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Objective: To determine the prevalence of sarcopenia in a population of obese older women
and to assess the effect of a diet moderately rich in proteins on lean mass in sarcopenic obese
older women.
Materials and methods: A total of 1,030 females, .65 years old, body mass index .30 kg/m2,
were investigated about their nutritional status. Muscle mass (MM) was estimated according to
the Janssen equation (MM =0.401× height2/resistance measured at 50 kHz +3.825× sex -0.071×
age +5.102). Sarcopenia was defined according to the MM index, MM/height2 (kg/m2), as two
standard deviations lower than the obesity-derived cutoff score (7.3 kg/m2). A food-frequency
questionnaire was used to measure participants’ usual food intake during the previous 3 months.
Moreover, a group of sarcopenic obese older women (n=104) was divided in two subgroups: the
first (normal protein intake [NPI], n=50) administered with a hypocaloric diet (0.8 g/kg desirable
body weight/day of proteins), and the second treated with a hypocaloric diet containing 1.2 g/kg
desirable body weight/day of proteins (high protein intake [HPI], n=54), for 3 months. Dietary
ingestion was estimated according to a daily food diary, self-administered, and three reports of
nonconsecutive 24-hour recall every month during the follow-up.
Results: The 104 women were classified as sarcopenic. After dieting, significant reductions
in body mass index were detected (NPI 30.7±1.3 vs 32.0±2.3 kg/m2, HPI 30.26±0.90 vs
31.05±2.90 kg/m2; P,0.01 vs baseline). The MM index presented significant variations in the
NPI as well as in the HPI sarcopenic group (NPI 6.98±0.1 vs 7.10±0.2 kg/m2, HPI 7.13±0.4 vs
6.96±0.1 kg/m2; P,0.01 vs baseline).
Conclusion: A diet moderately rich in proteins was able to preserve MM in sarcopenic women.
Therefore, adequate protein intake could contribute to the prevention of lean-mass loss associated with weight reduction in obese older people.
Keywords: lean body mass, aging, obesity, protein intake, sarcopenia
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In recent years, the prevalence of obesity in elderly persons has dramatically increased,
with a consequent reduction in life expectancy and increased health problems.1 Obesity
is characterized by excessive body-fat accumulation, resulting in increased cerebral
vascular disease risk; this increase in fat mass (FM) is usually accompanied by a
decrease in fat-free mass (FFM) in elderly people.2–4 Rosenberg defined this age-related
decrease in muscle mass (MM) as sarcopenia.5
The presence of both conditions (obesity and sarcopenia) has been defined as sarcopenic obesity, characterized by reduced physical strength, a condition associated with
increased disease risks.6 Recent predictions indicate an increase in geriatric obesity;
therefore, both aging and obesity may have a heavy impact on public health, increasing
the cost of the health care system of Western countries.7–13 The question we addressed
in the present study was the nutritional management of obesity and sarcopenic obesity

Dovepress

Clinical Interventions in Aging downloaded from https://www.dovepress.com/ by 18.210.12.229 on 28-Feb-2021
For personal use only.

Muscariello et al

in aging. Bales and Bhur examined 16 randomized controlled
trials of weight-loss interventions in people aged over
60 years, with baseline body mass index (BMI) .27 kg/m2,
who lost .3% in weight over 6–12 months. The results
indicated that weight-loss interventions caused significant
benefits for those with osteoarthritis, cardiovascular disease,
and type 2 diabetes, while negative effects were observed on
bone mineral density and lean body mass.14
Weight-loss management programs should be targeted at
decreased FM and preservation of MM. Several studies have
suggested that reduction in MM and consequent sarcopenia
are facilitated by physical inactivity and decreased dietary
protein intake.15,16 The recommended protein dietary allowance has been 0.8 g/kg/day, at least in Italy.17,18 However,
several studies on protein balance in people who are aging
have been carried out using nitrogen-balance techniques.19–24
In a meta-analysis, Rand et al observed that young subjects
tended to have a lower median requirement than older ones;
however, the difference was not statistically significant.
According to the authors, the median protein requirement
was estimated as 0.65 g/kg/day good-quality protein. Consequently, the recommended dietary allowance was evaluated
as 0.83 g/kg/day.24
Therefore, the main problem in older people is inadequate
protein intake, compared to overall protein requirements. On
the other hand, Campbell et al pointed out that 0.8 g protein/
kg/day might be inadequate for elderly people, thus recommending protein intake of 1–1.25 g high-quality protein/kg/
day for older persons.20–22
The aim of our study was to assess the prevalence of sarcopenia in a population of obese older women. Moreover, the
main purpose was to examine the effects of a diet moderately
rich in protein (1.2 g/kg desirable body weight [DBW]/day)
on MM and strength during weight-loss management for
3 months in sarcopenic obese older females.

was approved by the Research and Ethics Committee of
the Medical School of the Federico II University of Naples,
Italy. The exclusion criteria for the study were specific
pathological conditions, such as kidney failure, systemic
inflammatory disorders, cancer, neurodegenerative disorders, pharmacological treatment with steroids, antiretroviral
drugs, weight-loss medications or insulin, and endocrine
disorders. Sarcopenic subjects (n=104) were randomized
in two groups using a block-randomization procedure
(RandList for Windows). The first group (50 females, normal protein intake [NPI]) was administered with 0.8 g/kg
DBW/day of proteins, while the second group (54 females,
high protein intake [HPI]) was treated with 1.2 g/kg DBW/
day of proteins. Figure 1 shows how the study population
was derived.

Anthropometric measurements
Weight was measured to the nearest 1 g using a standard
beam scale (Seca GmbH & Co KG, Hamburg, Germany).
Height was measured using a wall-mounted stadiometer to
the nearest 0.1 cm. Waist circumference (WC) was measured
at the midpoint between the last rib and the iliac crest on
the midaxillary line.25 Mid-upper-arm circumference was
measured on the nondominant side at the midpoint between
the tip of the acromial process of the scapula and the
olecranon process of the ulna. Triceps skin-fold thickness
was used to estimate MM according to the algorithm: (armmuscle area [AMA] = [AC - {π × triceps skin fold}])2/4π.
All measurements were performed at baseline and after
3 months’ dieting, using standardized protocols. In particular,
staff performing measurements was blinded for the type of
diet at baseline and after 3 months.
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Materials and methods
Study participants
A total of 1,030 females, .65 years old, BMI .30 kg/m2,
attending the Outpatient Clinic of Clinical Medicine and
Surgery Department, Federico II University of Naples,
Naples, Italy, were enrolled to determine the prevalence
of sarcopenia. Nutritional assessment was carried out by
anthropometric measurements and bioelectrical impedance analysis at the beginning and after 3 months’ dieting.
Subjects were informed about the aim of the study, and they
gave their written consent for the utilization of personal
and health information for research purposes. The study
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Figure 1 Study population.
Abbreviations: BMI, body mass index (kg/m2); MMI, muscle mass index (kg/m2);
DBW, desirable body weight.
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Bioelectrical impedance analysis
To analyze fat and lean body mass, bioelectrical impedance
analysis (BIA) was undertaken by tetrapolar BI (RJL 101;
Akern SRL, Florence, Italy). BIA was performed with a
single-frequency measurement (50 kHz). BIA with a single
frequency provides the best information at a body level,
because it minimizes frequency-dependent errors and variability of electric flow paths.26 For the analysis, Biatrodes
(Akern), high-sensitivity tab electrodes, were used. FM and
FFM were obtained from measures of resistance and reactance, using the algorithm provided by the manufacturer.
We compared the individual vector with the reference 50%,
75%, and 95% tolerance ellipses, as suggested.26 For our
study, only vectors falling in the 50% tolerance ellipse were
selected, to minimize tissue-impedance errors.

Muscle mass and obesity evaluation
MM was assessed using MM index (MMI) cutoff scores,
defined as two MMI standard deviations below the mean of the
young female reference group, derived from our obese adult
population (n=361, age 30.9±7.9 years, BMI =35.4±6.0 kg/m2,
MMI =9.3±1.0 kg/m2). We further evaluated the MMI in
normal-weight adult women (n=313, age 28.5±7.6 years;
BMI =24.1±2.5 kg/m2; MMI =8.1±0.6 kg/m2) (Figure 2,
Table 1). In particular, MM was estimated from the resistance
measured at 50 kHz (R 50), according to the equation:
MM =0.401× height2/R50 +3.825× sex -0.071× age +5.102.15
Height was in centimeters, R50 in ohms, age in years, and sex
was coded 0 for women and 1 for men. The MMI was then calculated as: MM/height2 (kg/m2). FM and FFM were adjusted
for height squared to account for age-related differences

in height, and called FM index (FMI) and FFM index,
respectively.25–29 Obesity was evaluated using established
clinical and research cutoff scores for BMI, WC, FM%, and
FMI. The cutoff scores for the classification of obesity included
1) BMI $30.0 kg/m2, 2) WC .88.0 cm, 3) FM% $35.0%,
and 4) FMI $9.5 kg/m2.29

Handgrip-strength measurement
To define sarcopenia, the European Working Group on
Sarcopenia in Older People proposed the use of the presence of both low MM and low muscle function (strength
or performance). Several techniques were validated to
measure muscle strength. Although the legs are more
relevant than upper limbs for physical function, handgrip
strength has been widely used, and is strongly related with
lower-extremity muscle power, knee-extension torque, and
calf cross-sectional muscle area.30 Handgrip was measured
on the dominant and nondominant hands to the nearest
kilogram using a hand dynamometer (78010; Lafayette
Instrument Company, Lafayette, IN, USA). During measurement, the participant was in an upright position and the
arm of the measured hand was unsupported and parallel to
the body. The researchers followed a specific protocol for
measurement of handgrip strength: in particular, the width
of the dynamometer’s handle was adjusted to participants’
hand size, and then participants were instructed to exert
maximal force. Several studies showed that dominant-side
grip strength exceeded nondominant-side grip strength for
right-handed subjects, while no significant differences were
observed for left-handed people.31,32 Therefore, for our study,
three measurements were performed for the nondominant
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Figure 2 Cutoff scores to define sarcopenia.
Note: Data reported as mean ± SD.
Abbreviations: BMI, body mass index (kg/m2); MMI, muscle mass index (kg/m2); SD, standard deviation.

Clinical Interventions in Aging 2016:11

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

135

Dovepress

Muscariello et al

Table 1 Cutoff scores for sarcopenia in obese and normal-weight adult women
Studied subjects

Size

Age

BMI

MMI

Cutoff class I
Sarcopenia (-1 SD)

Cutoff class II
Sarcopenia (-2 SD)

Obese adult women
Normal-weight adult women
Total

361
313
674

30.9±7.9
28.5±7.6

35.1±4.6
24.1±2.5

9.3±1.0
8.1±0.6

8.3
7.4

7.3
6.8
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Note: Data reported as mean ± SD.
Abbreviations: SD, standard deviation; BMI, body mass index (kg/m2); MMI, muscle mass index (kg/m2).

hand, and the average of recorded measurements was used
for the analysis.

Diet treatment
To estimate usual nutrient intake, a food-frequency questionnaire (FFQ) was administered to all patients at the first visit.
The questionnaire was used to measure participant’s usual
food intake during the previous 3 months. A food list for
the Italian diet was obtained by the European Prospective
Investigation into Cancer and Nutrition (EPIC).33 In particular, we administered a semiquantitative food questionnaire
calculated for the Naples cohort of EPIC;33 this contained
questions on 140 food items. For each item, patients are asked
to indicate their usual rate of consumption, choosing from
eight frequency categories. The categories ranged from “less
than once a month” to “twice a day”.33,34 Consumption was
quantified using units (one apple, slice of bread), standard
portion (eg, 120 g of meat), or household measures (eg, glass,
cup). Additional questions were asked to detect the most
common cooking methods and the type of fat usually used for
cooking. Sarcopenic obese older peoples were treated with a
hypocaloric diet for 3 months to lose weight. Each subject’s
resting energy expenditure was estimated according to the
sex-specific Harris–Benedict equation,35 and assigned caloric
intake was approximately 20–25 kcal/kg DBW/day.
The caloric intake daily distribution was 20% of total
calories in breakfast, 10% during each snack, 30% during
lunch, and 30% during dinner. Sarcopenic obese older people
were divided in two groups: the first group (50 females, NPI)
was administered with 0.8 g/kg DBW/day of proteins (breakfast 25%–30% g, lunch 35%–40% g, dinner 35%–40% g),
while the second group (54 females, HPI) was treated with
1.2 g/kg DBW/day of proteins (breakfast 25%–30% g, lunch
35%–40% g, dinner 35%–40% g).36,37
All groups were instructed to change their diet, increasing
protein intake. In particular, good sources of proteins low
in fat, including lean meat, poultry, and fish, were recommended. For each patient, a personalized diet was prepared,
and the amount of protein, carbohydrates, and lipids to ingest
was calculated according to DBW. Dietary ingestion was
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estimated according to a daily food diary, self-administered,
and three reports of nonconsecutive 24-hour recall every
month during the follow-up.

Physical activity
According to previous data, physical activity was recommended in older peoples, at least five times a week for
30 minutes (walking and/or aerobic activity); this activity
has been suggested to improve and maintain health.8,27,38
Physical activity was evaluated using the Italian version of
the International Physical Activity Questionnaire – Short
Form (IPAQ-SF).39 The IPAQ has become the most widely
used physical activity questionnaire.40
The questionnaire contains seven questions and comprehensively quantifies different physical activities (such
as work, leisure time, home activities) in metabolic equivalent of tasks (METs). An MET is the unit of metabolic rate
measurement, and is defined as the amount of heat emitted
by a person in a sitting position per square meter of skin.
The questionnaire was administered to subjects at the
first visit and at follow-up, performed monthly up to the end
of the study. Responses were converted to MET minutes
per week (METmin/week) according to the IPAQ-SF scoring protocol. The total minutes over the last 7 days, spent
on vigorous activity, moderate activity, and walking, were
multiplied by 8.0, 4.0, and 3.3, respectively, to create MET
scores for each activity level. MET scores across the three
subcomponents were summed to indicate the overall physical activity. Vigorous physical activity included heavy lifting, digging, aerobics, or fast bicycling; moderate physical
activity included carrying light loads, bicycling at a regular
pace, or doubles tennis; “walk” physical activity included
activity like walk at work and/or at home, walking to travel
from place to place, and any other walking (recreation, sport,
exercise, or leisure).39

Statistical analysis

Data are reported as mean ± standard deviation unless otherwise stated. Analysis of variance and Student’s t-test (paired
or unpaired) were used to compare groups before and after
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dieting. Statistical significance was set at P,0.05. Statistical
analysis was carried out using SPSS 14 for Windows (SPSS
Inc, Chicago, IL, USA).

W



A total of 130 obese older females were recruited for the
assessment of sarcopenia prevalence. At first, all obese older
subjects presented high usual energy intake (1,815±204
kcal/day) and high usual consumption of fats (30.4%±2.1%
of total energy intake), while the evaluated protein intake
was 15.2%±1.3% of total energy intake. All subjects had a
protein intake of 0.7±0.2 g/kg DBW/day. From the beginning of the study, the intake was increased to 0.8 g/kg
DBW/day in the NPI group and 1.2 g/kg DBW/day in the
HPI group.
Our data indicated that 104 obese women were class II
sarcopenic according to the obesity-derived cutoff score
(7.3 kg/m2) (Table 1); 50 sarcopenic patients were recruited to
group 1 and administered an NPI diet, and 54 sarcopenic patients
were recruited to group 2 and administered an HPI diet. Table 2
reports anthropometric measurements, as well as handgrip
strength and MMI values, before and after 3 months’
dieting.
After treatment, BMI values were significantly reduced
in both groups: 30.7±1.3 vs 32.0±2.3 kg/m2 (P,0.01 vs
baseline) in NPI females, while in the HPI group BMI values were 30.3±0.9 vs 31.1±2.9 kg/m2 (P,0.01 vs baseline).
Moreover, a significant reduction in WC was detected in the
NPI as well as the HPI group (Table 2). In particular, WC
was 95.7±3.0 vs 98.5±5.0 cm (P,0.01 vs baseline) in NPI
females and 95.6±2.9 vs 97.5±4.8 cm (P,0.01 vs baseline) in
Table 2 Anthropometric measurements in old obese women,
before and after 3 months’ dieting and physical activity
Measurements

NPI t0

NPI t1

HPI t0

HPI t1

Age
BMI
WC
HG
FM
FFM
FMI
FFMI
MMI
AMA

66.4±4.5
32.0±2.3
98.5±5.0
20.1±4.5
34.8±4.3
38.9±2.8
14.9±2.7
16.7±0.9
7.1±0.2
46.8±0.5

30.7±1.3*
95.7±3.0*
19.0±4.9
32.6±1.5*
38.6±2.7
14.02±2.8*
16.7±0.9
6.9±0.1*
41.1±0.5*

66.9±5.2
31.1±2.9
97.5±4.8
18.5±5.1
34.2±4.3
38.5±2.6
14.5±2.6
16.6±0.9
6.9±0.1
43.6±0.5

30.3±0.9*
95.6±2.9*
19.2±5.9
31.8±1.2*
38.9±2.9
13.7±2.5*
16.7±0.9
7.1±0.4*
43.1±0.4

Notes: Data reported as mean ± SD; *P,0.01.
Abbreviations: SD, standard deviation; NPI, normal protein intake (0.8 g/kg DBW/
day); HPI, high protein intake (1.2 g/kg DBW/day); t0, basal conditions; t1, after
3 months’ dieting; BMI, body mass index (kg/m2); WC, waist circumference (cm); HG,
handgrip (kg); FM, fat mass (kg); FFM, fat-free mass (kg); FMI, fat mass index (kg/m2);
FFMI, fat-free mass index (kg/m2); MMI, muscle mass index (kg/m2); AMA,
arm-muscle area (cm2); DBW, desirable body weight.
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Figure 3 Variations in muscle mass index in the NPI and HPI groups, after 3 months’
dieting and physical activity.
Note: *P,0.01.
Abbreviations: NPI, normal protein intake (0.8 g/kg DBW/day); HPI, high protein
intake (1.2 g/kg DBW/day); t0, basal condition; t1, after 3 months’ dieting; DBW,
desirable body weight.

HPI group. BIA showed significant reductions in FM in both
groups after diet treatment (NPI 32.6±1.5 vs 34.8±4.3 kg,
HPI 31.8±1.2 vs 34.2±4.3 kg; P,0.01 vs baseline). On the
other hand, FFM did not show significant variations in the
NPI or the HPI group, even though there was a decreasing trend in the NPI (38.6±2.7 vs 38.9±2.8 kg) group, as
well as an increasing trend in the HPI group (38.9±2.9 vs
38.5±2.6 kg). After dieting, AMA was significantly reduced
in the NPI group (41.1±0.5 vs 46.8±0.5 cm2, P,0.01 vs
baseline), but not in HPI subjects (43.1±0.4 vs 43.6±0.5 cm2).
Dieting induced significant reduction in MMI in NPI subjects
(6.9±0.1 vs 7.1±0.2 kg/m2, P,0.01 vs baseline). Conversely,
hypocaloric diet, higher in protein, increased MM in HPI
females (MMI 7.1±0.4 vs 6.9±0.1 kg/m2, P,0.01 vs baseline)
(Figure 3). Physical strength as measured by handgrip did not
show significant variations in either group, even though there
was a decreasing trend in the NPI group and an increasing
trend in the HPI group (NPI 19.0±4.9 vs 20.1±4.5 kg, HPI
19.2±5.9 vs 18.5±5.1 kg).
Physical activity was evaluated according to the IPAQ-SF
at the first visit and at follow-up, performed monthly up to
the end of the study. At first, patients showed only moderate activity: levels were 327.5±84.2 METmin/week in
the NPI group and 315.0±67.3 METmin/week in the HPI
group. Physical activity (walking and/or aerobic activity)
was recommended for 30 minutes at least five times a week.
At the end of treatment, our studied population showed an
increase in MET levels. In particular, all patients increased
activity, and the detected level was 841.4±208.9 METmin/
week in NPI females and 824.0±178.4 METmin/week in
the HPI group.
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In conclusion, no significant differences in physical activity were observed between the NPI and HPI groups under
baseline conditions. After 3 months’ dieting, a significant
increase in physical activity was observed in both groups
(P,0.01), but no significant difference was detected between
the groups.

Discussion
The combination of obesity and sarcopenia represents an
emerging cause of frailty in older people.6,8,11,13,41 Aging
is associated with changes in body composition, with a
progressive increase in visceral abdominal fat, and loss
of MM.4 Therefore, several studies have underlined that
obese adults trying to lose weight need to consume almost
0.8 g/kg/day of good-quality proteins.17,18 On the other hand,
several nitrogen-balance analyses suggested that 0.8 g/kg/day
was inadequate in elderly patients; therefore, 1.4 g/kg/day of
high-quality proteins has been proposed.19–22
The main goal of our study was to verify the effect of
a diet moderately rich in proteins (1.2 g/kg DBW/day) on
lean mass in sarcopenic obese older women. Baumgartner
et al described sarcopenia as MM loss characterized by
two standard deviations or more below the mean of heightadjusted MM (MM⋅height-2), calculated according to a young
reference-population database.9,10,12,41 As reviewed elsewhere,
a similar approach has been employed by several authors to
classify sarcopenia.42,43 However, many attempts have also
been made to develop cutoff scores useful to distinguish
between sarcopenic older adults and older adults with a
relatively healthy MM.44,45 Cutoff scores for sarcopenia
classification are still questionable. The European Working
Group on Sarcopenia in Older People recommends use of a
healthy young adult population database, rather than other
predictive reference populations, with cutoff scores at two
standard deviations below the mean reference value.2 In
previous studies, sarcopenia cutoff scores were not stratified
for age or BMI, but both values were related to MM.
In particular, our preliminary data showed that MMI was
significantly higher in the obese adult population with respect
to the normal-weight adult population (Table 1). It is worth
noting that according to our normal-weight adult women
cutoff score (6.8 kg/m2) (Table 1), only 17 obese older
women were sarcopenic (class II sarcopenia). Furthermore,
according to the Baumgartner et al cutoff score for women
(5.45 kg/m2),41 no obese older females in our population
were sarcopenic.
On the other hand, the present data show that sarcopenic
women were detected using the obesity-derived cutoff score,
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avoiding underestimation of sarcopenia in obese older
females. Consequently, in the present study, sarcopenia was
defined according to the obese adult women cutoff score
(7.3 kg/m2) (Table 1). According to this value, 104 women
were class II sarcopenic in our study population. Fifty of these
sarcopenic obese older women were treated with a hypocaloric diet characterized by 0.8 g/kg DBW/day protein intake,
while the other 54 were administered with a hypocaloric diet
characterized by 1.2 g/kg DBW/day protein intake.
After 3 months’ dieting, all groups showed a reduction
in BMI and WC, as expected. Moreover, diet treatment was
able to reduce FM in the NPI and HPI groups, while AMA
significantly decreased only in the NPI group. MMI presented
a significant reduction in NPI females, while in the HPI group
MMI significantly increased. Our results on physical strength,
evaluated by handgrip test, indicated that there were no significant differences in the groups after 3 months’ dieting. Even
though a trend for decreased physical strength was observed
in the NPI group, HPI females showed a trend for increase.
Therefore, further studies are required to better define physical
strength patterns. However, after 3 months’ observation, all
patients showed a significant change in their physical activity
levels, evaluated by the IPAQ-SF, as walking activity.
Our results indicate that obesity in older subjects could
require a dietary approach based on caloric restriction,
with proportional higher protein intake according to DBW.
Protein intake of 0.8 g/kg DBW/day did not appear to preserve MM in sarcopenic women, while 1.2 g/kg DBW/day
protein intake was effective in preserving MM, as indicated
by MMI values. In particular, we did not prescribe different physical activity for both groups, and we did not detect
differences in physical activity between the NPI and HPI
groups during the study. Therefore, we assumed that changes
in body composition were mostly linked to diet treatment.
However, we observed a significant reduction in FM, while
FFM did not show significant variations in the HPI group,
and MMI (kg/m2) significantly increased. In conclusion,
the changes in FM were not accompanied by a decrease in
FFM; conversely, the changes in MMI were accompanied
by a decrease in FM. In older subjects, where sarcopenia
and obesity are recognized as the two major causes of
disability, the decreased physical activity and the reduced
energy expenditure predispose to fat accumulation and fat
redistribution accompanied by MM loss. Treatment should
be aimed at reducing intra-abdominal fat with conventional
diet restriction, and to preserve MM and physical strength
through appropriate protein intake, accompanied by moderate
physical activity.
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Limitations of the study
The first limitation of the present study was the small number
of treated patients for each group: 50 sarcopenic obese older
women were treated with a hypocaloric diet containing
0.8 g/kg DBW/day proteins, while 54 sarcopenic obese older
females were administered with a hypocaloric diet containing
1.2 g/kg DBW/day proteins. Therefore, it will be important to
increase the sample size to confirm the present data. A second
limitation could have been confounding by comorbidity,
because the observed effects of dieting and increased physical
activity were restricted to a relatively healthy study sample.
Furthermore, another limitation may have been the limited
period of observation; indeed, 3 months’ dieting was a short
time to obtain good correlation between the decrease in food
intake and the MM loss. Therefore, we plan to increase
observation time up to 6 and 12 months. In conclusion, the
results of the present study appear to be encouraging, even
though further studies are required. However, our data suggest that adequate protein intake, according to DBW, and
physical activity may prevent lean-mass losses associated
with voluntary weight loss.
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