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ABSTRACT

Background: Nutrition is crucial for boosting the performance, muscular
power, and size of older adults. The current research’s objective was to
explore the link between the risk of sarcopenia and a high-protein diet
score among Iranian elderly population.

Methods: Two groups of a case group of 80 elderly individuals and a
control group of 80 elderly subjects aged 65 years or older in Iran
were enrolled. The recommendations of the Asian Working Group
for Sarcopenia were applied to diagnose sarcopenia. To assess dietary
intake, a food frequency questionnaire with 168 items was applied. There
were three distinct kinds of high-protein diets created. Using logistic
regression, the link between the risk of sarcopenia and high-protein diet
scores was analyzed.

Results: Each point rise in all high-protein diet scores (low-carbo,
low-fat, and high-protein diet [odds ratio (OR)=0.638, 95% confidence
interval (95%CI): 0.551-0.739; low-fat, high-carb, and high-protein diet:
OR=0.856, 95%CI: 0.813-0.902; high-fat, low-carb, and high-protein
diet: OR=0.828, 95%CI: 0.757-0.907)] was linked to a lower chance of
developing sarcopenia in the crude model. However, in the adjusted
models, no association was identified between and all high-protein diet
scores and sarcopenia odds.

Conclusion: The current case-control study did not find any significant
correlation between high-protein dietary intake and the risk of sarcopenia.
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Introduction

Sarcopenia is a status commonly affecting the older
adults, marked by a gradual decline in function and
muscle mass, which can result in fractures, reduced

performance,andevendeath(1). Asedentarylifestyle,
chronic diseases, and malnutrition are certain risk
factors for sarcopenia. In this disease, complex
pathophysiological mechanisms are involved, such
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as inflammation, changes in hormones, oxidative
stress, mitochondrial dysfunction, microvascular
changes, and lipotoxicity (1). Sarcopenia becomes
more common as people become older and affects
11-50% of those who are 80 years and older and
5-13% of people between the ages of 60 and 70
years (2). Women, the elderly, those with other
chronic diseases, and those who are underweight
are at a greater risk of developing sarcopenia and
the negative consequences associated with it (3).
However, there is a significant decline in food
consumption as people become older (4), and elderly
individuals are at risk of malnutrition (5, 6).

Nutrition is crucial for performance, muscular
mass, and strength in the elderly and even at cellular
level (7, 8). Nutrition is a factor that can be changed
and may be used to promote healthy and active
aging (9, 10). Among the nutritional factors that
are effective in sarcopenia, low intake of protein
and calories and deficiency in vitamin D can be
mentioned (11). However, in elderly, consuming
protein above the recommended dietary allowance
(RDA) of 0.8 g/kg daily has been suggested as an
approach for maintaining muscle mass (12).

Dietary protein intake is demonstrated to be a
possible determinant in cellular and muscular health
since protein synthesis needs an adequate substrate,
and muscle breakdown is a known consequence
of protein malnutrition (13, 14). In this direction,
the European Society for Clinical Nutrition and
Metabolism (ESPEN) proposed 1-1.3 g/kg daily
for elderly people (15, 16). The sources of dietary
protein can have different effects on function
and muscular mass (17). Animal protein is more
effective than plant protein because of its essential
amino acid profiles and higher digestibility (17, 18).
On the other hand, fiber and antioxidants from plant
protein sources can help lower inflammation in the
body and potentially improve muscle size (19, 20).
The results of previous studies are conflicting
regarding which protein sources are more effective
in sarcopenia (21, 22).

Given the rising number of elderly individuals,
it is essential to prevent sarcopenia and maintain
muscle mass in this population (23); it is necessary
to conduct more studies on this issue. Based on
our information, no research has assessed the link
between sarcopenia risk and a high-protein diet score
in elderly individuals. Therefore, current research’s
objective was to explore the link between a high-
protein diet score and sarcopenia odds among elderly
Iranian population.

Materials and Methods

This case-control research was currently conducted

on Iranian elderly individuals based on a previous
study (24). Participants were selected based on the
available cases in Shiraz healthcare centers at the
beginning of this study enrolling a total of 501
elderly individuals. Out of them, 104 patients were
diagnosed with sarcopenia by skilled physicians.
The selected case group was consisted of 80 elderly
adults. Additionally, the same method was used to
choose 80 elderly individuals without sarcopenia
as the control group. This study was approved by
the Medical Research and Ethics Committee of
Shiraz University of Medical Sciences (IR.SUMS.
SCHEANUT.REC.1402.121). All participants read
and signed the informed consent form.

Inclusion criteria were having no history of acute
organ and cognitive failure, being physically active,
living independently, and being older than 65 years.
Those who chose to be withdrawn from the research
or who completed insufficient questionnaires were
excluded. A simple checklist was applied to gather
demographic data, including smoking status,
educational level, age, and sex. To evaluate the
physical activity of elderly individuals, a validated
international physical activity questionnaire (IPAQ)
was used as mentioned before (25). The consent form
was completed by all subjects too.

Following the recommendations of the Asian
Working Group for Sarcopenia (AWGS), people with
sarcopenia were those who had low physical activity,
reduced muscular mass or strength. Meanwhile,
severe sarcopenia was marked by a decline in
physical activity, diminished muscle mass, and a
loss of muscular power (24, 26). Using a bioelectrical
impedance analysis (South Korea), body composition
was assessed. The skeletal muscle mass index (SMI)
was determined using a formula. An SMI of <5.7 and
<7 kg/m?in women and men, respectively, indicated
sarcopenia (24, 26).

Over a 4-meter distance, the normal gait speed
(GS) of participants was measured to assess their
muscular performance. Low physical function was
determined by GS<0.8 m/s (24, 26). Muscle strength
was assessed by handgrip strength (HGS) applying a
hydraulic hand dynamometer (Korea). The maximum
reading from three hand dynamometer squeezes was
measured while the subject was sitting. A strength of
muscle <18 kg for women and a strength of muscle
<26 kg for male indicated decreased HGS (24, 26).
The participants’ dietary intake over the previous
year was assessed using a validated and reliable 168-
item Food Frequency Questionnaire (FFQ), which
evaluated their yearly, monthly, weekly, or daily
intake (27). All items were changed to grams, and
finally, using Nutritionist IV software, all nutrients
and energy intake were determined (28, 29).
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To evaluate the consumption of protein,
carbohydrates, and fats, the contribution of each of
these macronutrients to energy intake was calculated
and classified into deciles. For each decile, a point of
one to ten was taken for diets high in protein, carbs,
and fat, respectively. Furthermore, a score of 10 to
1 was taken for each decile in low-fat and low-carb
diets. The three types of high-protein diets that were
then developed were (1) a diet that was low in carbs
and fat but high in protein; (2) a diet that was low in
carbs but high in fat and protein; and (3) a diet that
was low in fat but high in carbs and protein.

Using SPSS software (version 24, Chicago, IL,
USA), the statistical analysis in the current research
was carried out. The Mann-Whitney U test and
independent samples T-test were utilized to analyze
the relationship between the variables. Applying the
chi-square test, the relationship between categorical
variables was assessed. The link between the risk of
sarcopenia and high-protein diet scores was analyzed
using logistic regression, and the adjusted model
controlled for the variables of smoking history,
physical activity, fat intake, protein intake, energy
intake, and age. Significance was ascertained with
a two-sided p value<0.05.

The research population features between
the sarcopenic and healthy populations were
illustrated in Table 1. Body mass index (BMI),
weight, age, SMI, muscle strength, and GS were
significantly different between the sarcopenic
and healthy populations. Additionally, compared
to the sarcopenic group, the control group had
significantly greater consumption of plant and
animal protein, protein, energy, fat, carbohydrate,
and all high-protein diets (p<0.001 for all). Table 2
illustrates the link between the risk of sarcopenia
and high-protein dietary ratings. In the crude
model, each unit rise in all high-protein diet scores
as low-fat, low-carb, and high-protein diet score
[odds ratio (OR)=0.638, 95%confidence interval
(95%CI):  0.551-0.739]; low-fat, high-carb, and
high-protein diet score (OR=0.856, 95%CI: 0.813-
0.902); low-carb, high-fat, and high-protein diet
score (OR=0.828, 95%CI: 0.757-0.907) was linked
to a reduction probability of sarcopenia. But after
accounting for physical activity, protein intake,
smoking history, fat intake, energy intake, and age,
the probability of sarcopenia was not correlated to
all high-protein diet scores (p>0.05).

Table 1: The study population characteristics among the sarcopenic and healthy populations.

Variable Case Control Total population P value
(n=80) (n=80) (n=160)
Age (years)' 70.0 (67.0-75.0)  68.0 (65.0-71.0)  69.00 (66.00-72.75) 0.001
Weight (kg)? 59.62+9.21 78.05+9.05 68.84+12.97 <0.001
BMI (kg/m?)* 24.5+4.1 29.243.8 26.85+4.61 <0.001
Muscle strength (kg)! 16.0 (11.0-21.7) 50.8 (41.0-65.2)  25.50 (16.00-50.83) <0.001
SMI (kg/m?)! 6.1 (5.4-6.8) 7.9 (7.4-8.3) 7.03 (6.04-7.94) <0.001
Gait speed (m/second)? 0.70+0.10 1.00+0.95 0.85+0.69 0.007
Physical activity (MET.hour/week)' 429.0 (0.0-1020.7) 462.0 (0.0-1386.0) 462.0 (0.0-1386.0)  0.650
Gender, female, %° 36 (45.0) 36 (45.0) 72 (45.0) 1.000
Income level, higher than 6 million in month, %* 11 (13.8) 21 (26.3) 32 (20.0) 0.127
Education, under diploma, %? 52 (65.0) 49 (51.2) 101 (63.1) 0.743
Smoking history, no, %?° 61 (76.2) 58 (72.5) 119 (74.4) 0.718
Energy intake (kcal/day)? 1329.2+472.9 1861.9+450.4 1595.5+532.3 <0.001
Protein intake (g/day)> 44.46+x15.27 65.37+18.61 54.91+19.94 <0.001
Plant protein intake (g/day)? 21.96+9.20 32.68+11.98 27.32+11.93 <0.001
Animal protein intake (g/day)? 22.50+10.05 32.68+10.64 27.59+11.51 <0.001
Fat intake (g/day)? 39.17+13.33 49.71£12.50 44.44+13.92 <0.001
Carbohydrate intake (g/day)? 210.55+94.97 304.10+87.47 257.33+102.39 <0.001
Low-fat, low-carbohydrate, and high-protein  14.98+2.39 18.01+2.51 16.50+2.88 <0.001
diet score?
Low-fat, high-carbohydrate, and high-protein 12.26+7.42 20.73+£6.64 16.50+8.21 <0.001
diet score?
High-fat, low-carbohydrate, and high-protein  15.17+£3.56 17.83+3.91 16.50+3.96 <0.001

diet score?

MET: Metabolic equivalent of task; BMI: Body mass index; kg: Kilogram; m: Meter; SMI: Skeletal muscle mass index;
kcal: Kilocalorie; g: Gram. 'Using the Mann-Whitney U test for abnormal continuous variables, the values were presented
as medians (25"-75" percentiles). 2Using independent samples T-test for normal continuous variables, the values are
mean+SD. 3Using chi-square test for categorical variables, the values are frequencies (percentages).
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Table 2: Association between high-protein diets score and odds of sarcopenia.

Variable Crude model Adjusted model

OR (95%CI) Pvalue OR (95%CI) P value
Low-fat, low-carbohydrate, and high-protein diet score  0.638 (0.551-0.739) <0.001 0.895 (0.396-2.020) 0.789
Low-fat, high-carbohydrate, and high-protein diet score 0.856 (0.813-0.902) <0.001 0.767 (0.569-1.034) 0.082
Low-carbohydrate, high-fat, and high-protein diet score 0.828 (0.757-0.907) <0.001 0.891 (0.585-1.356) 0.590
OR: Odds ratio; CI: Confidence interval. Significant values were shown in bold. These values are odds ratios (95%
Cls). Obtained from logistic regression by enter method. Adjusted for age, energy intake, protein intake, fat intake,

physical activity, and smoking history.

We assessed the association between the odds of
sarcopenia and adherence to three high-protein
dietary patterns in the elderly in our case-control
study. In crude models, higher scores of the low-
carb, high-fat, and high-protein diet; the low-carb,
low-fat, and high-protein diet; and the low-fat,
high-carb, and high-protein diet were associated
with a significant decline in sarcopenia odds. No
strong correlation between the odds of sarcopenia
and high-protein dietary patterns was found after
controlling for possible confounding variables.

In line with our findings, a three-year prospective
longitudinal cohort investigation did not suggest
any significant link between the risk of sarcopenia
and following a high-protein diet (30). Unlike our
10-scale scoring system, a borderline of 1 g per
kg body weight was considered in the mentioned
study for categorizing dietary patterns as high- or
low-protein diets. A case-control study also did
not observe any significant decline in the odds
of sarcopenia with greater grams of daily protein
consumption or higher percentages of energy from
protein (31). However, despite our results, this
study showed a 6% decrease in sarcopenia risk in
individuals with greater protein consumption per
kg of body weight. A prospective cross-sectional
study of 250 participants also did not observe
any significant difference in sarcopenia risk with
different values of daily protein intake (32).

Contrary to our findings, a large prospective
cohort study on 986 older adults revealed that
participants who consumed >1.2 g of protein per kg
of body weight each day had a marked decrease in
their score for sarcopenia risk (33). The quantity of
protein consumption linked to lowering sarcopenia
risk in the mentioned study (80 g/d) was almost twice
the average protein intake among our participants
(44 g/d). Another longitudinal study observed
a direct relationship between the participants’
protein consumption and their lean mass too (34).
The average protein consumption was 70 g/d in that
study, almost 30 g/d greater than the average protein
intake in our investigation. A three-year prospective
cohort study revealed a strong correlation between

not meeting the recommended protein consumption
and a notable decline in lean body mass too (35).

In the present investigation, there was no link
between protein consumption and sarcopenia odds.
The protein intake among the case group of the current
study (44.4 g/day) was considerably lower than that of
prior studies that demonstrated a correlation between
lean body mass and protein consumption (33, 36).
This level of protein consumption was also below the
current RDAs for protein consumption (0.8 g per kg of
body weight), which might explain the non-significant
link between high-protein diets and sarcopenia risk in
the current research. Moreover, some studies claimed
that even the RDAs of protein were not sufficient for
maintaining lean mass since they were based on
nitrogen balance (37). In addition, half of the protein
amount consumed in the current study was from plant
sources, which may impede the growth of lean body
mass and the prevention of sarcopenia due to the
difficulty in their digestion and in providing digestible
indispensable amino acids (38).

The present study’s main strengths were the
participation of both men and women, the application
of validated questionnaires for assessing dietary
intakes and physical activity of the participants
during face-to-face interviews, the conducting of BIA
for measuring body composition, the consideration
of the three important factors of reduced physical
activity, muscle weakness, and poor muscle mass for
evaluating sarcopenia, and the control of the results
for a variety of covariates.

However, some limitations might also be observed
in the current research. First, the study’s small sample
size means that its conclusions may not apply to the
whole Iranian population. Second, the case-control
design of the current research might not be able to
prove the causal relationship between dietary protein
and sarcopenia risk (39). Third, recall biases might
be unavoidable because of the characteristics of
case-control studies and the fact that we carried out
questionnaires to assess demographic characteristics
and dietary intakes, especially among the case group
(40). We controlled the results for various covariates,
while some potential residual confounders might still
influence our findings.
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Conclusion

The current case-control research did not suggest a
significant correlation between sarcopenia odds and
following high-protein dietary patterns. To confirm
these results, more longitudinal and clinical trial
studies are necessary.
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