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INCREASING PROTEIN INTAKE TO HELP OLDER ADULTS
INCREASE MUSCLE STRENGTH AND FUNCTION:
A PILOT, SINGLE-ARM INVESTIGATION USING COACHING
AND A PER-MEAL PROTEIN PRESCRIPTION
S.S. Gropper1, M. Exantus1, K.L. Jackson1, S.M. Spiers2, E.R. Vieira3, D. D’Avolio1, A. Opalinski1, R. Tappen1

Abstract: Objective: To evaluate the effects of nutrition education, diet coaching, and a protein prescription (PP) on protein
intake, and associations with muscle strength and function. Design: Prospective pretest posttest single-arm study. Setting:
Urban area, East coast of South Florida. Participants: 20 white, non-Hispanic adults, aged 73.3 + 10.4 years. Intervention:
10-week telephone-based diet coaching, nutrition education and a per-meal PP. Measurements: Protein and energy intakes,
weight, grip strength (GS), and 5-chair-rise (5CR), timed up and go (TUG), 3-meter walk (3mW) tests at baseline and 10
weeks. Results: Pre to 10-week post values significantly improved (p<0.05) for protein intake/kg body weight (0.8 + 0.3 to
1.2 + 0.3g), protein intake/meal (17.2 ± 4.8g to 26.4 ± 6.g), protein intake/100 kcal (3.74 + 1.16 to 5.97 + 0.98g), GS (22.4 to 23.4kg),
and times for TUG (10 to 8sec), 3mW (4 to 3sec), and 5CR (13 to 11sec). Conclusions: Given the positive findings of this unique pilot
investigation, additional studies, which include a larger more diverse group of participants and provide for control group(s), are
needed to better investigate the effectiveness of this approach and its effects on muscle strength and function.
Key words: Protein intake, coaching, strength.

Introduction

Studies examining the effects of protein on muscle have
typically provided participants with supplements (whey,
casein- or soy-based powders or amino acids) versus
allowing participants to self-select protein-rich foods
(10-14). Coaching has been used successfully to help
adults change dietary behaviors, primarily improving
food choices to reduce disease risks associated with type 2
diabetes, heart disease, and obesity (15-18). Missing from
the literature, and which will be fulfilled from this study,
is the use of coaching for the purpose of helping adults to
improve their protein intake and the use of protein-rich
foods (not supplements) to improve muscle strength and
physical function. This pilot study examined the effects of
nutrition education, diet coaching and a per-meal protein
prescription on dietary protein intake (with participants
self-selecting protein-rich foods), and associations with
muscle strength and physical function in a group of older
adults.

The synthesis of body proteins, including muscle,
requires the consumption of the appropriate amounts
of essential amino acids from protein-containing foods.
Many older adults fail to consume enough protein (1,
2). An uneven/skewed protein intake pattern is also
common in the United States, with adults typically
ingesting the majority of protein at the evening meal, and
the least amount at breakfast (1, 2). Inadequate protein
intake along with skewed protein distribution among
meals has been associated with reduced muscle protein
synthesis, muscle mass, strength, and physical/functional
performance (3-6). Sarcopenia, characterized by reduced
muscle mass, strength and function, is associated with
aging and exacerbated by low protein ingestion (7).
A per-meal high-quality protein intake of 20–35 g has
been suggested to improve protein synthesis needed for
muscle protein repair and maintenance, and to sustain
muscle mass, strength and function in older adults (8-10).

Methods
Participants, design, and setting
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This 10-week prospective, single-arm pilot study, using
a pretest posttest design approach, recruited participants
from a low-income residential-living community, a
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congregate meal site, and a hospital-affiliated center
in an urban area on the east coast of South Florida.
Participant inclusion criteria were 55 years or older,
self-reported as healthy (without cognitive impairments
assessed using the Mini-Cog (19) screening test), English
speaking/reading, able to communicate by telephone,
and consuming < 0.4 g protein/kg body weight at two
or more meals/day (assessed from a 3-day dietary
recall taken at baseline). Exclusion criteria included a
renal disease diagnosis and vegan diet. The study was
approved by the University’s Institutional Review Board
for the Protection of Human Subjects in Research. This
trial is registered at clinicaltrials.gov as NCT04378556.

weight) (24). The macronutrient contents of the diet were
also calculated as a percentage of energy at baseline and
10-weeks.
The following well-established strength and functional
tests were completed at baseline and 10-weeks:
dominant-hand grip strength (GS) (Jamar dynamometer,
Performance Health, Cedarburg, WI), timed up and go
(TUG) test, and the Short Physical Performance Battery
(SPPB) consisting of timed measures of balance, 3-meter
walk (3mW)/gait speed, and 5-chair rises (5CR) (7,
25-27). The TUG, 3mW, and grip strength assessments
were each completed three times, with the average value
used for statistical analyses. GS, 5CR, and gait speed
measurements at baseline and 10 weeks were compared
with cut-off points used to assess risk for sarcopenia. The
cut-off values used for GS were < 27 kg for men and 16 kg
for women, for 5CR times > 15 sec., for gait speed < 0.8
meters/seconds, and for TUG times > 20 seconds (7).
The week following baseline data collection,
participants met individually with a Registered Dietitian
and received a per-meal protein prescription (0.4 g
protein/kg body weight/meal) and nutrition education
(verbally and written) addressing protein-containing food
sources and food portion sizes needed to meet the protein
prescription. Diet coaching sessions were provided by
telephone once/week over the next 9 weeks and were
focused on helping participants improve protein-rich
food selections at meals. The coaching process was based
on the Health and Wellness Nurse-coaching Model (28).
Fundamental elements of the coaching process included
structured interactions, a person-centered focus, goal
setting, and facilitation of a process of personal dietary
behavior change. Goals, set weekly by participants, were
specific, measurable, achievable and realistic. Some of
the techniques used to facilitate the process of personal
dietary behavior change as well as to empower and
motivate participants to help them to achieve their goals
and overcome barriers/obstacles included motivational
interviewing, intentional listening, affirmation, and
somatic awareness (29).
To ensure fidelity, coaching sessions were scripted.
Coaching sessions lasted about 25-30 minutes during the
first 5-weeks; sessions lasted about 15-20 minutes during
the remainder of the study period. During weeks 3 and 8,
group nutrition education was also provided. Participants
were instructed not to change exercise habits or to try to
gain or lose weight during the study.

Procedures
Sociodemographic information (sex, age, country of
birth, and education-level) was collected at baseline.
Height was assessed using a height rod at baseline
and weight was measured using an electronic scale
(Healthometer, Model 349KLX, McCook, IL) at baseline
and 10-weeks. Height and weight were used to calculate
Body Mass Index (BMI, in kg/m²).
Nutritional status was assessed at baseline using the
mini-nutritional assessment (MNA) short form, which
is a well-known, validated tool for assessing risk of
malnutrition in older community-dwelling adults (20,
21). The MNA includes questions on food intake/recent
appetite, unintentional recent weight loss, mobility,
the presence of acute disease or psychological stress
(illness, bereavement), the presence of neuropsychological
problems (dementia, depression), and body mass index.
The maximum attainable score is 14, with scores > 12
indicating normal nutritional status, scores of 8 - 11
indicating risk for malnutrition, and scores < 8 indicating
malnutrition (20, 21).
Protein, carbohydrate, fat, and energy (kcal) intakes
were assessed at baseline, 5 and 10-weeks from three (2
weekdays and 1 weekend day) 24-hour diet recalls at each
time point. Dietary recalls were collected using multiplepass dietary recall methodology and analyzed using
diet analysis software (ESHA, Salem, OR). This nutrition
analysis software program, widely used for research
studies, has an extensive food and nutrient database of
more than 100,000 foods (22, 23). The software database
includes, for example, data from the United States
Department of Agriculture Standard Reference database
(which provides the basis for most food composition
databases) as well as from food manufacturers and
restaurants. Mean protein intake at meals, obtained from
the analysis of three 24-hour dietary recalls taken at
baseline, was used to determine if participants were
consuming < 0.4 g/kg body weight at two meals and
met study inclusion criteria. Protein intake (g/kg body
weight) was also compared to the Recommended Dietary
Allowance (RDA) for protein (0.8 g protein/kg body
weight) and protein requirement (0.66 g protein/kg body

Statistical analyses
Dietary protein and energy intakes, grip strength,
TUG, 3mW, 5CRT, and SPPB scores were analyzed using
repeated measures analysis of variance (InStat, GraphPad
Software, San Diego, CA). Statistically significant findings
from repeated measures ANOVA were followed by
a Tukey’s test. A p-value of <0.05 indicated statistical
significance.
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energy from protein observed at the end of the study
versus baseline.
At baseline, four participants (20%) consumed less
than the protein requirement, and six (30%) ingested less
than the protein RDA (24). At week 10, no participants
consumed less than the protein requirement, and two
(10%) participants consumed just below the RDA,
averaging 0.76 g and 0.79 g protein/kg body weight/day.

Participants and Study Adherence
Twenty white, non-Hispanic adults (15 females, 5
males), aged 73.3 + 10.4 years, completed the study. Two
additional participants began the study but withdrew due
to non-study related illness. The participants’ education
levels were: 30% graduated high school without further
education, 20% some college (less than 4 years), 30%
college degree, and 20% post-college education. None
of the participants reported taking corticosteroids or
other anti-inflammatory medications on a daily basis.
Body mass index (BMI), calculated from weight and
height values at baseline, averaged 25.2 + 4.2 kg/m 2;
12 participants had a BMI between 18.5-24.9 kg/m2,
five had a BMI 25-29.9 kg/m2, and three had a BMI >
30 kg/m2. Weight at baseline averaged 68.3 + 16.8 kg
and did not significantly differ from the end-of-study
weight of 68.3 + 16.7 kg. MNA scores averaged 12, with
a range of 9-13; based on the MNA scores, four of the 20
participants were classified as “at risk for malnutrition”.
Nineteen of the 20 participants engaged in at least 70% of
coaching sessions.

Muscle Strength and Physical Function
Significant improvements were observed for GS, TUG,
3mW, and 5CR between baseline and 10 weeks (Table 2).
No significant change in the SPPB score was found.
Table 2
Grip strength, timed up and go, 3m walk, 5-chair rise,
and Short Physical Performance Battery (SPPB) score at
baseline and after 10-weeks of increased dietary protein
intake in a group of older adults

Dietary Protein and Energy Intakes
Protein intake per meal, per kg body weight, and per
100 kcal increased significantly from baseline to weeks 5
and 10, with no significant differences between weeks 5
and 10 (Table 1). At baseline 23 + 17% of meals met the
per-meal protein prescription versus 51 + 25% at week 10
(p < 0.01). Energy intake did not significantly differ over
time (baseline: 1465 + 499 kcal, week 5: 1593 + 524 kcal,
and week 10: 1393 + 375 kcal).
The percentages of energy from protein at baseline and
at 10 weeks were 17 + 5% and 23 + 4% respectively, from
carbohydrate were 45 + 9% and 41 + 7% respectively,
and from fat were 37 + 8% and 35 + 7%, respectively.
The percentage of energy from protein, but not from
carbohydrate and fat, at baseline versus week 10 differed,
with a significantly (p=0.0001) higher percentage of

Baseline

10-weeks p-value

Grip Strength* (kg)

22.4 + 8

23.4 + 8

0.005

Timed Up and Go (sec)

10 + 3

8+2

0.010

3m walk (sec)

4+1

3+1

0.001

5-Chair Rise (sec)

13 + 4

11 + 3

0.010

SPPB Score

10 + 2

10 + 2

0.249

*Grip strength data from 18 participants.

At baseline, one male and one female had a GS
below the cut-off points for sarcopenia risk (i.e. < 27
kg and 16 kg, respectively) (7); at 10-weeks, GS for
these participants were still below the cut-off values.
At baseline, six participants had 5CR times > 15
seconds, indicating poor lower body muscle strength
and indicative of sarcopenia (7). However, by 10-weeks,
only one participant exhibited times in excess of this
cutoff value. No participants exhibited a gait speed < 0.8
meters/seconds or TUG times > 20 seconds, characteristic
of sarcopenia and frailty (7).

Table 1
Protein intake at baseline and after 5 and 10 weeks of nutrition education and coaching in a group of older adults
Protein Intake (g)

Baseline

5-weeks

Breakfast (g)

10.9 + 6.5

Lunch (g)

17.5 + 6.4

a

Dinner (g)
Per kg body weight
Per 100 kcal

10-weeks

p-value

24.9 + 9.5

21.2 + 9.4

b

0.001

28.8 + 6.1

27.2 + 11.9

0.010

22.6 + 10.2

28.4 + 6.8

30.6 + 8.5

0.002

0.8 + 0.3a

1.3 + 0.3b

1.2 + 0.3b

0.0001

3.74 + 1.16a

5.62 + 1.43b

5.97 + 0.98b

0.0001

a

b
b

a

b

a,b Values with different letter superscripts are statistically significantly different
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shown to overcome anabolic resistance in muscle protein
synthesis that has been observed in older adults (8). Other
studies have also shown increases in muscle strength
and physical performance (similar to this investigation)
as well as increases in muscle mass with higher protein
intakes in older adults; however, participants in these
other studies were provided directly with supplemental
protein sources (amino acids or protein powders) for
consumption at selected meals or specific times (10-14,
31).
The findings of this investigation are limited by a
number of factors. The sample size was small, included
primarily (75%) females, and was also not racially or
ethnically diverse. The participants also resided in urban
areas in South Florida. Diet recalls were not obtained
from participants for the 10 weeks prior to the start of
the intervention to verify that protein intake was not
changed by other factors. Despite these limitations, this
unique pilot investigation provides data to inform the
development of a well-powered, randomized controlled
trial; such a trial may respond to the question of whether
the use of nutrition education, diet coaching, and a permeal protein prescription are effective in helping adults
improve intake of protein-containing foods and meet
recommendations for protein intake and if protein intake
improvement translates into clinical benefits (eg, muscle
function) for the individuals.

This investigation is believed to be the first to provide
participants with a per-meal protein prescription,
nutrition education, and diet coaching aimed at
improving protein intake among participants through
participant’s self-selection of protein-rich food sources.
This approach not only helped to increase protein
intake at each meal and thus daily protein intake, but
also provided for a more even distribution of protein
throughout the day.
Protein intake by participants at baseline was found to
be skewed with the lowest intake observed at breakfast
and the highest intake at dinner. This finding was
expected and similar to that observed in other studies
(1, 2). The per-meal protein prescription and coaching
helped participants identify protein-rich foods which
could be consumed at breakfast and lunch to improve
protein intake. Other studies have also demonstrated
significant improvements in protein intake in adult
participants; however, these studies have provided the
participants with essential amino acid mixtures, protein
powders (usually whey- or milk-based), or other proteincontaining supplements for ingestion at specified times
(10-14). The approach used in this study is thought to
more closely reflect real life dietary habits, permit more
diversity within the diet, and is likely more sustainable
over time (versus when costly supplements are studyprovided) (30). Further research, however, is needed to
examine whether the increase in dietary protein intake
behaviors was maintained post-study.
The increase in protein intake among participants was
also consistent with the findings of other studies using
coaching. These other studies, however, successfully
used coaching to help participants improve food choices
to reduce risks of conditions such as diabetes, heart
disease, and obesity (15-18). In systematic literature
reviews, coaching has been shown to significantly impact
behavior change including dietary modifications (15, 17).
Consistent with the Health and Wellness Nurse-coaching
Model (28), the weekly coaching sessions used in this
study assisted participants in establishing goals related
to protein intake at meals, empowering and motivating
participants to help them to achieve their goals, and
helping participants to identify and arrive at solutions to
any obstacles/barriers impeding goal achievement (28,
29).
Small but significant increases in GS and significant
reductions in times needed to complete 5CR, 3mW (gait
speed) and TUG were found. These improvements
may have resulted from the increased overall protein
intake/kg body weight, which by week 10 averaged 1.2 g
protein/kg body weight, and perhaps from the increased
per-meal protein intake, which by week 10 averaged 20
g or more/meal. However, further studies that include
a control group and a larger and well-powered sample
size are required. The higher protein intakes have been
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