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Predictive equations for muscle mass in patients with spinocerebellar ataxia

Ecuaciones predictivas de masa muscular en pacientes con ataxia espinocerebelosa
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ABSTRACT
Introduction: spinocerebefllar ataxia (SCA) is a group of neurodegenerative disorders which
affect balance and gdit and the muscle trophism. The use of bioelectrical impedance analysis
(BIA) has become increasingly common in assessing body composition. However, it is not
always available in health services and has certain limitations.

Objective: to compare anthropometric equations with one that uses BIA to predict muscle

mass in patients with SCA. Methods: 76 patients with ages from 22 to 72 years had their muscle

mass estimated by the equation that employs BIA and by five anthropometric equations. The
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results were analyzed using Pearson’s and intraclass correlation coefficient, the paired t test
and the Bland-Altman plot.

Results: the mean weight and height + SD were 64.2 + 14 kg and 1.61 m = 8 cm, respectively.
The equation proposed by Lee et al. (2000), which uses body weight and height measurements,
produced the best results in predicting muscle mass, since a significant bias value was not
detected, and both a stronger linear correlation (r = 0.94) and higher intraclass correlation (ICC
=0.93).

Conclusion: this anthropometric equation can be used to reliably imate and monitor

decreases in muscle mass in people with SCA.

Scle mass. Muscle trophism.

. A

Introduccidn: las ataxias espinocerebelosas (AEC) forman parte de un grupo de enfermedades
r
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RESUMEN

que afectan al equilibrio y la marcha y al troflsmo muscular. La ut|I|zaC|on de Ia impedancia
” V. BN a Y 7
bioeléctrica (BIA) es cada vez mds comun en la evaluacién de la composiciéon corporal. Sin

4 a9 Vv aB
embargo, esta tecnologia no siempre estd disponible en los servicios de salud y su uso en un
4 A . W ar
elevado numero de personas presenta ciertas limitaciones.
> A % v 4 -_ms$ v
Objetivo: comparar diferentes ecuaciones antropomeétricas con una ecuacién que utiliza
7”5 - -w e y
valores de BIA en la pred|CC|on de la masa muscular en un grupo de pacientes con AEC.
7 - v .
Métodos: se estimaron las cantidades de masa muscular de 76 pacientes portadores de la
“ < B W 4
enfermedad con edades comprendidas entre los 22 y los 72 afios con base en la ecuacion que
b Y -— - rd

utiliza la BIA y otras cinco ecuaciones antropométricas. Para el andlisis de los resultados se
-

emplearon l6s coeficientes de<correlaciéon de Pearson, de correlacion intraclase, el test de t
pareado y el andlisis de Blahd-Altman.

Resultados: la media de peso y altura + desvio patron fueron 64,2 + 14 kg y 1,61 + 8 m,
respectivamente. La ecuacion propuesta por Lee y cols. que utiliza parametros de peso y
estatura presenté mejor desempefio en la prediccidon de masa muscular pues no presentd sesgo
significativo, mayor correlacién lineal (r = 0,94) y mayor correlacién intraclase (ICC = 0,93) en
relacién a las demas ecuaciones.

Conclusiones: esa ecuacion antropométrica se puede utilizar para estimar la masa muscular de

los portadores de AEC.



Palabras clave: Ataxia espinocerebelosa. Composicidon corporal. Masa muscular. Trofismo

muscular.

INTRODUCTION
Spinocerebellar ataxia is part of a group of neurodegenerative disorders of autosomal
dominant inheritance. Their clinical manifestation includes progressive changes in balance, gait

and hypotonia, among others. Their reported prevalence ranges from”“one to five cases per

100,000 (1,2).

The severity of SCA is measured by the Scale for the Assesspient and Rating of Ataxia (SARA),

ﬁnt’ reductions

changes in balance and gait due to muscle ced m

assessing and monitoring body compositi rder to

absorptiometry (DXA) qgO@htify the

mass« j ompflexity of their use; however, these methods have

validated methods fof use in diverse populations, are easy to apply and are broadly employed
for both these purposes (6).

BIA is frequently used for body composition assessments. It is a low-cost, non-invasive and
easily applied method (5). It is based on the two-compartment model of body composition. Fat
mass and fat free mass are assessed by the flow of a low-intensity electric current through the

body and the resistance exerted by the different body compartments (6). Several studies have

found a strong correlation between muscle mass and BIA assessments. Although the cost of



using BIA is lower compared to methods that employ higher technology (e.g., DXA), it is not
always available for clinical use in health services. Moreover, as several conditions must be met
for a BIA assessment to produce accurate results, this requirement may restrict the feasibility of
its use.

Anthropometry, on the other hand, is one of the most commonly used methods for assessing
body composition. It is of relatively simple use, and estimates the size and proportions of body
compartments through the measurement of an individual’s weight, height, circumferences,

lengths and skinfolds (7,8). It can be applied in clinical, field and fesearch settings. The

equipment used is portable, non-invasive, easy to handle, low-cost/and available in most health
services.

More than 100 predictive equations for estimatifg body fat using anthropometric

muscle mass, however, is much lower. Some i de&elo sing cadavers of
seniors as their study sample, in relatively ti cle mass by tissue
dissection (9,10). Other studies i i nd proposed regression

identify the most accurate met
In light of the challen g/more sophisticated methods for body composition

assessment in clinical pra e of predictive equations can be a feasible alternative for

estimating end, the objective of this study was to compare the results of
different predictive equations that use anthropometric measurements or BIA for determining

muscle mass in patierts with SCA.

MATERIALS AND METHODS
Patients aged 18 or older with a diagnosis of SCA and who were attending the Outpatient Clinic
for Movement Disorders at a public hospital in the south of the country were included in the

study. The study sample was selected through screening assessments conducted between April



of 2011 and January of 2013. Exclusion criteria included any type of amputation, use of a
pacemaker, a defibrillator or any metallic device in the body, and pregnancy.

This is a cross-sectional, prospective, analytic study, and was approved by the Ethics in
Research Committee under registration number 2379.273/2010-11. The study procedures were
described to each patient and/or their caregivers. Those who agreed to participate in the study
then signed a free and informed consent form.

Patients were first assessed by a neurologist, using a standardized protocol to diagnose SCA,

and to determine the SARA level. Body composition assessments occurrédhon a single day, and

were conducted by trained personnel, in a climatized room at” 25 °C. During the entire
assessment, patients wore their underclothes only.
BIA assessments were performed using a Biodynamics device, model 310. Diing the
examination, study participants were lying down jn" the supi@e position, on a non-condticting
surface, with their arms positioned at a 45° ar i éheir bo d with théir legs
apart. Measurements were taken on theight si dy ini with.the methods

" * i forAifting the bed. Height was
measured using a wa r@ lometef® m ip€rements following the protocol
described by tientsQ‘ ad their recumbent height measured

as per th Q'
Mid- id-thigh and calf measurements were taken by the

and calf sites. The averagevalue was recorded and when the highest and lowest values differed
by more than 5%, d new set of measurements was taken. Skinfold measurements were
performed using a Lang® scientific caliper, following the techniques described by Harrison et al.
(15).

Muscle mass (MM) was estimated based on the reference standard proposed by Janssen et al.
(16), which uses BIA resistance values for its prediction. MM readings obtained through BIA

were then compared with those of Martin et al. (9) (B) and Doupe et al. (10) (C) classical

equations, which were proposed based on the direct dissection of cadavers; the equations



proposed by Lee et al. (11) (D, E), which were developed based on multi-compartment
methods; and the of use anthropometric measures, as well as the equation proposed by
Heymsfield et al. (12) (F), which uses height and corrected mid-upper arm muscle area (Table I).
Statistical analyses were performed using R statistical software package, version 2.15.3 (R Core
Team, 2014), based on the comparison of muscle mass values obtained through Janssen et al.
equation and the results produced by each of the other equations. In order to quantify the
strength of linear correlation and agreement between the results produced by each equation,

Pearson’s correlation coefficients and intraclass correlation coefficients were calculated, and

their respective 95% confidence intervals were obtained through simulation according to

Shrout and Fleiss (17) and Zar (18). Moreover, the differencesbetween the resultssproduced by

differences and to identify potential outliers,For e guation i d, the
mean and the standard deviation of the |fferer"méalculateow ired t-test was
used to detect potential bias in obtaifhing mus easur

RESULTS s‘

A total of 76 patients“age ?& and 79 em female and 46% male, were
assessed. Mean odyé 4.2 kg e mass estimated by equation A was
22.8 kg ble 11). Tabl containg mass”estimates obtained from each predictive
equation. Estimated mean mus lues“were highest with Martin et al. (9) (B) equation

(29.
Table IV

g), and lowest wij af. (12) (F) (21.8 kg).

presents the ¢ tion etween Janssen et al. (16) (A), which was the reference

standard formuscle mass in ouf study, with the other five predictive equations. The strongest
correlation was found foptLee et al. (11) (E) equation (r = 0.94), while that of Heymsfield et al.
(12) (F) was the weakést (r = 0.69). The intraclass correlation analysis revealed that, once again,
Lee et al. (11) (E) equation produced the highest result (r = 0.93), while the lowest was found
for equation B (r = 0.46), thus suggesting that these two equations produced the highest and
lowest levels of agreement in relation to muscle mass values obtained by equation A.

Equations D, E and F produced non-significant bias values in muscle mass measurements, as
indicated by the mean difference compared to equation A, whereas the lowest bias was found

for equation D (& = 0.16). Moreover, equations B and C were found to overestimate patients’



mean muscle mass. All other equations were found to produce significant bias values at the 5%
significance level.

Figure 1 depicts the Bland and Altman (19) plot distribution of the differences in muscle mass
obtained between equation A and the other five predictive equations. Overall, these equations
tended to overestimate muscle mass when compared to equation A, with the exception of
equation F. A high degree of measurement bias is also noticeable, as indicated by the lines
depicting the mean differences for equations B and C. Finally, the amplitude of the limits of the

respective graphs indicate a high degree of heterogeneity in the differences found.

A higher number of differences close to zero was found for equatio ad by equation D.

However, the variation in the differences produced by equation D increases as*the patient’s
muscle mass increases. This trend is less evident for equa

a higher muscle mass than the other study partiCipants, ere a high measurement, bias
7
\&o F prod' Qv ation in the
e@ compa ee!ho D and E. Overall,
nr, the a o&ric predictive equations we
compar yation which uses bioelectric
)

(underestimating it by four units) was found.

Although a significant bias value was not“detec

obtaining thése estimates using“available methods such as DXA, CT and BIA, however, limits the
feasibility of theikroutinedse in practice.

Patients with SCA mdy have reduced muscle mass in their lower limbs as a result of disease
progression. To our knowledge, this is the first research study to compare the results of
anthropometric prediction equations for muscle mass in patients with SCA.

The age range in our study population was similar to that of the population samples used to
generate most other predictive equations for muscle mass, thus capturing body composition
changes associated with aging. The study by Janssen et al. (2000) (16) included individuals aged

between 18 and 86 years. The studies by Lee et al. (2000) (11) (D and E) assessed individuals



aged 20 to 81 years, and similarly, Heymsfield et al. (1982) (12) (F) study population included
individuals aged between 20 and 70 years.

The equation developed by Martin et al. (B) (1990) (9) and the model subsequently developed
by Doupe et al. (1997) (10) were based on a small sample of 12 male cadavers, aged between
50 and 94 years. The low agreement between equations B and C compared to equation A may
be a result of the age and gender differences in these two study populations. The first two

equations were derived from a sample of predominantly older males, which may explain the

results.

In addition to considering the baoe

Out of the

these equations difféfed with regard to their respective validation methods, where equation A
was validated through magnetic resonance imaging, and equation C, through cadaver
dissection.

Equation E, which had the highest ICC and the highest linear correlation with equation A, uses
total body weight and height to measure muscle mass. The Bland-Altman plot (19), however,
which assesses the agreement between methods, found significant bias values, which indicates

that there are differences in the means of the two methods. This finding may be explained by



potential changes in lower limb muscle composition in patients with SCA. One of the
advantages of using this equation is that its variables can be easily obtained.

Even though upper body measurements such as mid-upper arm circumference and mid-upper
arm muscle area are frequently used as indicators of muscle mass, we found that equation F,
which uses height and mid-arm muscle area only, produced low correlation and low ICC results
compared to equation A. Hence, its use in this patient group is not recommended. The
differences in estimated muscle mass may be attributed to the potential decrease in lower limb

muscle mass in patients with ataxia. The anthropometric equations zed in this study

produced variable results and tended to overestimate MM values: that equation E

generated the best results among the five equations for the established criteria. The use of this

predictive equation will enable health professionals to monitor changes in body compuesition in

patients with SCA, as well as disease progression, and ke effectiveness of therap
interventions, thus contributing to maintainingor im i € patien a i
@
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Table I. Predictive equations for muscle mass

Equation Study Predictive equation

MM (kg) = ([H*/R x 0.401] + [S x 3.825] + [Ag x — 0.071]) +
A Janssen et al. (2000) (16)

5,102

MM (g) = H x (0.0553 x CTG? + 0.0987 x FC> + 0.0331 x
B Martin et al. (1990) (9) "

CCG)—12,445

MM (g) = H x (0.031 x MTG? + 0.064 x CCG* + 0.089 x
C Doupe et al. (1997) (10) R

CMAC?) - 3,006 /\

MM (kg) = H x (0.00744 x CMAC* + 0.00088 x CTG” +
D Lee et al. (2000) (11)

)+2.4xS—-0.048 x"Ag + Ra + 7.8
—0.098xId +Rb

E Lee et al. (2000) (11)

Heymsfield et al. (1982) (12)/

African desce




Table Il. Descriptive characteristics of patients with spinocerebellar ataxia (n = 76)

Characteristics Mean (SD) Median Minimum Maximum
Age (years) 45.3 (10.4) 46.5 22 72

Body weight (kg) 64.2 (13.8) 65.4 36 95

Height (cm) 161 (8.7) 159 139 177

BMI 24.6 (4.5) 25 14 34

SARA 14.6 (82) 12.5 1 /\ 36.5

SD: standard deviation; BMI: body mass index; SARA: Scale for t and Rating of

Ataxia.



Table lll. Muscle mass estimates obtained from predictive equations in patients with SCA (n =

76)

Muscle mass (kg) Mean (SD) Median Minimum  Maximum
Equation A 22.8 (6) 21.2 13.2 32.9
Equation B 29.7 (9) 27.5 14.7 60.5
Equation C 27.8(7) 254 15.8 55.5
Equation D 23.0(6) 21.0 13.3 44.2
Equation E 23.4 (6) 22.5 12.2 35.9
Equation F 21.8 (6) 20.5

SD: standard deviation; Equation A: Janssen et al. (2000) (16);
Equation C: Doupe et al. (1997) (10); Equation D, E: Lee e

et al. (1982) (12).

. (1990) (9);
. (2000) (11); Equation F: Heymisfield

ation B: Martin et



Table IV. Coefficient of correlation (r), intraclass correlation (ICC) and Bland and Altman plot

values obtained by five different equations to estimate muscle mass in patients with

spinocerebellar ataxia (n = 76)

Linear correlation Intraclass correlation

Mean difference

Equations r ICC Cl (95%) J Cl (95%) ; + 3x Sd
B 0.81 0.46 0.28; 0.62 6.87 5.70; 8.10 -3.9; 17.7
C 0.82 0.60 0.46; 0.72 -3.7;13.6
D 0.91 0.91 0.87; 0.95 -4.8;5.2
E 0.94 0.93 0.91; 0.96 -3.5;4.8
F 0.69 0.68 0.52; 0.82 -10.5; 8.6

Equation B: Martin et al. (1990) (9); Equation C:
al. (2000) (11); Equation F: Heymisfield et

correlation coefficient; Cl: 95% confid

ce interv

upe eh¢97) (10); Equation D, E: L
: (‘1382’ inear‘or ; "
ean dh(\ SD: standard

\?




Diferenga: Martin-Bia Janssen
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