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ABSTRACT

Six months of supplementation with a multi-ingredient nutrition supplement was investigated in older adults with low skeletal muscle
mass given the recently purported benefits of such approaches.
Community-dwelling older adults (age, 74.9 ± 3.6 y; M/F, 18/19) participated in a double-blind, placebo-controlled, randomized trial
involving daily consumption of either fruit juice placebo (PLA) or
supplement (SUPP) in the form of a 200-mL carton of a juice-based
emulsion of long chain n-3 polyunsaturated fatty acids (LC n-3
PUFA) (3000 mg as 1500 mg docosahexaenoic acid and 1500 mg
eicosapentaenoic acid), whey protein isolate (8 g), vitamin D3
(400 IU), and resveratrol (150 mg). Body composition, physical function, and circulating markers of metabolic health were assessed at
baseline (PRE), and after 3 (MID) and 6 (POST) months of supplementation. Lean body mass (LBM) was unchanged in either group, but
fat mass increased in SUPP by 1.41 (0.75, 2.07) kg at POST (þ6.4%;
p < .001; d ¼ 0.20). Hand-grip strength was maintained in SUPP, but
declined in PLA by 2.50 (0.81, 4.19) kg at POST (6.8%; p ¼ .002;
d ¼ 0.38). Short physical performance battery score was unchanged
in PLA, but increased in SUPP by 1.13 (0.41, 1.84) above PRE at POST
(p ¼ .001; d ¼ 0.47). Circulating markers of metabolic health were
unchanged in response to the intervention in either PLA or SUPP.
Long-term supplementation with an LC n-3 PUFA-rich multi-ingredient nutrition supplement demonstrates potential efficacy for improving physical function in older adults in the absence of exercise
training and independent of a change in LBM.
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Introduction
Age-related declines in lean body mass (LBM) and muscle strength and function,
termed sarcopenia, are associated with the onset or worsening of symptoms related to
metabolic syndrome (abdominal obesity, high-blood pressure, type 2 diabetes, and dyslipidemia) (Zhang et al. 2018) and reduced quality of life (Cruz-Jentoft et al. 2019). The
etiology of sarcopenia is multifactorial, including declining physical function, the loss of
muscle mass and type 2 muscle fibers, increased inflammation, altered hormonal profile,
inadequate nutrition intake, and anabolic resistance (Cruz-Jentoft et al. 2019). Anabolic
resistance refers to the anabolic processes of muscle protein synthesis (MPS) being attenuated due to a blunted anabolic response to dietary protein and insulin in older adults
(Breen and Phillips 2011). A combination of reduced protein intake and anabolic resistance constitutes a catabolic environment that accelerates muscle loss and increases the
likelihood of sarcopenia (Breen and Phillips 2011).
To date, pharmacological interventions have limited efficacy in counteracting the
effects of sarcopenia (Kilsby et al. 2017), whereas most nutrition guidelines focus on the
provision of additional protein (Deutz et al. 2014). This standard therapeutic approach
through supplemental protein to stimulate MPS and facilitate muscle growth or maintenance in older adults has efficacy, but anabolic resistance may contribute to suboptimal therapeutic effects of protein supplementation interventions in older adults (Breen
and Phillips 2011; Boirie et al. 2014). Indeed, there are a number of other nutrients that
may be efficacious in this context (Cruz-Jentoft et al. 2020) and, therefore, a multiingredient nutrition strategy may offer additional therapeutic potential by targeting multiple factors associated with the development and consequences of age-related declines
in muscle health and cognitive parameters (Veronese et al. 2019; Cruz-Jentoft
et al. 2020).
Recent research has explored the potential role of interventions such as long chain
n-3 polyunsaturated fatty acids (LC n-3 PUFA) (Logan and Spriet 2015; Smith et al.
2015), whey protein (Zhu et al. 2015), vitamin D (Dhesi et al. 2004), and resveratrol
(Alway et al. 2017) in addition to multi-ingredient supplements alone (Negro et al.
2019) or combined with exercise training interventions (Verreijen et al. 2015;
Rondanelli et al. 2016; Bell et al. 2017). These studies generally aim to either augment
the training-induced improvements, or curb the decline in the absence of exercise, in
LBM and muscle function in older adults, each with varying degrees of success.
Supplementation with LC n-3 PUFA has been proposed as a targeted approach to
reduce anabolic resistance and enhance the MPS response to feeding (McGlory et al.
2019; Rossato et al. 2020). In the absence of an exercise training intervention, supplementation with 3 g/dayof LC n-3 PUFA for 3 to 6 months increased LBM and
muscle function in older adults (>60 yrs) (Logan and Spriet 2015; Smith et al. 2015).
Moreover, supplementation with other nutrients such as vitamin D3 combined with
whey protein (Bauer et al. 2015), and resveratrol (Pollack et al. 2017), have promising
effects on skeletal muscle and metabolic health in older adults, even in the absence
of exercise.
While resistance exercise training is a potent anabolic stimulus across the lifespan
(Henwood and Taaffe 2005; Kosek et al. 2006; Stewart et al. 2014), the aim of the
present study was to examine the efficacy of a targeted multi-ingredient nutrition
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supplement on body composition, physical function, and markers of metabolic health
in older adults in the absence of a formal exercise training intervention. Specifically,
this study investigated 6 months of daily consumption of a formulation of LC n-3
PUFA, vitamin D, resveratrol, and whey protein isolate. Importantly, because there
are sensory and digestive issues that contribute to inadequate energy and protein
intake in older adults (Furman 2006), the provision of the supplement was in the
form of a convenient, juice-based beverage that aimed to enhance compliance to
supplementation.

Materials and methods
Experimental design
A double-blind, placebo-controlled, randomized trial (ClinicalTrials.gov Identifier:
NCT02001831) investigated the impact of a 6-month intervention with a bespoke multiR AS, Norway) on body composition and
ingredient nutrition supplement (SmartfishV
physical and cognitive function in pre-sarcopenic older (70 yrs) Irish adults. The outcomes related to cognitive function have been previously reported (Moran et al. 2018).
Participants were recruited via a combination of methods including an advertisement
placed in a national newspaper, The Irish Times; invitations issued on the University
College Dublin alumni website; and recruitment flyers distributed to local organizations
for older adults and retirement groups. Ethical approval was granted by the University
College Dublin Human Research Ethics Committee (permit number: LS-13-28-Egan),
and the study was conducted in accordance with the Declaration of Helsinki. All participants provided their written informed consent prior to commencing participation in
the study.
The supplement (SUPP) consisted of a 200-mL carton of juice-based drink consumed
each day that contained LC n-3 PUFA, whey protein isolate, vitamin D3, and resveratrol. The placebo (PLA) consisted of the fruit juice alone. Thirty-seven participants (age,
74.9 ± 3.6 yrs) completed the 6-month intervention comprising 16 in PLA (M/F, 8/8)
and 21 in SUPP (M/F, 10/11) (Table 1). Body composition and physical function were
assessed at baseline (PRE) and after 3 months (MID) and 6 months (POST) of daily consumption of PLA or SUPP.
Participants
Participants were required to not currently be, or recently have been (previous 8 weeks),
consuming fish oil, vitamin D3, or whey protein supplements. Eligibility for participation was determined as being aged 70 yrs or older; having a body mass index between
20 and 30 kg/m2; being sedentary as defined by 125 min per weekof activity on the
CHAMPS-18 questionnaire; being defined as medically stable (Greig et al. 1994); being
community-dwelling, independent, mobile, and capable of completing the trial; scoring
>23 on the Mini Mental State Examination (MMSE) (Folstein et al. 1975); and having
low skeletal muscle mass (Janssen et al. 2004). The latter prescreening was performed
using bioelectrical impedance analysis measurement of skeletal muscle mass index
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Table 1. Participant characteristics at baseline.

Anthropometry
M/F
Age (y)
Height (m)
Body mass (kg)
BMI (kg/m2)
Body fat (%)
Fat mass (kg)
LBM (kg)
ALM (kg)
SMMI (kg/m2)
Physical function
Hand-grip strength (kg)
Gait speed (m/s)
Sit-to-stand (s)
Balance (s)
SPPB score
Blood markers
Total cholesterol (mM)
HDL-C (mM)
LDL-C (mM)
TG (mM)
hsCRP (mg/L)
Glucose (mM)
Insulin (mU/L)
HOMA-IR
Dietary intake
Energy (kcal)
Carbohydrate (g)
Protein (g)
Protein (g/kg)
Fat (g)

PLA
n ¼ 16

SUPP
n ¼ 21

All
n ¼ 37

PLA vs SUPP
p value

8/8
74.8 ± 3.9
1.67 ± 0.10
71.0 ± 12.9
25.2 ± 3.3
33.0 ± 8.4
23.1 ± 7.8
45.41 ± 9.51
19.57 ± 4.55
6.83 ± 1.02

11/10
75.0 ± 3.4
1.67 ± 0.11
71.4 ± 16.3
25.3 ± 3.5
33.6 ± 6.7
23.4 ± 6.9
45.26 ± 11.49
19.38 ± 5.62
6.79 ± 1.39

19/18
74.9 ± 3.6
1.67 ± 0.10
71.2 ± 14.7
25.3 ± 3.4
33.4 ± 7.4
23.3 ± 7.2
45.32 ± 10.54
19.47 ± 5.12
6.81 ± 1.24

.838
.908
.942
.958
.808
.902
.965
.912
.938

32.0 ± 7.3
1.05 ± 0.14
10.5 ± 1.3
24.8 ± 8.2
10.7 ± 1.6

30.5 ± 9.7
1.09 ± 0.15
12.5 ± 3.6
20.3 ± 12.5
9.4 ± 2.4

31.1 ± 8.7
1.07 ± 0.15
11.6 ± 3.0
22.2 ± 11.0
10.0 ± 2.2

.619
.377
.035
.240
.076

4.29 ± 1.11
1.51 ± 0.37
2.94 ± 1.04
1.00 ± 0.45
1.35 ± 0.82
5.22 ± 0.74
7.13 ± 5.47
1.67 ± 1.37

4.85 ± 1.04
1.66 ± 0.55
3.04 ± 0.95
0.94 ± 0.31
1.03 ± 1.43
5.15 ± 0.73
6.24 ± 3.73
1.48 ± 1.15

4.58 ± 1.09
1.59 ± 0.47
2.99 ± 0.98
0.97 ± 0.38
1.19 ± 1.16
5.18 ± 0.72
6.64 ± 4.55
1.58 ± 1.12

.135
.357
.754
.677
.439
.782
.587
.632

1720 ± 397
191 ± 48
72 ± 14
1.01 ± 0.26
70 ± 24

1680 ± 489
193 ± 86
80 ± 22
1.13 ± 0.34
62 ± 14

1699 ± 439
192 ± 69
76 ± 19
1.07 ± 0.30
66 ± 19

.825
.943
.276
.356
.313

Data are reported as mean ± standard deviation. ALM, appendicular lean mass; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment–insulin resistance; hsCRP, high-sensitivity C-reactive protein; LBM, lean body mass; LDL-C, low-density lipoprotein cholesterol; M/F, male/female; SMMI, skeletal muscle
mass index; SPPB; Short Physical Performance Battery; TG, triglycerides.

(Janssen et al. 2000), and low skeletal muscle mass was defined by cutoffs of 6.75 kg/
m2 in females and 10.75 kg/m2 in males (Janssen et al. 2004).
Of the 106 individuals who were prescreened for the study, 55 did not meet the
inclusion criteria and 51 were therefore randomly assigned to PLA (n ¼ 25) or SUPP
(n ¼ 26) (Figure 1), 37 of whom completed the 6-month intervention (PLA, n ¼ 16;
SUPP, n ¼ 21) (Table 1). The principal investigator, blind to the assessments, conducted
the random allocation procedure, which included stratified randomization by sex.
Sealed envelopes were drawn from an opaque container, which contained an equal distribution of PLA and SUPP. Once an envelope had been drawn it was not returned
prior to the subsequent randomization.
Intervention
SUPP provided liquid nutrition support as a 200-mL emulsion (200 kcal) comprising
3000 mg of LC n-3 PUFA (as 1500 mg docosahexaenoic acid [DHA] and 1500 mg
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Figure 1. Flow chart for study participation.

eicosapentaenoic acid [EPA], both Pure Arctic 360, Denomega, Oslo, Norway; protected
against oxidation through nano-sized, stabilized emulsion droplets), 8 g of whey protein
isolate (Lacprodan DI-7017; Arla Foods, Aarhus, Denmark), 400 IU of vitamin D3 stabilized with tocopherol (DSM Nutritional Products, Basel, Switzerland), and 150 mg of
resveratrol (resVida; DSM Nutritional Products, Basel, Switzerland) and 28 g carbohydrate from pomegranate and apple juice.
PLA provided 200 mL of juice only (110 kcal). Smartfish AS, a Norwegian biotech
company, provided both the PLA and SUPP as ready-to-drink, palatable, pomegranate
and apple juice–based formulations, presented in identically sealed TetraPak cartons.
The formulations were indistinguishable in appearance and taste, and participants were
required to consume their allotted formulation once daily for a period of 6 months.
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Research staff and participants were blind to group allocation until completion of the
data collection. Participants received 3 months worth of drinks immediately following
their baseline (PRE) assessment, and these were replenished following their 3-month
(MID) assessment.
Assessment procedures
Prior to PRE assessment, each participant completed a 4-day semi-weighed food diary
(Hone et al. 2020), which were analyzed using an online nutrition analysis software
package (Nutritics Dietary Analysis Software; Nutritics, Dublin, Ireland) (Table 1).
Participants in both PLA and SUPP groups were advised to maintain their current dietary habits for the duration of the study, but no further assessment of dietary intake
was performed.
Assessments on all three testing occasions (PRE, MID, POST) lasted approximately
45 min and were conducted using standardized protocols by the same researchers at
each visit. All assessments took in the same laboratory between 0630 h and 0930 h in a
fasted state. Consumption of coffee and tea was not permitted before or during testing.
Participants were advised to consume 500 mL of water 2 h prior to arriving at the lab
and engage with minimal ambulation. Upon arrival, body mass was measured to the
nearest 0.1 kg using a calibrated digital scales (SECA, Hamburg, Germany), and height
was measured to the nearest 0.1 cm using a wall-mounted stadiometer (Holtain,
Pembrokeshire, UK). Body composition was then assessed by dual-energy X-ray absorptiometry (DXA; Lunar iDXA, GE Healthcare, Chicago, IL, USA)
Next, with participants remaining in a supine position, a blood sample was taken
from a superficial forearm vein by venipuncture. Approximately 4 mL of blood collected
in a pre-chilled silicone-coated and lithium heparin–coated tubes (Plus Blood Collection
Tubes; Becton Dickinson, Franklin Lakes, NJ, USA) for the separation of serum and
plasma, respectively, by centrifugation at 3000 g for 15 min at 4  C. Aliquots were frozen
and stored at 80  C until batch analysis. Serum samples were analyzed to determine glucose, total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides, and high sensitivity C-reactive protein (hsCRP)
using the RX DaytonaTM chemical autoanalyzer and appropriate reagents (Randox
Laboratories, Crumlin, UK). Serum insulin was determined by an enzyme-linked
immunosorbent assay (10-1113-01; Mercodia, Uppsala, Sweden). Homeostatic model
assessment–insulin resistance (HOMA-IR) was calculated based on the fasting glucose
and insulin concentrations (Matthews et al. 1985). To assess compliance to the intervention, total lipid was extracted from plasma and transmethylated with borontrifluoride in
methanol; fatty acid composition was determined by gas liquid chromatography with a
Shimadzu GC2010 (Shimadzu, Japan) as previously described (Phillips et al. 2009).
Lower body physical function was assessed by the Short Physical Performance
Battery (SPPB) (Guralnik et al. 1994), which evaluated lower body physical function.
The SPPB consists of three components: habitual gait speed (2.4 m), standing balance
(non-tandem, semi-tandem, and tandem), and five-repetition sit-to-stand chair rise
test. Hand-grip strength was measured in the dominant hand to the nearest 0.5 kg
using a hydraulic hand dynamometer (JAMAR, Duluth, MN, USA), with participants
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Figure 2. Changes in plasma concentrations of total (EPA þ DHA) LC n-3 PUFA in response to the
intervention. sssp < .001 for SUPP vs PRE.
EPA indicates eicosapentaenoic acid; DHA, docosahexaenoic acid; LC n-3 PUFA, long chain n-3 polyunsaturated fatty acids; SUPP, supplement; PRE, baseline.

seated in an upright position and the elbow flexed to a 90-degree angle. Three
attempts were performed, with the best score of the three being used for analysis.
Statistical analysis
The primary outcome measure was change in LBM from PRE to POST. Secondary outcomes included changes in body composition, physical function, and markers of metabolic
health in fasted blood samples. To estimate sample size, using a Type I error rate (a) of 0.05
and a power (1-b) of 0.8, our two allocation groups and three testing occasions required a
sample size of n ¼ 28 per group to detect a medium effect (f ¼ 0.25) (GPower v3.1).
All statistical analyses and graphical representation of data were performed using
Prism v8.4 (GraphPad Software Inc, San Diego, CA, USA). The threshold for statistical
significance was set at p  .05 for all tests. Normality of data was assessed with the
Shapiro-Wilk normality test, for which all data passed. Data are presented as
mean ± SD, or mean difference (lower, higher 95% confidence limits of mean) where
indicated. Independent samples t tests were used to compare males and females for differences at PRE. A two-way (grouptime) mixed analysis of variance (ANOVA) was
used to assess differences between PLA and SUPP for variables with serial measurements. When a main effect of time or a grouptime interaction effect was indicated,
post hoc testing was performed with Tukey’s correction, and multiplicity-adjusted p values are reported for the respective comparisons between (PLA, SUPP) and within (PRE,
MID, POST) groups. Sphericity was not assumed, and the Greenhouse-Geiser correction
was applied to all ANOVA analyses. When a significant difference was detected, standardized differences in the mean were used to assess magnitudes of effects at respective
time points. These effect sizes were calculated using Cohen’s d, and interpreted as trivial
for <0.2, small for 0.2 to <0.5, moderate for 0.5 to <0.8, and large for 0.8.

Results
Compliance with supplementation reported by completion of a daily tick-box diary was
98% ± 1% and 89% ± 4% from PRE to MID and MID to POST, respectively, for PLA
and 96% ± 2% and 91% ± 7% from PRE to MID and MID to POST, respectively, for
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Figure 3. Changes in body composition assessed by (A) body mass, (B) lean body mass, and (C) fat
mass in response to the intervention. ssp < .01 and sssp < .001 for SUPP vs PRE.
SUPP indicates supplement; PRE, baseline.

SUPP. Plasma EPA þ DHA concentrations were unchanged in PLA but increased in
SUPP (interaction effect, p ¼ 0.001) by 574 (329, 819) ug/mL(p < .001) at MID and
remained 560 (315, 805) ug/mLabove PRE (p < .001) at POST (Figure 2).
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Figure 4. Changes in physical function assessed by (A) hand-grip strength, (B) gait speed, (C) chair
rise test, and (D) balance. ssp < .01 and sssp < .001 for SUPP vs PRE. ppp < .01 PLA vs PRE.
SUPP indicates supplement; PRE, baseline; PLA, placebo.

LBM was unchanged in either group by the intervention (Figure 3B). Fat mass was
unchanged in PLA but increased in SUPP (interaction effect, p ¼ .004) by 0.86 (0.20,
1.52) kg (p ¼ .008; d ¼ 0.12) at MID and by 1.41 (0.75, 2.07) kg above PRE (p < .001;
d ¼ 0.20) at POST (Figure 3C), which represented 3.7% and 6.4% increases in fat mass,
respectively.
An interaction effect was observed for hand-grip strength (p < .001; Figure 4A)
wherein hand-grip strength was maintained throughout the 6-month period in SUPP
but declined in PLA by 2.50 (0.81, 4.19) kg, or 6.8%, at POST compared to PRE
(p ¼ .002; d ¼ 0.38).
SPPB score was unchanged in PLA but increased in SUPP (interaction effect,
p ¼ .032) by 0.97 (0.26, 1.69) (þ14.7%; p ¼ .005; d ¼ 0.39) by MID and by 1.13 (0.41,
1.84) above PRE (þ16.5%; p ¼ .001; d ¼ 0.47) at POST. Of the SPPB components, gait
speed was unchanged by the intervention (Figure 4B), but improvements in chair rise
time (9.8%; p ¼ .003, d ¼ 0.25) and balance (21.0%; p ¼ .007, d ¼ 0.51) were observed in
SUPP (Figure 4C and D).
There was no change in response to the intervention in either PLA or SUPP for glucose, insulin, HOMA-IR, total cholesterol, HDL-C, LDL-C, triglycerides, or hsCRP
(Table 2).

Discussion
The main findings of the present study were that 6 months of daily consumption of a
multi-ingredient nutrition supplement by older adults with low muscle mass had no
effect on LBM but resulted in an increase in fat mass. Moreover, performance in the
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Table 2. Changes in serum concentrations of markers of metabolic health after 3 (MID) and 6
(POST) months of intervention.
PLA
PRE
Total cholesterol
(mM)
HDL-C (mM)
LDL-C (mM)
TG (mM)
hsCRP (mg/L)
Glucose (mM)
Insulin (mU/L)
HOMA-IR

MID

SUPP
POST

PRE

MID

POST

Time
Group
T*G
p value p value p value

4.29 ± 1.11 4.21 ± 1.10 4.12 ± 1.13 4.85 ± 1.04 4.64 ± 1.37 4.74 ± 1.14

.675

.108

.877

1.51 ± 0.37
2.94 ± 1.04
1.00 ± 0.45
1.35 ± 0.82
5.22 ± 0.74
7.13 ± 5.47
1.69 ± 1.37

.037
.618
.447
.400
.990
.831
.810

.346
.808
.576
.855
.312
.480
.472

.986
.366
.973
.584
.479
.830
.916

1.42 ± 0.35
2.92 ± 0.87
0.99 ± 0.35
1.40 ± 1.09
5.23 ± 0.51
7.26 ± 6.02
1.66 ± 1.36

1.39 ± 0.41
2.95 ± 1.17
0.93 ± 0.54
1.27 ± 1.05
5.39 ± 1.17
7.30 ± 6.20
1.61 ± 1.17

1.66 ± 0.55
3.04 ± 0.95
0.94 ± 0.31
1.03 ± 1.43
5.15 ± 0.73
6.24 ± 3.73
1.48 ± 1.15

1.56 ± 0.56
2.88 ± 0.95
0.91 ± 0.46
1.65 ± 2.56
5.16 ± 0.74
5.79 ± 2.92
1.33 ± 0.73

1.52 ± 0.51
2.66 ± 0.87
0.86 ± 0.39
1.13 ± 1.16
4.95 ± 0.90
6.46 ± 3.21
1.40 ± 0.78

Data are reported as mean ± standard deviation. HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic
model assessment–insulin resistance; hsCRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; PLA, placebo; PRE, baseline; SUPP, supplement.

SPPB improved and a decline in hand-grip strength was prevented when compared to
the placebo condition, evidently independent of a change in LBM.
Nutrition supplements designed to prevent the age-associated decline in LBM in older
adults have had varying degrees of success. Supplementation with LC n-3 PUFA (3 g/
day) (Logan and Spriet 2015; Smith et al. 2015) or essential amino acids (15–16 g/day)
(Solerte et al. 2008; Dillon et al. 2009) has increased LBM following 3–16 months of
supplementation, whereas 30 g/dayof whey protein for 24 months had no effect (Zhu
et al. 2015). Here, we demonstrate that multi-ingredient nutrition supplementation commenced in older adults with low muscle mass had no effect on LBM, but it resulted in
an increase in fat mass following 6 months of daily supplementation. Daily protein
intake at PRE was consistent with our previous work in older Irish adults (Hone et al.
2020), which observed that habitual protein intake in this population fails to meet the
daily protein intake guideline of 1.2 g/kg/dayfor this age range (Deutz et al. 2014).
Changes in LBM occur in response to temporal fluctuations in MPS and muscle protein
breakdown in response to nutrient intake, exercise, and inactivity, which determine
whether a net gain or loss in muscle mass is observed (Rennie et al. 2004; Breen and
Phillips 2011). Therefore, unless a nutrition supplement contributes to positive nitrogen
balance, either by providing an anabolic stimulus, improving anabolic sensitivity, and/or
enabling an older adult to meet the daily protein intake guidelines, an increase in LBM
is unlikely to be observed (Breen and Phillips 2011). That said, the present study
assessed body composition via DXA, which is less sensitive for detecting small changes
in LBM over time compared to magnetic resonance imaging (MRI) (Delmonico et al.
2008; Tavoian et al. 2019). This point is notable given that a previous study demonstrating 3.4 g/dayof LC n-3 PUFA to result in a 3.6% increase in muscle mass utilized MRI
for the determination of thigh muscle volume (Smith et al. 2015). However, DXA has
also been used previously when observing a 4% increase in LBM with 3 g/dayof LC n-3
PUFA (Logan and Spriet 2015). Both of those studies of LC n-3 PUFA supplementation
also observed improvements in muscle function coincident with the increase in LBM.
In females aged 60 to 76 yrs, 3 months of supplementation with 3 g/dayof LC n-3 PUFA
(2 g EPA, 1 g DHA) resulted in a 7% improvement in timed-up-and-go performance.
Similarly, in 60- to 85-year-old men and women, compared to a control group 6 months
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of supplementation with 3.4 g/dayof LC n-3 PUFA (1.86 g EPA, 1.5 g DHA) resulted
in a 2.3 kg increase in hand-grip strength and a 4% increase in a composite score of
one repetition maximum strength (Smith et al. 2015). A limitation of the present study
is that the sample size of participants completing the intervention (PLA, n ¼ 16;
SUPP, n ¼ 21) is underpowered relative to the a priori sample size required (n ¼ 28
per group). Low statistical power due to the smaller than required sample size likely
resulted in this analysis being underpowered for null hypothesis statistical testing and
thereby increased the likelihood of a Type II error (i.e., false negative) for the primary outcome of change in LBM. However, the n size in the present study compares
favorably with the previous studies demonstrating an increased in LBM with LC n-3
PUFA supplementation: i.e., placebo, n ¼ 12 vs. fish oil, n ¼ 12 (Logan and Spriet
2015), and control, n ¼ 15 vs. n-3 PUFA, n ¼ 29 (Smith et al. 2015). Additionally,
independent of the ANOVA outcome, examination of the PRE–POST change in
LBM reveals 0.05 (0.61, 0.51) kg in PLA and 0.46 (1.09, 0.18) kg in SUPP,
but this directional decrease in LBM in SUPP compared to PLA was not significant
(p ¼ .343). Therefore, we contend that despite being somewhat underpowered, the
probability is low that increasing the n size to the required sample size would have
revealed an increase in LBM with SUPP, and this study can be summarized as a null
finding for effects on LBM.
Despite no measurable change in LBM in the present study, SUPP improved balance
and chair rise time, and therefore overall score in the SPPB, while also maintaining
hand-grip strength whereas PLA observed declines in hand-grip strength. Declines in
hand-grip strength are predictive of declines in mobility, functional status, and mortality
within community-dwelling populations (Rijk et al. 2016), with scores <27 kg for males
and <16 kg for females being the sarcopenia cutoffs (Cruz-Jentoft et al. 2019). The 6.8%
reduction in hand-grip strength within PLA in 6 months is particularly noteworthy, as it
is greater than the reported 1.5% to 5.0% annual reduction in muscle strength
observed within persons >50 yrs (Keller and Engelhardt 2019). On the SPPB, it is worth
noting that performance in the chair rise test was lower at PRE in SUPP, and similarly
the SPPB score was 1.3 points lower in SUPP compared to PLA. Because a 1-point
difference in SPPB is clinically meaningful and the SPPB is subject to ceiling effects in
high-functioning older adults (Beaudart et al., 2019), care must be taken with the interpretation of change within SUPP relative to PLA.
Whereas the association between LBM and physical function is inconsistent and discordance has been observed (Janssen et al. 2004; Woo et al. 2007; Bouchard et al.
2011), a negative association between body fatness and physical function within older
adults has been consistently observed (Baumgartner et al. 1998; Visser et al. 1998;
Lebon et al. 2016). In the absence of a change in physical activity or exercise habits, the
addition of the multi-ingredient nutrition supplement may have resulted in increases in
fat mass due to the provision of 200 additional calories per day, which was 90 kcal
more per day than PLA. A limitation of the present study, however, is that we did not
measure physical activity or dietary intake throughout the intervention period, which
would be required in order to better inform the mechanism of this gain in fat mass.
Given the improvements in physical function observed, and that the increases in fat
mass in SUPP were trivial to small effects, the effects on fat mass would not provide
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cause for concern in the timeframe under observation. Moreover, blood markers of
metabolic health were not negatively impacted. However, given that this intervention
was only 6 months in duration, potentially negative consequences of longer-term supplementation, if resulting in continuous weight gain, cannot be ruled out.
LC n-3 PUFA supplementation is effective at lowering concentrations of C-reactive
protein (CRP) within persons with dyslipidemia and high baseline concentrations of CRP
(Guo et al. 2019), and improving glycated hemoglobin (HbA1c) and blood lipid profile
within persons with type 2 diabetes (Chen et al. 2015). Despite increased concentrations
of EPA þ DHA at 3 and 6 months in SUPP, the present study observed no changes in
hsCRP, insulin resistance, or blood lipid concentrations. The fact this study enrolled nonobese, medically stable older adults for whom elevated CRP, type 2 diabetes, and/or dyslipidemia were not preexisting concerns likely contributed to the lack of effect observed.
While a multi-ingredient approach has the potential to influence more than one
important pathway or mechanism through which older adults experience functional
decline (Bell et al. 2017; Veronese et al. 2019), beyond LC n-3 PUFA (Logan and Spriet
2015; Smith et al. 2015), the individual doses of vitamin D, resveratrol, and whey protein were likely inadequate in the present formulation. For example, a meta-analysis
demonstrated that interventional studies containing vitamin D doses twice that
(800–1000 IU) of the present supplement were most effective at benefiting balance and
lower body strength (Muir and Montero-Odasso 2011). Whey protein supplemented at
more than twice to three times that (>20–30 g) of the present supplement would provide sufficient essential amino acids and, specifically, leucine to elicit the desired MPS
response (Breen and Phillips 2011) and would be particularly efficacious within older
adults who struggle to meet protein guidelines (1.2 g/kg/day) (Deutz et al. 2014). Last,
resveratrol, while promising (Pollack et al. 2017), has generally produced equivocal
effects in older adults due to variations in dosing, duration, and clinical outcomes
(Novelle et al. 2015). Due to the intervention being multi-ingredient by design, a de
facto limitation of this study is that it is unknown whether the findings resulted from
the synergistic nature of the supplement or through LC n-3 PUFA, resveratrol, vitamin
D, or whey protein in isolation.
In conclusion, the present study investigated the effect of 6-months of daily supplementation with a multi-ingredient nutrition supplement containing LC n-3 PUFA, vitamin D, resveratrol, and whey protein in older adults. Our findings demonstrate that
this intervention had no measurable effect on LBM but increased fat mass. Moreover,
even in the absence of an exercise intervention, supplementation demonstrated efficacy
for physical function by improving performance in the SPPB and preventing the decline
in hand-grip strength observed in the 6-month period in the placebo condition.
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