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With age, people experience a gradual loss of muscle mass and strength, known as sarcopenia (SP). The
essential criteria for confirming an SP are low appendicular lean mass (ALM) or its index (ALMI), most
commonly measured using dual-energy X-ray absorptiometry (DXA). The availability of DXA in Ukraine
remains limited, creating an urgent need for simple and accessible screening methods for low ALM. The
aim was to develop and cross-validate equations for estimating ALM based on the simple demographic
and anthropometric parameters in the Ukrainian population to enhance SP's diagnostic efficiency. This
retrospective study analyzed data from 1,710 subjects (1,546 women and 164 men) aged 60 years or older.
Skeletal muscle mass was measured using DXA (DISCOVERY Wi, Hologic, Inc., USA). The stepwise multiple
linear regression method was used to develop the ALM equations, with ALM as the dependent variable
and anthropometric and demographic indices as independent variables. The most optimal formulas for
the Ukrainian population aged 60+ were the next: predicted ALM (men) = 0.191 x weight (kg) + 0.141 %
height (cm) — 0.077 x age (vears) — 9.406 (Coefficient of determination (R?) = 0.71, standard error of
estimate (SEE) = 2.5 kg); ALM (women) = 0.161 % weight (kg) + 0.089 x height (cm)—0.013 % age (vears) —
7.067 (R? = 0.71, SEE = 1.68 kg). The developed equations are simple and do not require complicated
measurements. They are highly informative and can be effectively used in primary healthcare settings for
SP screening to identify patients at risk.
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INTRODUCTION

Skeletal muscles are crucial in ensuring vital
body functions, such as breathing and metabolic
regulation. They influence metabolism, thermo-
regulation, and overall energy balance while
supporting strength, motor functions, and
posture. They are the most extensive tissue
by mass in the human body (accounting for
about 40% of an adult’s total body mass) [1,
2], however, they are one of the most sensitive
organs to age-related changes.

Age-related gradual loss of muscle mass and
strength leads to a disease termed sarcopenia
(SP). Its last definition was modified in the
European Working Group on Sarcopenia in
Older People (EWGSOP II, 2019) Consensus
[3]. Due to the global population’s ageing, SP
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has become one of the major medical concerns
among older people, which significantly
reduces physical endurance, leads to the loss of
independence, and increases the risk of falls and
fractures. Additionally, SP is associated with an
elevated risk of chronic diseases such as diabetes
mellitus, cardiovascular disorders, and cognitive
impairments, imposing a substantial burden on
healthcare systems and society as a whole [4, 5].

According to current concepts, appendicular
lean mass (ALM) and its index (ALMI) are
considered essential criteria for confirming the
loss of skeletal muscle mass and diagnosing
SP [3]. However, determining these parameters
requires the use of non-portable and relatively
expensive methods, such as dual-energy X-ray
absorptiometry (DXA), magnetic resonance
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imaging (MRI), or computed tomography (CT)
[6, 7]. Despite the lack of a universal consensus
on approaches for assessing muscle mass in
SP diagnosis [4], DXA is most commonly
used. Its advantages over other imaging me-
thods include low radiation exposure and
relative ease of execution. Furthermore, ALM
measurements obtained through DXA demon-
strate higher accuracy than MRI and CT results
[8]. However, the availability of DXA in Ukraine
remains limited compared to other methods for
diagnosing SP. Given the significant increase
in the ageing population, the demand for
timely screening and accurate SP diagnostics is
expected to grow. Currently, there is an urgent
need for simple and accessible methods to screen
for low ALM, particularly in primary healthcare
settings, to identify high-risk groups for SP and
ensure timely diagnosis.

Nowadays, many studies are devoted to
the development of simple and convenient
formulas for calculating ALM adapted to the
specific characteristics of different populations
[6, 7, 9-12]. Over a hundred formulas have
been validated compared to the ALM indices
measured using DXA [6]. Most of these models
incorporate anthropometric measurements (e.g.,
skinfold thickness, limb length, circumference
of the upper limbs, waist, or hips) and handgrip
dynamometry, which require specialized mea-
suring instruments [9]. At the same time,
alternative equations are based on simple
demographic (age, sex) and anthropometric
(body mass, height) data. Recent review has
demonstrated such formulas’ high sensitivity
and specificity in determining ALM in healthy
subjects and patients with various diseases [6].

It is essential to consider that equations de-
veloped in one country are often unsuitable for
use in another, mainly when the populations are
located on different continents. This discrepancy
can be attributed to racial and ethnic differences.
For instance, Caucasians are more prone to
obesity than Chinese subjects and generally
have lower intermuscular fat tissue compared to
Europeans. Furthermore, Caucasians typically
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have longer extremities and a greater height.
Similarly, some diseases or physiological
conditions can alter body composition. For
example, the loss of fat or lean mass due to
unbalanced nutrition, cancer, or limb atrophy
following prolonged immobilization caused
by fractures, injuries, or diseases may render
formulas developed for a healthy population
unsuitable for subjects with specific medical
conditions [13].

Our study aimed to develop and cross-
validate equations for calculating ALM based
on simple demographic and anthropometric
indices for the Ukrainian population to enhance
the efficiency of SP diagnosis.

METHODS

We conducted a retrospective study at the De-
partment of Clinical Physiology and Pathology
of'the Musculoskeletal System, D.F. Chebotarev
Institute of Gerontology of the National Acade-
my of Medical Sciences of Ukraine, and the
Ukrainian Scientific and Medical Center of
Osteoporosis. An analysis was performed on
data from 1710 subjects (1546 women and 164
men) aged 60 and older (Table 1). The age of
menopause in women was 49.0 £+ 6.7 years, and
the duration of the postmenopausal period was
19.3 £ 9.0 years. Subsequently, the participants
were divided into two groups: the “model” group
(n = 1406, 1262 women and 144 men) and the
“model validation” group (n =304, 284 women
and 20 men).

The study fully complied with ethical, moral,
legal, and legislative standards following the
Order of the Ministry of Health of Ukraine
No. 281 (01.11.2000) and the Helsinki Decla-
ration of the World Medical Association
on Ethical Principles for Medical Research
Involving Human Subjects. It was conducted
following the decision of the Ethics Committee
of the Institute (Protocol No. 2, 16.03.2023).

Demographic, anthropometric indices, and
the skeletal muscle mass parameter ALM were
evaluated. The demographic data included
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the participants’ age and sex. Anthropometric
measurements included body weight and height,
measured with scales and a stadiometer. Height
was measured barefoot, and body weight was
recorded in light clothing. The measurements
were rounded to the nearest decimal point
in centimeters (cm) and kilograms (kg), res-
pectively. All measurements were conducted by
trained researchers in the morning.

Skeletal muscle mass was determined using
DXA (“Discovery Wi, Hologic, Inc.”, USA),
assessing ALM (the lean mass of the upper and
lower limbs, in kg) and calculating the ALMI
(lean mass of the limbs/height?, ALMI, kg/m?).
The thresholds indicating low muscle mass and
used for SP diagnosis are as follows: for men
and women, ALM <20 kg and <15 kg, respec-
tively, and ALMI <7 kg/m? and <5.5 kg/m?,
respectively.

Statistical analysis was performed using
the software packages “Statistika 10.0” Copy-
right® StatSoft, Inc. 1984-2001, Serial number
31415926535897, and SPSS Statistics 17.0
Copyright® Silver Egg Technology 2001. The
distribution of variables (parametric or non-
parametric) was assessed using the Shapiro-
Wilk W-test. Data were presented according
to the nature of their distribution as mean and
standard deviation (M £ SD). The Student’s
t-test was used to test the hypothesis of equality
between the means of two groups, and Pearson’s
correlation analysis (r) was applied to assess the
relationships between variables.

To develop an equation for calculating ALM
based on simple anthropometric and demo-
graphic indices in the “model group,” stepwise

multiple linear regression was employed. ALM
was settled as the dependent variable, and an-
thropometric and demographic characteristics
were chosen as independent variables. To com-
pare the calculated ALM from the equations
characterized by low skeletal muscle mass with
the ALM measured using DXA, a Chi-Square
(%) test was used.

Receiver operating characteristic (ROC)
analysis assessed the sensitivity and specificity
of the values of the created equations. Sensitiv-
ity is the proportion of positive results correctly
identified (defined as having a definite condi-
tion); specificity is the proportion of negative
results correctly identified (defined as not hav-
ing a definite condition). The null hypothesis
was rejected at P < 0.05 for all tests used.

RESULTS AND DISCUSSION

The demographic and anthropometric indicators
analysis demonstrated that men and women
did not differ significantly in age (Table 1);
however, females had lower body weight,
height, and ALM than males. Table 1 presents
the demographic, anthropometric characteris-
tics, and parameters of skeletal muscle mass of
the study participants.

It was revealed that there was a significant
negative correlation between ALM and age,
more pronounced in males, and a strong
positive correlation between ALM and key
anthropometric parameters (body weight and
height) in both women and men (Table 2). These
findings are consistent with the conclusions of
most researchers [13-15]. Older age is associated

Table 1. The demographic and anthropometric characteristics and indices of skeletal muscle mass of the study participants

Indicators All subjects Women Men
Age, years 68.2+6.4 68.2+6.3 68.4+6.9
Height, cm 162.2+ 7.8 160.7 + 6.3* 175.2+7.5
Body weight, kg 75.1+£15.2 74.0 £ 14.7* 84.4 £ 16.1
ALM, kg 19.0 4.1 182 £3.1* 26.3+4.6
IALM, kg/m? 72+1.2 7.0+ 1.1*% 85+1.3

Note: *significant differences (P < 0.001) in women compared to men.
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Table 2. Correlation between ALM and key demographic and anthropometric parameters of the study participants

. Women Men
Indicators

r P r P
Age, years -0.16 <0.001 -0.32 <0.001
Height, cm 0.83 <0.001 0.81 <0.001
Body weight, kg 0.46 <0.001 0.55 <0.001
Age of menopause, years 0.01 0.87 - -
Duration of postmenopausal period, years -0.13 <0.001 - -

with significant changes in body composition,
particularly a reduction in skeletal muscle mass
[16]. Similarly, the body mass index (BMI) can
serve as a predictor of muscle mass [15], with a
lower BMI indicating a higher risk of SP [17].

Using regression analysis, we developed
equations for ALM for men (Equation 1) and
women (Equation 2). These equations included the
most significant variables (height, body weight,
and age) correlated with the ALM. The results of
the regression analysis are presented in Table 3.

Equation 1

ALMc (males) = 0.191x Body weight (kg)
+ 0.141x Height (cm) — 0.077x Age (years) —
9.406.

Equation 2

ALMc (females) =0.161x Body weight (kg) +
0.089x Height (cm) — 0.013x Age (years) —
7.067.

Note. ALMc — calculated index of appen-
dicular lean mass, 1 — males, 2 — females.

A recent review presented 122 predictive
equations from 18 countries to estimate ALM
based on DXA results [6]. Among them, 32 formu-
las were particularly interesting to our study [15-
20], as they excluded such predictive parameters
as body circumference measurements, skinfold
thickness, or functional test results. Instead, they
relied on height, body mass, or its derivative, BMI,
age, and/or sex. The coefficient of determination
(R?) ranged from 0.58, with a standard error of the
estimate (SEE) of 1.70 in the Tanko et al. study
[14]to R2=0.91 and SEE = 2.1 in the Hsiao et al.
study [16]. In our study, the results also showed
high accuracy for men (R? = 0.71; SEE = 2.50)
and women (R?=0.71; SEE = 1.68).

Gomes et al. [21] developed predictive
models for ALM tailored to the Brazilian popu-

Table 3. Results of regression analysis for calculating ALM in the study cohort

Indicators | b* | Std. Error | b Std. Error | t P
Equation 1*
Intercept -9.406 5.626 -1.67 0.097
Body weight, kg 0.673 0.052 0.191 0.015 12.74 0.0000001
Height, cm 0.230 0.051 0.141 0.032 4.48 0.00002
Age, years -0.116 0.047 -0.077 0.031 -2.45 0.016
Equation 2**
Intercept -7.067 1.450 -4.87 0.000001
Body weight, kg 0.758 0.016278 0.161 0.003 46.56 0.0000001
Height, cm 0.178 0.016494 0.089 0.008 10.81 0.0000001
Age, years -0.025 0.015531 -0.013 0.008 -1.63 0.104

Notes: *R = 0.84; R? = 0.71; Std. Error of estimate: 2.50; F (3.140) = 113.9; P < 0.0001; **R = 0.84;
R%=0.71; Std. Error of estimate: 1.68; F (3.1258) = 1030.8; P < 0.0001.
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lation over 80. Similar to our equation, this one
included age, height, and body weight: ALM =
0.138 x height +0.103 x weight + 3.061 x sex —
12.489. This formula was found to be more
practical due to the lower number of predictive
variables (R>=0.75; SEE = 1.94 kg) compared
to an alternative formula that included gender,
height, body weight, triceps skinfold thickness,
and waist circumference. However, the last one
demonstrated a stronger correlation with ALM
(R*=0.82; SEE = 1.67 kg).

In the study by Kulkarni et al. [22], a model
that included age, body weight, and height as
predictors demonstrated a strong correlation
with ALM in both men and women (R? = 0.90;
SEE =1.92 kg). However, adding variables such
as thigh, calf, and arm circumferences and/or the
sum of skinfold thickness at the biceps, triceps,
subscapular, and suprailiac regions improved the
determination coefficient (R?) from 0.90 to 0.94
in men and from 0.91 to 0.92 in women. It also
reduced the SEE from 1.92 to 1.63 kg in men
and from 1.84 to 1.63 kg in women, indicating
better predictive performance of the models with
additional variables.

Kawakami et al. [9] developed a formula for
estimating ALM for men and women based on
four anthropometric parameters: body weight,
height, waist circumference, and calf circum-
ference. They found that this model demon-
strated higher ALM prediction accuracy (men:

R? = 0.92; women: R? = 0.80; mixed gender:
R?=10.97) compared to using a single parameter,
such as calf circumference alone (men: R? = 0.82;
women: R? = 0.69; mixed gender: R? = 0.80).
Comparison of the predictive accuracy of the
ALM equation by sex revealed more significant
predictive indicators for men. It was explained
that women generally have a greater volume of
peripheral and overall fat tissue, which should
be considered when selecting predictor variables.

Table 4 presents the calculated ALM pa-
rameter and the DXA ALM. The correlations
between the DXA-derived and calculated ALM
values using all equations were statistically sig-
nificant (r = 0.84, P < 0.0001 for all formulas).

To further confirm the agreement between the
calculated low ALM values (for men and women,
ALM <20 kg and <15 kg) and the DXA-derived
ones, a Chi-square (y?) test was performed. The
test demonstrated high and statistically significant
levels of agreement, with more substantial
correspondence when using Equation 2 for women
(x> = 4.8; P = 0.03 for Equation 1; > = 249.7;
P <0.0001 for Equation 2).

According to ROC analysis, the sensitivity
and specificity of the developed equations for
identifying low ALM were as follows:

Equation 1: sensitivity 86.4 %, specificity
85.7 %;

Equation 2: sensitivity 83 %, specificity
81.8 %.

Table 4. DXA-derived and calculated ALM and IALM parameters depending on the equation in study groups

Model group

Model validation group

Indicators
Women Men Women Men

ALM, kg (DXA) 18.2 £3.1 26.3+£4.6 17.2+2.8 23.1+£29
ALMc, kg (calculated):
Equation 1 - 26.2+3.9 - 253+34
Equation 2 18.3+2.6 - 18.1+2.7 -
IALM, kg/m? (DXA) 7.0+1.1 85+13 6.9+1.0 8.0+0.8
IALMc, kg/m? (calculated):
Equation 1 - 85+1.2 - 85+1.2
Equation 2 7.140.9 - 72+1.0 -

Notes: ALMc — appendicular muscle mass from equations; [ALMc — appendicular muscle mass index from

equations.
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The areas under the ROC-curve (AUC) were
0.75 (95 % Confidence Interval [CI]: 0.72-0.77),
and 0.91 (95 % CI: 0.89-0.92), for the Equation
1 and 2, respectively, with P < 0.0001 for both
equations.

Our results showed that the ALM determined
using anthropometric and demographic indices
demonstrated a high diagnostic ability similar to
DXA parameters. Previous studies corresponded
with this result, finding high agreement between
ALM using the anthropometric formula and cor-
responding indices from imaging examinations
in different populations [6, 7, 9, 11, 12, 21].

Further analysis was conducted in the “mod-
el validation” group (n = 304, 284 women and
20 men) to validate the model. The results of
calculated ALM indices using Equations 1 and
2 and ALM obtained using DXA are presented
in Table 4.

We found a moderately significant relation-
ship between DXA-derived and calculated ALM
indices (Equation 1 (men): r = 0.55; P = 0.02;
Equation 2 (women): r = 0.70; P < 0.001).

Verification of the diagnostic ability of the
calculated low ALM to the indices measured
by DXA in the “model validation” group using
the y?-test established significant results, more
pronounced in women (respectively, Equation 1:
> = 9.94; P = 0.002; Equation 2: ¥*> = 55.88;
P <0.0001).

According to ROC-analysis, the sensitivity
and specificity of the Equation 2 for determining
low ALM in women were 72.6% and 91.1%, re-
spectively. The sensitivity for Equation 1 (men)
was 100, but its specificity was low (46.7%). The
areas under the ROC-curve were 0.63; 95 % CI
[0.37-0.85] for Equation 1 (P =0.50), and 0.87;
95 % CI1[0.83-0.91] for Equation 2, respectively,
(P <0.0001).

The study’s strengths include the involve-
ment of a large examined population (n=1,410)
in the modelling group, the high informational
value of ALM equations, and the possibility of
using them in primary healthcare without the
need for expensive diagnostic methods. Among
the weaknesses is the low specificity of Formula
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1 in the “model validation” group, likely due to
the small number of men in this group. Addition-
ally, the informational value of the equations
in patients with various comorbidities, such as
osteoporosis or diabetes, as well as in younger
individuals, remains unexplored and requires
further research.

CONCLUSIONS

The developed equations for ALM calculation
are simple and do not require complex measure-
ments to assess skeletal muscle mass. They are
highly informative and can be recommended
for SP screening in the primary care setting
to identify patients at risk for this disease.
Implementing the equations in practical healthcare
more widely will improve the management of SP
in older people by increasing the effectiveness
of its early diagnosis.
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3 BIKOM Y JIFOJIHH TIOCTYIOBO 3MCHILIYEThCS M 'S30Ba Maca
Ta CuJIa, [0 OTPUMAJO Ha3By capkomeHil. OCHOBHUMU
KPHUTEPIsIMH IJIsl MIATBEPKSHHS J[larHO3y € HHU3bKa aleH-
JKyJIsipHa 3HexknpeHa Maca (appendicular lean mass, ALM)
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gu ii ingexc (ALMI), HaiiuacTimie BU3HAYEHI METOIOM
nBo(OTOHHOI peHTreHiBchbKoi abcopouiomerpii ([PA).
Jocrynnicts JIPA B YkpaiHi 3a1u1aeTbest 00MEXEHOI0, TOMY
iCHy€e HarajbHa NOTpeda B MPOCTUX Ta JOCTYIMHHUX METO/aX
CKpHUHIHTY HH3bK0T ALM. MeToro HaIoro JociipKeHHs 0yJ10
CTBOpPEHHS Ta mepeBipka ¢popMya Juisi po3paxyHky ALM 3
ypaxyBaHHSIM IPOCTUX JeMOrpadiyHUX Ta aHTPOIIOMETPHIHNX
MOKa3HUKIB JUIsl yKPaTHCHKOT MOMYJISLIT 3a/UIsl MMiABUILCHHS
e(eKTHBHOCTI AIarHOCTUKH CAPKOIICHIT. Y PeTPOCIIEKTHBHOMY
JocIipKeHHi poananizoBano nani 1710 oci6 (1546 xiHok i
164 vosoBiku) Bikom 60 pokiB i cTapumx. Macy cKelreTHUX
M’s13iB BU3Hadaiu 3a jponomoroio /IPA («kDISCOVERY Wi,
Hologic, Inc.», CIIIA). {15t cTBOpeHHS piBHSIHb PO3PaxXyHKY
ALM BHUKOpPUCTOBYBaJId METOJA INOKPOKOBOi MHOKHHHOT
JiHIHHOT perpecii, BCTAHOBUBIIY 3aJIXHY 3MiHHY Ik ALM, Ta
AQHTPOIIOMETPHYHI Ta AeMOrpadiuHi HOKa3HUKH K He3aJICIKHI
3MinHi. Haii6inp iHpopMaTHBHUMU PIBHSHHSAMHU Ul OCi0
BikoMm monaj 60 pokiB BuzHaueHo ALM (donosiku) = 0,191
x maca (xr) + 0,141x 3pict (cm) — 0,077 X Bik (poku) —
9,406 (xoedinient perepminanii (R?) = 0,71, crangaptHa
noxu6ka ouinku (SEE) = 2,5 xr); ALM (xkinkun) = 0,161
x maca (kr) + 0,089 x 3pict (cm) — 0,013 x Bik (poku) —
7,067 (R? = 0,71, SEE = 1,68 kr). Po3po6ieni piBHAHHS €
IPOCTUMH i1 HE MTOTPeOyIOTh CKIaAHUX BUMIpIOBaHb. Bonu €
BHCOKOIH()OPMATUBHUMY | MOXKYTh OyTH PEKOMEHI0BaHi 1St
CKPHHIHTY CapKOIIeHil Ha IePBUHHIH JIaHIII HaJaHHS MEAUYHOT
JIOTIOMOTH JUIsl BU3HAYECHHsI MALIEHTIB IPYIH PU3HMKY ILIOJ0
TAKOTO 3aXBOPIOBAHHSI.

Ki1r04oBi clloBa: aneHAMKYJSpHA 3HEXKUPEHA Maca; Maca
CKEJIeTHUX M’sI31B; CApKOIICHisl; TPOTHOCTHYHE PIBHSHHSI.
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