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Background: Both low dietary protein intake and inadequate distribution of protein over the 

three mealtimes have been reported in older Caucasian adults, but the association between protein 

intake at each meal and muscle mass has not been studied. The purpose of this study was to 

evaluate dietary protein intake and distribution by mealtimes, and to explore their association 

with appendicular skeletal muscle mass in apparently healthy older adults.

Methods: This was a cross-sectional pilot study that included 78 people over the age of 60 years. 

Caloric and protein intake were estimated on the basis of three nonconsecutive 24-hour diet 

recalls and appendicular skeletal muscle mass by dual-energy X-ray absorptiometry.

Results: Men consumed 13.4 g of protein/day more than women (P , 0.05). The estimated 

value of dietary protein intake was 0.9 g/kg/day. In this sample, 28% of subjects did not cover 

100% of the dietary reference intake for protein. Lower consumption of dietary protein was found 

at breakfast and dinnertime compared with the recommended amount of 25–30 g (P , 0.05). 

Also, the study observed that appendicular skeletal muscle mass in men and women who 

consumed ,25 g of protein at each mealtime was different from that found in the group that 

consumed .25 g of protein at one, two, or three mealtimes.

Conclusion: While protein intake was higher than current recommendations, it failed to achieve 

the values reported as necessary to prevent sarcopenia. In addition, there was under-consumption 

of protein per mealtime, especially at breakfast and dinner.
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Introduction
The relative loss of muscle mass, or sarcopenia, is a new and highly prevalent clinical 

entity among older adults, which increases the risk of falls, reduces functionality, and 

contributes to mortality in this age group.1 Sarcopenia is a complex and multifactorial 

process. Several risk factors, such as insulin resistance, cytokines, vitamin D deficiency, 

sedentarism, and dietary protein intake, have been associated with the condition.2

Some studies have shown a positive association between dietary protein intake and 

muscle mass. Most of the epidemiologic evidence for this association comes from two 

cohort studies demonstrating that low dietary protein intake was significantly associated 

with loss of muscle mass.3,4 These studies, as well as other research, have concluded 

that the amount of protein recommended by the Food and Agriculture Organization of 

the United Nations/World Health Organization/United Nations University (FAO/WHO/

UNU) in 19855 (0.60–0.75 g/kg/day) and the requirements reanalyzed recently6 
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(0.66–0.80 g/kg/day) seem insufficient to maintain a positive 

balance and, therefore, a muscle mass that is compatible with 

good long-term health and functionality. Based on published 

studies of nitrogen balance, it was reported that older adults 

require 1.0–1.3 g/kg/day of protein to achieve an adequate 

balance,7 a quantity similar to that reported of 1.2 g/kg/day.4 

This latter amount is associated significantly with 40% lower 

muscle mass loss compared with that associated with a pro-

tein intake of 0.8 g/kg/day.

It is well recognized that older adults require not only a 

larger amount of protein, but that uniform distribution at each 

mealtime is determinant. It has been reported that a protein 

intake of 30 g at each meal stimulates the maximum rate of 

protein synthesis in both younger and older adults. Therefore, 

it has been suggested that intake of high quality protein foods 

(25–30 g) at each mealtime could prove to be a beneficial 

strategy in terms of increasing protein synthesis and conserv-

ing muscle mass in older adults.8 Additional evidence of the 

effect of high bolus protein intake comes from a recently 

published study9 showing that resistance exercise increased 

muscle protein synthesis to a greater extent when older men 

reached a whey protein intake of 40 g. However, this study 

tested the synergistic effects of prior resistance exercise and 

protein feeding on muscle protein synthesis influenced by 

the amount of protein ingested in older men, but not in the 

context of increased protein intake at each mealtime.

At present, little is known about actual dietary protein 

intake and even less is known about protein consumption 

by mealtime with emphasis on prevention of sarcopenia. To 

our knowledge, there has only been one published study in 

older adults related to this issue, indicating that an important 

proportion of older adults did not satisfy dietary protein 

requirements. Also, it observed that protein consumption 

in the Netherlands was 8–12 g/meal, ingested mainly at 

breakfast and dinner, in older adults who were living in the 

community, others who were institutionalized, and the frail 

elderly.10 However, it must be noted that the study did not 

evaluate muscle mass, so there are no data on the impact of 

insufficient protein ingestion and inadequate distribution of 

protein over the three mealtimes on muscle mass.

The results published by the aforementioned study point 

out the susceptibility of older adults to insufficient con-

sumption and inadequate distribution of dietary proteins at 

mealtimes.10 Also, several risk factors associated with defi-

cient dietary protein intake are recognized, ie, reduced caloric 

intake, greater physical dependence, anorexia, changes in 

food preferences, and food insecurity,11 all factors that could 

be accentuated in older adults in developing countries and 

seriously affect their dietary protein consumption. These 

conditions could represent a greater risk to the development 

of loss of muscle mass, or sarcopenia, protein-energy wast-

ing, and even protein-energy malnutrition. Due to the scar-

city of information on populations in developing countries 

in relation to dietary protein intake and its implications for 

health, muscle mass loss, and sarcopenia prevention, this 

study assessed dietary protein intake and its distribution 

per mealtime while simultaneously exploring its associa-

tion with appendicular skeletal muscle mass in apparently 

healthy older adults.

Patients and methods
sample
A total of 81 older adults (aged .60 years) were invited to 

participate in the study on the basis of visits to homes and 

retirement clubs, as well as through telephone calls and 

posted announcements. This was a nonprobability cross-

sectional study, using the following inclusion and exclusion 

criteria: all subjects were physically independent according 

to the scale of Lawton and Brody,12 “apparently healthy” 

by self-reports and confirmed by the results of biochemical 

analyses as part of their clinical examination conducted in our 

institution, and with intact intellectual functioning according 

to the scale of Pfeiffer.13 Free of the major chronic diseases, 

ie, heart disease, stroke, cancer, chronic respiratory disease, 

and diabetes, was confirmed by their clinical histories. 

Volunteers were also free of any food restrictions, recent 

bodyweight loss, and physical disability. Finally, subjects 

on protein supplementation, those with a body composition 

exceeding the margins of the dual-energy X-ray absorptiom-

etry (DXA) bed, and those who failed to report for any of the 

three 24-hour diet recall appointments were not considered 

in the analysis.

All volunteers received a complete explanation of the 

study protocol and signed the appropriate consent forms in 

compliance with the regulations of the ethics committee at 

Centro de Investigación en Alimentación y Desarrollo, AC.

study design and measurements
This was a cross-sectional pilot study designed to explore the 

amount and distribution of dietary protein intake and their 

association with total appendicular skeletal muscle mass in 

community-dwelling older adults. All participants underwent 

a medical assessment, including biochemical analyses, body 

composition by DXA, anthropometry (body weight, height, 

waist circumference, and body mass index), and assessments 

of dietary protein intake by the 24-hour diet recall method. 
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Table 1 Age and physical characteristics of older male and female 
subjects from northwestern Mexicoa

Variables Total  
sample  
n = 78

Men 
n = 31

Women 
n = 47

P-value

Age, years  68.7 ± 6.3 68.3 ± 6.16  69.0 ± 6.5 0.6
Body weight, kg  71.4 ± 14.0 76.6 ± 14.2  67.9 ± 12.9 0.001
height, m  1.60 ± 0.09 1.67 ± 0.07  1.54 ± 0.05 0.001
Body mass  
index, kg/m2

 27.3 ± 4.1 27.0 ± 3.6  28.2 ± 4.4 0.2

Waist  
circumference, cm

100.9 ± 10.3 99.5 ± 10.5 101.8 ± 11.0 0.3

Total body fat, kg  27.3 ± 9.0 23.7 ± 6.5  29.6 ± 9.7 0.002
lean tissue, kg  41.0 ± 9.9 50.9 ± 8.2  34.5 ± 3.7 0.001
AsM, kg  18.1 ± 4.7 22.6 ± 3.9  15.1 ± 1.78 0.001

Note: aMean ± standard deviation.
Abbreviation: AsM, appendicular skeletal muscle mass.

The protocols for taking blood samples, evaluating body 

composition, and obtaining anthropometric measurements 

required a minimum 8-hour fasting period. All procedures 

were performed by trained, standardized personnel who 

strictly followed the corresponding measuring techniques. 

The 24-hour diet recalls were performed in the volunteers’ 

homes and in the presence of the family member in charge 

of the older adult’s alimentation.

Assessment of dietary protein intake
Dietary ingestion was estimated on the basis of three, noncon-

secutive 24-hour diet recalls. In order to control for variability 

in caloric intake, the 24-hour diet recalls were conducted on 

two weekdays and once on a weekend. Estimates of caloric 

and protein intake were made following a procedure published 

previously.14 Average caloric (kcal/day) and protein (g/day) 

consumption were calculated, as were the amounts of pro-

tein ingested per mealtime (g/ breakfast, g/lunch, g/dinner). 

The main protein food sources were also assessed from the 

24-hour diet recall by considering average protein intake in 

grams in the study population, the quantity of protein provided 

by each food, and the frequency of their consumption. Also, 

a percentage of adequacy of protein intake was calculated 

using the following equation: protein intake/dietary reference 

intake × 100.15 In addition, protein consumption per mealtime 

was analyzed by forming two groups based on the recom-

mended amounts for each mealtime (25–30 g).16 Group A 

included all volunteers with an intake ,25 g of protein at each 

mealtime, while group B was made up of the subjects who 

consumed .25 g of protein during at least one mealtime.

Appendicular skeletal muscle mass
Body composition was assessed by DXA using DPX-MD+ 

(GE Lunar Madison, WI, USA). Measurements were 

carried out under fasting conditions and following estab-

lished guidelines. Appendicular skeletal muscle mass was 

determined from whole body DXA scans as published 

previously.17 Appendicular skeletal muscle mass represents 

the sum of nonfat and nonbone tissue in both arms and legs, 

and is based on two assumptions, ie, lean tissue in the arms 

and legs represents limb skeletal muscle mass18 and limb 

skeletal muscle mass represents 75% of total body skeletal 

muscle.19

statistical analysis
All statistical analyses were conducted with the NCSS 

2004 (Number Cruncher Statistical System for Windows, 

Kaysville, UT, USA) using descriptive statistics for physical 

characteristics and a two-sample t-test to explore the effect 

of sex. Significant differences between estimated average 

values of daily protein consumption in the total sample 

were tested against the recommended daily allowance,20 

the recommendation by FAO/WHO/UNU 1985,5 and the 

value published by Houston et al.4 In addition, a one-sample 

t-test was applied to probe the value of protein intake per 

mealtime against the average recommended value of 30 g.8,16 

The association between appendicular skeletal muscle 

mass, total protein intake, and protein distribution was 

analyzed using a general linear model analysis of variance. 

Statistical significance was tested using a P-value of #0.05. 

Variables that showed abnormal behavior were transformed 

logarithmically.

Results
The number of subjects included in the final sample analy-

sis was 78, comprising 60% women and 40% men. In the 

final sample, five volunteers had controlled hypertension 

with stable weight during the previous 6 months and no 

self-reported dietary modifications, so were included in the 

analysis. Three older adults were excluded from the study 

because they did not fulfill the inclusion criteria. With respect 

to anthropometric characteristics, men on average weighed 

8.4 kg more than women and were 13 cm taller (P , 0.001). 

However, their body mass indices were not significantly 

different. Results of body composition analysis shows higher 

values for fat mass and less total lean mass and appendicular 

skeletal muscle mass in women compared with older men 

(Table 1).

With respect to protein intake, men consumed 13.4 g 

of protein/day more than women (P , 0.05), and protein 
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consumption per kg of bodyweight, the study found that the 

estimated average consumption in men and women was above 

the recommended daily allowance and the FAO/WHO/UNU 

norms for proteins (0.99 versus 0.8 g/kg/day, P , 0.001), but 

below the value associated with lower muscle mass loss and 

that suggested as being necessary to prevent sarcopenia in 

older adults (0.99 versus 1.2 g/kg/day, P , 0.001, Table 2). 

Although the average protein intake was 0.99 g/kg/day, 

37% of subjects did not cover the recommended amount of 

protein/kg of bodyweight (0.8 g/kg/day).

Adequacy of protein intake was approximately 51%–315% 

of the dietary reference intake. However, 28% of the older 

adults failed to cover 100% of the dietary reference intake. 

In this regard, women were the group most severely affected. 

Finally, a positive association was found between caloric 

intake and grams of protein/day in the total sample (r = 0.82; 

P , 0.001).

On observing protein intake per mealtime and compar-

ing it with the recommended protein consumption of 30 g 

at each meal, our findings showed that 81% of these older 

adults consumed quantities below the recommended level of 

30 g at breakfast. This under-consumption per mealtime was 

accentuated in the data at dinnertime, with 86% of the older 

adults in the sample failing to fulfill this recommendation. 

At both of these mealtimes, under-consumption of protein 

was more marked in women. Another important finding was 

that 3% of the total sample did not eat breakfast at all. On 

comparing intake between men and women, our findings 

revealed an effect of sex in the case of dinner (Table 2).

The main sources of protein in the total sample were 

meat, chicken, milk, eggs, cheese, corn tortillas, meat-filled 

tamales, beans, and wheat tortillas. Thus, most of the protein 

consumed was due to frequent ingestion of foods supplying 

proteins from animal sources. It is important to note that 

protein intake from vegetable sources (beans, corn, wheat 

tortillas) contributed due to the high frequency with which 

they were consumed by the study population.

In relation to protein ingestion and its association with 

muscle mass, the study found a modest and positive asso-

ciation between dietary protein intake and appendicular 

skeletal muscle mass (P , 0.05, Figure 1). In addition, it 

found a significant effect of amount of protein per mealtime 

on muscle mass. Appendicular skeletal muscle mass (kg) for 

group A differed from that of group B for men and women 

who consumed .25 g of dietary protein (15.9 ± 0.9 kg 

versus 19.1 ± 0.6 kg, P , 0.01). However, on adjusting for 

bodyweight, sex, and height, the appendicular skeletal muscle 

mass did not prove to be significantly different between the 

two groups (18.1 ± 0.4 kg versus 18.1 ± 0.2 kg, P = 0.87).

Discussion
This is the first pilot study of a non-Caucasian population to 

suggest that while dietary protein intake exceeds the level 

of ingestion proposed in current recommendations,5,15,20 it 

does not achieve the values that have been associated with a 

lower muscle mass loss in older adults.4 Also, it indicates a 

possible association between low dietary protein consump-

tion per mealtime and reduced appendicular skeletal muscle 

mass in this age group. These findings are important because 

both low protein intake and an inadequate distribution of 

dietary proteins (25–30 g of protein/mealtime) could lead 

to muscle mass loss and increase the risk of sarcopenia.8,16 

The loss of appendicular skeletal muscle mass is a common 

problem in older adults in northwestern Mexico, with data 

Table 2 Dietary protein intake and caloric consumption by sexa

Variables Men Women Mean  
difference

P-value

Caloric  
intake,  
kcal/day

1,975.8 ± 588.5 1,517.2 ± 494.1 -458.5 0.00

Protein  
intake,  
g/day

  73.4 ± 22.8   58.5 ± 22.8 -14.9 0.007

Protein  
intake  
g/kg/day

  0.99 ± 0.37   0.88 ± 0.38 -0.1 0.18

Dietary protein intake per mealtime, 30 g/mealtime
Breakfast   18.7 ± 10.9   15.3 ± 10.0 -3.3 0.23
lunch   33.3 ± 17.4   26.9 ± 15.4 -6.4 0.10
Dinner   19.9 ± 12.7   14.3 ± 7.6 -5.5 0.02

Note: aMean ± standard deviation.

160.0125.0

r = 0.28; P < 0.05

90.0

Dietary protein intake (g/day)

A
S

M
, k

g

55.020.0
10.0

17.5

25.0

32.5

40.0

Figure 1 Positive association between dietary protein intake and appendicular 
skeletal muscle mass in older men and women subjects.
Abbreviation: AsM, appendicular skeletal muscle mass.
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from previous studies showing a prevalence and incidence 

of this condition of 21% and 13%, respectively, in persons 

over 60 years.21

The results of this pilot study also show an effect of sex on 

total protein intake and on the amount of protein ingested at din-

nertime, with women having lower indices for both total protein 

consumption and protein consumption at dinner (P , 0.05). 

Also, important is that a proportion of the total sample did 

not cover the 0.8 g/kg/day protein intake. Once again, women 

were affected in this respect. This low intake of total dietary 

protein and of proteins ingested at dinnertime could be associ-

ated with several factors that have been implicated as principal 

determinants of protein intake in this age group.11

The results indicating low protein consumption in this 

pilot study especially among the women may be deter-

mined by their low total caloric intake compared with men 

(Table 2). In both men and women, this could be due to 

low caloric consumption estimated by the 24-hour recall 

method compared with total energy expenditure as mea-

sured by the double-labeled water technique in another 

sample of older men and women from the same community 

(2,376 ± 274 kcal/day and 1,917 ± 305 kcal/day, respec-

tively).22 However, other factors, such as anorexia, changes 

in food preferences, lack of access to protein-rich foods, 

and cultural patterns of eating a light dinner, may also be 

involved in this low estimated protein intake. Although 

the relatively small sample size may be another significant 

limiting factor of this pilot study, the results obtained may 

pave the way for future studies to evaluate all the possible 

determinants of low protein consumption. The results related 

to the impact of low protein intake at each mealtime on 

muscle mass also indicate the importance of exploring this 

association in a larger sample population and, of course, 

considering other variables, such as physical activity, that 

could influence this relationship.

In general, the findings of this pilot study, together 

with previously published results,10 suggest that it may be 

necessary to design and implement dietetic and nutritional 

strategies aimed at improving protein consumption so as to 

achieve the quantities associated with prevention of loss of 

muscle mass and sarcopenia in this age group, which has a 

higher risk for deficient protein consumption.11 Intake of high 

quality protein, fast protein, a mixture of essential amino 

acids approximately equivalent to 30 g of protein twice or 

three times a day, and in particular branched chain amino acid 

supplementation, have been proposed as a nutrition strategy 

to counteract anabolic resistance and to stimulate protein 

synthesis in older adults.8,23–25

According to the results of this study, women showed the 

most significant differences in protein consumption, so this 

group could be the one that benefits most from increasing 

and improving their ingestion of dietary proteins. The find-

ings of this study must be interpreted with caution due to 

the cross-sectional design. Finally, we recognize the limita-

tions of the dietary method utilized to estimate total energy 

consumption and protein intake in a precise and accurate 

manner. With respect to the 24-hour diet recall method, we 

acknowledge that it has only limited reliability in this age 

group.26 In order to increase precision, we undertook three 

nonconsecutive 24-hour diet recalls (two during the week and 

the other in the weekend), and no subject had evidence of 

memory impairment. However, when aiming to improve the 

precision and accuracy of dietary methods, double-labeled 

water should be used as a gold standard technique to assess 

free-living energy expenditure in older adults.

Conclusion
On the basis of the results of this pilot study, we conclude 

that older adults do not receive the amount of dietary protein 

recommended to prevent sarcopenia. In addition, under-

consumption of proteins per mealtime was found, with break-

fast and dinner being the most compromised. A significant 

association was also found between protein consumption 

per mealtime and loss of muscle mass. Based on the results 

of this pilot study and those reported by other researchers,10 

it would be convenient first to conduct more studies of rep-

resentative samples and then to begin designing and imple-

menting dietetic and nutritional strategies that will assure an 

adequate selection of protein-rich foods that are low in fats 

and will cover the recommended protein consumption to 

satisfy the objective of preserving muscle mass and prevent-

ing sarcopenia. Additional studies are required to evaluate 

the impact of a homogeneous increase and redistribution of 

dietary proteins on loss of muscle mass in older adults who 

are at greater risk of deficient dietary protein intake.
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