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Background: Sarcopenia is strongly associated with an inadequate intake of dietary protein. 

Dietary protein supplementation boosts muscle-protein synthesis and increases muscle mass in 

the elderly. This study tested whether adding a protein-rich food, ricotta cheese, to the habitual 

diet increased total appendicular skeletal muscle mass and strength in elderly people.

Methods: Participants (n = 40), were sarcopenic elderly men and women over 60 years of 

age. Two comparison groups were formed at random and followed for 3 months: the interven-

tion group received 210 g/day of ricotta cheese plus the habitual diet, while the control group 

followed the habitual diet with no additional intervention. Total appendicular skeletal muscle 

(TASM) was assessed by dual-energy X-ray absorptiometry, while strength was measured using 

a handheld dynamometer at baseline and after the intervention period. The primary outcomes 

were the percentage of relative change in TASM and strength.

Results: The percentage of relative change in TASM was not significant between the groups 

after the intervention period. Muscle strength improved in the intervention group, but showed 

only a tendency towards significance (P = 0.06). Secondary analysis showed that the men in 

the intervention group gained 270 g in TASM compared to those in the control group, and 

improved their fasting insulin levels (P = 0.05), muscle strength, lean body mass in the arms, 

and body weight variables.

Conclusion: The results of this study indicate that a nutritional intervention using a high-quality 

protein food, specifically ricotta cheese, in order to increase the amount of protein intake might 

not be regarded as fully promising in elderly men and women with sarcopenia. However, the 

gender effects on muscle strength, lean tissue in the arms, homeostatic assessment of insulin 

resistance, and body weight detected in this study suggest that additional research is needed on 

elderly male subjects with sarcopenia.
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Introduction
Sarcopenia is defined as the age-associated loss of skeletal muscle mass and function.1 

Several studies have shown that sarcopenia might result from low levels of testosterone 

or vitamin D, and low chronic inflammation.2–6 Recently, an inadequate intake of dietary 

protein has been suggested as an additional contributing factor to the development of 

sarcopenia.7 Because sarcopenia is a multifactorial2–6 disorder, no effective treatment 

for it has yet been established. However, protein and essential amino acid supplemen-

tation have been emphasized in treating sarcopenia,8–10 and it has been suggested that 
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dietary protein may be a modifiable risk factor for sarcopenia 

in older adults.7 A daily intake of 1.2 g/kg to 1.5 g/kg of 

protein has been reported to prevent sarcopenia.11

The rationale behind protein, essential amino acid, or 

dietary protein supplementation is based on the hypoth-

esis that such supplementation will boost muscle-protein 

 synthesis.12 With respect to dietary protein supplementation, 

Symons et al13,14 reported an increase in skeletal muscle-

protein synthesis after ingestion of certain foods, such as 

meat (lean beef), in both young and elderly subjects.12,13 Milk 

is another important source of high-quality dietary protein, 

one that efficiently stimulates muscle-protein synthesis in 

both younger15 and older adults.16 It seems that an increase 

in protein synthesis through foods translates into an increase 

in whole-body lean mass in young people.17 To the best of 

our knowledge, there is no evidence of studies of this issue 

in the elderly. Finding ways to incorporate protein-rich foods 

that are not high in calories, fat, and cholesterol into the diet 

and then translating this into an increase in whole-body lean 

mass can be challenging.

Some studies in the elderly have tested the effect on 

muscle mass and strength of exercise combined with 

ingesting animal-based foods such as regular dairy products, 

like eggs and milk, but results are controversial.18,19 It is 

clear that both milk and exercise seem to be effective in 

improving muscle mass and function in older people with 

an inflammatory disease.19 However, the effect on body 

composition parameters of adding protein-rich foods to the 

habitual diet, particularly on regional lean tissue, muscle 

mass, and strength in sarcopenic elderly subjects, has not 

been explored. Ricotta cheese is an important source of 

high-quality dietary protein and is a low-calorie dairy 

product that the elderly accept well. Recent commentaries 

and research have suggested that moderately increasing 

dietary protein intake may enhance muscle-protein 

anabolism.12 Therefore, this study tested whether adding 

a protein-rich food, ricotta cheese, to the habitual diet 

increased total appendicular skeletal muscle mass and 

strength in sarcopenic elderly people.

Methods
Participants
Three hundred and two physically independent and apparently 

healthy elderly subjects from Hermosillo, Sonora, Mexico 

were recruited through home visits and phone calls. All vol-

unteers underwent dual-energy X-ray absorptiometry (DXA) 

measurements, and sarcopenia was diagnosed by the residuals 

method.20 From this sample, 66 elderly men and women were 

classified as sarcopenic and deemed potential participants 

for the nutritional intervention trial. All 66 potential partici-

pants underwent medical screening in order to exclude any 

individual with impaired kidney  function. Other eligibility 

requirements included age ($60 years), physical indepen-

dence, being free of type-2 diabetes, and having no kidney or 

liver disease. After medical screening, 26 participants were 

excluded due to one of the following additional reasons: 

glucose above 126 g/dL, microalbuminuria, refusal to eat 

ricotta cheese, gastrointestinal problems related to consuming 

dairy products, or refusal to participate.

Ethics
The study was reviewed and approved by the  Ethics  Committee 

of the Research Center for Food and  Development. All 

 volunteers received a complete explanation of the protocol 

and then gave their written informed consent to participate.

Baseline and follow-up measurements
After the diagnosis of sarcopenia, the following procedures 

were performed to determine final eligibility. A medical 

examination was conducted that included several lab tests: 

hemoglobin was measured with HemoCue™ (HemoCue 

AB, Ängelholm, Sweden) and fasting glucose by GOD-PAP, 

lipid profile (TL100), and a hepatic profile (including serum 

glutamic oxaloacetic transaminase, serum glutamic pyruvic 

transaminase [AS147], and alkaline phosphatase [AL1200]) 

by Merck Vitalab (Selectra Analyze; Frankfurt, Germany). 

Kidney function was evaluated for creatinine, uric acid, 

and urea blood levels (measured by Randox™ techniques; 

Randox Laboratories, Oceanside, CA), and by the glomerular 

filtration rate (assessed using the Cockcroft-Gault formula21 

and by NycoCard™ u-albumin test [Axis Shield NycoCard™, 

Dundee, UK]). All measurements were taken again at the end 

of the intervention study to discern possible adverse effects of 

the additional protein intake on kidney function. The anabolic 

effect of adding dietary protein supplementation (ricotta 

cheese) was assessed by insulin-like growth factor 1 (IGF-1; 

ALPCO Diagnostics, Salem, NH) and fasting insulin (DRG 

Instruments GmbH, Marburg, Germany), both measured by 

enzyme-linked immunosorbent assay, using ALPCO™ (cat no. 

22-IGFHU-E01 and cat. EIA2935 DRG, respectively). 

Finally, insulin resistance was assessed using the homeostatic 

model assessment of insulin resistance (HOMA-IR).22

Body weight was measured using a digital electronic 

scale (AND FV-150 KA1; A&D Co. Ltd, Tokyo, Japan), 

with subjects barefoot and lightly dressed. Standing height 

was recorded using a Holtain stadiometer (Holtain Ltd, 
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Dyfed, UK). Body mass index was calculated by dividing 

body weight in kilograms by the square of the height as 

measured by the  stadiometer. All anthropometric measures 

were assessed using the standardized International Society 

for the Advancement of Kinanthropometry protocol.23

Total appendicular skeletal muscle (TASM) and other 

body composition components, as well as total body mass, 

were measured by DXA using a GE Lunar DPX-MD+ (Lunar 

Radiation Corp, Madison, WI), as reported previously.24 

TASM was calculated as the sum of bone-free lean tissue in 

the arms and legs. The value was derived from DXA scans; 

the DXA was calibrated daily, following the manufacturer’s 

guidelines.

Muscle strength was measured with a Takei  Smedley 

handgrip dynamometer (Takei Scientif ic Instruments 

Co, Niigata, Japan) according to the manufacturer’s 

recommendations.

Experimental design
This study was a randomized controlled clinical trial. Forty 

subjects were randomly assigned 1:1 to the intervention or 

control group. Participants in the intervention group added 

210 g of ricotta cheese to their habitual diet (RCH + HD), 

while the other group consumed only their habitual diet 

(HD). Subjects in each group were followed during a 3-month 

intervention during which they were asked to perform their 

normal daily physical activities and follow their habitual diet. 

In an effort to ensure adherence to the protocol, subjects in 

both groups were visited three times a week at their homes. 

In addition, recommendations on how to combine the ricotta 

cheese with their habitual diet were given to the subjects in 

the RCH + HD group. The elapsed time between baseline 

measurements and the beginning of the intervention trial was 

2 weeks, and follow-up measurements began after the last 

day of the intervention (3 months of follow-up; September 

to November, 2011). Data were collected at the Research 

Center for Food and Development; assessment personnel 

were blinded to participants’ assigned conditions.

Intervention
The ricotta cheese supplementation consisted of 210 g per day. 

The total portion was previously divided, weighed, and packed 

(70 g/serving). Participants were asked to eat the ricotta cheese 

with their habitual foods at breakfast, lunch, and dinner, record 

the amount of ricotta cheese left in the plastic containers, and 

consume the same amount of food or meals as they typically 

ingested. The 70 g of ricotta cheese was weighed using a 

compact CS2000 OHAUS scale (OHAUS Corporation, Pine 

Brook, NJ) and packed in labeled containers, using proper 

techniques for food handling. The plastic containers were 

transported at appropriate temperatures and delivered to the 

corresponding subject’s home three times a week. According 

to the results of bromatologic and high-performance liquid 

chromatography analyses, the amount of 210 g/day of ricotta 

cheese provided 15.7 g of protein (including essential amino 

acids at 8.6 g/day), 18.4 g of fat, and 10.4 g of carbohy-

drates. The total extra calories provided were 267 kcal/day. 

The amount of ricotta cheese given to subjects was based on 

the reported anabolic effect of using 15 g of whey protein 

(including 6.7 g of essential amino acids) on skeletal muscle 

in healthy older subjects.25 All intervention team members 

praised participants for their success throughout the inter-

vention trial. As mentioned above, strategies to encourage 

adherence and improve retention were undertaken.

Habitual diet group
The subjects in the HD (control) group were asked to main-

tain their usual eating patterns. Participants in both groups 

(RCH + HD, HD) were treated under similar conditions 

during the intervention trial and were asked to maintain their 

normal physical activity and eating patterns; they were not 

allowed to engage in any intentional effort to gain or lose 

weight for the ensuing 3 months.

Primary outcomes: total appendicular 
skeletal muscle and muscle strength
In this study, the primary response variables were the percent-

ages of relative change in total appendicular skeletal muscle 

and muscle strength. The percentage of relative change for 

these two variables was calculated as follows: [(follow-up 

value - baseline value)/baseline value] × 100.26 The effect 

of ricotta cheese on IGF-1, insulin levels, and all other vari-

ables was assessed by the same procedure described for the 

primary response variables.

Statistical methods
Sample size was based on information from a paper 

 published by Dillon et al9 assuming a two-tailed test 

with alpha set at 0.05, a mean difference of 1.8 kg, and 

a similar standard deviation of 2.8 kg of lean body mass; 

40 participants (20 per group) were estimated to provide 

80% power to detect differences in kilograms of lean body 

mass between the two randomized groups (with similar 

proportions of men and women). Balance in the random-

ized groups (RCH + HD  versus HD) was confirmed by 

evaluating intergroup  differences using an independent t-test. 
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Similarly,  differences in the aforementioned intergroup 

outcomes were analyzed using an independent t-test under 

the intention-to-treat  strategy. A P-value of #0.05 indicated 

statistical  significance. Normality was verified graphically. 

All analyses were performed using NCSS 2007 software 

(NCSS, Kaysville, UT).

Results
The intervention sample consisted of 23 women and 17 men 

with a mean age of 76 ± 5.4 years and a mean body weight 

of 68.3 ± 9.6 kg. The mean value for body mass index was 

26.3 ± 3.8 kg/m2. Forty elderly sarcopenic men and women 

were successfully randomized; the results of this process 

are summarized in Table 1. As expected, there were no sig-

nificant differences in age, anthropometric measurements, 

body composition parameters, muscle strength, or the results 

of a series of laboratory tests between groups at baseline. 

Figure 1 shows the flow of the participants during the trial. 

Only 12 volunteers in the RCH + HD group and 17 in the 

HD group successfully completed the protocol; however, all 

subjects were included in the statistical analysis using the 

intention-to-treat approach.

Outcomes and assessment
Primary outcomes: percentage of relative  
change in TASM and strength
Table 2 shows the effect of the additional intake of 210 g/day 

of ricotta cheese on TASM and muscle strength compared to 

the HD group. The percentage of relative change in TASM 

was not significantly different between the RCH + HD and 

HD groups after the 3-month follow-up period. With respect 

to the muscle-strength variable, the RCH + HD group 

improved with a positive percentage of relative change that 

showed a clear tendency towards significance (P = 0.06).

Adverse effects
The percentage of relative change in total cholesterol, trig-

lycerides, and liver enzymes, and the percentage relative 

change in kidney function markers were not statistically 

different between groups. Finally, none of the subjects in 

the RCH + HD group developed microalbuminuria based 

on the results of the u-albumin test. Twenty-five percent of 

the women in the RCH + HD group referred to early satiety 

after consuming the ricotta cheese.

Secondary analysis
Tables 2 and 3 show the results of the secondary analysis, 

including the percentage of relative change in insulin  levels 

and IGF-1. The percentage of relative change in IGF-1 

was positive in both groups, while the percentage of rela-

tive change in fasting insulin levels was negative only in 

RCH + HD. However, these changes were not statistically 

significant. The results of the percentage of relative change 

in anthropometric, other body composition, and biochemical 

variables are shown in Table 2.

Analysis by gender showed that the men in the RCH + HD 

group increased their body weight by approximately 1.6 kg 

and gained 490 g of TASM, while those in the HD group 

gained only 220 g of TASM and lost body weight. In contrast, 

the women in the RCH + HD and HD groups gained 260 g and 

220 g, respectively. The women in both groups lost approxi-

mately 800 g of body weight. Muscle strength, lean body mass 

in the arms, and body weight also improved in the men in this 

group, though only a tendency was seen in the percentage 

of relative change in these variables, whereas in the women 

in the intervention group only the muscle strength variable 

showed a clear tendency towards significance (Table 3).

A significant effect of gender on some physiological 

variables was found. For instance, fasting insulin levels in the 

men in the RCH + HD group decreased by 10.1% (from 9.9% 

to 8.5%), while the men in the HD group showed an increase 

Table 1 Descriptive characteristics of subjects in the RCH + HD 
and HD groups

RCH + HD  
Group 
(n = 20)

HD Group 
(n = 20)

P-value

Sex   
 Male, n 8 9 –
 Female, n 12 11 –
Age, years 75.4 ± 5.0 76.7 ± 5.8 0.45
Body weight, kg 68.7 ± 8.6 67.8 ± 10.9 0.78
Height, cm 161.4 ± 8.7 161.3 ± 8.9 0.99
BMI, kg/m2 26.5 ± 4.0 26.1 ± 3.7 0.71
Body fat, % 41.9 ± 9.4 41.3 ± 10.1 0.83
Lean tissue in arm, kg 4.1 ± 0.8 3.9 ± 0.8 0.51
Lean tissue in leg, kg 11.6 ± 2.1 11.4 ± 2.0 0.80
TASM, kg 15.7 ± 3.0 15.3 ± 2.8 0.70
Lean body mass, kg 37.1 ± 6.3 36.9 ± 6.4 0.89
Bone mineral content, kg 2.5 ± 0.5 2.4 ± 0.5 0.66
Strength, kg 22.0 ± 6.1 22.7 ± 6.4 0.73
Glucose, mg/dL 95.8 ± 11.6 97.7 ± 11.2 0.60

Insulin, μUI/L 9.9 ± 3.8 9.5 ± 6.2 0.79
HOMA-IR 2.4 ± 1.2 2.3 ± 1.8 0.89
GFR 58.2 ± 20.4 58.3 ± 16.1 0.98
Total cholesterol, mg/dL 200.7 ± 45.1 209.2 ± 43.4 0.54
Triglycerides, mg/dL 137.4 ± 53.6 130.4 ± 59.5 0.69

IGF-1, μg/L 53.5 ± 36.8 57.7 ± 27.3 0.68

Note: Data are presented as means ± SD.
Abbreviations: TASM, total appendicular skeletal muscle; BMI, body mass index; 
HOMA-IR, homeostatic model assessment of insulin resistance; GFR, glomerular filtra-
tion rate; IGF-1, insulin-like growth factor 1; HD, habitual diet; RCH, ricotta cheese.
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of 5.1% (from 7.7% to 8.1%). The percentage of relative 

change in fasting insulin levels was statistically significant 

in the men in the intervention group; also, HOMA-IR values 

decreased by 11.1% in the men in the RCH + HD group, 

while in the HD group they decreased by only 0.8%, though 

this change was not significant. IGF-1 values for the men in 

the RCH + HD group increased twofold, compared to those 

in the HD group after the 3-month follow-up period: 23.4% 

(from 60.4 to 78.8 μg/L) and 12.9% (from 60.5 to 69.8 μg/L), 

respectively. However, the difference in the percentage of 

302 elderly underwent DXA

236 nonsarcopenic  elderly
excluded

16 excluded
Reasons: 6 declined due to

travel schedule
9 were not located

1 disliked ricotta cheese

10 excluded
Reasons: 8 had glucose over 126 mg/dL

1 had increased urine microalbumin
1 had both increased glucose and urine

microalbumin

HD + RCH group
(n = 20)

Assigned to their
habitual diet + 210 g

of ricotta cheese

HD group
(n = 20)

Assigned only to
their habitual diet

2 developed health problems
1 modified the habitual diet

5 did not complete the 3-month intervention
period due to health problems

2 completed the intervention period but failed
to eat the entire portion of ricotta cheese

1 had to leave the city

 66 sarcopenic elderly

40 randomized

50 potential participants
underwent medical screening

Figure 1 Participant flow during the trial.
Abbreviations: DXA, dual-energy X-ray absorptiometry; HD, habitual diet; RCH, ricotta cheese.
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relative change in IGF-1 values between groups (10.5%) was 

not statistically significant. In neither group was the percent-

age of relative change in kidney function markers and liver 

enzymes between the male subgroups significant.

Treatment adherence
During the intervention trial, eight subjects in the RCH + 

HD group dropped out for the following reasons: five did 

not complete the 3-month intervention period due to per-

sonal health issues unrelated to consuming ricotta cheese; 

two completed the intervention period but failed to eat the 

entire portion of cheese; and one had to leave the city. Three 

subjects in the HD group dropped out: two developed health 

problems, and one modified the habitual diet. However, to 

avoid bias, all subjects, including those who dropped out 

of the protocol, were measured twice (baseline and after 

3 months of follow-up) and were included in the intention-

to-treat analysis.

Discussion
The results of this study indicate that adding 210 g of ricotta 

cheese, or 15.7 g of high-quality protein supplement (con-

taining 8.6 g essential amino acids) did not enhance TASM 

in free-living sarcopenic elderly male and female subjects. 

However, other physiological effects beyond the significant 

gain in total appendicular skeletal muscle in sarcopenic 

elderly men were found.

Similar results have been shown by other studies. 

Recently, Carlsson et al27 evaluated the effect of a high-

intensity functional exercise program and a timed protein-

enriched drink on muscle mass in 177 people aged 65 to 99 

with severe physical or cognitive impairments, and living 

in residential care facilities. His results showed that after 

a three-month high-intensity functional exercise program, 

muscle mass did not increase. Furthermore, the intake of 

a protein-enriched drink immediately after the exercise 

did not induce any additional effect on muscle mass. Iglay 

et al18 concluded that consumption of diets that contained 

moderately higher protein did not differentially affect body 

composition and skeletal muscle fiber size in response to 

resistance training in older people.

Paddon-Jones et al10 showed that both 15 g of essential 

amino acids and 15 g of whey protein stimulated muscle-

protein synthesis in healthy elderly individuals (65–79 years). 

As we stated before, we provided 15.7 g of protein (whey 

proteins) through the ricotta cheese. Maybe the amount of 

Table 2 Relative changes associated with the additional intake of 210 g of ricotta cheese in sarcopenic elderly

RCH + HD group (n = 20) HD group (n = 20) P-value

Baseline Follow-up % 
relative change

Baseline Follow-up % 
relative change

TASM, kg  15.7 ± 2.9  16.0 ± 3.1 2.2  15.3 ± 2.8  15.5 ± 2.8 1.5 0.54
Strength, kg  22.0 ± 6.1  22.1 ± 6.6 0.9  22.7 ± 6.4  22.0 ± 6.8 -3.5 0.06
Body fat, kg  27.3 ± 7.8  26.8 ± 7.8 -2.3  26.7 ± 9.1  25.7 ± 8.6 -3.7 0.46
Truncal fat, kg  16.4 ± 4.1  16.1 ± 4.1 -2.4  15.9 ± 6.0  15.4 ± 5.1 1.5 0.52
Lean body mass, arms, kg  4.1 ± 0.8  4.2 ± 0.9 2.3  3.9 ± 0.8  4.0 ± 0.8 1.4 0.60
Lean body mass, legs, kg  11.6 ± 2.1  11.8 ± 2.2 2.3  11.4 ± 2.0  11.6 ± 2.0 1.6 0.60
Lean body mass, kg  37.1 ± 6.3  37.9 ± 6.5 2.0  36.8 ± 6.4  37.6 ± 6.4 2.1 0.95
Total body mass, kg  66.9 ± 8.3  67.1 ± 9.0 0.2  66.0 ± 10.6  65.7 ± 10.2 -0.4 0.46
Body weight, kg  68.7 ± 8.5  68.8 ± 9.1 0.1  67.8 ± 10.9  67.4 ± 10.4 -0.6 0.31

IGF-1, μg/L  50.0 ± 34.3  59.6 ± 42.7 38.8  57.7 ± 27.3  64.9 ± 42.2 13.6 0.34

Insulin, μUI/L  9.6 ± 3.6  9.3 ± 3.2 -0.8  9.5 ± 6.2  8.7 ± 2.4 0.6 0.82
HOMA-IR  2.4 ± 1.1  2.2 ± 1.0 -2.4  2.3 ± 1.8  2.1 ± 0.8 -1.8 0.92
Glucose, mg/dL  96.0 ± 11.9  94.2 ± 12.1 -1.6  97.7 ± 11.2  94.2 ± 14.9 -3.0 0.71
Hemoglobin, g/dL  13.6 ± 1.8  14.0 ± 1.5 3.7  13.1 ± 1.4  13.3 ± 1.7 1.8 0.36
Total cholesterol, mg/dL 200.6 ± 46.4 197.3 ± 54.6 -1.3 209.3 ± 43.4 209.7 ± 48.5 0.3 0.71
Triglycerides, mg/dL 141.1 ± 52.5 129.5 ± 71.2 -8.5 130.4 ± 59.5 120.2 ± 56.4 -3.2 0.58
Creatinine, mg/dL  1.1 ± 0.3  1.0 ± 0.3 3.4  1.0 ± 0.3  0.8 ± 0.2 -14.8 0.23
Uric acid, mg/dL  4.6 ± 1.8  3.9 ± 1.2 -8.9  4.4 ± 1.3  4.1 ± 1.2 3.9 0.59
Urea, mg/dL  35.5 ± 11.0  34.3 ± 11.9 -1.0  35.3 ± 8.7  33.1 ± 10.8 -4.2 0.73
GFR  57.4 ± 20.6  62.1 ± 21.9 19.7  58.3 ± 16.1  81.8 ± 57.2 42.2 0.37
Microalbumin, mg/g of creatinine  7.0 ± 6.3  6.7 ± 6.2 7.2  8.4 ± 7.6  9.6 ± 10.0 19.3 0.61

Note: Values are presented as means ± SD.
Abbreviations: TASM, total appendicular skeletal muscle; IGF-1, insulin-like growth factor 1; HOMA-IR, homeostatic model assessment of insulin resistance; GFR, glomerular 
filtration rate; HD, habitual diet; RCH, ricotta cheese.
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protein intake in sarcopenic elderly should be higher. Early 

results published by Bos et al28 and Chevalier et al29 concern-

ing malnourished and frail elderly subjects point out that an 

increase in the total amount of dietary protein from 0.5 to 

2.0 g/kg/day produced greater rates of whole-body protein 

synthesis and improved nitrogen balance.

With respect to the other primary response variable, 

handgrip strength increased in the RCH + HD group com-

pared to the HD group; indeed, this variable showed a clear 

tendency towards significance (P = 0.06; Table 2). It is impor-

tant to clarify that the sample size was calculated to determine 

differences in lean body mass, not in muscle strength. The 

latter does not depend solely on muscle mass, and the rela-

tionship between strength and muscle mass is not linear.30,31 

This could explain the findings in the present study.

Reversing strength loss is of great clinical importance in 

the geriatric population, because several studies have shown 

that the risk of falling is significantly higher in subjects with 

reduced muscle strength.32–37 Other intervention studies using 

nutritional supplements (11 g of essential amino acids, plus 

arginine) have reported a significant gain in muscle strength 

in both male and female elderly subjects.38 According to 

results reported by other studies, it seems that the amount, 

form of administration,25 and sample size are other key factors 

that impact muscle strength in sarcopenic elderly people – 

factors that must be taken into account in future research.

The major finding of this study was that sarcopenic 

elderly men experienced some physiological effects beyond 

the significant gain in total appendicular skeletal muscle 

after a 3-month nutrition intervention trial based on adding 

210 g of ricotta cheese to their habitual diet. The men in the 

RCH + HD group increased TASM by 270 g compared to 

those in the HD group after 3 months of follow-up. This find-

ing is important when considered in relation to the average 

loss of skeletal muscle in elderly adults. Recently, Alemán 

et al39 reported an average loss of TASM in healthy elderly 

Table 3 Effect of gender on relative changes associated with the additional intake of 210 g of ricotta cheese

RCH + HD group HD group P

Baseline Follow-up % relative change Baseline Follow-up % relative change

Men
TASM (kg) 18.8 ± 4.4 19.3 ± 1.6 2.7 18.0 ± 1.2 18.2 ± 1.2 1.2 0.42
Strength (kg) 27.4 ± 5.4 28.1 ± 6.1 3.2 28.4 ± 4.4 28.3 ± 4.60 -0.3 0.17
Body fat (kg) 21.9 ± 4.1 22.0 ± 4.9 0.1 22.9 ± 9.5 21.9 ± 8.4 -3.9 0.27
Truncal fat, kg 14.6 ± 2.4 14.8 ± 3.0 0.9 15.1 ± 6.8 14.5 ± 6.0 -2.8 0.44
Lean body mass, arms, kg  4.9 ± 0.5  5.1 ± 0.6 4.7  4.7 ± 0.4  4.8 ± 0.4 1.3 0.12
Lean body mass, legs, kg 13.8 ±1.2 14.1 ± 1.2 1.9 13.3 ± 1.0 13.4 ± 0.9 1.3 0.74
Lean body mass, kg 43.7 ± 2.1 44.8 ± 2.8 2.5 43.2 ± 2.7 44.0 ± 2.6 1.9 0.60
Total body mass, kg 68.5 ± 4.5 69.7 ± 6.2 1.7 68.9 ± 11.7 68.7 ± 10.4 -0.1 0.26
Body weight, kg 70.0 ± 5.1 71.2 ± 6.2 1.6 70.6 ± 12.1 70.2 ± 10.8 -0.4 0.15
Glucose (mg/dL) 99.3 ± 14.4 97.5 ± 11.0 -1.3 99.5 ± 9.4 93.3 ± 7.8 -5.7 0.32

IGF-1 (μg/L) 60.4 ± 20.0 78.8 ± 44.8 23.4 60.5 ± 23.3 69.8 ± 41.5 12.9 0.70

Insulin (μUI/L)  9.9 ± 3.9  8.5 ± 2.1 -10.1  7.7 ± 1.2  8.1 ± 1.4 5.0 0.05
HOMA-IR  2.5 ± 1.3  2.1 ± 0.7 -11.1  1.9 ± 0.4  1.9 ± 0.4 -0.8 0.27
Women
TASM (kg) 13.6 ± 1.4 13.9 ± 1.5 2.0 13.1 ± 1.2 13.3 ± 1.3 1.7 0.87
Strength (kg) 18.3 ± 2.9 18.2 ± 3.0 -0.3 18.0 ± 3.2 16.9 ± 2.8 -6.1 0.10
Body fat (kg) 31.0 ± 7.6 30.0 ± 7.9 -3.9 29.9 ± 7.8 28.8 ± 7.7 -3.5 0.82
Abdominal fat, kg 17.7 ± 4.6 17.0 ± 4.6 -4.6 16.7 ± 5.5 16.2 ± 4.4 4.9 0.34
Lean body mass, arms, kg  3.5 ± 0.5  3.5 ± 0.4 0.7  3.2 ± 0.3  3.3 ± 0.3 1.2 0.72
Lean body mass, legs, kg 10.1 ± 1.0 10.3 ± 1.2 2.5  9.9 ± 0.9 10.1 ± 1.0 1.8 0.70
Lean body mass, kg 32.8 ± 3.7 33.3 ± 3.5 1.7 31.7 ± 2.4 32.4 ± 2.7 2.2 0.71
Total body mass, kg 65.9 ± 10.2 65.4 ± 10.4 -0.7 63.6 ± 9.6 63.2 ± 9.8 -0.6 0.87
Body weight, kg 67.8 ± 10.3 67.2 ± 10.6 -0.8 65.5 ± 9.7 65.1 ± 10.0 -0.8 0.92
Glucose (mg/dL) 94.1 ± 10.3 92.3 ± 12.7 -1.9 96.1 ± 12.7 95.0 ± 19.2 -0.8 0.84

IGF-1 (μg/L) 44.0 ± 40.0 48.5 ± 38.9 47.9 55.4 ± 31.2 60.8 ± 44.2 14.1 0.42

Insulin (μUI/L)  9.4 ± 3.6  9.8 ± 3.7 4.7 10.9 ± 8.2  9.2 ± 2.9 -3.0 0.41
HOMA-IR  2.3 ± 1.0  2.3 ± 1.2 2.5  2.7 ± 2.4  2.2 ± 1.0 -2.5 0.66

Note: Values are presented as means ± SD.
Abbreviations: TASM, total appendicular skeletal muscle; IGF-1, insulin-like growth factor 1; HOMA-IR, homeostatic model assessment of insulin resistance; HD, habitual 
diet; RCH, ricotta cheese.
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men of 1.9 kg after 5 years of follow-up. Our findings indi-

cate that the loss of skeletal muscle in elderly men could be 

reversed by adding protein-rich foods, such as ricotta cheese, 

if the subject prefers natural foods to specifically designed 

nutritional supplements. Meat increases protein synthesis in 

both elderly and young subjects,13,14 and milk improves both 

protein synthesis and muscle mass in young people.15,16 In 

fact, the men in the RCH + HD group gained 270 g of TASM 

more, in relation to those in the HD group, and improved 

their fasting insulin levels (P = 0.05). Table 3 shows the 

improvements in muscle strength, lean body mass in the 

arms, and body weight variables for the men in the interven-

tion group.

With respect to fasting insulin levels, Solerte et al8 

recently reported a significant decrease in serum insulin after 

6 months, and more consistently after 18 months, of inter-

vention with oral nutritional supplementation in the form of 

a special mixture of amino acids. The recovery of anabolic 

conditions such as decreased insulin levels, and hence the 

enhancement of insulin sensitivity through protein-rich foods, 

may potentially induce the beneficial effect of restoring 

muscle mass, thus reversing sarcopenia in elderly men.

It is important to mention that the sample size was not 

calculated to detect differences by gender. Furthermore, 

drop-out rates (unrelated to the nutritional intervention) 

were similar in the men and women in both groups. The 

fact that the failure to consume the entire portion of ricotta 

cheese occurred only in women indicates that men adhered 

better to treatment in this study. The results mentioned above 

highlight a possible effect of gender on the response variables 

used in this study. We are aware that the amount of 210 g of 

ricotta cheese used was large, and that some people would 

find it difficult to consume such an amount of this food on a 

routine basis. However, it might be an option, if the elderly 

people involved preferred natural foods to specifically 

designed nutritional supplements. Moreover, ricotta cheese 

is a low-fat, low-carbohydrate, low-caloric food that can be 

incorporated as a component in numerous recipes.

The results of the present study should be interpreted 

in the context of its limitations. As mentioned above, the 

primary limitation was that the sample size was calculated 

based on gains in lean body mass in women and not TASM. 

In addition, the response variable of muscle strength was not 

considered in this procedure, though the percentage of rela-

tive change in muscle strength in the total intervention group 

and in the men in the intervention group did show a tendency. 

Second, not all subjects met the protocol of the intervention 

trial, though the research staff made every effort to maintain 

treatment compliance. Nevertheless, statistical analysis was 

carried out considering the total sample, in order to comply 

with the recommendations for clinical trials. According to 

the results of other intervention studies whose authors found 

a significant gain in muscle mass and strength, it seems that 

the form of administration (in supplements versus in foods) 

is a key factor in augmenting muscle mass and strength in 

elderly people with or without sarcopenia. It also appears 

that the time of administration is an important factor (with 

meals versus between meals) in enhancing muscle mass and 

strength. Finally, we cannot deny that both the ingestion of 

total protein (including the protein provided by ricotta cheese) 

and the calories in the diet were insufficient to enhance pro-

tein synthesis and translate it into a greater gain in muscle 

mass and strength in our subjects. Furthermore, the effect 

of gender on the response variables should be considered in 

future studies using protein-rich foods.

Conclusion
Nutritional intervention with 210 g of ricotta cheese in addi-

tion to the subjects’ usual diet failed to significantly reverse 

the loss of total appendicular skeletal muscle in free-living 

sarcopenic elderly men and women, though there was a 

tendency to gain muscle strength in both men and women 

in the intervention group. The amount of 210 g of ricotta 

cheese in addition to the subjects’ usual diet increased total 

appendicular skeletal muscle and was accompanied by sig-

nificant decreases in fasting insulin levels only in the men in 

the intervention group. Muscle strength, lean body mass 

in the arms, and body weight improved in the men in the 

intervention group. We are aware that the amount of ricotta 

cheese used in this protocol was large, and that it would be 

difficult for some people to routinely consume this amount; 

however, this product could be an option for elderly people 

who prefer natural foods to specifically designed nutritional 

supplements. According to the results of this study, then, a 

nutritional intervention using a high-quality protein food, 

specifically ricotta cheese, in order to increase the amount 

of protein intake might therefore not be regarded as fully 

promising in elderly men and women with sarcopenia. How-

ever, the effect of gender on muscle strength, lean tissue in 

the arms, HOMA-IR, and body weight clearly suggests that 

more studies are needed on elderly men with sarcopenia.
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