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Abstract

Adequate protein consumption in amount, food sources, and meals is important to
maintain muscle mass and reduce the risk of sarcopenia in older adults. This study
aimed to assess protein intake in terms of the amount consumed, food sources, and
meals in a sample of 295 community-dwelling older adults in a city in southeast-
ern Brazil. Protein intake was assessed in grams/day and the amount consumed per
meal and food sources were calculated using the total value and relative contribu-
tion. Adequate protein consumption was considered 0.66 g/kg/day (Estimated Aver-
age Requirement-EAR) and amount per meal 25 g, as recommended by the PROT-
AGE Study Group. Descriptive analysis was based on central trend and dispersion
measures. Average protein intake was 67 g and 1.05 g/kg, with an 8.5% prevalence
of inadequacy. The meal that provided the largest protein contribution was lunch and
98% of the group showed insufficient intake at breakfast. Concerning food sources,
the greatest contribution came from the meat group (47.3%). The results indicated
that median intake was at the lower end of the range recommended by PROT-AGE,
with about 50% of subjects consuming less than 1.0 g/kg/day. Protein distribution
among meals showed a high prevalence of adequate consumption, breakfast being
the most critical meal. Strategies to optimize protein intake should consider the
amount, quality, and distribution of protein consumed at meals that form part of
a balanced healthy diet, in addition to dietary techniques and supplementation, to
achieve maximum protein synthesis capacity.
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Introduction

The ageing process is characterized by physiological changes and nutrition plays a
vital role in managing complex, chronic conditions in older adults, such as sarcope-
nia and frailty. In this respect, adequate protein intake is important in preventing loss
of muscle mass and strength (Sandoval-Insausti et al., 2016; Coelho-Junior et al.,
2018; Fancelli et al., 2018).

The most widely used protein recommendation for older adults is 0.8 g/kg/day,
which is the same as for adults, regardless of sex (DRI, 2005). Study groups such
as the ESPEN Expert Group report that consumption between 1.0 and 1.5 g/kg/day
favors anabolism and helps preserve muscle tissue in the presence of chronic condi-
tions and inflammation though (Deutz et al., 2014; Layman et al., 2015).

In addition to daily protein intake, fractionation and the amount consumed per
meal are also important because ageing compromises protein synthesis ability.
When compared to young adults, older adults exhibit anabolic resistance due to the
reduced availability of dietary amino acids. To optimize postprandial muscle protein
synthesis, the PROT-AGE study group and other authors recommend consuming 25
to 30 g of protein in three main meals (Bauer et al., 2013; Tome, 2018). The PROT-
AGE study group recommends an average daily intake of at least 1.0 to 1.2 g protein
per kilogram of body weight per day, and protein quality and timing of ingestion.
For timing and amount of intake, older individuals appear to have a higher per-meal
protein threshold to promote anabolism (i.e., 25 to 30 g protein per meal containing
about 2.5 to 2.8 g leucine).

The type of food source may influence postprandial amino acid availability and
protein anabolism. Animal sources provide high-quality protein, whereas the amino
acid composition of plant-based proteins needs to be balanced (van Vliet et al.,
2015). To overcome the anabolic resistance, it has been suggested that 25 to 30 g of
dietary protein per meal is required to allow and appropriate the stimulation of post-
prandial muscle protein synthesis and prevent or treat sarcopenia (Gaytan-Gonzélez
et al., 2020; Tieland et al., 2015).

Greater knowledge about protein intake in older adults will support nutritional
strategies for preventing and treating conditions related to adequate consumption.
This study aimed to assess protein intake in community-dwelling older adults in
terms of the amount consumed, sources and mealtime distribution.

Methods
Type of Study and Sample
A descriptive cross-sectional study was carried out in a non-probability sample of

older adults. The sample size was determined according to the method of Hair et al.
(2010) which establishes the minimum number of individuals equal to five times the
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number of food items studied. In addition, a sample of at least 288 individuals was
estimated for multivariate regression analysis with a 95% confidence level and 5%
sampling error, plus 10% for possible losses.

The study was conducted between February 2014 and 2015, with 295 commu-
nity-dwelling older adults of both sexes, aged 60 years or older, from a city in south-
eastern Brazil. The municipality studied (Sao Caetano do Sul) has the best Human
Development Index (HDI) in Brazil, classified as high (0.862), similar to cities in
the South and some Brazilian capital cities, as well as to developed countries. The
present study was approved by the Research Ethics Committee of Universidade Sdo
Judas Tadeu (Sao Judas Tadeu University) under number 24855113.6.0000.0089.

The inclusion criteria were: (1) being aged 60 years or older; (2) not experiencing
significant weight loss in the last few months; (3) not being on a diet plan for weight
change; and (4) not having a disease or taking drugs that have an impact on their
diet. This study was approved by the Health Municipal Foundation and Sao Judas
Tadeu University Institutional Reviewer Boards and all participants provided written
informed consent. This cross-sectional study is following the STROBE statement to
provide detailed information on the study design and sample characteristics.

Data Collection

Trained researchers collected the data. Food intake was evaluated using the 24-h
dietary recall method (24HR). The 24HR was conducted in an in-depth interview
and detailed data about food, preparation methods, ingredients used in mixed dishes,
and the brand name of commercial products. The amounts of each food consumed
were estimated in relation to a common size container, standard measuring cups,
and spoons, a three-dimensional food model, or two-dimensional aids such as pho-
tographs. Participants were instructed to write down all the food they consumed the
day before the interview to reduce their risk of forgetting during the 24HR collec-
tion. All days of the week and months of the year were considered, in addition to the
variability of dietary patterns in the different seasons. The Nutrition Data System
for Research® (NDS-R) software was used to calculate energy and nutrient intake.
The Multiple Source Method® (MSM) (Harttig et al., 2011) was applied to estimate
habitual consumption. For this purpose, a repeated measure of the 24HR was col-
lected (30% of the sample) within a maximum of 15 days after the first one.

Protein intake was calculated based on the total consumed per day in grams (g)
and grams per kilogram of weight (g/kg). For the latter, weight was adjusted via the
body mass index (BMI) (Berner et al., 2013; Mendonga et al., 2018, 2019) to mini-
mize over or underestimation in malnourished or overweight individuals. BMI was
classified according to PAHO (Pan American Health Organization) cutoff points
(Lebrao et al., 2003). Inadequate protein intake was calculated based on the DRI
(Dietary Reference Intake) of the Institute of Medicine/Food and Nutrition Board,
considering a cutoff value of 0.66 g/kg/day for the estimated average requirement—
EAR (DRI, 2005).

Protein was evaluated according to sex, age (60 to 70 years and>71 years),
and meal. Meals were categorized into breakfast, lunch, dinner (main meals), and
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between-meal snacks (sum of all the snacks consumed throughout the day). A mini-
mum value of 25 g was adopted to assess the adequacy of protein intake in the three
main meals, in line with the PROT-AGE study group [Bauer et al., 2013).

The relative contribution (RC) of protein from the different food sources was
calculated using the formula developed by Block) (Block et al., 1986) (RC=total
protein (g) in the food item X 100 / total protein (g) from all the food sources). To
that end, the food sources were categorized as plant or animal and into groups (sub-
groups): meat (red, white, processed); eggs; dairy (milk, cheese, yogurt); legumes;
nuts and oilseeds; cereals (baked goods, rice and other grains, pasta); candy; fruit;
vegetables and tubers; and others.

Analysis

Descriptive analysis was based on central trend and dispersion measures. The Kol-
mogorov—Smirnov test was applied to analyze the normality distribution of the vari-
ables and the Mann—Whitney test for group comparison and Cochran-Armitage for
meals comparison. The data were submitted to statistical analysis using STATA®
12.0 software (Data Analysis and Statistical Software 12.0, Texas, USA), at a 5%
significance level.

Results
Descriptive Analysis

Participants were 295 older adults, 85% of whom were women, 51.9% aged 71 years
or older, 44.7% married, 74.6% living with a partner, 41.7% with up to four years of
schooling, and 61.0% retired (data not shown). Table 1 shows the frequency distri-
bution between meals and the amount of protein (> or <25 g/meal) (p <0.0001).

Food Intake

Consumption of all the nutrients was higher among men (p <0.05), whereas the
percentage distribution of energy, carbohydrate, fat, and protein intake was simi-
lar between the sexes. The ratio of animal to plant protein for both sexes was
approximately 2:1. As shown in Table 2, protein intake (g/kg) was higher than

Table 1 Distribution of protein Meals

<25 gprotein*  >25gprotein*  Total
intake 25 g per meal & profetn & profen o

n % n %
Breakfast 285 96.6 10 34 295 (100%)
Lunch 125 42.8 167 57.2 292 (100%)
Dinner 203 71.0 83 29.0 286 (100%)

*Cochran-Armitage p: <0.0001
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Table 2 Energy and other nutrients for the total sample and by sex
Nutrients Total (n=295) Women (n=251) Men (n=44)

p25 p50 p75 p25 p50 p75 p25 p50 p75

Energy (kcal) 1278.9 1500.1 1872.8 1236.5 14659 17769 1540.2 1878.7* 2161.2
Carbohydrates (g) 159.08 194.70 240.47 156.23 187.13 232.74 192.58 229.13* 302.23
Carbohydrates (%)* 46.84 51.72 5592 4674 51770 55.83 48.11 51.90 56.91

Total fat (g) 4120 50.09 6145 40.05 49.05 5899 50.66 60.14% 74.16
Total fat (%)* 2624 2998 33.76 2639 30.19 33.80 2493 29.20 32.30
Total protein (g) 5391 6722 8330 5272 66.07 7950 6743 90.94*% 99.94
Total protein (%)* 1548 17.62 2055 1548 1758 2030 1554 17.98 21.35

Animal protein (g) 3528 45.63 60.00 26.77 4474 57.82 42.19 58.60* 75.03
Animal protein (%)° 63.12  69.10 7491 63.17 69.10 7491 61.54 69.44 74.87

Plant protein (g) 17.01  20.67 2446 1627 1950 2348 21.39 25.74* 3231
Plant protein (%)® 25.09 3090 36.88 25.09 3090 36.83 25.13 30.56 38.46
Protein (g/kg) 0.82 1.05 1.30 0.81 1.03 1.27 0.97 1.15% 1.47

*Mann—Whitney test for comparison between the sexes: p <0.05
“Percentage of total energy

PPercentage of total protein

recommended (0.8 g/kg) for the total population and both sexes from the 25 per-
centile onwards. 21.7% of participants exhibited lower-than-recommended protein
consumption (g/kg) though, with a prevalence of 8.5%, that is, habitual consumption
was below 0.66 g/kg (EAR) in 25 older adults.

Figure 1 indicates that lunch was the meal with the highest daily protein con-
tribution. Protein distribution between meals was similar (p>0.05) for the total

Fig. 1 Protein breakdown by AllSnacks
meal, total sample

Breakfast
18%

Dinner
23%
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population and both sexes. Animal protein accounted for approximately 75% of
lunchtime intake, 65% at dinner, 55% for breakfast, and at least 45% for snacks,
regardless of age or sex (data not shown).

Concerning protein intake according to age, there were no differences between
ranges assessed for either sex (p>0.05). When the same age ranges were compared
between the sexes though, protein intake was higher among men>71 years old in
all meals and among men up to 70 years old only at dinner (Table 3). Consider-
ing the parameter of 25 g of protein per meal, almost all (98%) participants in both
age groups exhibited low consumption at breakfast, with values of 29.8 and 37.5%
at lunch and 66.9 and 68.4% at dinner for those up to 70 years old and >71 years,
respectively (data not shown).

Table 3 shows the relative contribution (RC) of protein from different food
sources. Animal proteins predominated, with meat ranked first, second, and fifth,
accounting for 47.3% of daily protein intake. The dairy group was also an impor-
tant source of protein, corresponding to around one-fifth (18.6%) of total consump-
tion. The baked goods subgroup ranked third at 12.0% of daily intake, plant proteins
being the most representative.

Considering frequency (number of times the food was cited) and the average
portion of foods with RC>5%, citations for the meat group (n=425) surpassed
the number of 24HRs collected, indicating that it was mentioned more than once
in the same interview. Concerning dairy, although milk showed a high frequency
(68% of 24HRs), the average portion of those who consumed was less than one glass
(200 mL) a day. High frequency was also observed for the baked goods subgroup
(75.4% of 24HRs). Despite their low RC (<5%), legumes, rice, and other grains
were mentioned in more than 57% of 24HRs (Table 4).

The RC values of dietary protein differed between meals, with 54% for breakfast
and 44% for between-meal snacks. The highest RC was recorded for dairy, particu-
larly milk, with a similar value obtained by the baked goods subgroup in both meals
cited. The relative contribution of fruit was also representative (9.8%) for between-
meal snacks. For lunch and dinner, the RC values for the meat group were 71 and
56%, respectively. Legumes and the rice and other grains subgroup were also promi-
nent contributors for lunch (RC>5%), and the baked goods and cheese subgroups
for dinner (Fig. 2).

Discussion

With respect to amount, the study sample achieved the current protein recommen-
dations in grams and g/kg from the 25th percentile onwards; the median of 1.0 g/
kg demonstrates that 50% of the older adults consumed less than the minimum rec-
ommended by PROT-AGE though. Above-recommended protein intake may protect
against the loss of lean muscle mass inherent to ageing. A meta-analysis by Coelho-
Junior et al. (2018) and cohort study by Otsuka et al. (2019) concluded that high
protein intake is inversely related to frailty in older adults, even among very old
adults, as demonstrated by Mendonca et al. (2019) after a five-year follow-up.

@ Springer



Ageing International (2023) 48:132-145

138

GO0 > d :S9X3s A} UaaMIaq uOosLIRAWOD 10J 1539} AU M —UURIA 4

11€°0 vT'8 LSS 96'9 YIv0 169 ¥$'9 LL9 €690 869 8¢9 syorUS [V
8150 #Pv9T +ST'8T «1T'8T 0650 Y9 p1 LI 0€°91 €LS0 LO0T €0°81 Jouurq
$59°0 %95'8¢€ 60°LE %95°8¢€ 8620 96'9C 1€°8C €LLT 9290 SI°62 8T6T young
9110 #1971 €101 #16°€1 L89°0 Y101 8901 LY Ol LSS0 ¥S01 89°01 Isepealg

d K112 £0L—09 [el0L, d £1L= £0L—09 [e10L, d £1L= £0L—09
(Pp=u) usy (1S =u) uowopm (S6T=U) [eI0L, (8) usjoxd Tes0],

dnoi3 a3e pue xas Aq s[eaw Je oyeul urajoid Jo uonnquusiq € dqeL

pringer

Qs



Ageing International (2023) 48:132-145

139

Table 4 Relative contribution,

number of citations, and average Food group % n* Average portion (g)

portion of dietary protein Daily total

consumed
Red meat 21.81 148 98.01
White meat 18.43 152 78.18
Baked goods 12.00 291 39.00
Milk 10.18 263 142.86
Processed meat 7.04 125 45.53
Cheese 6.32 181 31.76
Legumes 4.54 222 39.86
Rice and other grains 3.96 258 78.51
Fruit 3.49 262 166.21
Vegetables and tubers 3.13 276 105.72
Eggs 2.17 139 23.09
Yogurt 2.13 76 143.56
Pasta 1.73 66 93.87
Candy 0.63 57 51.44
Nuts and oilseeds 0.57 45 32.83
Others 1.88 295 111.55

*n, number of times the food was cited

Breakfast

H Baked goods

o Milk

M Cheese

M Fruits 10%
M Yogurt

15%

M Others 10%

Lunch

27%
B Red meat

B White meat

M Processed meat

M Legumes

M Rice and other Grains

M Others 7a

Fig.2 Relative contribution by meal, total sample

10%

10%

All Snacks

o Milk

H Baked goods
M Yogurt

M Cheese

M Fruits

M Others

Dinner

27%

HRed meat

B White meat

M Baked goods

M Processed meat
H Cheese

u Others
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Daily protein intake was similar to that observed in other studies with older adults
from different countries (Tieland et al., 2015; Farsijani et al., 2017; Fanelli et al.,
2018; ten Haafi 2018b; Ram et al., 2020), and very old adults (Mendonga et al.,
2018). These findings suggest the practical viability of dietary protein intake above
current recommendations, as suggested by study groups.

Despite the results cited, protein intake was below recommended levels in 21.7%
(0.8 g/kg), at a prevalence of 8.5%, that is, less than 0.66 g/kg (EAR). It is important
to identify the factors associated with low protein intake to promote timely interven-
tions. A preliminary study with this same population found lower protein consump-
tion among women and older adult individuals with a worse quality diet, who omit-
ted one of the main meals, exhibited symptoms of dysphagia or dyslipidemia, had a
lower income or schooling level, among homemakers when compared to economi-
cally active older adults, and among obese in relation to normal-weight older adults
(Gaspareto et al., 2017).

Dietary protein can be either plant or animal-based, which influences amino
acid composition. Animal proteins were the greatest contributor, with 69% for both
sexes, higher than the values reported in other studies (50 and 65%) (Tieland et al.,
2015; Huang et al., 2016; ten Haaf et al., 2018a, 2018b).

Regarding the foods that most contributed to daily protein intake, as expected,
red meat ranked first (21.8%), followed by white meat (18.4%), usually chicken, and
dairy (milk, cheese, and yogurt) with 18.6%, corroborating the findings reported
for older adult Americans (Berner et al. 2013). The baked goods subgroup had the
third-largest contribution, with 12% of total protein consumption. Tieland et al.
(2012) and Tieland et al. (2015) observed a low overall contribution from meat
among Dutch older adults, with a greater contribution by bread and milk, at up to 19
and 30% of their protein intake, respectively.

Animal proteins were the largest contributor in several populations; variations
can be explained by the cultural and eating habits of each country. In the case of
Brazil, the predominance of agriculture and size of the country, with a large amount
of land available for this purpose, ensure better access to beef and other livestock.

Processed meat had the fifth-highest protein contribution (7%), with an aver-
age consumption of 45.5 g in 42% of the older adults studied. This result is worri-
some given the health problems linked to excessive consumption of these products,
known for their high sodium and saturated fat content. De Carvalho et al. (2014)
highlighted the overconsumption of red and processed meat, with the World Cancer
Research Fund recommending a maximum intake of 500 g a week to reduce the risk
of cancer.

Plant-based sources usually contain less protein, meaning that larger portions are
needed to achieve the same amount. In this respect, it is important to note that veg-
etarian diets or limited consumption of animal proteins could make it difficult to
reach the required daily intake. There was no difference in muscle protein synthe-
sis and strength among the older adults who consumed a large amount of protein
though, with one group eating largely animal proteins and the other plant-based pro-
teins (Huang et al., 2016; van Vliet et al., 2015).

The type of meal also influences the amount of animal or plant proteins con-
sumed, as certain foods are more characteristic in specific meals. In this study,
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except for between-meal snacks, all meals contained at least 50% animal protein,
reaching 80% at lunch and 70% at dinner. Berner et al. (2013) reported protein
intake under 50% at breakfast and slightly less than 70% for lunch and dinner.

In addition to considering the amount of protein consumed per day, the amount
per meal must be sufficient to ensure better metabolic functioning; the recom-
mended intake for older adults is at least 25 g of protein in three meals (Bauer
et al., 2013). The present study revealed inadequate protein distribution among
the three main meals, indicating that participants may not be achieving maximum
protein synthesis capacity. This scenario tends to worsen with age, as demon-
strated by Mendonga et al. (2019), who found a minimum protein intake of 20 g
in only 21% of the daily meals of very old adults, more frequently at lunch.

There were no differences in protein intake between participants up to 70 years
old and those aged 71 or over. Krok-Schoen et al. (2019) compared these same
age groups and 45 to 59-year-olds though and found a decline in protein intake at
lunch and dinner with advancing age.

The main meal with the lowest protein contribution was breakfast (18%),
characterized by dairy and bread, which represent more than 80% of the protein
consumed at this meal. Other authors (Farsijani et al., 2017; Krok-Schoen et al.,
2019; Tieland et al., 2015) also reported low protein contribution at breakfast,
with around 20% of the daily total, corresponding to less than 20 g of protein, and
a larger contribution for dinner (41-45%), whereas lunch accounted for the high-
est protein intake in our study (48%). The inadequate distribution of proteins dur-
ing meals can impact protein synthesis and maintenance of muscle mass, allow-
ing the development of sarcopenia and physical disability in older adults.

Tieland et al. (2012) recorded an average protein intake of 19 g at lunch when
the meal contained bread, rising to 39 g when a “hot meal” was eaten. This indi-
cates the extent to which dietary patterns can affect the total protein content of
meals. Corroborating this finding, in the present study, lunch exhibited the highest
daily protein contribution and consisted largely of the meat and legumes groups
and rice and other grains subgroup, characterizing a traditional meal. When com-
pared with dinner, there was a larger contribution from the baked goods subgroup
in third place. Additionally, the number of individuals who ate legumes, rice, and
other grains in this meal fell by half, demonstrating that some subjects replaced
the traditional meal with a sandwich.

Replacing a traditional meal at dinner may lead to nutrient imbalance if the
meal does not contain energy sources, builders, and regulators. Ferreira et al.
(2017) identified three dietary patterns in this same population, the first was
referred to as “Traditional” and consisted of foods usually consumed by the Bra-
zilian population at main meals (rice, beans, vegetables, olive oil, and chicken).
The second pattern was “Pasta, pork and sweets” and the third “Coffee with milk
and bread and butter”, the latter likely due to the older adults’ habit of eating a
sandwich at dinnertime.

A diet consisting of lean and unprocessed animal proteins combined with plant-
based sources to overcome the limitations of essential limiting amino acids in the
latter appears to be a good strategy in complying with recommended protein intake
per day and at meals, favoring maximum muscle protein synthesis capacity.
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As maximum muscle protein synthesis is obtained by ingesting at least 25 g
of protein per meal, it is important to increase intake at meals with a low protein
contribution, particularly breakfast. This can be achieved by including or replac-
ing foods or taking supplements (Hayashi et al., 2020; Norton et al., 2016). Other
approaches to increase nutrient intake in older populations include improving oral
health, enhancing the sensory attributes of food (flavor and smell) with extra season-
ings, introducing a variety of food at meals and, given the heterogeneity of the older
population, clinicians and dietitians may help promote higher protein intake through
personalized dietary recommendations (Krok-Schoen et al., 2019).

The use of supplements is encouraged as a short to medium-term strategy, par-
ticularly for older individuals who are unable to consume the necessary food volume
or when rapid recovery of nutritional status is needed. It may not be viable in the
long term though due to the costs involved and the likelihood of discontinuing use
and returning to old patterns. Individualized guidance is essential to maintaining a
healthy dietary pattern. In this respect, it is important to encourage the inclusion of
underused dietary protein sources accessible to the population, such as dairy, eggs,
and oilseeds, which can be prepared in a variety of ways for any meal.

A limitation of the study was the use of a non-probabilistic sample, which pre-
vented the extrapolation of the data to the Brazilian population. The cross-sectional
design may also be a limitation in assessing consumption, as it does not take recent
changes in an individual’s diet into account. As the analyses referred to the habitual
consumption of a group and data collection considered all the days of the week and
months of the year though, it can be inferred that the method produced a reliable
dietary pattern for the group. Another important limitation of this study is that the
sample is composed mostly of women, who generally consume smaller portions,
however, as they are responsible for food preparation, this may also have impacted
the consumption of foods and preparations that are sources of dietary protein, mostly
meats.

Instructing participants to write down the food they ate on the day before the
interview to prevent them from forgetting and subsequently applying the 24HR
to confirm this information and correct possible inconsistencies can be con-
sidered a strength in that it improved the quality of the survey. Another note-
worthy point is adjusting protein intake in g/kg with BMI to limit under and
overestimation in overweight and malnourished individuals, respectively. Some
authors argue that assessing g/kg protein intake in overweight individuals with-
out adjustment results in a high prevalence of adequate consumption, which may
not be accurate (Berner et al., 2013).

Conclusion

Median intake was at the lower end of the range recommended by PROT-AGE,
that is, about 50% of subjects consumed less than 1.0 g/kg/day. Protein distribu-
tion among meals showed a high prevalence of adequate consumption, breakfast
being the most critical meal. Our recommendation is to increase the consumption
of underused foods such as dairy, eggs, and oilseeds. Strategies to optimize protein
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intake should consider the amount, quality, and distribution of protein consumed at
meals that form part of a balanced healthy diet, in addition to dietary techniques and
supplementation, to achieve maximum protein synthesis capacity.
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