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Mild Overweight Reduces the Risk of Sarcopenia in Healthy Women
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Abstract: Background: The process of ageing is accompanied with a progressive decline in skeletal muscle mass result-

ing in sarcopenia.

Aims: To test the association patterns between body mass index and appendicular skeletal muscle mass adjusted for height
and total skeletal muscle mass adjusted for height among healthy women.

Design: In a cross-sectional study the association between body mass index (BMI) and appendicular skeletal muscle mass
adjusted for height and total skeletal muscle mass adjusted for height was tested among 834 healthy women ageing be-
tween 20 and 92 years. Muscle mass was estimated by means of dual energy x-ray absorptiometry (DEXA).

Results: Appendicular skeletal muscle mass adjusted for height and total skeletal muscle mass adjusted for height were
positively associated with BMI. Overweight women (BMI < 30.00) had a significantly reduced risk to develop sarcopenia

in comparison with their normalweight counterparts.

Main conclusions: Mild overweight has a protective effect against muscle loss and sarcopenia in healthy women.
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INTRODUCTION

Sarcopenia, the decline in skeletal muscle mass in com-
bination with higher fat accumulation in the muscle and
lower muscle strength is considered as one of the hallmarks
of human aging process [1]. The term sarcopenia, from the
Greek “Poverty of flesh“, was introduced by Rosenberg
twenty years ago. Even today sarcopenia is mostly seen as a
somatic condition typical of old aged people [2,3]. A condi-
tion which inevitably leads to an impaired functional per-
formance, increased physical disability, vulnerability and
frailty and an increased risk for falls [4,5]. Frail elderly peo-
ple have not only an increased tendency to fall but also to
break bones due to these falls and so sarcopenia results often
in helplessness and in the loss of independence [6]. But sar-
copenia and the loss of skeletal muscle mass do not appear
during old age only. The decline of muscle mass starts very
early, during the third decade of life and progresses thereaf-
ter [7]. As Lexell et al. [8] pointed out in human vastus later-
alis sarcopenia starts during the mid twenties leading to 10%
loss of muscle area by the age of 50 and 50% loss by the age
of 80 years. With increasing age this loss in lean body mass
accelerates and results in a deficiency of relative skeletal
muscle mass [7, 9,10]. The consequences of this process are
dramatic ones because skeletal muscle represents not only
the largest component at the tissue-organ level of body com-
position in healthy adults, it is also essential for physical ac-
tivity [11]. Many different factors are discussed to promote
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the loss of skeletal muscle mass. Beside a genetic predisposi-
tion, physical inactivity, a sedentary life style, nutritional
factors, nicotine consumption, the loss of motoneurons, in
women endocrine changes such as the decline of sex steroids
associated with menopause and impairments in the growth
hormone/IGF-1 pathway are discussed to promote develop-
ment and progression of sarcopenia [12-19]. One open ques-
tion is still the effect of weight status on the development of
sarcopenia. The effects of weight status on lean body mass
are still discussed controversial. On the one hand a high
weight status, first of all obesity is seen a special risk factor
for the development of sarcopenia because obesity is often
associated with a greater probability of functional limitations
[20-22]. Furthermore it was pointed out that higher weight
status and or weight stability may mask a dramatic decline in
muscle mass [23]. Recently the term sarcopenic obesity was
introduced into scientific literature considering the observa-
tion that obesity and sarcopenia may potentiate each other
and so maximize their effects on physical disability, morbid-
ity and mortality in advanced age [24,25]. On the other hand
weight status is positively associated with bone density and
bone mass. Several studies have shown that a low BMI rep-
resents a risk factor for osteopenia, osteoporosis and frac-
tures [26-29], while obese individuals show an increase not
only in bone mass but also lower body lean body mass, pre-
sumably an adaptive response that maintains mobility [28].
Therefore the aim of the present study was the analyses of
the impact of weight status on skeletal muscle mass and the
prevalence of sarcopenia in healthy women aging between
20 and 92 years.
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MATERIAL AND METHODOLOGY
Subjects

834 subjects ranging in age from 20 to 92 years
(x=50.1£14.6) were enrolled in the present study. All sub-
jects were recruited by newspaper advertising, broadcasting
or via snowball system and originated from Vienna or neigh-
boring Lower Austria. The examination took place at the
Menox-out-patient-department for the treatment of climac-
teric symptoms in Vienna. The examination started an exten-
sive anamnesis and documentation of individual case history,
reproductive history, previous diseases, surgery, actual and
past medication. In a first step all subjects with acute dis-
eases or a history of chronic or metabolic bone disease,
physical disabilities and a treatment with drugs that may in-
fluence lean soft tissue and bone mass such as cortisone
treatment were excluded from further analyses. Furthermore
smoking was a strict exclusion criterion. In a second step the
physical activity of the probands were documented using the
questionnaire of habitual physical activity by Baecke et al.
[30] None of the subjects had a history of excessive sportive
activity or severe habitual physical activity during work, but
all subjects were active and the elderly ones did not need
care. All of them lived in private homes and not in geriatric
homes for elderly people. Therefore the sample consists ex-
clusively of healthy and mobile subjects. This selection was
necessary because the aim of the study was to analyze the
impact of weight status on sarcopenia exclusively. Therefore
the authors tried to choose a homogeneous sample with as
few as possible covariates which may influence the devel-
opment of sarcopenia. Immobile subjects, especially elderly
ones with a drastically impaired mobility, may increase the
heterogeneity of the sample. Socioeconomic status was esti-
mated by marital status, educational level, profession, family
income and the area living in Vienna. All subjects belonged
to the typical social middle class of urban Vienna. Therefore
socioeconomic parameters were not considered in the further
analyses. Beside the objectives of the study, the right to
withdraw at any time was explained. Strict confidential was
ensured. The study was conducted in compliance with “Ethi-
cal principles for medical research involving human sub-
jects” of Helsinki Declaration and was approved by the
Menox bioethical committee.

Anthropometrics and Body Composition Analyses

Stature height and body weight were determined accord-
ing to the methods described in Knussmann [31]. Body com-
position analyses were performed by dual-energy-x-ray ab-
sorptiometry (DEXA) using a Hologic 4000 scanner. DEXA
measures total bone mineral content (BMC) and bone density
(BD), fat mass and lean soft tissue mass with a precision
(coefficient of variation) of 0.9, 4.7 and 1.5% respectively.
The precision of abdominal fat mass and fat % is 4.3 % and
3.4% respectively [32]. All scans were obtained by the same
person. The extinction of x-rays dependent on the tissue
measured and absolute and relative fat mass and lean body
mass are estimated. The scanner uses a X-ray source, an in-
ternal wheel to calibrate BMC and a external luciate and
aluminium phantom to determine the percentage of fat of
each soft tissue sample scanned. The percentage of body fat
is determined from the ratio of attenuation of the lower en-
ergy (70kVp) to that of higher energy (140 kVp)of the beam.
This is calculated for all non skeleton pixels. The scan time
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takes approximately 6 minutes and the radiation doses are
relatively low, with .1 mSievert. Default software readings
provide lines positioned to divide separate body compart-
ments such as head, upper and lower limbs and trunk.

Appendicular skeletal muscle mass (ASM) was deter-
mined by combining the lean tissue mass of the regions of
the arms and legs, excluding all other regions from analyses
[33]. ASM was adjusted for height by dividing each mass by
the square of height (metres squared), in this way the relative
appendicular skeletal mass (RASM) was calculated. Addi-
tionally total skeletal mass (TSM) was estimated by multi-
plying the ASM by 1.33 in accordance with the assumption
that ASM represents 75% of the total skeletal mass [34]. Ad-
ditionally TSM was also adjusted for height by dividing
TSM by the square of height and so the relative total skeletal
mass was calculated (RTSM). For the classification of sarco-
penia the definition proposed by Baumgartner et al. [5] was
used. According to Baumgartner et al. [5] an adjusted ASM
(RASM) greater than 2 standard deviations below the sex
specific mean from a young healthy reference population
was classified as sarcopenia. For the present paper normative
levels for adjusted ASM (RASM) were taken from Gallagher
et al. [4] for white non Hispanic Caucasians. According to
this study the cut-off values for sarcopenia were 5.45 for
women.

Weight Status

Weight status was classified using the Body mass index
categories published by the WHO [35]:

BMI < 16.00 = severe thinness

BMI 16.00-16.99 = moderate thinness

BMI 17.00-18.49 = mild thinness

BMI 18.50 — 24.99 = normal range (normal weight)
BMI 25.00-29.99 = overweight

BMI 30.00-39.99 = obese Grade |

BMI >40.00 = obese Grade Il

Only normal weight and overweight women were in-
cluded in the present analyses, because obese individuals
(BMI > 30.00) can not be considered to be healthy. Under-
weight women were also excluded from the present sample
because only 10women exhibited a BMI below 18.50. These
women however were extremely thin, their BMIs were blow
17.00 and can’t be considered as healthy.

Statistical Analyses

Statistical analyses were carried out by using SPSS pro-
gram version 16.0 [Microsoft Corp.]. After calculating de-
scriptive statistics such as means, standard deviations, ranges
of the body composition variables, oneway Anovas (Duncun
tests) and student t-test were performed to test group differ-
ences with respect to their statistical significance. Chi-
squares and odds ratios were calculated. Linear and binary
regression analyses were computed in order to test the impact
of weight status and age on lean body mass and sarcopenia.

RESULTS
Subject Characteristics

Subject characteristics are listed in Table 1. As to be seen
the age groups differed significantly in body weight, BMI
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Table 1. Subject Characteristics
Age groups Stature height (cm) Body weight (kg) RASM (kg/m?) RTSM (kg/m?) BMI (kg/m?)
x SD x SD x SD x SD x SD
< 30yr 167.3+5.9 65.2+16.4 5.96+0.86 7.92 £1.16 23.27£5.77
30-39yr 166.1+5.8 72.5+15.8 6.11+0.85 8.13£1.13 26.33+5.76
40-49yr 164.9+6.1 73.1+14.5 5.98+0.93 7.95+1.23 26.91+5.21
50-59yr 164.9+5.6 73.4 £12.6 5.93+0.72 7.89+0.96 27.02+4.59
60-69yr 163.8+5.8 74.7+12.4 5.98+0.81 7.96+1.08 27.79+4.11
70-79yr 162.2+5.6 724114 5.92+0.74 7.88+0.98 27.56+4.12
> 80yr 160.5+4.2 61.6+11.1 5.81+0.78 7.73+£1.04 23.92+4.25
p-value <0.0001 <0.0001 ns. ns. <0.0001
Legende: RASM: Appendicular skeletal mass (in kg)/m?.
RTSM: Total skeletal mass (in kg)/ m?.
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Fig. (1). Prevalence of overweight by age group.

and stature, while no significant differences in appendicular
skeletal muscle mass adjusted for height and total skeletal
muscle mass adjusted for height were found. Body weight
well as BMI increased steadily up to the 70" decade of life
and decreased then. As to be seen in Fig. (1) the prevalence
of overweight increased significantly (p<0.0001) with in-
creasing age up to age group 70 to 79 years. 55.7% of the
women aging between 70 and 79 years corresponded to the
WHO definitions of overweight. Among the highest age
group (> 80 years) however, only 17.6 % of the subjects
were classified as overweight.

Skeletal Muscle Mass According to Weight Status and
Age

In this cross sectional study relative appendicular skeletal
muscle mass (RASM) and relative total skeletal mass
(RTSM) differed significantly according to weight status (see
Table 2).

The amount of appendicular skeletal mass adjusted for
height and total skeletal mass adjusted for height were sig-

nificantly higher among overweight women in comparison
with their normal weight counterparts. This was true of all
age groups. A linear decline of appendicular skeletal mass
adjusted for height and total skeletal mass adjusted for height
however could neither be proved for overweight nor for
normal weight women.

Weight Status and Sarcopenia

At first we had to state that the prevalence of sarcopenia
was extraordinary high in the present sample. The prevalence
of sarcopenia differed significantly between normal weight
and overweight women (p< 0.001). Normal weight women
of each age group showed the significantly highest preva-
lence of sarcopenia (see Table 3). Furthermore the risk to
develop sarcopenia was significantly higher among normal
weight women in comparison with their overweight counter-
parts. This was true of all age groups however the odds ratio
decreased with increasing age group (see Table 3).

The significant impact of weight status on appendicular
skeletal mass adjusted for height and total skeletal mass
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Table2. Relative Muscle Mass According to Age and Weight Status

Normal Weight Overweight Significance
Age groups p
x (SD) x (SD)

19-29 yr (n=99)

RelASM 5.65 (0.56) 6.55 (0.73) 0.0001

RelTSM 7.51 (0.75) 8.71 (0.99) 0.0001
30-39 yr (n=89)

RelASM 5.69 (0.62) 6.47 (0.86) 0.0001

RelTSM 7.57 (0.83) 8.59 (0.77) 0.0001
40-49 yr (n=209)

RelASM 5.39 (0.53) 6.32 (0.93) 0.0001

RelTSM 7.16 (0.70) 8.41 (0.87) 0.0001
50-59 yr (n=276)

RelASM 5.52 (0.55) 6.15 (0.74) 0.0001

RelTSM 7.35 (0.74) 8.19(0.92) 0.0001
60-69 yr (n=87)

RelASM 5.37 (0.61) 6.16 (0.78) 0.0001

RelTSM 7.14 (0.81) 8.19 (0.98) 0.0001
70-79 yr (n=62)

RelASM 5.39 (0.55) 6.09 (0.71) 0.0001

RelTSM 7.16 (0.93) 8.09(0.94) 0.0001
>80 yr (n=17)

RelASM 5.74 (0.69) 5.99 (1.13) n.s.

RelTSM 7.63 (0.91) 7.97 (1.61) n.s.

Table 3. Prevalence of Sarcopenia According to Weight Status and Age Group

Normal Weight Overweight

Age Groups Prevalence Odds Ratio 95% Confidence Interval Prevalence Odds Ratio | 95% Confidence Interval | P Value
19 - 29yr 28.3% 5.32 1.36 - 20.91 5.9% 0.67 0.54-0.82 0.0001
30-39yr 38.5% 4.93 1.81-13.38 12.8% 0.63 0.48-0.83 0.0001
40- 49 yr 46.9% 431 2.65-6.99 18.3% 0.51 0.39-0.66 0.0001
50-59 yr 52.6% 3.19 2.12-4.82 15.3% 0.62 0.51-0.75 0.0001
60-69 yr 55.3% 3.07 1.61-5.87 25.4% 0.55 0.33-0.90 0.0001

70-79 yr 57.1% 2.73 1.28-5.79 23.9% 0.58 0.33-1.02 0.01

>80 yr 56.4% 2.08 0.32-13.61 30.0% 0.83 0.45-1.51 ns.
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Table4. Regression Analyses
Regression Coefficient B Significance p-Value 95% Confidence Interval
Dependent variable Relative Appendicular skeletal muscle mass (RASM)
BMI 0.10 0.0001 0.094-0.116
age -0.01 0.003 -0.008 - -0.002
stature 0.01 0.01 0.003 - 0.019
Dependent variable Relative Total skeletal muscle mass (RTSM)
BMI 0.14 0.0001 0.125-0.155
age -0.01 0.003 -0.011 - -0.002
stature 0.02 0.01 0.004 -0.26
Dependent variable sacropenia
BMI -0.31 0.0001 0.682 - 0.785
age 0.02 0.03 1.001-1.029
stature -0.04 0.04 0.931-0.998

adjusted for height as well as on sarcopenia was corroborated
by the results of the multiple and binary logistic regression
analyses (see Table 4).

With increasing BMI appendicular skeletal mass adjusted
for height and total skeletal mass adjusted for height in-
creased significantly. This was also true of stature height.
Age in contrast had a significantly negative impact on ap-
pendicular skeletal mass adjusted for height and total skeletal
mass adjusted for height. Sarcopenia in contrast, was signifi-
cantly negatively related to the BMI and stature height, but
age had a significantly positive impact on the development of
sarcopenia.

DISCUSSION

During the ageing process the human body undergoes
profound changes in body composition. Beside the general
weight gain two significant alterations are observable: on the
one hand there is a shift towards more body fat mass, espe-
cially the accumulation of abdominal fat deposits and vis-
ceral fat mass, on the other hand there is a gradual loss of
skeletal muscle mass and bone mass [36,37]. These body
composition changes start relatively early, in the third and
fourth decade of life, and continue up to old age [8,9]. While
the adverse health effects of bone loss and the increase in fat
mass often in combination with the development of over-
weight and obesity are well known since a long time [20,38],
the dramatic disabilities associated with the gradual reduc-
tion of skeletal muscle mass are discussed only since about
twenty years [39,40]. The term sarcopenia for description of
this progressive depletion of muscle mass and muscle

strength was introduced in 1989 into scientific literature.
This condition effects health and well being in a twofold
manner: sarcopenia leads to increased disability and frailty
and to an increased risk of falls [41-44]. Especially the com-
bination of sarcopenia and osteoporosis increases the fre-
quency bone fractures and so the risk of helplessness and
disability in old age [6, 44, 45]. On the other hand we have
also be aware that muscle is a metabolically active tissue
[46-49] and sarcopenia may therefore also contribute to the
development of some of the metabolic disorders associated
with aging [17]. Therefore it is important to identify all risk
factors which enhance the decline of skeletal muscle mass.
The best recognized extrinsic risk factors for the develop-
ment of sarcopenia but also ostopenia and osteoporosis are
decreased physical activity, nicotine consumption and nutri-
tional factors [13-16,50]. But there are also some intrinsic
factors involved in the ageing process of skeletal muscle: the
decline of sex steroids, especially in human females after
menopause, growth hormone, growth factors and metabolic
processes such as glucose or fatty acid metabolism are of
importance [47,49]. One special factor influencing the
changes in fat free body mass seems to be weight status.
Weight status, estimated by body mass index, tends to in-
crease through the ageing process, and the development of
overweight and obesity during the fifth or sixth decade of life
are common in the majority of industrialized countries [38].
The effect of weight status on lean body mass, however, is
discussed controversial. While a positive association between
weight status and bone density was proved in several studies
[26-29,51] a positive effect of weight status on muscle mass
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was not described. In contrast, obesity is described as a con-
dition characterized by a reduced physical activity and a sed-
entary lifestyle. This life style promotes muscle loss and the
development of sarcopenia. In the present study the associa-
tion between body mass index and skeletal muscle mass was
analyzed in healthy women ageing between 20 and 92 years.
Since only healthy women should be included into the sam-
ple obese subjects were excluded. It turned out, that over-
weight women (BMI between 25.00 and 29.99) showed a
significantly higher appendicular skeletal muscle mass ad-
justed for height as well as a higher total skeletal muscle
mass adjusted for height. This was true of all age groups. The
risk to develop sarcopenia was significantly increased in
normalweight women in comparison with their overweight
counterparts. According to the results of the present study the
BMI had a positive impact on muscle mass. On the one hand
this observation may be due to an adaptive response that
maintains mobility and an increasing training effect [28]. On
the other hand overweight women exhibit also a higher
amount of subcutaneous fat tissue and subcutaneous fat tis-
sue is also a source of sex steroids [52,53]. Especially during
menopausal transition a higher amount of fat tissue is associ-
ated with higher levels of estrogens because the extraovarian
estrogen synthesis, the conversion of androgens to estrogens
takes place in the subcutaneous fat tissue [52-55]. This effect
may decrease the effects of hormonal changes which are
known to enhance the decrease of muscle mass. At a first
glance these results are in sharp contrast to the description of
the sarcopenic obesity [24,25], a condition which combine
sarcopenia and obesity. But we have to be aware that only
healthy overweight but not obese women were included in
the present study. None of the subjects had a BMI above
30.00. All subjects were physically active, although none had
a history of excessive sportive activity. Therefore none of
them corresponded to the definitions of sarcopenic obesity.
The results of the present study plead for a positive effect of
mild overweight on muscle mass comparable to the positive
interaction between BMI and bone density. However we
have to interpret the results of the present study very criti-
cally: The prevalence of sarcopenia was extraordinary high
in the present sample. More than 25% of the normal weight
women aging between 20 and 29 years corresponded to the
definitions of sarcopenia published by Baumgartner et al.
[5]. Although Baumgartner et al. [5] also found a prevalence
of sarcopenia of 23.1% among non-Hispanic white women
younger than 70 years, the results of the present study plead
for a critical discussion of existing sarcopenia definitions and
frequently used cutoffs and may be for the development of
new cut offs for the definition of sarcopenia for central Euro-
pean populations. It seems that the use of US American cut
offs for European populations is limited —as pointed out be
Tichet et al. [56], although the definitions of Baumgartner et
al. [5] are listed in the recent Report of the European
Working Group on sarcopenia in older people [57].
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