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Introduction
Sarcopenia is a syndrome characterized by the progressive, generalized loss of skeletal
muscle mass and strength, with a risk of such adverse outcomes as physical disability, poor quality of life, and even death.1 The causes of loss of skeletal muscle are
unclear, but may include a lower basal rate of protein synthesis in aged muscle and/or
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Background: At present, it is unknown whether the use of nutrient-rich dairy proteins improves
the markers of sarcopenia syndrome. Therefore, our proposal was to investigate whether adding
210 g of ricotta cheese daily would improve skeletal muscle mass, handgrip strength, and
physical performance in non-sarcopenic older subjects.
Subjects and methods: This was a single-blind randomized clinical trial that included
two homogeneous, randomized groups of men and women over 60 years of age. Participants
in the intervention group were asked to consume their habitual diet but add 210 g of ricotta
cheese (IG/HD + RCH), while the control group was instructed to consume only their habitual
diet (CG/HD). Basal and 12-week follow-up measurements included appendicular skeletal
muscle mass (ASMM) by dual-energy X-ray absorptiometry, handgrip strength by a handheld
dynamometer, and physical performance using the short physical performance battery (SPPB)
and the stair-climb power test (SCPT). The main outcomes were relative changes in ASMM,
strength, SPPB, and SCPT.
Results: ASMM increased in the IG/HD + RCH (0.6±3.5 kg), but decreased in the CG/HD
(-1.0±2.6). The relative change between groups was statistically significant (P=0.009). The
relative change in strength in both groups was negative, but the loss of muscle strength was
more pronounced in CG/HD, though in this regard statistical analysis found only a tendency
(P=0.07). The relative change in the balance-test scores was positive for the IG/HD + RCH,
while in the CG/HD it was negative, as those individuals had poorer balance. In this case, the
relative change between groups did reach statistical significance.
Conclusion: The addition of 210 g of ricotta cheese improves ASMM and balance-test scores,
while attenuating the loss of muscle strength. These results suggest that adding ricotta cheese
to the habitual diet is a promising dietetic strategy that may improve the markers of sarcopenia
in subjects without a pronounced loss of ASMM or sarcopenia.
Keywords: nutritional intervention, nutrient-rich dairy proteins, ricotta cheese, markers of
sarcopenia, elderly
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an increased rate of protein breakdown, lower sensitivity
to insulin-induced stimulation of protein synthesis, and a
reduced sensitivity to amino acid feeding.2 Also, an insufficient amount and inadequate distribution of dietary protein
could contribute to the age-related loss of skeletal muscle and
lead to sarcopenia.3,4 However, as other, nondietary factors
are also involved, sarcopenia syndrome is considered a multifactorial disorder.1 Regardless of its causes, dietary protein
intake and protein and essential amino acid supplementation
seem to play an important role in preventing and reversing
the loss of skeletal muscle and functionality in both healthy
and ill older people.5,6
Another option for reversing this condition consists in
using nutrient-rich meat or dairy proteins as a dietary strategy to counteract the loss of skeletal muscle and sarcopenia,
based on the suggestion that dietary protein supplementation
boosts muscle protein synthesis and increases whole-body
lean mass. An increase in skeletal muscle-protein synthesis
after ingestion of lean beef has been reported in both young
and elderly subjects.7,8 More recently, similar results were
reported for minced beef consumption in older adults.9
Milk proteins on the other hand, specifically casein and
whey, are the highest-quality proteins, and a recent study
found that fluid skim milk promotes greater muscle-protein
accretion after resistance exercise than does consumption of
an isonitrogenous and isoenergetic soy-protein beverage,10
as the former was efficiently converted into an increase in
muscle mass in healthy young men.11 It is clear that the
intake of nutrient-rich meat proteins provides a positive netprotein balance, while nutrient-rich dairy proteins result in
greater accretion of protein synthesis and muscle-mass gain
in combination with resistance exercise in young people.11
In the geriatric population, some clinical intervention studies using nutrient-rich egg or dairy proteins, such as ricotta
cheese and milk, have failed to show an effect on muscle
mass and strength,12–14 but it is important to note that new
findings on protein supplementation using high amounts
of protein in the form of milk-protein concentrate provide
fresh evidence that such supplementation may be considered
a promising strategy for recovering muscle mass, strength,
and functionality in elderly populations.6,15
We recently reported that a mixed group of sarcopenic
men and women who added 210 g of ricotta cheese daily for a
period of 12 weeks (18 g of protein) to their habitual diet did
not significantly improve appendicular skeletal muscle mass
(ASMM) or strength compared to a control group. However,
all subjects included in that study were already sarcopenic.14 It
has been suggested that the response of skeletal muscle to pro-
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tein supplementation depends on the stage of skeletal muscle
mass, so in the case of subjects who have suffered accelerated
and pronounced loss of muscle mass, ie, sarcopenic older
adults, it is likely that they will be less responsive to the
anabolic stimulus of protein supplementation compared to
nonsarcopenic subjects.16 Considering this hypothesis, and
the findings recently reported by Tieland et al6 we used the
same nutrition-intervention protocol published previously14
to investigate whether adding 210 g of nutrient-rich dairy
proteins improves the recommended markers for sarcopenia
in nonsarcopenic older men and women subjects.

Subjects and methods
Subjects
A total of 132 apparently healthy (ie, free of major chronic
diseases and conditions that affect the primary response
variables assessed) older men and women subjects were
considered as potential participants. Subjects were recruited
through visits to homes and retirement clubs, as well as
through telephone calls and posted announcements.
After medical screening and the application of inclusion
and exclusion criteria, 100 volunteers were considered for
the nutrition-intervention protocol. All volunteers underwent
dual-energy X-ray absorptiometry (DXA) measurements, and
blood samples were drawn to determine various biochemical
parameters, including markers of renal function. None of the
subjects had sarcopenia, as defined by a low relative ASMM
below two standard deviations from the mean value of the
ASMM of a young Mexican adult population.17 All volunteers
were free of physical disabilities, as assessed by the instrumental activities of daily living scale.18 Also, they were free
of type 2 diabetes and kidney disease. Thirty-two volunteers
were excluded due to self-reported type 2 diabetes or glucose
levels 126 g/dL. Also excluded from the study were those
with microalbuminuria, those who refused to eat ricotta
cheese due to gastrointestinal problems caused by consuming
dairy products, those who simply preferred not to participate,
those who consumed fewer than three meals a day, and those
with protein supplementation and a body composition that
exceeded the margins of the DXA bed (Figure 1).

Ethics
The protocol was reviewed and approved by the Ethics
Committee of the Research Center for Food and Development. All volunteers received a complete explanation of the
intervention study, expressed their commitment to maintain
their lifestyle during the intervention, and signed the written
informed consent.
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Baseline and follow-up measurements
Blood samples were drawn after an overnight fast, and collected
in ethylenediaminetetraacetic acid and serum tubes. Samples
were centrifuged at 1,000 g at 40°C for 15 minutes. Aliquots of
plasma and serum were frozen in liquid nitrogen and stored at
-80°C. Hemoglobin was measured by HemoCue® (Ängelholm,
Sweden), and fasting glucose by the glucose oxidase phenol
4-aminoantipyrine peroxidase Randox technique. Lipid profile
was also measured using Randox TL100 kit (Crumlin, UK).
Kidney function was evaluated by the glomerular filtration rate
following the Cockcroft–Gault formula,19 and by microalbumin
in urine by NycoCard Microalbumin Single Test (Axis-Shield
plc, Oslo, Norway). In addition, blood pressure was measured
and diagnoses of hypertension evaluated on the basis of both
self-reports and the use of medication. Measurements were
assessed in the context of the subject’s medical history in order
to apply our inclusion and exclusion criteria. Finally, some
laboratory tests were repeated at the end of the intervention
to identify possible adverse effects.

Anthropometry and markers
of sarcopenia
Body weight was measured using a digital electronic scale
(ADN HV-200K; Japan) with subjects barefoot and lightly
clothed. Standing height was recorded using a Seca stadio
meter (222; Germany). Body mass index (BMI) was also
calculated.

Body composition assessment
Fat mass, lean tissue, and total bone mineral content were
measured by DXA using a GE Lunar DPX-MD + (Lunar
Radiation, Madison, WI, USA), as reported previously.14,20
ASMM was determined on the basis of the DXA scans
following the recommended anatomical landmarks, and
represents the sum of nonfat plus nonbone tissue in both
arms and legs.21 The DXA machine was calibrated daily in
accordance with the manufacturer’s guidelines.

Maximum handgrip or muscle strength
Handgrip strength was measured using a Takei Smedley
handgrip dynamometer (Takei Scientific Instruments,
Niigata, Japan). Measurements were taken according to the
manufacturer’s recommendations, and results were obtained
as previously published.14

Physical performance
Each subject’s physical performance was assessed using the
short physical performance battery (SPPB), which assesses
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balance, gait speed, strength, and endurance by examining an individual’s ability to stand with feet together in
side-by-side, semitandem, and tandem positions, the time
required to walk 8 feet (2.44 m), and the time required to
rise from a chair and return to a seated position five times.
Scores were calculated following the procedures published
by Guralnik et al.22
In addition, the stair-climb power test (SCPT) was
assessed as a clinical measure of leg-power impairment.23
For this trial, all volunteers were instructed to safely ascend
a 12-step flight of stairs (height of each step =14.2 cm) as
quickly as possible. They were allowed to use the handrail
for safety reasons. Timing began after the countdown “ready,
set, go” on the word “go”, and was stopped when both of the
participant’s feet reached the top step. Time was measured
by a stopwatch to the nearest 0.01 second and the average
of two trials was obtained, though subjects who had greater
difficulty in climbing the stairs were only asked to perform
this task once. The SCPT score was calculated according to
the formula published by Bean et al.23

Experimental design
This study was a single-blind randomized clinical trial with
follow-up using the same protocol as reported previously.14
Briefly, for this study, volunteers were randomly assigned
1:1 to the intervention or control group using sampling with
replacement (Figure 1). Once the groups were formed, a
person from outside the project conducted a randomized
procedure to assign the corresponding treatment. The assessment personnel were blind to this randomized procedure.
Participants in the intervention group were asked to consume
their habitual diet but add 210 g of ricotta cheese (IG/HD +
RCH; divided into three equal portions of 70 g, ingested at
breakfast, lunch and dinner), while subjects in the control
group were instructed to consume only their habitual diet
(CG/HD). Both groups were treated under similar conditions during the intervention protocol, and were asked to
maintain normal physical activity and eating patterns. As
part of the study, all volunteers were asked not to engage in
any intentional effort to gain or lose weight for the ensuing
3 months. The elapsed time between baseline measurements
and the beginning of the intervention trial was 2 weeks, and
the recording of follow-up measurements began after the
last day of the nutrition-intervention protocol. Data were
collected at the Research Center for Food and Development. Finally, assessment personnel were blind to both the
randomization process and treatment regimen assigned to
the participants.
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Primary outcomes were ASMM, maximum handgrip or muscle strength and SPPB and SCPT scores. Primary response
variables were the relative changes in the markers of sarcopenia, ie, ASMM, strength, SPPB, and SCPT scores. Relative
changes for all variables were calculated as: ([follow-up
value - baseline value]/baseline value) ×100.24

Statistical methods
Sample size was calculated based on the differences in
muscle strength reported in a previous study with sarcopenic
older men and women subjects.14 Calculations were made for
a total sample of 96 subjects (48 subjects per group) in order
to obtain a statistical difference of an increase of 0.9 kg of
muscle strength between groups, assuming an alpha of 5%
and a power of 80%. Mean values and values of relative
change are reported. Balance in the two randomized groups
(IG/HD + RCH versus CG/HD) was confirmed by evaluating
intergroup differences using an independent t-test. Similarly,
differences in the aforementioned intergroup outcomes were
analyzed using an independent t-test under the intentionto-treat strategy. A P-value 0.05 indicated statistical significance. Normality was tested by the D’Agostino–Kurtosis
test. All analyses were performed using NCSS software
(Kaysville, UT, USA).

Results
The total sample pool of 132 subjects over 60 years of age
was screened with the result that 100 subjects fulfilled the
inclusion criteria. Therefore, the total intervention sample
consisted of 50 women and 50 men with a mean age of
70.2±7.0 years and a mean body weight of 71.0±11.3 kg.
The mean BMI was 27.1±3.5 kg/m2. All volunteers were
apparently healthy (as explained in the Subjects section). The
randomization procedure was successful in that it resulted in
homogeneity between the two groups with respect to several
variables, including age, anthropometric measurements, body
composition components (eg, ASMM), maximum handgrip
strength, and the physical performance test variables. Table 1
shows no significant differences between groups.
With respect to adherence to the intervention protocol, nine
volunteers withdrew from the study: eight from the IG/HD +
RCH, and one from the CG/HD. For the intention-to-treat
analyses, seven dropouts from the IG/HD + RCH were willing
to undergo final assessments. Since there were no differences
in the primary outcome measures between the intention-totreat analysis and the per-protocol analysis, all data were
analyzed according to the intention-to-treat principle.
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Table 1 Age, anthropometry, body composition, strength, physical
performance scores, and biochemistry parameters in both groups
Men/women, n
Age, years
Weight, kg
Height, m
BMI, kg/m2
Fat, kg
Truncal fat, kg
ASMM, kg
ASMMI, kg/m2
Total lean tissue, kg
Total mass, kg
BMC, kg
Strength, kg
SPPB, score
Balance, score
Gait speed, m/s
Five chair rise, seconds
SCPT, W
Glucose, mg/dL
GFR, mL/min/1.73 m2
Cholesterol, mg/dL
Triglycerides, mg/dL
Microalbumin, mg/L
Hemoglobin, g/dL
SBP, mmHg
DBP, mmHg

IG/HD + RCH

CG/HD

P-value

25/25
70.8±7.6
70.7±11.7
1.6±0.1
26.9±3.3
25.8±8.0
15.0±4.6
17.6±4.1
6.6±1.0
40.6±8.5
68.8±11.6
2.5±0.5
24.1±9.4
10.7±1.6
2.9±0.4
0.9±0.2
10.6±3.7
205.3±60.3
96.9±10.7
71.7±20.3
210.3±39.3
134.7±46.1
21.7±24.1
14.0±1.5
120.1±10.2
79.0±8.6

25/25
69.6±6.4
71.3±10.9
1.6±0.1
27.3±3.8
25.6±7.9
15.3±4.6
17.9±4.1
6.8±1.0
41.6±8.3
69.9±10.7
2.5±0.5
24.1±8.6
10.9±1.4
3.0±0.2
0.8±0.2
11.5±2.6
210.9±54.1
97.1±10.2
65.5±21.3
217±39.7
157.6±80.4
18.9±7.2
14.3±1.3
123.2±9.2
81.7±8.7

0.40
0.81
0.97
0.61
0.92
0.78
0.63
0.36
0.55
0.62
0.54
0.98
0.47
0.08
1.00
0.15
0.63
0.92
0.14
0.40
0.08
0.77
0.18
0.11
0.12

Notes: Data are presented as means ± standard deviation. SPPB score ranges from
0 to 12. The score for each SPPB component ranges from 0 to 4.
Abbreviations: BMI, body mass index; ASMM, appendicular skeletal muscle
mass; ASMMI, ASMM index; BMC, bone mineral content; SPPB, short physical
performance battery; SCPT, stair-climb power test; GFR, glomerular filtration
rate; IG/HD + RCH, intervention group – ricotta cheese + habitual diet; CG/HD,
control group – habitual diet; SBP, systolic blood pressure; DBP, diastolic blood
pressure.

Outcomes
The main outcomes were relative changes in ASMM, maximum handgrip or muscle strength, and SPPB and SCPT test
scores. Table 2 shows the effect of adding nutrient-rich
dairy proteins, specifically 210 g of ricotta cheese/day, on
ASMM and maximum handgrip strength, as well as physical performance-test scores compared to the CG/HD. The
relative change in ASMM was significant between groups
after the 12-week follow-up period. The relative change in
ASMM was positive in the IG/HD + RCH (0.6±3.5 kg),
but negative in the CG/HD (-1.0±2.6) (P=0.009). Both
total lean tissue and lean tissue in the legs experienced a
positive and significant relative change in the intervention
group, while the relative change in lean tissue in the arms
was negative and significant between groups; however, the
loss of lean tissue in the arms was less pronounced in the
IG/HD + RCH (Table 2).
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Table 2 Relative changes in body weight, and markers of sarcopenia at baseline and 12 weeks of follow-up
CG/HD
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IG/HD + RCH
Men/women, n
Weight, kg
Fat, kg
Truncal fat, kg
TLT, kg
LTA, kg
LTL, kg
ASMM, kg
ASMMI, kg/m2
Total mass, kg
Strength, kg
SPPB, score
Balance, score
Gait speed, m/s
Five chair rise, seconds
SCPT, W

Baseline

Follow-up

25/24
70.3±11.7
25.6±7.9
14.9±4.6
40.6±8.6
4.4±1.2
13.1±3.0
17.6±4.2
6.6±1.0
68.6±11.6
24.1±9.5
10.7±1.7
2.9±0.4
5.1±1.0
10.5±3.7
204.2±60.4

25/24
70.8±12.0
26.0±8.5
15.2±4.8
40.7±8.4
4.4±1.2
13.3±2.9
17.6±4.1
6.7±0.9
69.2±11.9
23.8±9.3
10.8±1.5
2.9±0.3
4.6±1.0
10.6±3.2
203.5±57.1

P-value

Relative change (%)

Baseline

Follow-up

Relative change (%)

0.6±2.6
1.6±6.1
1.5±7.4
0.4±3.0
-1.2±3.5
1.3±4.1
0.6±3.5
0.7±3.43
0.9±2.6
-0.6±10.8
2.4±9.9
3.7±17.1
6.3±23.7
-0.8±16.0
0.5±9.8

24/25
71.6±10.8
25.7±7.9
15.3±4.7
41.7±8.4
4.5±1.1
13.4±3.1
18.0±4.1
6.8±1.0
70.1±10.7
24.1±8.7
10.9±1.4
3.0±0.2
5.2±1.2
11.4±2.6
211.3±54.6

24/25
71.4±10.8
26.1±8.0
15.5±4.6
41.3±8.7
4.4±1.1
13.4±3.0
17.8±4.1
6.7±1.0
70.0±10.8
23.1±8.8
11.0±1.3
2.9±0.3
4.5±0.8
11.3±2.4
203.9±52.2

-0.3±2.5
1.7±6.5
1.2±6.4
-0.9±2.7
-3.2±4.2
-0.28±3.2
-1.0±2.6
-1.1±2.6
-0.2±2.6
-4.5±10.8
1.2±9.3
-2.4±12.7
8.6±22.3
-0.2±15.1
-2.8±11.4

0.06
0.91
0.81
0.02
0.02
0.03
0.009
0.004
0.05
0.07
0.55
0.05
0.63
0.83
0.10

Notes: Data are presented as means ± standard deviation. SPPB score ranges from 0 to 12. The score for each SPPB component ranges from 0 to 4.
Abbreviations: TLT, total lean tissue; LTA, lean tissue in arms; LTL, lean tissue in legs; ASMM, appendicular skeletal muscle mass; ASMMI, ASMM index; SPPB, short physical
performance battery; SCPT, stair-climb power test; IG/HD + RCH, intervention group – ricotta cheese + habitual diet; CG/HD, control group – habitual diet.

The relative change in maximum handgrip or muscle
strength was not significant between groups, though it did
show a clear tendency toward significance (P=0.07). Table 2
also shows that the loss of muscle strength expressed in terms
of the relative change was less pronounced in the IG/HD +
RCH than CG/HD.
With respect to the physical performance tests, the present study showed no effect of the nutrient-rich dairy proteins
on the relative change in the summary performance scores
calculated by totaling the partial results from the three tests.
However, separate analyses showed that the relative change
in balance-test scores was statistically significant between
the groups after the 12-week follow-up period. The relative
change in balance-test scores in the IG/HD + RCH was
positive, while in the CG/HD it was negative (P0.05).
Results are shown in Table 2.

Assessment of possible adverse effects
The relative change in triglycerides and high-density lipid
cholesterol between groups was negative but not statistically different; however, the relative change in total cholesterol was negative in both groups and did reach statistical
significance. The relative change in glomerular filtration
rate was positive and significant between groups, and was
more pronounced in the CG/HD than in the IG/HD + RCH
(P0.001) (Table 3).

Discussion
The present study shows that adding nutrient-rich dairy
proteins, specifically 210 g of ricotta cheese, for 12 weeks
significantly improved total mass as measured by DXA,
ASMM, and balance-test scores. Also, it showed a clear tendency toward significance in attenuating the loss of muscle

Table 3 Relative changes in some markers of adverse effects at baseline and 12 weeks of follow-up
CG/HD

IG/HD + RCH
Men/women, n
Cholesterol, mg/dL
Triglycerides, mg/dL
HDL-C, mg/dL
Glucose, mg/dL
GFR, mL/min/1.73 m2

Baseline

Follow-up

25/24
210.7±39.6
135.6±46.1
58.1±13.3
97.1±10.8
71.4±20.4

25/24
191.3±39.1
129.4±55.9
59.2±13.4
100.4±11.7
78.5±20.2

P-value

Relative change (%)

Baseline

Follow-up

Relative change (%)

-8.8±11.4
-1.1±38.0
3.2±16.9
3.8±9.5
13.1±23.4

24/25
217.1±40.1
158.1±81.2
57.6±14.8
97.5±10.0
66.1±21.2

24/25
181.2±37.8
135.7±63.2
60.4±16.4
103.0±11.0
82.5±21.7

-15.8±13.9
-6.1±37.6
5.1±13.9
6.3±12.3
27.6±16.1

0.001
0.52
0.55
0.30
0.001

Note: Data are presented as means ± standard deviation.
Abbreviations: HDL-C, high-density lipoprotein cholesterol; GFR, glomerular filtration rate; IG/HD + RCH, intervention group – ricotta cheese + habitual diet; CG/HD,
control group – habitual diet.
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strength in the IG/HD + RCH of free-living and apparently
healthy, nonsarcopenic older men and women subjects. It
is important to note that neither total mass, total lean tissue, lean tissue in legs, nor the ASMM improvements were
associated with significant increases in total and truncal fat
(Table 2).
The gains in total lean tissue, lean tissue in arms, and
ASMM could be related to the amount of protein added
to the habitual diet of the IG/HD + RCH of apparently
healthy, nonsarcopenic older men and women subjects.
Nowadays, it is widely recognized that dietary protein
supplementation boosts muscle-protein synthesis and
increases whole-body lean mass, a finding that may be due
to the stimulation of protein synthesis induced by adding
nutrient-rich dairy proteins or 18.12 g of protein from the
ricotta cheese per day in the IG/HD + RCH. With respect
to the amount of protein added to the habitual diet, it is
important to mention that other researchers using similar
amounts of protein have reported similar results. For
example, Paddon-Jones et al 25 used specially designed
supplements, such as essential amino acids and whey protein, to show that both 15 g of essential amino acids and
15 g of whey protein increase muscle-protein synthesis in
healthy, older subjects (65–79 years).
Also, our findings are likely related to the fact that
increasing total protein intake increases whole-body protein
synthesis and improves nitrogen balance, which leads to gaining more lean tissue. In their studies of malnourished and
frail elderly subjects, Bos et al26 and Chevalier et al27 point
out that an increase in the total amount of dietary protein
from 0.5 to 2.0 g/kg/day produces higher rates of wholebody protein synthesis and improves nitrogen balance. In
the present single-blind, randomized clinical trial we did not
apply any dietary study; however, we have local evidence
of dietary protein intake in older people, since we recently
reported on older men and women volunteers who ingested
0.9 g of protein/kg of body weight/day.3 Considering that
body weight was similar in the cited study and in our study
groups, we estimated that adding ricotta cheese increased
protein intake from 0.9 g to 1.2 g of protein/kg of body
weight/day. In the present experimental protocol, the results
related to skeletal muscle in nonsarcopenic subjects rely on
an increase in regular protein intake with meals.
Considering the results for the primary response variables,
particularly ASMM in both groups, in the previously published clinical trial14 and the present study, the gain of muscle
mass seems to be dependent on the stage of skeletal muscle.
In both clinical trials, the main value of ASMM at baseline
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was 15.7±3.0 and 15.3±2.8 kg in the sarcopenic older men
and women subjects in the intervention and control groups,
respectively, while the nonsarcopenic older men and women
subjects in the present trial had 17.6±4.1 and 17.9±4.1 kg of
ASMM in the IG/HD + RCH and CG/HD, respectively. The
same nutritional intervention protocol was followed in both
clinical trials. Considering the comments by Wolfe,16 it is
probable that the subjects included in this trial were more
responsive to the anabolic stimulus of the high protein intake
provided by the ricotta cheese than the sarcopenic subjects
included in the earlier randomized clinical trial;14 however,
we cannot ignore the possible effect of age on responsiveness
to the anabolic stimulus of protein supplementation, as the
elderly participants included in this trial were on average 6
years younger than the group studied in the earlier clinical
trial. These findings suggest that supplementation in the form
of nutrient-rich dairy proteins should be provided before
sarcopenia syndrome develops.
With respect to the relative change in maximum
handgrip or muscle strength, there were no significant differences between the groups, though this variable showed
a clear tendency (P=0.07). While it did not reach the level
of significance, the loss of muscle strength reflected in the
relative change in the IG/HD + RCH was attenuated compared to the loss in the CG/HD (Table 2). It is important
to clarify that the sample size for this trial was calculated
to determine differences in muscle strength reported in a
previous published study,14 not in lean tissues. In spite of
the increase in muscle mass, no significant effect on strength
was found. It is widely recognized that increases in muscle
strength do not depend solely on muscle mass, and that the
relation between strength and muscle mass is not linear.28,29
Other key factors that likely affect muscle strength in
elderly people include alternative forms of administering
the nutrients,30,31 the amounts administered,6 and sample
size. Reversing strength loss is of great clinical importance
in the geriatric population, since it is also recognized that
the risk of falling is significantly higher in subjects with
reduced muscle strength.32
Despite the gain in ASMM following 12 weeks of dietary
protein supplementation in nonsarcopenic older men and
women subjects, the results did not show between-group
significance in the relative change on the SPPB. However,
separate analyses did reveal an increase in the relative
change on the balance-test score (balance-test score for
this SPPB component ranges from 0 to 4) in the IG/HD
+ RCH (3.7±17.1), while in the CG/HD this was negative
(-2.4±12.7) (P0.05). The results of adding dietary protein
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Enrollment

Assessed for eligibility (n=132)

Clinical Interventions in Aging downloaded from https://www.dovepress.com/ by 44.197.197.23 on 27-Sep-2021
For personal use only.

Excluded (n=32)
♦ Not meeting inclusion criteria
♦ Declined to participate

Randomized (n=100)

Allocated to intervention group
IG/HD + RCH (n=50)
Assigned to their habitual diet +210 g
daily of ricotta cheese

Allocation
Allocated to control group
CG/HD (n=50)
Assigned only to their habitual diet

Follow-up
Failed to complete the intervention (n=8)
♦ Disliked ricotta cheese (n=1)
♦ Infection, disease or surgery (n=2)
♦ Dietary restriction (n=1)
♦ Failed to eat the entire portion (n=2)
♦ Voluntarily abandoned treatment (n=2)
Successfully completed the intervention (n=42)

Analyzed (n=49)
♦ Excluded from analysis (n=1)
Emergency surgery

Lost to follow-up (n=1)
♦ Medical reasons (n=1)
Completed the 3-month period (n=49)

Analysis

Analyzed (n=49)
♦ Excluded from analysis (n=1)
Hospitalization

Figure 1 Participant flow during the trial.
Abbreviations: IG/HD + RCH, intervention group – ricotta cheese + habitual diet; CG/HD, control group – habitual diet.

supplementation on physical performance seem to be promising in terms of preventing physical disabilities. The increases
in the balance-test scores could have a substantial clinical
impact on functionality. We are aware of the strong relation
between muscle mass and balance in the older population,33
and of the risk of falling due to poor walking and standing
balance.34 The improvements in physical performance, particularly the balance-test scores, may be attributable to the gain
in ASMM, though other studies have shown an improvement
in physical performance (SPPB) in the absence of any gain
in muscle mass.6 In light of recent evidence and our results,
new knowledge of the possible mechanism relating protein
supplementation using nutrient-rich dairy proteins or specifically designed supplements to functionality is needed.
The overall results of the kidney-function assessment in
this study show that the relative change in the glomerular
filtration rate was positive in response to the increase in daily

Clinical Interventions in Aging 2014:9

protein ingestion of 18.1 g achieved with the ricotta cheese.
This increment in the glomerular filtration rate reached the
normal range and increased in both groups, but doubled in
the CG/HD group (Table 3). Therefore, the improvements
in skeletal muscle and balance-test scores were not accompanied by any collateral effects on renal function during the
intervention period. These results are in line with findings
reported earlier14 and others reported more recently.6
The results of the present clinical trial should be interpreted with caution. As mentioned earlier, the primary
limitation was that calculations for the sample were based
on gains in muscle strength and not lean tissue in a group of
sarcopenic older men and women.14 Also, it is possible that
the amount of protein given to volunteers was insufficient to
impact strength. A recent study showed an improvement in
muscle strength in frail subjects who were supplemented with
30 g of protein per day. However, most people would surely
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find it difficult to persuade older individuals to consume
such a large amount of protein by eating ricotta cheese on
a routine basis. Also, we cannot neglect the importance of
assessing muscle strength using the leg press in addition to
handgrip strength, as most of the ASMM gained in the IG/
HD + RCH group was found to occur in the legs. Second, not
all subjects completed the protocol of the intervention trial,
despite the research staff’s best efforts to assure treatment
compliance. Nevertheless, statistical analysis was carried out
considering the total sample (except for two volunteers, one
in each group) in order to comply with the recommendations
for clinical trials.
Finally, one additional limitation is that this study did
not include biopsies of skeletal muscle and biochemistry
markers or hormones of muscle-mass gain, such as insulinlike growth factor 1. However, DXA is an accurate and
precise method for assessing lean tissue. Therefore, adding these markers of changes in skeletal muscle should
help to give a physiological explanation of the results
obtained by adding nutrient-rich dairy proteins. In addition, future studies exploring the effects of high amounts
of other common high-quality food proteins, such as egg,
milk, beef, and soy, on functionality in older people will
be conducted. To ensure that nutrient-rich dairy proteins,
together with the habitual diet, achieve the desired effect,
between 25 g and 30 g at each meal would seem to be a
convenient amount to explore. Today, we know that it is
not only the total amount of dietary proteins that is key for
ensuring functional muscle mass but also the distribution
at each meal. A study by our group3 and another recently
published work35 showed that older adults did not consume
this amount at breakfast and dinner. Therefore, future
dietary intervention studies should look at both the total
amount and the distribution of proteins to achieve a better
impact on sarcopenia syndrome.

Conclusion
The addition of nutrient-rich dairy proteins, specifically
210 g of ricotta cheese, improved ASMM and physical
performance, mainly on the balance-test scores, while also
attenuating the loss of muscle strength in the absence of
health complaints, fat-mass gain, and side effects on kidney
function. Therefore, our results suggest that adding ricotta
cheese to the habitual diet may be a promising dietetic
strategy for improving ASMM and physical performance
in subjects with no pronounced loss of ASMM. As a result,
this dietetic strategy could potentially prevent sarcopenia
syndrome in the geriatric population.
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