BIA 101 Anniversary analyzer
(AKERN/RIJL Systems, Florence, Italy) with an alternating
sinusoidal electric current of 400 pA at a single operating
frequency of 50 kHz. The device was calibrated every
morning using the standard control circuit supplied by the
manufacturer with a known impedance (resistance = 380 Q;
reactance = 47 Q). The device had a precision of 1% for
resistance (Rz), and 5% for reactance (Xc). Participants kept
resting in the supine position for at least 5-10 minutes prior
to the examinations. The BIA was performed with subjects
supine and their limbs slightly away from their body, after an
overnight fast and bladder voiding. To avoid inter-observer
errors, all BIA measurements were taken by the same trained
investigator. Active electrodes (BIATRODES®, Akern Srl,
Florence, Italy) were placed on the right side on conventional
metacarpal and metatarsal lines, and recording electrodes
in standard positions on the right wrist and ankle (26). All
resistance measurements were normalized for stature (height
in centimeters squared/Rz) to obtain the resistive index (RI).
The repeatability and accuracy of the resistance and reactance
measurements allowed the smallest changes to be recorded at
a resolution of 0.1 Q. Fat-free mass (FFM) and appendicular
skeletal muscle mass (ASMM) estimates for our sample
were calculated using the equations developed by Kyle et al.
(27,28), i.e. ASMM = —4.211 + (0.267*RI) + (0.095*weight)
+ (-0.012*age) + (0.058*reactance) + (1.909*sex), and FFM
= —4.104 + (0.518*RI) + (0.231*weight) + (0.130*reactance)
+ (4.229%sex), where men = 1 and women = 0. Fat mass (FM)
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Table 1. Characteristics of the sample at baseline according to the presence of sarcopenia

Variable

Age [years]
Women [%]

N drugs

CIRS-CI

Hospital stay
Diagnosis at admission
Respiratory
Cardiovascular
Infections/sepsis
Abdominal

Stroke

Syncope

Other

Social Context
Living with family
Living alone

Functional evaluation

Max. handgrip strength [Kgf]

IADL

ADL

MNA
Albumin [g/L]
MMSE

Body composition evaluation

ASMMI
BMI [Kg/m?]
MUAC [cm]

Calf circumference [cm]

‘Whole sample (n=192)
82.8+7.0
92 (47.9%)
6.00 (3.00;8.00)
3.00 (2.00;5.00)
16.50 (11.00;25.00)

39 (20.3%)
22 (11.5%)
61 (31.8%)
6 (3.1%)
5 (2.6%)
14 (7.3%)
45 (23.4%)

125 (71.7%)
49 (28.3%)

17.80 (11.85;23.35)
1.00 (0.00:5.00)
1.00 (1.00;5.00)

17.91+4.36

31.00 (28.00;34.00)

23.70 (2.00;5.00)

6.65+1.14

27.2+6.6
27.00 (24.00;29.00)

32.1+£39

Sarcopenic (n=41) Non sarcopenic (n=151) p-value
85.7+5.6 81.4+7.1 <0.001
15 (36.6%) 77 (51.0%) 0.19
6.00(4.00:9.00) 6.00(3.00:8.00) 0.29
3.00 (2.00;5.00) 3.00 (2.00;5.00) 0.27
20.00 (12.00;29.00) 16.00 (12.00;23.00) 0.09
091
10 (24.4%) 29 (192%)
6 (14.6%) 16 (10.6%)
12 (29.3%) 49 (32.5%)
2 (4.9%) 4 (2.6%)
2 (4.9%) 3 (2%)
2 (4.9%) 12 (8%)
7 (17.1%) 38 (25.2%)
0.75
20 (48.8%) 105 (69.5%)
13 (31.7%) 36 (23.8%)

15.50 (10.90;19.90) 19.50 (13.60;28.50) <0.001
1.00 (0.00;2.00) 2.00 (1.00;6.00) 0.01
1.00 (0.00:2.00) 2.00 (1.00:6.00) 0.001

14.96+4.10 18.78+4.12 <0.001

29.50 (28.00;33.00) 31.00 (28.25;34.00) 0.09

21.30 (14.00;24.15) 25.40 (19.90;27.73) 0.003

5.79+0.87 6.99+1.06 <0.001
249+3.5 30.1+£5.8 <0.001

25.00 (22.75;26.25) 28.00 (26.00;31.00) 0.001

29.1+3.1 33335 <0.001

Notes: Values are expressed as means + standard deviation, median (interquartile range) or counts (percentages %) as appropriate. Abbreviations: CIRS-CI = Cumulative Illness Rating
Scale - Comorbidity Index; IADL = Instrumental Activities of Daily Living; ADL = Activities of Daily Living; MNA = Mini Nutritional Assessment; MMSE = Mini Mental State
Examination; ASMMI = Appendicular Skeletal Muscle Mass Index; BMI = Body Mass Index; MUAC = Mid-Upper Arm Circumference.

was calculated as Total Weight — (FFM+ASMM). The skeletal
appendicular muscle mass index (ASMMI) and the fat mass
index (FMI) were obtained by dividing the ASMM and FM,
respectively, by the subject’s height in meters squared.

Definition of sarcopenia

Sarcopenia was diagnosed on the basis of the muscle
strength and mass values according to the criteria of the revised
European consensus on definition and diagnosis of 2019 (29).
Upper limb strength values below 16 kgf for women and 27 kgf
for men at maximum handgrip strength were taken as indicating
probable sarcopenia, which was confirmed if the ASMMI
values were less than 5.5 kg/h? for women and 7.0 kg/h? for
men.

Statistical analysis

The characteristics of the sample are expressed as means =+
standard deviation for the continuous quantitative variables with
a normal distribution, and as medians (interquartile range) for
the variables with a non-normal distribution. The normality of
the distributions of the continuous quantitative variables was
assessed by the Shapiro-Wilk test. Categorical variables were
expressed as counts and percentages. The characteristics of the
study participants were compared with the Student’s t-test for
independent samples for parametric variables, the Wilcoxon
rank sum test test for non-parametric variables, and the Chi-
square or Fisher’s test for categorical variables.

Receiver operating characteristic (ROC) curve analyses
were performed for CC, MNA, BMI, and albumin values. The
area under the curve (AUC) and Youden’s index were used to
determine the values that presented the best balance between



sensitivity and specificity for mortality after 3, 6 and 12 months.

To control for the effect of confounding variables in
predicting mortality (i.e. gender, age, hospital stay, number of
drugs, comorbidities), Cox regression analyses were run, and
the effect of each variable was evaluated after adjusting for
the other variables. Because of the criteria of recruitment (i.e.
patients regardless their diagnosis of admission), we adjusted
our Cox model using the CIRS-CI score, including the severity
of the entry pathologies. Considering that all patients were
taking polytherapy, i.e. more than 5 drugs on average, we
considered the continuous variable relating to the absolute
number of drugs indicated at discharge. The hazard ratios
(HR) and 95% confidence intervals (CI) are also reported.
Finally, we performed a sensitivity analysis in order to verify
the results obtained, considering the presence of sarcopenia,
levels of independence (evaluated by ADL) or disease status
(evaluated by CIRS-CI): for this reason, we considered different
subpopulations, based on low ADL score (defined as ADL<3)
and more comorbidities (CIRS-CI=5).

The statistical tests were considered significant at p <0.05.
All analyses were performed in IBM SPSS Statistics version
29.0 (IBM Corp., Armonk, NY, USA).

Results

Table 1 shows the characteristics of our sample at baseline
divided by presence of sarcopenia. Sarcopenic people were
older and more functionally and cognitively compromised. No
difference in albumin levels were recorded between the two
groups. Anthropometric parameters, i.e. BMI, calf and arm
circumferences, were lower in sarcopenic patients (p<0.001).

The mortality rate was higher in sarcopenic people both at
T3 (17.1% vs 4.9%, p=0.03) and T6 (24.4% vs 7.8%, p=0.01).
At T12, about 24% of the sample was dead, but no significant
differences between sarcopenic and no sarcopenic people were
recorded. Regarding gender differences, we observed higher
mortality rates in men, but with no statistically significant
differences between men and women during the observational
period. Between T3 and T6 there was a considerable increase
in mortality in women (7.6% vs 14%, p=0.05), while the rates
were more than doubled for men between T6 and T12 (11% vs
26%, p=0.05, data not shown).

CC was strongly correlated with both the ASMMI (r=0.603,
p=0.001) and maximum handgrip strength (r=0.564, p=0.001),
data not shown.

The diagnostic accuracy of CC, MNA, ASMMI, albumin,
and BMI in predicting mortality was assessed by analyzing the
respective ROC curves. CC was shown to have comparable
validity to ASMMI and MNA and was better than BMI and
albumin at each time point; at T12, CC was even superior
than ASMMI (Figure 1). Youden’s index showed that the
best prediction value was a calf diameter of 30.6 cm at T3
(sensitivity: 74%; specificity: 75%) and T6 (sensitivity: 75%;
specificity: 67%), while at T12 was 30.7 cm (sensitivity: 73%;
specificity: 71%).

The trend in the association between CC and mortality at all
the observational time points is shown in Supplementary Figure
1.
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Figure 1. Comparison of accuracy of calf circumference,
ASMMI, MNA, albumin, and BMI in predicting mortality at
T3,T6 and T12: ROC curves
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Cox regression adjusted for sample characteristics (age,
gender, number of drugs at discharge, comorbidities, functional
status) revealed that at 6 and at 12 months after discharge
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Table 2. Cox regression of covariate-adjusted mortality

At T6
Outcome Variable HR p-value IC 95%
Lower limit Upper limit
Mortality per 1 point increase in variable Age [years] 1.00 0.92 0.90 1.11
N. drugs at discharge 0.95 0.65 0.75 1.20
CIRS-CI 121 0.35 0.82 1.78
Hospital stay 0.94 0.07 0.88 1.01
High ADL 0.74 0.18 047 1.15
Calf circumference [cm] 0.73 <0.001 0.60 0.89
Mortality per specified category Gender F 0.57 0.42 0.15 222
At T12
Outcome Variable HR p-value IC 95%
Lower limit  Upper limit
Mortality per 1 point increase in variable Age [years] 1.02 0.53 0.96 1.09
N. drugs at discharge 1.08 0.25 0.95 1.23
CIRS-CI 1.28 0.04 1.02 1.62
Hospital stay 1.00 0.94 0.97 1.04
High ADL 0.72 0.02 0.54 0.96
Calf circumference [cm] 0.92 0.16 0.82 1.03
Mortality per specified category Gender F 0.79 0.59 0.34 1.85

Abbreviations: HR = Hazard Ratio; CIRS-CI = Cumulative Illness Rating Scale - Comorbidity Index; ADL = Activities of Daily Living.

significant protective factors were high CC values (Table 2:
HR 0.73, 95% CI 0.60-0.89, p<0.001) and high ADL scores
(HR 0.72, 95%CI 0.54-0.96, p=0.02); moreover, at T12 high
comorbidity rates were risk factors (HR 1.28, 95%CI 1.02-
1.62, p=0.04). We considered also the variable on diagnosis at
admission both in the univariable and in the multivariable Cox-
regression models, and we did not find significant association
both at T6 (univariable model, p=0.6231; multivariable
model, p=0.1881) and at T12 (univariable model, p=0.7827;
multivariable model, p=0.7237, data not shown). Analyzing
the AUC and the contrasts between one model containing CC
and one model containing ASMMI, we did not find differences
that for all time points between the models (data not shown).
Sensitivity analyses conducted for different independence
status and comorbidity degree confirmed that CC was
protective factor at T6 in patients with functional impairment
(ADL<3), while comorbidities did not influence the role of
the anthropometric parameter. Finally, a sensitivity analyses
was performed also considering the presence of sarcopenia,
confirming the protective role of CC at T6 and the influence of
ADL scores and comorbidity at T12 (data not shown).

Discussion

Our study shows that CC, an anthropometric parameter
significantly associated with sarcopenia, has a good level of
accuracy in predicting mortality 3 and 6 months after hospital
discharge. Its validity is comparable to that of MNA, suggesting
that CC could be used as a prognostic tool which summarizes

data on body composition and nutritional status. Low CC
levels are important risk factors for mortality in older adults
6 months after discharge, regardless of the diagnosis of a
sarcopenic status. In the long period, other factors influence the
outcome of older patients, such as functional independence and
comorbidities.

Sarcopenia, i.e. the loss of muscle mass and strength, is
the result of the interaction between aging and various risk
factors (constitutional, lifestyle-related, and those associated
with the patient’s burden of morbidity) which contributes to
defining sarcopenia as a geriatric syndrome (30). With the
demographic aging of the population, therefore, the prevalence
of sarcopenia is destined to increase (30). Factors such as
reduced physical activity and/or inadequate nutrient intake
during hospitalization play an important role in worsening pre-
existing sarcopenic conditions, leading to conditions such as
frailty, disability, and death (31, 32). In line with these findings,
patients with sarcopenia in our study were the most functionally
and cognitively compromised, but no great differences were
detected on comorbidity index and admission diagnosis
between sarcopenic and no sarcopenic people, in contrast with
other studies (33). The mortality rate was higher in sarcopenic
patients especially 3 and 6 months after discharge, as previously
reported (32).

According to the most recent guidelines, the best way to
assess muscle quality is though instrumental examination,
i.e., computed tomography (CT), magnetic resonance
imaging (MRI), dual-energy X-ray absorptiometry (DXA),
and bioelectrical impedance analysis (BIA) (34). However,
considering the difficulty in accessing instrumental resources,



especially where the patient is frail and difficult to transport
or is uncooperative, it is essential that alternative methods are
available to assess body composition (35). Anthropometry
allows for fast, low-cost, non-invasive evaluation of the
dimensions, proportions and composition of the body using
tools that are readily available and easy to transport (34).
The World Health Organization (WHO) considers CC to be
the most sensitive anthropometric indicator of muscle mass
(36) as the lower limbs contain more than half of the body’s
muscle mass. Furthermore, there are smaller amounts of
adipose tissue in the leg: its circumference is almost exclusively
influenced by muscle mass, making CC the most representative
anthropometric measurement of body muscle mass (37). In
line with our results, significant correlations between reduced
CC and the two elements that define sarcopenia (i.e. reduced
muscle strength and muscle quality) have been observed,
including in older populations (15, 38). It may therefore be
concluded that CC measurements can be used in the diagnosis
of sarcopenia (29).

Given the high impact of sarcopenia on mortality,
we hypothesized that CC would also play a role here. Our
ROC curves for CC indicated that it played a similar role to
MNA, and a bigger role than BMI and albumin in predicting
mortality at 3, 6 and 12 months. To our knowledge, no
studies have directly compared CC and MNA score indices in
predicting mortality, as CC is usually only incorporated into
more complex tools and used only in predicting malnutrition
(39). For example, Beretta et al reported that the diagnosis
of malnutrition through the Global Leadership Initiative on
Malnutrition (GLIM) using CC had the best accuracy (AUC
= 0.70; 95% CI, 0.63-0.79) and sensitivity (95.8%) to predict
in-hospital mortality in older surgical patients than MNA
Long Form (40). In our study, a specific circumference of
30.6 cm was identified as the best cut-off value in terms of
sensitivity and specificity. Considering a CC value below
31 cm the cut-off usually correlated with malnutrition
according to the MNA, our findings may explain the partial
overlap in the accuracy of MNA and CC, suggesting that calf
measurement plays a role in predicting not only sarcopenia,
but also nutritional status. Our results about the superiority
of CC than BMI are in line with other studies: in fact, BMI
has lower accuracy in older adults due to the changes in body
composition these patients undergo over the years (41, 42), and
to the difficulty these people may have in standing for height
and weight measurements (6). Regarding albumin, a Chinese
study reported good discrimination in predicting mortality
among immobile patients only for the association between
anthropometric and biochemical measures, while CC was more
reliable for single measures of accuracy (43). Finally, based on
what was previously said, the superiority of CC over ASMMI
12 months after discharge should not be surprising: ASMMI
is defined as the sum of the lean muscle mass of the upper and
lower extremities adjusted with height (27). In our study, only
CC was strictly associated with mortality, while MUAC had
no relationship. This might be explained by a “less biased”
association with muscle mass than other body measures,
because CC is usually less affected by fat deposits (35). It is
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therefore possible that, as a surrogate for both sarcopenia and
malnutrition, the muscle mass of the lower limbs plays a greater
role than that of the upper limbs.

In line with previously reports (15-17, 44), our study
demonstrates that low CC values are correlated with mortality
after discharge. In particular, after correcting for diagnosis of
sarcopenia, functional status and comorbidities, high CC values
were protective factor at 6 months. Previously, Ferdandes et
al identified <34.5 cm as a cut-off point for estimating 9-year
follow-up mortality in Brazilian subjects, higher than the value
recommended in the literature (45). In their study of cancer
patients, Sousa et al (46) found that CC measures below 34 cm
for men and 33 cm for women were closely associated with
mortality, the risk of death being 3 times greater in patients
with a smaller CC. Recently, Santer et al reported that reduced
CC at the first nutritional assessment increased by about the
double the risk of death in the intensive care unit than those
with normal CC in Brazilian older adults affected by COVID-
19 (47). Finally, regarding the risk factors for mortality at T12,
our results confirmed the protective role of preserved functional
status (48) and the deleterious contribution of high comorbidity
rate (49, 50). The fact that CC did not result as a predictor of
mortality at T12 in maybe due to the relatively small sample
size of our study. However, it should not be forgotten that in
our sample, the average age of the participants was 83 years
(minimum 65, maximum 98), so it is possible that within a year
some patients will undergo a functional post-hospitalization
recovery. It is therefore likely that CC predicts mortality more
easily in the short term than in the long term; 12 months after
discharge, other factors may intervene.

Our study has some limitations. First of all, the small
sample size, which limits the statistical power of the analyses
(a posteriori power analysis based on Cox regression results
at T6 revealed that the sample achieved a power 0.44 at 0.05
significance level): this is a preliminary study, and future ad hoc
researches are required to confirm our results. Moreover, the
type of participant, i.e. hospitalized older adults, in most cases
had cognitive impairment, making assessments more difficult.
Age is known to significantly influence CC values, which may
have had an unknow extent of impact on the study findings.
We were unable to compare adequate samples of people with
and without mild cognitive impairment or dementia. The Short
Physical Performance Battery (SPPB) was not performed
with all patients because of difficulties linked to bed rest, so
an evaluation of severe sarcopenia according to EWGSOP
Guidelines was not possible. On the other side, our strength
was carrying out a Comprehensive Geriatric Assessment of
the patients, which included an assessment of sarcopenia using
BIA, and a nutritional profile, with which we could easily
correlate the CC values.

From a clinical point of view, our study underlines the
importance of investigating the role of CC, which could replace
the use of more complex and not always manageable scores in
the elderly patient. On the other hand, the detection of a CC
value < 30.6 cm should suggest to the physician the adoption
of an early nutritional and physical intervention in order to
improve the patient’s outcome, especially in the medium term.
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In conclusion, calf circumference is a rapid, non-invasive,
easy-to-perform, low-cost tool for assessing patients’ nutritional
status and skeletal muscle mass. It is the only anthropometric
parameter strongly associated with the probability of mortality;
its validity in predicting mortality at 3, 6 and 12 months after
hospital discharge is comparable to that of MNA, one of most
used tools to detect nutritional status. Finally, high CC values
are protective factors when considering the risk of death at
6 months. We hope that ours can be a preliminary study to
encourage further research to better define the role of this
promising anthropometric index.
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