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Abstract: Objectives: To investigate whether supplementation with low-dose dairy protein plus micronutrients
augments the effects of resistance exercise (RE) on muscle mass and physical performance compared with RE
alone among older adults. Design: Randomized controlled trial. Setting: Tokyo, Japan. Participants: Eighty-
two community-dwelling older adults (mean age, 73.5 years) were randomly allocated to an RE plus dairy
protein and micronutrient supplementation group or an RE only group (n = 41 each). Intervention: The RE plus
supplementation group participants ingested supplements with dairy protein (10.5 g/day) and micronutrients
(8.0 mg zinc, 12 pg vitamin B12, 200 pg folic acid, 200 IU vitamin D, and others/day). Both groups performed
the same twice-weekly RE program for 12 weeks. Measurements: Whole-body, appendicular, and leg lean
soft-tissue mass (WBLM, ALM, and LLM, respectively) with dual-energy X-ray absorptiometry, physical
performance, biochemical characteristics, nutritional intake, and physical activity were measured before and
after the intervention. Data were analyzed by using linear mixed-effects models. Results: The groups exhibited
similar significant improvements in maximum gait speed, Timed Up-and-Go, and 5-repetition and 30-s chair
stand tests. As compared with RE only, RE plus supplementation significantly increased WBLM (0.63 kg, 95%
confidence interval [CI]: 0.31-0.95), ALM (0.37 kg, 95% CI: 0.16-0.58), LLM (0.27 kg, 95% CI: 0.10-0.46), and
serum concentrations of 25-hydroxyvitamin D (4.7 ng/mL, 95% CI: 1.6-7.9), vitamin B12 (72.4 pg/mL, 95%
CI: 12.9-131.9), and folic acid (12.9 ng/mL, 95% CI: 10.3-15.5) (all P < 0.05 for group-by-time interactions).
Changes over time in physical activity and nutritional intake excluding the supplemented nutrients were similar
between groups. Conclusion: Low-dose dairy protein plus micronutrient supplementation during RE significantly

increased muscle mass in older adults but did not further improve physical performance.
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Introduction

Age-related loss of skeletal muscle mass and strength,
known as sarcopenia, increases the risk of functional disability
in later life (1). Skeletal muscle mass is regulated by net
protein balance, i.e., the dynamic equilibrium between the rates
of muscle protein synthesis (MPS) and breakdown (MPB).
However, the effect of feeding-induced stimulation of MPS is
weaker in older adults than in younger adults (2). This anabolic
resistance to MPS in older adults may cause a gradual decrease
in muscle mass.

A single session of resistance exercise (RE) increases
MPS and MPB (3) and anabolic sensitivity to feeding (4).
However, poor nutritional status during prolonged RE results
in a net negative muscle protein balance, which may result in
muscle mass atrophy (5). Therefore, an intervention to combat
sarcopenia should combine RE with suitable nutritional support
(in particular, sufficient protein ingestion).

Although older adults may exhibit anabolic resistance,
an increase in protein intake can stimulate MPS and lead
to maximal MPS response, as it does in young adults (6).

Evidence from systematic reviews and meta-analyses showed
Received December 5, 2016
Accepted for publication January 25, 2017

that a protein supplementation can augment the effect of RE
on muscle mass and strength in older adults (7, 8). Moreover,
short-term clinical trials (9, 10) reported that a high-protein
diet increased estimated glomerular filtration rate (eGFR) in
middle-aged and older adults. However, the long-term effects
of a high-protein diet on renal function are uncertain (9, 11);
thus, additional supplementation with relatively low amounts of
protein during RE may be a more prudent option for individuals
who already ingest ample protein in their normal diet and/or
have mild renal insufficiency (11).

Previous studies supplied relatively low amounts of protein
failed to enhance the effects of RE on muscle mass and
physical performance (12, 13). Interestingly, several studies
(14-16) showed greater gains in muscle mass or physical
performance when both protein and vitamin D were ingested
during RE, even when relatively low amounts (approximately
5-21 g/day) of supplemental protein were ingested. Some
other vitamins and/or minerals may help prevent decreases in
muscle mass and/or physical performance (17). Accumulating
evidence suggest that anabolic resistance is regulated by the
interrelationship between inflammatory markers, oxidative
stress, minerals, energy and protein intakes, and insulin-like
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growth factor 1 (IGF-1), and micronutrient supplementation
may lower the anabolic threshold (18).

Therefore, we hypothesized that low-dose dairy protein plus
micronutrient supplementation augments the effects of RE on
muscle mass and physical performance compared with RE
alone among older adults, and aimed to examine the hypothesis
in a randomized controlled trial.

Methods

Study design

This study was a 12-week, 2-arm, randomized, controlled
trial that compared the short-term effects of RE and low-dose
dairy protein plus micronutrient supplementation on muscle
mass and physical performance with the effects of RE alone.
All RE and assessment sessions were conducted at the Tokyo
Metropolitan Institute of Gerontology between January and
April 2015.

The required sample size was calculated by assuming a
difference of 0.8 + 1.2 kg in lean mass between the groups
after 12 weeks. The estimated number of participants needed
in each group is 36, for a power of 80% and an a of 0.05. With
an estimated potential attrition rate of 10%, the required sample
size was estimated to be greater than 40 participants in each
group (80 participants in total).

The trial was registered in the UMIN Clinical Trials Registry
(UMINO000015548).

Study participants and randomization

Using advertisements, we recruited study participants from
residential areas surrounding Tokyo Metropolitan Institute
of Gerontology. Non-disabled adults who were aged 65 to
80 years and did not exercise regularly were eligible. Among
114 individuals who participated in an explanatory meeting
in December 3, 2014, 102 submitted consent forms and
participated in the initial screening test in December 16, 2014.
We excluded 19 individuals with at least 1 of the following
exclusion criteria: 1) regular involvement in vigorous exercise
and/or RE (=30 minutes, twice a week, for a year), 2) non-
standard blood chemistry results, blood pressure, or pulse
readings, 3) irregular eating or sleep schedule, 4) serious
medical conditions involving major organ systems (i.e., heart,
kidneys, liver, or lungs) or arthritis, 5) food allergy, lactose
intolerance, or restrictions in protein intake, 6) participation
in other clinical trials during the previous 3 months, and 7)
ineligibility for participation, as determined by a medical
doctor. The remaining 83 participants were invited to a pre-
intervention assessment in January 13 and 14, 2015.

After the pre-intervention assessment, the participants were
randomly allocated to either RE and low-dose dairy protein plus
micronutrient supplementation (ExPM) or RE alone (Ex), using
computer-generated random numbers in stratified permuted
blocks with a size of four participants, stratified by age and sex.
Exercise trainers and research staff who collected data were
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masked to the group assignments throughout the study.
Intervention

Exercise intervention

All subjects participated in the twice-weekly RE-based
program for 12 weeks under the supervision of qualified
exercise trainers masked to the assignment. Each exercise
session consisted of a 10-minute warm-up, 45 minutes of REs
(weight-bearing exercises and exercises using a resistance band
and Pilates ball), and 5 minutes of cool-down routines.

The REs were designed to load the upper and lower
extremities and trunk. Upper-extremity training included arm
curls, shoulder lateral and front raises, pull downs, and rowing
using a resistance band. Lower-extremity training included
standard and split squats, as well as lunges and toe and heel
raises while in a standing position. Abductions, adductions,
and knee extensions were performed in a seated position.
Trunk training included knee lifts while in a seated position,
as well as crunches, hip lifts, and a front elbow bridge. The
resistance, repetitions, sets, and speed of movements of these
exercises were increased progressively using resistance bands
or Pilates balls, as needed. The participants performed 2 sets
of 20 repetitions by combining slow and fast movements for
the respective exercises in the final month. Using the OMNI
Perceived Exertion Scale for Resistance Exercise (OMNI-
RES) (19), we assessed participants’ self-perceived level of
exertion in the upper and lower extremities and trunk after they
completed each 1-month exercise cycle and targeted an exercise
intensity of approximately 5 to 7 (6 = somewhat hard).

Moreover, we instructed the participants to wear the
pedometer with a 7-day data memory capacity (Omron HJA-
403C, OMRON HEALTHCARE Co., Ltd, Kyoto, Japan) in
a clothing pocket on their dominant leg at least 12 h per day,
except when bathing, sleeping, or performing water-based
activities. Participants were instructed to increase the number
of daily steps in a phased manner each month and, at the end
of each day, to record the number of steps taken in an exercise
diary.

Dairy protein and micronutrient supplements

We instructed participants in the ExPM group to consume
a protein-fortified milk-based beverage (114 kcal energy, 10.5
g total milk protein, 3.9 g fat, 9.3 g carbohydrate, and 337 mg
calcium per 200-ml pack) at lunchtime and a micronutrient
beverage (45 kcal energy, 10.5 g carbohydrate, 7200 pg
[-carotene, 5.0 pg [200 IU] vitamin D, 30 mg vitamin E, 3.0
mg vitamin B1, 4.0 mg vitamin B2, 32 mgNE niacin, 6.0
mg vitamin B6, 12 pg vitamin B12, 200 ng folic acid, 12
mg pantothenic acid, 320 mg vitamin C, 7.5 mg iron, 8.0 mg
zinc, 0.40 mg copper, and 25 pg selenium per 125-ml pack) at
breakfast every day. An independent courier not involved in
this study delivered these beverages to the homes of participants
in the ExXPM group every month. To monitor their supplement
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intake accurately, we instructed the participants in the ExPM
to record in a diary the time of day they took the respective
supplement, and the main investigator confirmed the content
of the diary at every exercise session. All participants were
instructed not to alter their diet during the study period.

Measurements

Main outcome measures

Body composition
We used dual-energy X-ray absorptiometry (DXA) scanning

(QDA-4500 A scanner; Hologic, Waltham, MA, USA) to
assess weight, fat mass, lean soft-tissue mass, and bone mineral
density. Using DXA analysis software (version 9.03 D;
Hologic, Waltham, MA, USA), a skilled radiation technologist,
who was masked to assignment, manually analyzed the body
composition of fasting participants. We calculated appendicular
lean soft-tissue mass (ALM) as the sum of the arm and leg lean
soft-tissue mass (LLM) and whole-body lean soft-tissue mass
(WBLM) as the sum of the ALM and trunk lean soft-tissue
mass. The body weight and ALM were then normalized by the
height in meters squared, to determine BMI and skeletal muscle
mass index.

Physical performance
Well-trained staff who were masked to assignment

measured the following physical performance measures for all
participants: hand-grip strength, one-leg standing with eyes
open, usual and maximum gait speeds, Timed Up-and-Go,
5-repetition and 30-s chair stand tests, and knee-extension
strength. All measures were performed in 2 trials, and the
average was used in the analyses. The procedures for testing
physical function have been described in detail previously (20-
22).

Briefly, hand-grip strength was assessed using a Smedley-
type hand dynamometer in the dominant hand, while
in standing position. One-leg standing with eyes open was
assessed using a participant’s preferred leg. Participants were
asked to place their hands at their waists while starting at a
mark on the wall, raise one leg, and stand as long as possible.
They were timed until they lost their balance or reached the
maximum of 60 s. Usual and maximum gait speeds were
measured over 5 m, with acceleration and deceleration phases
of 3 m each. Upon receiving the tester’s command, they started
walking at their normal and maximum paces along an 11-m
course. We calculated usual and maximum gait speeds as the
distance (5 m) divided by walking time (m/s). In the Timed
Up-and-Go test, participants were timed as they rose from a
46-cm high chair, walked 3 m forward as quickly as possible,
turned 180°, walked back to the chair, and sat down. In the
5-repetition chair stand test, the time taken to stand from a
sitting position 5 times without using the arms was measured.
In the 30-s chair stand test, we counted the number of times
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participants stood up from a chair in 30 s. In both tests, they
were asked to stand up and sit down on a straight-backed
46-cm-high chair as quickly as possible. The knee-extension
strength was measured using a hand-held dynamometer
(uTasMF-01, ANIMA, Tokyo, Japan) during isometric
contraction of the knee extensor, with the participants seated,
and the hip and knees at a 90° angle. Torque was expressed as a
percentage of the weight (Nm/kg).

Secondary outcome measures

Biochemical measurements

We obtained morning (8:30 AM to 10:30 AM) blood
samples, after a fast of longer than 12 h, from each participant’s
antecubital vein and measured serum concentrations of
albumin, hemoglobin, 25-hydroxyvitamin D (25[OH]D),
vitamin B12, folic acid, iron, ferritin, zinc, as well as interleukin
(IL)-6, tumor necrosis factor-alpha (TNF-a), high sensitivity
C-reactive protein (hsCRP), and total IGF-1. Blood samples
were analyzed by standardized procedures at an independent
laboratory (SRL, Inc. Tokyo, Japan). We also evaluated
renal function by measuring serum creatinine concentration
and eGFR using equations developed for Japanese adults
(23), namely, eGFR (mL/min/1.73 m?) = 194 x serum
creatinine-1.094 x age-0.287 x 0.739 (if female).

Nutritional intake and physical activity
We assessed nutrient intake using a 3-day food diary.

Participants were asked to record everything that they ate
and drank for 3 days (2 weekdays and 1 weekend day). We
provided all participants with detailed verbal and written
instructions for completing their food diaries. Trained dieticians
who were masked to assignment checked the submitted 3-day
food diaries, and additional information on unclear items or
amounts were obtained in face-to-face interviews. Total energy
and nutritional intakes were calculated by using a computer
program (Shokuji-shirabe 2011, National Institute of Health and
Nutrition, Tokyo, Japan).

Using the Physical Activity Questionnaire for Elderly
Japanese (PAQ-EJ) (24), we also assessed leisure time and
habitual physical activities that included the exercise
intervention, and calculated the total physical activity score
(metabolic equivalents x hours/week). Moreover, we calculated
the average daily step counts for 7 days before the intervention,
and after 1, 2, and 3 months, using the 7-day data storage
capacity of the pedometer.

Statistical analyses

All the data in the text and tables are presented as mean
+ standard deviation. We used linear mixed-effects models
to compare changes in all outcomes between groups, with
outcomes as the dependent variables; group, time, and their
interaction were defined as fixed factors; the subject was
defined as a random factor; and sex, baseline age, and baseline
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Figure 1
Flow of participants through the study

Eligibility criteria —> Applicants (n = 102) Excluded (a = 19)
1) Non-disabled persons aged 65 I *Regular participation in vigorous or
:o 80 years . . resistance exercise (n=17)
2) No regular exercise habit S e test * Serious medical conditions (n=1)
creenng tes * Participation in other clinical trials within
the previous 3 months (n=1)
Baseline assessment (n = 83)
| Dropped out
*"General sick feeling” (n=1)
Randomization (n = 82)
Dropped out before intervention | R Dropped out before intervention
*Refused to take supplements (n=1) * Suffered burns to back (n = 1)
ExPM group Ex group
(n =40) (n =40)
12 weeks
Post-intervention assessment (ExPM, n = 40; Ex, n = 40)
Exclided (n=2)
*Poor compliance with
supplementation (n = 2)
r y
Analysis Analysis
(PPS,n =398) (PPS, n = 40)
(FAS, n=40) (FAS, n=40)

ExPM = resistance exercise plus low-dose dairy protein and micronutrients; Ex = resistance exercise alone; PPS = per-protocol set; FAS = full analysis set

value were defined as covariates. Similarly, changes within
groups were analyzed by fitting the same model to each group,
with time as the only fixed factor; and sex and baseline age as
the covariates. The effect of supplementation (B) and its 95%
confidence interval (CI) were calculated as an estimate of the
mean differences in changes between groups, after adjusting for
sex, baseline age, and baseline value. IL-6, TNF-a, and hsCRP
were analyzed after log-transformation. An a of 0.05 was used
to indicate statistical significance, and all statistical analyses
were performed by using Stata 14.0 (StataCorp, TX, USA).

Results

Study flow and adverse events

Figure 1 shows the study flow. Eighty-two participants were
enrolled in the randomization process. Before the start of the
intervention, 2 individuals (one from each group) declined to
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participate. The remaining 80 participants all completed the
12-week intervention and post-intervention assessments and
were analyzed as the full analysis set (FAS). There were no
serious injuries or severe adverse events in either group. Mild
adverse effects of the intake of the protein-fortified milk-
based beverage included one case each of diarrhea and an
“uncomfortable feeling,” which both resolved spontaneously
after consumption was suspended. These 2 individuals from
the ExPM group were excluded from the FAS. Their protein-
fortified milk-based beverage intake rates were 82.7% and
65.4%, respectively (the rates for the other participants were
greater than 90%). Thus, 78 participants were analyzed as the
per-protocol set (PPS). There were missing data (4 variables
of physical performance measures, one case each in the ExXPM
group because of leg pain unrelated to the study) at post-
intervention.

All sessions were completed as planned. The total adherence



J Nutr Health Aging
Volume 22, Number 1, 2018

THE JOURNAL OF NUTRITION, HEALTH & AGING©

rate (number of training sessions attended/total number of
sessions) was 94.6% (interquartile range, 91.3% to 100%) in the
ExPM group and 95.3% (interquartile range, 91.3% to 100%) in
the Ex group.

Participant characteristics, and physical activity, exercise
intensity, and nutritional intake during the intervention

Table 1 summarizes the baseline characteristics. At baseline,
there was no significant difference between the groups in any
characteristic or outcome measure (Tables 1-5).

Table 1
Baseline characteristics of the study participants in the ExXPM
and Ex groups®

Characteristics Mean £ SD or n (%)
ExPM group Ex group
(n=40) (n =40)
Age, years 734+£43 73.7+43
Male, n (%) 6 (15.0) 7(17.5)
Height, cm 1529 +7.1 154672
Weight, kg 536+738 547 +68
Body mass index, kg/m? 229+29 229+22

a. Full analysis set. SD = standard deviation; EXPM = resistance exercise plus low-dose
dairy protein and micronutrients; Ex = resistance exercise alone.

Table 2 shows PAQ-EJ total score, daily step counts, and
OMNI-RES scores for the upper and lower extremities and
trunk during the intervention in the ExXPM and Ex groups. There
were no significant group effects or group-by-time interactions
in PAQ-EJ total score, daily step count, or OMNI-RES scores.

Table 3 shows nutritional intake (including supplementation)
at baseline and post-intervention in both groups, according
to PPS analysis. Changes were significantly different in the
2 groups for group-by-time, as follows: absolute (g/day) and
relative (g/kg body weight/day) protein values, P = 0.005 and
0.015, respectively; vitamins D and B12; folic acid; calcium;
iron; zinc, all P < 0.001. Changes over time in nutritional intake
excluding the supplemented nutrients were similar between
groups.

Main outcome measures

Table 4 shows body composition and physical performance
measures at baseline and post-intervention in both groups,
according to PPS analysis. Changes in WBLM, ALM, and
LLM were significantly different between groups—the
supplementation effects were 0.63 kg (95% CI: 0.31-0.95, P
< 0.001), 0.37 kg (95% CI: 0.16-0.58, P = 0.001), and 0.27
kg (95% CI: 0.10-0.46, P = 0.001), respectively. Specifically,
ALM and LLM significantly increased in the ExPM group but
not in the Ex group. The results of the analyses of the FAS and
PPS were similar (Figure 2).

Figure 2
Changes in WBLM (A), ALM (B), and LLM (C) in ExPM and
Ex groups (PPS and FAS)
0.6
A . W EXPM
g% 0.4 1 OEx
28 02
o Supplementation effect
% 2 0.0 - PPS:
@ £ B(95% Cl) =0.63 (0.31, 0.95)
Eg 0.2 1 P<0.001
w
5604 046 048] FAS:
@ B{95% CI) =0.61 (0.29, 0.92)
0.6 P<0.001
PPS FAS
B 0.6
— B ExPM
£2 04 ]
3w OEx
28 02 |
] )
& Z 00 - Pf tation effect
££ 020 020 B o -
vE 02 B(95% CI) = 0.37 (0.1, 0.58)
g) g . FP=0001
5 § 0.4 FAS:
- B(95% CI) =0.36 (0.15, 0.57)
06 - P= 0001
PPS FAS
c 0.6 -
e m EXPM
= 04 4 O Ex
8 02 4
£ g '
@ J pp tation effect
E%’_& > 0.03 003 Bes
= _ - - B(95% Cl) = 0.27 10.10, 0.46)
5% 02 P=0003
é -0.4 4 FAS:
= B(95% Cl) =0.26 {0.09, 0.44)
0.6 - P=0.003
PPS FAS
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The data represent mean changes over a 12-week period, with standard errors. The
significance of estimates of group-by-time interaction and the supplementation effect, B,
and 95% confidence interval were analyzed by a mixed-effects model with sex, baseline
age, and baseline value as covariates. WBLM = whole-body lean soft-tissue mass; ALM
= appendicular lean soft-tissue mass; LLM = leg lean soft-tissue mass; EXPM = resistance
exercise plus low-dose dairy protein and micronutrients; Ex = resistance exercise alone;
PPS = per-protocol set; FAS = full analysis set.

For the physical performance measures, although the 2
groups exhibited significant improvements in maximum gait
speed, Timed Up-and-Go, 5-repetition chair stand, and 30-s
chair stand, no supplementation effects were observed. Other
measures did not significantly change in either group.

Secondary outcome measures

Table 5 shows biochemical measurements at baseline and
post-intervention in both groups, according to PPS analysis.
Changes in serum 25(OH)D, vitamin B12, and folic acid
concentrations significantly differed between groups—the
supplementation effects were 4.7 ng/mL (95% CI: 1.6-7.9, P
= 0.004), 72.4 pg/mL (95% CI: 12.9-131.9, P = 0.017), and
12.9 ng/mL (95% CI: 10.3-15.5, P < 0.001), respectively. With
respect to other measures, no supplementation effects were
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Table 2
Physical activity and exercise intensity during the intervention in the ExPM and Ex groups®

Variables Mean + SD P-value®
Group Before intervention At 1month At 2 months At 3 months Group Time  Group-by-time
(Baseline) (Post-intervention)  effect effect interaction
Physical activity
PAQ-EJ total score, metabolic equivalents x h/wk  ExPM 61.7+313 - - 894 +£430 0.12 0.007 0.23
Ex 664 +444 - - 833+492
Daily step counts, n/day ExPM 6362 + 3056 7487 2977 8619 +3187 8820 + 3389 0.81 <0.001 021
Ex 5842 +2030 7011 + 2664 7990 + 3382 7969 + 2814
Exercise intensity (OMNI-RES score)
Upper extremity (0-10) ExPM - 52+16 52+15 44+21 0.19 043 0.19
Ex - 52x17 52+19 5019
Lower extremity (0-10) ExPM - 55+1.6 52+1.6 47+1.8 0.84 0.010 0.87
Ex - 56+18 52+19 48+2.1
Trunk (0-10) ExPM - 58+1.8 56+15 5018 0.33 0.09 0.37
Ex - 58+1.7 5619 53+19

a. Full analysis set. SD = standard deviation; ExXPM = resistance exercise plus low-dose dairy protein and micronutrients; Ex = resistance exercise alone; PAQ-EJ = Physical Activity
Questionnaire for Elderly Japanese; OMNI-RES = OMNI Perceived Exertion Scale for Resistance Exercise; b. Significance of main effects of group and time, and group-by-time inte-
raction, was analyzed in a mixed-effects model with sex, baseline age, and baseline value as covariates.

Table 3
Nutritional intake at baseline and post-intervention in the ExPM and Ex groups (including supplementation)*

ExPM group (n = 38)

Ex group (n =40) Supplementation effect

Variables Mean = SD Mean = SD

Baseline Post-intervention P-value, Baseline Post-intervention P-value, B (95% CI)¢ P-value!

intragroup® intragroup®

Energy, kcal/day 1812 + 378 1876 + 362 0.037 1744 + 306 1730 + 249 0.78 78.4 (-33.3,190.1) 0.17
Protein, g/day 73.6+175 81.5+164 <0.001 695+134 70.6 £14.0 0.55 6.8 (2.1,114) 0.005
Protein, g/kg/day 1.39+0.36 1.53+0.33 <0.001 128+0.26 1.31+0.26 0.39 0.11 (0.02,0.20) 0.015
Carbohydrate, g/day 2469 +51.2 2452 +46.1 0.77 2374 +50.8 228.1 +38.5 0.11 7.7 (-7.8,23.1) 0.33
Fat, g/day 54.8 +14.1 60.7+174 0.003 507119 542+13.1 0.19 24(-42,9.0) 0.48
Vitamin D, ug/day 8.6+45 133+£53 <0.001 85+58 72+£56 0.15 6.0(3.7,84) <0.001
Vitamin B12, pg/day 9.1+£54 19.6+45 <0.001 78+39 7649 0.74 10.7 (8.4,13.0) <0.001
Folic acid, ng/day 415.1+105.8 5844 +1333 <0.001 382.6+ 1579 3553 +103.0 021 196.6 (139.8,253.5) <0.001
Calcium, mg/day 687.5 +290.1 980.2 +255.2 <0.001 602.6 +199.8 614.7 £ 199.5 0.71 280.5 (193.7,367.4) <0.001
Iron, mg/day 9.1+£20 162 +2.1 <0.001 87+27 87+24 0.95 7.1(62,8.1) <0.001
Zinc, mg/day 84 20 158+1.7 <0.001 80+19 76+14 0.27 7.7(7.0,85) <0.001

a. Per-protocol set. SD = standard deviation; EXPM = resistance exercise plus low-dose dairy protein and micronutrients; Ex = resistance exercise alone; CI = confidence interval;
b. Significance of main effect of time within-group was analyzed in a mixed-effects model with sex and baseline age as covariates; c. Estimate of mean differences in changes between
groups was analyzed in a mixed-effects model with sex, baseline age, and baseline value as covariates; d. Significance of group-by-time interaction was analyzed in a mixed-effects model

with sex, baseline age, and baseline value as covariates.

observed. The results of the analyses of the FAS and PPS were
similar.

Discussion
This study is the first randomized, controlled trial to present

empirical evidence that supplementation with low-dose dairy
protein plus micronutrients significantly increases muscle mass
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during RE. Despite the difference in change in muscle mass
between groups, improvement in physical performance was
similar, probably because neural adaptations have a greater role
than change in muscle mass in RE-induced muscle strength and
power gains (25). The difference in RE-induced muscle mass
change between groups is partially supported by significant
supplementation effects in the concentrations of serum 25(OH)
D, vitamin B12, and folic acid.
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Table 4
Body composition and physical performance measures at baseline and post-intervention in the ExPM and Ex groups®

ExPM group (n = 38)

Ex group (n = 40) Supplementation effect

Variables Mean = SD Mean = SD

Baseline Post-intervention P-value, Baseline Post-intervention P-value, B (95% CI)¢ P-value!

intragroup® intragroup®

Body composition
Weight, kg 53975 540+73 0.30 547+68 542+64 <0.001 0.66 (0.26, 1.07) 0.001
WBLM, kg 373+55 375+54 0.14 38.1+57 37.6+54 <0.001 0.63 (0.31,0.95) <0.001
ALM, kg 162+29 164 +2.7 0.047 165+29 163+29 0.003 0.37 (0.16,0.58) 0.001
Skeletal muscle mass index, kg/m? 6.92+0.89 6.99 +0.80 0.09 6.88 +0.80 6.79 +0.74 0.001 0.16 (0.07,0.26) 0.001
LLM, kg 121+20 123+£19 0.001 12421 124+£20 0.59 0.27 (0.10,0.46) 0.003
Fat mass, kg 153+35 153+36 0.81 153+32 153+32 051 0.04 (-0.27,0.35) 0.81
Bone mineral density, g/cm? 0.77 +£0.07 0.78 £0.07 0.29 0.77 +£0.07 0.77+0.07 048 0.00 (-0.00,0.01) 0.20
Physical performance
Hand-grip strength, kg 239+6.7 240+6.1 0.67 22857 233+59 0.12 -0.34 (-1.19,0.50) 042
One-leg standing with eyes open, s 478197 478+192 0.99 42.1£22.1 462+199 0.09 -4.0(-104,2.3) 0.22
Usual gait speed, m/s 136 +0.20 137+£0.20 091 136 +0.19 1.38+0.17 0.44 -0.01 (-0.08,0.05) 0.69
Maximum gait speed, m/s 1.80+0.21 1.88+0.21¢ <0.001 1.78 £0.21 1.87+0.21 <0.001 0.00 (-0.06, 0.06) 0.97
Timed Up-and-Go, s 61+13 55+1.0° <0.001 6.1+0.8 54+0.6 <0.001 0.07 (-0.17,0.31) 0.55
S-repetition chair stand, s 84 £23 6.1x15¢ <0.001 80+1.6 60+1.1 <0.001 -0.35(-0.90,0.21) 022
30-second chair stand, n/30s 215+47 274+58¢ <0.001 213+45 265+4.17 <0.001 0.83 (-1.11,2.80) 0.40
Knee-extension strength, Nm/kg 1.12+0.34 1.13+£0.37 0.88 1.02+0.34 1.06 +0.35 0.20 -0.03 (-0.11,0.04) 0.37

a. Per-protocol set. SD = standard deviation; ExPM = resistance exercise plus low-dose dairy protein and micronutrients; Ex = resistance exercise alone; CI = confidence interval; WBLM
= whole-body lean soft-tissue mass; ALM = appendicular lean soft-tissue mass; LLM = leg lean soft-tissue mass; b. Significance of main effect of time within-group was analyzed in a
mixed-effects model with sex and baseline age as covariates; c. Estimate of mean differences in changes between groups was analyzed in a mixed-effects model with sex, baseline age, and
baseline value as covariates; d. Significance of group-by-time interaction was analyzed in a mixed-effects model with sex, baseline age, and baseline value as covariates; e. One missing

datum in the ExXPM group at post-intervention.

Previous studies of MPS rates after an acute session of RE
in older adults have shown that a protein intake of =20 g/day is
necessary to stimulate MPS (6, 26). Tieland et al. (27) showed
that WBLM and ALM increased in a group supplemented
with protein twice daily (15 g each, total 30 g/day) during
RE over 12 and 24 weeks but were unchanged in a placebo
group. Conversely, many interventional studies of older adults
supplied only approximately 10-15 g/day of protein, which
failed to enhance the effects of RE. Leenders et al. (12) reported
that additional supplementation with dietary protein (15 g/
day) at breakfast over 24 weeks of RE did not further increase
the effects of RE on muscle mass and strength. Likewise,
Verdijk et al. (13) showed that protein supplementation
immediately before and after RE (10 g each, total 20 g/day)
did not further augment the effects of RE on muscle mass and
strength over 12 weeks. Because those study subjects habitually
consumed approximately 1.0 to 1.2 g/kg/day of protein during
the study period, the authors (12, 13) concluded that protein
supplementation does not modify improvements during RE
when ample protein is already ingested in the normal diet.

Interestingly, although baseline protein consumption was
greater among our study participants than among the subjects
of their studies (12, 13), significant supplementation effects
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on muscle tissues were observed in the present participants
receiving 10.5 g/day of dairy protein and micronutrient
supplementation, as compared with RE only. The decrease in
muscle tissue observed in the Ex group might have resulted
from an increase in the need for dietary protein caused by
increased physical activity (28). Another obvious difference
between our study and the studies described above (12, 13) was
the presence or absence of micronutrient supplementation.
Evidence from several studies suggests that 25(OH)D has
a positive effect on MPS (17) and that a serum 25(OH)D
concentration above 75 to 80 nmol/L (30 to 32 ng/mL) is
needed for optimal muscle function (29). Although 47.4%
of our participants in each group had a 25(OH)D deficiency
(25[OH]D <20 ng/mL) [30], only the participants in the ExXPM
group attained sufficient levels (25[OH]D =30 ng/mL) during
the study period. Moreover, B vitamins (B6, B12, and folic
acid) are involved in protein and homocysteine metabolism
(31), and deficiencies in these vitamins predict subsequent
disability. The potential mechanisms include altered protein
metabolism and increased levels of homocysteine, oxidative
stress, and inflammatory markers, resulting in protein damage,
and reduced muscle mass and strength (32). In a previous
study of Kukuljan et al. (33), the baseline (approximately 1.3
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Table 5
Biochemical measurements at baseline and post-intervention in the ExXPM and Ex groups®

ExPM group (n = 38) Ex group (n =40) Supplementation effect

Variables Mean = SD Mean = SD

Baseline Post-intervention P-value, Baseline Post-intervention P-value, B (95% CI)¢ P-value!

intragroup® intragroup®

Albumin, g/dL 439+0.26 437+0.27 0.63 439+0.31 437031 0.38 0.01 (-0.07,0.10) 0.73
Hemoglobin, g/dL 13814 13612 023 13.6+1.1 135+1.1 0.06 -0.05 (-0.37,0.28) 0.78
25(0H)D, ng/mL 233+124 33.1+£82 <0.001 20.7+6.6 258+7.1 <0.001 47(1.6,79) 0.004
Vitamin B12, pg/mL 479.1 £258.2 547.6 +235.5 0.007 536.8 +£396.3 5329 +4182 0.82 72.4(129,131.9) 0.017
Folic acid, ng/mL 12474 262+90 <0.001 94+32 10434 0.009 129 (10.3,15.5) <0.001
Iron, pug/dL 111.3+31.7 108.9 +28.9 0.66 109.1 £25.9 108.0 £33.4 0.85 -1.3(-15.0,12.3) 0.85
Ferritin, ng/mL 82.1+513 80.3+43.6 0.67 780+454 74.1+423 0.14 20(-7.3,11.3) 0.67
Zinc, pg/dL 932+114 903 +11.7 0.06 904114 85475 0.003 2.1(-2.1,6.4) 033
IL-6, pg/mL 1.76 +0.85 2.34 £3.36 0.56 198+ 1.73 2.13+1.74 0.72 0.44 (-0.57,1.45) 0.92
TNF-a, pg/mL 0.79 +0.45 1.17+0.61 <0.001 0.78 +0.28 1.18 £045 <0.001 -0.03 (-0.18,0.12) 0.69
hsCRP, ng/mL 1506 + 3831 1197 +2334 047 1129 + 2086 1981 + 5203 0.46 -1161 (-3274,952) 0.94
IGF-1, ng/mL 1144 £26.7 1050+24.3 <0.001 1032+31.8 920+30.8 <0.001 1.8(-4.9,8.5) 0.60
Creatinine, mg/dL 0.68 £0.11 0.69 +0.13 0.37 0.73+£0.14 0.73+0.13 0.39 0.0 (-0.02,0.02) 0.99
eGFR, mL/min/1.73m? 684 +11.7 68.1 +12.6 0.71 65.1 +134 64.1+123 0.24 0.6(-1.6,2.8) 0.59

a. Per-protocol set. SD = standard deviation; EXPM = resistance exercise plus low-dose dairy protein and micronutrients; Ex = resistance exercise alone; CI = confidence interval; 25(OH)
D = 25-hydroxyvitamin D; IL-6 = interleukin-6; TNF-a = tumor necrosis factor-a; hsCRP = high sensitivity C-reactive protein; IGF-1 = insulin-like growth factor-1; eGFR = estimated
glomerular filtration rate; b. Significance of main effect of time within-group was analyzed in a mixed-effects model with sex and baseline age as covariates; c. Estimate of mean diffe-
rences in changes between groups was analyzed in a mixed-effects model with sex, baseline age, and baseline value as covariates; d. Significance of group-by-time interaction was analy-

zed in a mixed-effects model with sex, baseline age, and baseline value as covariates.

g/kg/day) and supplemental (13.2 g/day) protein intakes of the
participants were very similar to those of our present subjects.
Although their study (33) included supplementation with 800
IU of vitamin D together, the interventions did not enhance
the effects of RE on muscle mass and strength. With these
in mind, co-ingestion of not only vitamin D, but also other
micronutrients, such as B vitamins and minerals, with protein
might further support MPS.

However, the definitive mechanism was not evident in the
present study. Our results suggest that serum concentrations
of 25(OH)D and B vitamins contributed to the discrepancy in
RE-induced muscle tissue changes between groups, whereas no
supplementation effects were observed in serum concentrations
of IGF-1, inflammatory markers, or zinc, which are believed to
influence anabolic resistance (18). Moreover, concentrations
of antioxidants that were not measured in the current study
might potentially play a role in preservation of muscle mass
(34). Secondary analyses and future studies should continue to
explore the mechanisms responsible for differences in muscle
tissue change between groups and identify micronutrients that
significantly contribute to RE-induced changes in muscle tissue.

Our study has several other limitations. First, we did not
include a group given RE plus low-dose dairy protein alone.
Second, the proportion of male subjects was low. However, our
results are strengthened by the randomized controlled design,
high adherence rates, participant compliance with supplement

intake, and carefully controlled training. Other strengths include
the large amount of biochemical data as well as the data on
physical activity and nutrient intakes, which were ascertained
using a 3-day food diary. Our findings may shed light on
the possibility of micronutrient co-ingestion as nutritional
support—most previous studies focused on the protein dose
ingested.

In conclusion, supplementation with low-dose dairy protein
plus micronutrients during a 12-week RE regimen significantly
increased muscle mass in community-dwelling older adults,
although no further improvements in physical performance
were observed.
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