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Abstract

Background: We aimed to investigate the effect of daily supplemental

vitamin D, omega-3s, and a thrice-weekly home exercise program, alone or in

combination, on change of appendicular lean muscle mass index (ALMI) and

incident sarcopenia in older adults.

Methods: This is a secondary endpoint analysis of a 3-year randomized, dou-

ble-blind, placebo-controlled trial with a 2 � 2 � 2 factorial design among
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(DO-HEALTH). Participants were randomized to 2000 IU/d vitamin D and/or

1 g/d marine omega-3s and/or exercise. Change in ALMI over 3 years was cal-

culated in all participants who underwent dual energy X-ray absorptiometry

(DXA) (n = 1495) using mixed effect models. Incident sarcopenia was analyzed

based on the Sarcopenia Definitions and Outcomes Consortium in all non-sar-

copenic participants (n = 1940).

Results: Among 1495 participants (mean age 74.9 (sd 4.4); 63.3% were women;

80.5% were at least moderately physically active at baseline) mean gait speed at

baseline was 1.2 m/s (sd 0.3), mean ALMI at baseline was 6.65 (SD 0.95) in

women, and 8.01 (SD 0.88) kg/m2 in men. At year 3, average change of ALMI was

�0.09 (sd 0.34) kg/m2 (�1.35%) in women and � 0.17 (sd 0.33) kg/m2 (�2.0%) in

men. None of the treatments individually or in combination had a benefit on

ALMI change compared to control over 3 years, with omega-3s showing a small

protective effect on ALMI at year 1 only (�0.021 vs. no-omega-3s �0.066 kg/m2,

p = 0.001). Of 1940 non-sarcopenic participants at baseline, 88 (4.5%) developed

incident sarcopenia over 3 years. None of the treatments individually or in combi-

nation reduced the odds of incident sarcopenia compared with placebo.

Conclusion: Among healthy, physically active older adults, ALMI and incidence

of sarcopenia were not improved by treatment of daily 2000 IU vitamin D, daily 1 g

omega-3s, or a simple home exercise program compared with control over 3 years.
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INTRODUCTION

Reduced appendicular muscle mass is a key criterion for
diagnosing sarcopenia.1 Studies have shown that the
appendicular lean muscle mass index (ALMI) decreases
annually by 0.7% in women and 0.8% in men among
healthy older adults.2 The prevalence of sarcopenia in
this population ranges from 9.9% to 40.4%, depending on
the diagnostic criteria used.3 Sarcopenia in older adults is
linked to adverse outcomes, including increased falls,
functional decline, and higher rates of hospitalizations.4,5

Therefore, interventions aimed at preventing muscle
loss and sarcopenia are of significant public health
importance.

Pathophysiological studies indicate that exercise
training exerts direct anti-inflammatory and antioxidant
effects through specific signaling pathways, which help
mitigate muscle loss.6 This is reinforced by a comprehen-
sive umbrella review, which found strong evidence sup-
porting the positive impact of resistance training on
muscle mass.7 Additionally, various exercise interven-
tions, including gait, balance, strength, vibration, and
home-based exercises, have been shown to increase mus-
cle mass in older adults with sarcopenia.8

Key points

• DO-HEALTH is one of the largest multina-
tional trials investigating European commu-
nity-dwelling older adults filling the gap of
knowledge on primary prevention of
vitamin D, omega-3s, and home exercise pro-
gram on muscular health among healthy, older
adults over 3 years.

• Among these healthy, physically active older
adults, both muscle mass and incidence of sar-
copenia were not improved by treatment of
daily 2000 IU vitamin D, daily 1 g of omega-3s,
or a simple home exercise program compared
with control over 3 years.

Why does this paper matter?

The results from our large multinational European
DO-HEALTH trial do not support the use of high
daily doses of vitamin D or omega-3s supplements
for the primary prevention of muscular health in
older adults with an overall good health status, an
active lifestyle, and without vitamin D deficiency.
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Mechanistic studies suggest that vitamin D directly
affects muscle through its receptor (VDR) found in mus-
cle tissue.9 A meta-analysis of trials involving vitamin D
supplementation of at least 800 IU indicates that muscle
mass significantly improves when vitamin D is combined
with exercise training.10 However, vitamin D supplemen-
tation alone, without accompanying exercise or protein
supplementation, does not appear to have a significant
impact on muscle mass.11

Regarding omega-3 fatty acids, mechanistic studies
support the direct anabolic effect on muscle by activation
of mammalian target of rapamycin (mTOR).12 Some, but
not all, clinical studies support the benefits of omega-3s
on muscle mass in humans.13,14

In summary, evidence from randomized controlled
trials (RCTs) investigating the effects of vitamin D,
omega-3s, and exercise on appendicular muscle mass and
sarcopenia remains limited and inconsistent. Addition-
ally, there is a lack of data on the individual and com-
bined effects of these strategies in healthy, active older
adults.

To the best of our knowledge, no RCTs have evalu-
ated the primary preventive effects of vitamin D, omega-
3s, and physical exercise in healthy older European
adults.

We therefore tested the effect of daily supplemental of
2000 IU vitamin D, daily supplemental 1 g omega-3s, and
a simple strength-based home exercise program (SHEP)
three times per week, alone or in combination, on
changes in ALMI and the incidence of sarcopenia over
3 years.

METHODS

Study design

This is a secondary endpoint analysis of the Vitamin
D3—Omega3—Home Exercise—Healthy Aging Longev-
ity Trial (DO-HEALTH) trial. The prespecified secondary
endpoint of change in ALMI over the 3 years follow-up
was analyzed according to the protocol including all 1495
participants who underwent dual energy X-ray absorpti-
ometry (DXA) measurement at baseline (Supplementary
Material). Incident sarcopenia was a predefined explor-
atory endpoint of DO-HEALTH including 1940 partici-
pants with absence of sarcopenia at baseline.15

DO-HEALTH is a multicenter, double-blind,
2 � 2 � 2 factorial design, randomized, placebo-con-
trolled clinical trial designed to support healthy longevity
in European older adults aged 70 years and older examin-
ing the individual and combined effects of omega-3,
vitamin D, and simple home exercise over 3 years of fol-
low-up. The study protocol was approved by ethical and

regulatory agencies. The primary trial findings were pub-
lished elsewhere.16 In brief, treatment with vitamin D3,
omega-3s, or a strength-training exercise program did not
result in statistically significant differences in improve-
ment in systolic or diastolic blood pressure, nonvertebral
fractures, physical performance, infection rates, or cogni-
tive function.

Participants

Participants were physically active community-dwelling
adults aged 70 years recruited from five European coun-
tries (Austria, France, Germany, Portugal, and Switzer-
land) including seven study sites (Zurich, Basel, Geneva,
Berlin, Innsbruck, Toulouse, and Coimbra). Main inclu-
sion criteria were the absence of major health events in
the 5 years prior to enrollment (i.e., cancer or myocardial
infarction), sufficient mobility to visit the study centers
without assistance, and an MMSE (Mini-Mental State
Examination) score of at least 24. Details on recruitment,
randomization, and trial procedures are described else-
where.15 All participants signed an informed consent form.

Procedures

Participants were randomly assigned to eight treatment
groups including three interventions: (1) 2000 IU/d of
vitamin D compared with placebo vitamin D; (2) 1 g/d
of omega-3s (330 mg of eicosapentaenoic acid [EPA] plus
660 mg of docosahexaenoic acid [DHA] from marine
algae) compared with placebo omega-3s; and (3) a
strength-training exercise program of 30 min three times
per week compared with an attention control exercise
program focused on joint flexibility of 30 min three times
a week.15 Clinical visits were at baseline and at 1, 2, and
3 years of follow-up, and in-person phone calls occurred
every 3 months.

Outcomes

Appendicular lean mass index (kg/m2) was measured
among participants from four DO-HEALTH study cen-
ters, which were equipped with DXA (dual-enengergy X-
ray absorptiometry) scanners (Zurich, Berlin, Toulouse,
Coimbra). Standardization of measurements was super-
vised by the Berlin Charité DO-HEALTH center (GA).
Lean tissue mass was measured and ALMI was calculated
by the integrated DXA software. Change of ALMI was
assessed through annual DXA measurements conducted
at baseline, year 1, 2, and 3. For subgroup analyses, we
defined low ALMI according to the EWGSOP2 gender-

MUSCLE MASS AND SARCOPENIA: DO-HEALTH TRIAL 1051
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specific cutoff definitions (women <5.5 kg/m2, men
<7 kg/m2) measured by DXA.17

Incident sarcopenia was defined based on the criteria
by the Sarcopenia Definition and Outcome Consortium
(SDOC).18 Thereby, sarcopenia (binary outcome) was
defined as low muscle strength and low gait speed
according to the SDOC definition applying the recom-
mended cutoffs. Low muscle strength was defined as grip
strength <35.5 kg in men and <20 kg in women, respec-
tively.19 The cutoff of <0.8 m/s was applied for low gait
speed (highest gait speed of two trials) for women and
men. Details of the assessments are reported in the proto-
col of the main article.15

Statistical analysis

Appendicular lean muscle mass index (ALMI)

Intent to treat analyses were performed including all ran-
domized participants who underwent DXA measurement
at baseline. Baseline characteristics of the study popula-
tion were described overall and by treatment group. Nor-
mal distributed continuous variables were presented as
mean and standard deviation (SD) and non-normal vari-
ables as median and interquartile range (IQR). Categori-
cal variables were presented in frequencies and
percentages.

Mixed effects model with three time points were fit
for the changes in ALMI from baseline to year 1, 2, and
3. The unstructured dependence structure was specified
with study site as fixed effect. Covariate adjustment
included age, linear spline at age 85, sex, prior falls, BMI,
and baseline measure of ALMI (low vs. normal ALMI).
Main effects of treatments—vitamin D3, omega-3s, and
SHEP were examined in the mixed effects models due to
the lack of significant treatment group interactions (both
three-way and three two-way interactions). Effects of
treatment group, time (a three level categorical variable),
and treatment group by time interactions were examined
in the mixed effects models. For the effect of omega-3s, a
significant treatment*time interaction was found, thus
the interaction term was included in the model.

With a sample size of 750 participants per group, the
study is powered (80% power, and 5% significance level)
to detect a change in muscle mass of 0.05 kg/m2 (stan-
dard deviation 0.34).

Incident sarcopenia

For the outcome of incident sarcopenia, the analytic data-
set was a subset of all DO-HEALTH participants

(n = 2157) who had no sarcopenia at baseline
(N = 1940). Incident sarcopenia was determined over the
three-year follow up and this dichotomous outcome was
analyzed using a multivariable logistic regression model.

For the test of treatment effects, we first checked the
significance of treatment group interactions. Due to sig-
nificant omega-3s*SHEP interaction (p = 0.01), the
eight-level treatment group variable was examined in
the multivariable logistic regression model. Therefore,
each treatment group was compared with the placebo
group for incident sarcopenia. Models were adjusted for
age, linear spline at age 85, sex, prior fall, study site, and
BMI. Additionally, an offset of the logarithm of each par-
ticipant's time in the study was included in the models.

Subgroup analyses

Predefined subgroup analyses for both outcomes of mus-
cle mass and sarcopenia included sex (female vs. male),
age group (75+ vs. 70–74 years), ALMI according to
EWGSOP2 cutoff definitions17 at baseline (low
vs. normal ALMI), vitamin D status at baseline (defi-
ciency <20 nmol/L vs. non-deficiency), median baseline
polyunsaturated fatty acid levels (DHA plus EPA <100
or ≥ 100 μg/mL), and baseline protein intake per weight
(below vs. above median). There was no significant inter-
action between treatment group and any of the sub-
groups, therefore stratified analyses were not conducted.

The type I error rate was fixed at 5%. All statistical
analyses were performed using SAS v9.4 (SAS Institute,
Inc., Cary, NC, United States).

RESULTS

Overall, 1495 participants underwent DXA and were ana-
lyzed for the ALMI outcome by treatment. Median fol-
low-up time of participants was 3 years. Seventeen
participants died during follow-up and 24 participants
were lost to follow-up. Mean age was 74.9 (sd 4.4); and
63.3% were women. Baseline characteristics are shown in
Table 1. Among these 1495 participants, 551 were
recruited from Switzerland, 347 from Germany, 300 from
Portugal, and 297 from France. A total of 113 participants
(7.3%) had low gait speed at baseline. Similarly, 45 partici-
pants (3.0%) had a low grip strength (sex-based cutoffs,
see above). Mean ALMI at baseline was 6.65 (SD 0.95)
kg/m2 in women and 8.01 (SD 0.88) kg/m2 in men. This
resulted in 155 participants (10.4%) with low ALMI when
applying gender-specific cutoffs. The majority of the par-
ticipants (78%) engaged in moderate to high physical per-
formance at baseline.

1052 EGGIMANN ET AL.

 15325415, 2025, 4, D
ow

nloaded from
 https://agsjournals.onlinelibrary.w

iley.com
/doi/10.1111/jgs.19266 by A

ustralian C
atholic U

niversity, W
iley O

nline L
ibrary on [13/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



T
A
B
L
E

1
B
as
el
in
e
ch

ar
ac
te
ri
st
ic
s
of

du
al

en
er
gy

X
-r
ay

ab
so
rp
ti
om

et
ry

pa
rt
ic
ip
an

ts
(n

=
14
95
)
fo
r
m
ai
n
tr
ea
tm

en
t
gr
ou

ps
.

C
h
ar
ac

te
ri
st
ic
s

V
it
am

in
D

O
m
eg

a-
3
s

E
xe

rc
is
e

O
ve

ra
ll

V
it
am

in
D

N
o
V
it
am

in
D

O
m
eg

a-
3
s

N
o
O
m
eg

a-
3
s

SH
E
P

C
on

tr
ol

E
xe

rc
is
e

n
=

74
6

N
=

74
9

n
=

75
2

n
=

74
3

n
=

75
1

n
=

74
4

n
=

14
95

A
ge
,y
ea
rs
,m

ea
n
(s
d)

75
.0
(4
.5
)

74
.9
(4
.4
)

74
.9
(4
.3
)

75
.0
(4
.5
)

75
.0
(4
.4
)

74
.9
(4
.4
)

74
.9
(4
.4
)

B
M
I,
kg

/m
2 ,
m
ea
n
(s
d)

26
.8
(4
.4
)

26
.5
(4
.2
)

26
.8
(4
.4
)

26
.7
(4
.4
)

26
.6
(4
.3
)

26
.6
(4
.3
)

26
.6
(4
.3
)

W
om

en
,n

(%
)

47
6
(6
3.
8)

47
0
(6
2.
8)

47
3
(6
3.
6)

47
3
(6
3.
0)

47
3
(6
3.
0)

47
1
(6
3.
6)

94
6
(6
3.
3)

C
ou

n
tr
y,
n
(%

)

F
ra
n
ce

14
2
(1
9.
0)

15
5
(2
0.
7)

15
1
(2
0.
1)

14
6
(1
9.
7)

14
8
(1
9.
7)

14
9
(2
0.
0)

29
7
(1
9.
9)

G
er
m
an

y
17
2
(2
3.
1)

17
5
(2
3.
4)

17
4
(2
3.
1)

17
3
(2
3.
3)

17
6
(2
3.
4)

17
1
(2
3.
0)

34
7
(2
3.
2)

P
or
tu
ga
l

15
4
(2
0.
6)

14
6
(1
9.
5)

15
1
(2
0.
1)

14
9
(2
0.
1)

14
9
(1
9.
8)

15
1
(2
0.
3)

30
0
(2
0.
1)

Sw
it
ze
rl
an

d
27
8
(3
7.
3)

27
3
(3
6.
5)

27
6
(3
6.
7)

27
6
(3
7.
0)

27
8
(3
7.
0)

27
3
(3
6.
7)

55
1
(3
6.
9)

L
iv
in
g
al
on

e,
n
(%

)
29
9
(4
0.
1)

31
5
(4
2.
1)

30
0
(3
9.
9)

31
4
(4
2.
3)

29
7
(3
9.
6)

31
7
(4
2.
6)

61
4
(4
1.
1)

E
du

ca
ti
on

,y
ea
rs
,m

ea
n
(s
d)

a
12
.5
(4
.6
)

12
.4
(4
.4
)

12
.3
(4
.3
)

12
.5
(4
.7
)

12
.4
(4
.4
)

12
.4
(4
.6
)

12
.4
(4
.5
)

C
om

or
bi
di
ty

sc
or
e,
b
m
ed
ia
n
(I
Q
R
)

2.
0
(1
.0
–3
.0
)

2.
0
(1
.0
–3
.0
)

2.
0
(1
.0
–3
.0
)

2.
0
(1
.0
–3
.0
)

1.
0
(1
.0
–3
.0
)

2.
0
(1
.0
–3
.0
)

2.
0
(1
.0
–3
.0
)

N
u
m
be
r
of

m
ed
ic
at
io
n
s,
m
ea
n
(s
d)

3.
5
(2
.9
)

3.
4
(2
.9
)

3.
4
(2
.9
)

3.
5
(2
.9
)

3.
4
(2
.9
)

3.
4
(2
.9
)

3.
4
(2
.9
)

SP
P
B
sc
or
e,
m
ed
ia
n
(I
Q
R
)

11
.0
(1
0.
0–
12
.0
)

11
.0
(1
0.
0–
12
.0
)

12
.0
(1
0.
0–
12
.0
)

11
.0
(1
0.
0–
12
.0
)

11
.0
(1
0.
0–
12
.0
)

11
.0
(1
0.
0–
12
.0
)

11
.0
(1
0.
0–
12
.0
)

Pr
io
r
fa
ll
,n

(%
)

29
9
(4
0.
1)

30
5
(4
0.
7)

30
0
(3
9.
9)

30
4
(4
0.
9)

30
2
(4
0.
2)

30
2
(4
0.
6)

60
4
(4
0.
4)

G
ri
p
st
re
n
gt
h
,k

Pa
,m

ea
n
(s
d)

48
.6
(1
8.
0)

58
.6
(1
7.
9)

58
.2
(1
7.
9)

59
.0
(1
8.
0)

58
.7
(1
7.
9)

48
.6
(1
8.
1)

58
.6
(1
8.
0)

L
ow

gr
ip

st
re
n
gt
h
,n

(%
)c

25
(3
.4
)

20
(2
.7
)

29
(3
.9
)

16
(2
.2
)

18
(2
.4
)

27
(3
.6
)

45
(3
.0
)

A
pp

en
di
cu
la
r
le
an

m
us
cl
e
m
as
s
in
de
x,
kg

/m
2 ,
m
ea
n
(s
d)

7.
2
(1
.1
)

7.
2
(1
.1
)

7.
2
(1
.1
)

7.
2
(1
.2
)

7.
2
(1
.1
)

7.
2
(1
.1
)

7.
2
(1
.1
)

L
ow

A
L
M
I,
n
(%

)d
70

(9
.4
)

85
(1
1.
4)

71
(9
.4
)

84
(1
1.
3)

81
(1
0.
8)

74
(1
0.
0)

15
5
(1
0.
4)

G
ai
t
sp
ee
d,

m
/s
ec
,m

ea
n
(s
d)

e
1.
1
(0
.2
)

1.
2
(0
.3
)

1.
2
(0
.3
)

1.
2
(0
.2
)

1.
1
(0
.2
)

1.
2
(0
.3
)

1.
2
(0
.2
5)

L
ow

ph
ys
ic
al

pe
rf
or
m
an

ce
,n

(%
)f

58
(7
.8
)

55
(7
.3
)

61
(8
.1
)

52
(7
.9
)

55
(7
.3
)

58
(7
.8
)

11
3
(7
.8
)

Pr
ot
ei
n
in
ta
ke

be
lo
w
m
ed
ia
n
,n

(%
)g

41
4
(5
5.
5)

40
8
(5
4.
5)

41
0
(5
4.
5)

41
2
(5
5.
5)

41
7
(5
5.
5)

40
5
(5
4–
4)

82
2
(5
5.
0)

V
it
am

in
D
de
fi
ci
en

cy
<
20

n
g/
m
L
,n

(%
)h

31
2
(4
2.
2)

33
5
(4
5.
0)

32
3
(4
3.
4)

32
4
(4
3.
9)

31
3
(4
2.
1)

33
4
(4
5.
1)

64
7
(4
3.
6)

Se
ru
m

25
-h
yd

ro
xy
vi
ta
m
in

D
co
n
ce
n
tr
at
io
n
,m

ea
n
(S
D
),

n
g/
m
lh

21
.9
(8
.4
)

21
.8
(8
.3
)

21
.8
(8
.4
)

21
.9
(8
.4
)

22
.3
(8
.5
)

21
.4
(8
.2
)

21
.9
(8
.4
)

Se
ru
m

D
H
A
co
n
ce
n
tr
at
io
n
,m

ea
n
(S
D
),
μg
/m

L
m

i
80
.6
(3
9.
2)

80
.7
(3
7.
4)

81
.3
(3
8.
5)

80
.0
(3
8.
1)

80
.8
(3
7.
5)

80
.5
(3
9.
1)

80
.6
(3
8.
3)

Se
ru
m

E
PA

co
n
ce
n
tr
at
io
n
,m

ea
n
(S
D
),
μg
/m

L
m

i
32
.2
(2
3.
5)

32
.9
(2
1.
6)

32
.3
(2
1.
8)

32
.8
(2
3.
3)

32
.3
(2
2.
7)

32
.7
(2
2.
5)

32
.5
(2
2.
6)

Su
bs
ti
tu
ti
on

w
it
h
om

eg
a-
3,

n
(%

)i
37
9
(5
1.
4)

39
9
(5
3.
7)

38
5
(5
2.
0)

39
3
(5
3.
2)

39
2
(5
2.
9)

38
6
(5
2.
2)

77
8
(5
2.
6)

Ph
ys
ic
al

ac
ti
vi
ty

le
ve
l,
n
(%

)

(C
on

ti
n
ue

s)

MUSCLE MASS AND SARCOPENIA: DO-HEALTH TRIAL 1053

 15325415, 2025, 4, D
ow

nloaded from
 https://agsjournals.onlinelibrary.w

iley.com
/doi/10.1111/jgs.19266 by A

ustralian C
atholic U

niversity, W
iley O

nline L
ibrary on [13/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



At year 3, average decline of ALMI was �0.09
(SD 0.34) kg/m2 in women and �0.17 (SD 0.33) kg/m2 in
men. Over 3 years follow-up, vitamin D, omega-3s, and
SHEP had no effect on change in ALMI individually or in
combination (Figure 1, Panels A-C). Only for omega-3s,
there was a statistically significant effect after 1 year of
follow-up (omega 3 s �0.021 kg/m2 vs. no-omega-3s
�0.066, p = 0.001). Table 2 displays detailed results of
the overall effects in the three main treatment groups on
change of ALMI over 3 years. Notably, we did not find
differential treatment effects (no significant interaction)
for subgroups by sex, age, ALMI at baseline, vitamin D
deficiency, or protein intake at baseline (data not shown).

Of 2110 non-sarcopenic participants at baseline,
88 (4.54%) had incident sarcopenia over 3 year follow-up.
Baseline characteristics of these participants with com-
plete follow-up data are shown in Table S1. Characteris-
tics of these 1940 participants are similar to the DXA
sample of 1495 participants. Over 3 years follow-up
vitamin D, omega-3s, and SHEP had no influence on the
odds of incident sarcopenia individually or in combina-
tion (Figure 2). Detailed results are shown in Table S2.

DISCUSSION

In this multinational European trial involving generally
healthy and vitamin D replete and physically active com-
munity-dwelling seniors, interventions with vitamin D,
omega-3s, and a simple home exercise program—
whether individually or in combination—did not lead to
a significant change in ALMI as measured by DXA over
3 years. Likewise, the interventions did not reduce the
odds of developing sarcopenia. Although omega-3 fatty
acid supplementation showed a positive effect on ALMI
at the one-year mark, this benefit was not sustained
throughout the three-year follow-up period.

To the best of our knowledge, this is the first larger
clinical trial to investigate the effects of vitamin D,
omega-3s, and a home exercise program, both individu-
ally and in combination, on ALMI and incident sarcope-
nia. In summary, while the trial did not find significant
effects from the intervention, this could be due to the
overall good health status of the participants, their active
lifestyles, and the slower rate of muscle decline compared
to what is typically expected in older adults. Notably,
80.5% of DO-HEALTH participants were at least moder-
ately physically active, and 56.4% were vitamin D replete
at baseline. This indicates that the participants in DO-
HEALTH were generally healthier than the average for
their age group, which is also reflected by their relatively
good mobility (as evidenced by low proportion of low gait
speed).20 Moreover, longitudinal studies typically showT
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that individuals aged 75 and older lose muscle mass at an
annual rate of 0.64–0.7% in women and 0.8–0.98% in
men.2 However, in the DO-HEALTH trial, muscle mass
decline was slower than expected—only 0.45% per year
in women and 0.66% per year in men. This slower-than-
expected muscle mass decline suggests that participants
were maintaining an active lifestyle and might explain
why the home exercise program appeared less impactful.
Therefore, our results highlight that an overall active and
healthy lifestyle is associated with a lower decline in
muscle mass than expected. Therefore, data from DO-

HEALTH on muscular health do not contradict the gen-
eral benefits of exercise for healthy aging.21 Finally, our
results from a large multinational European sample are
in line with the US results on vitamin D and omega-3s of
the VITAL trial. Of note, data of both the VITAL and
DO-HEALTH trials have implications for public health
guidelines on the use of vitamin D and omega-3s in gen-
erally healthy US and European adults.

For the omega-3 intervention, we observed a small
protective effect on muscle mass after 1 year of follow-up,
though this effect was not sustained at years 2 and 3. This

(A)

(B)

(C)

FIGURE 1 Adjusted mean changes of appendicular lean muscle mass index (ALMI) from baseline are presented for the main treatment

groups (Vitamin D, Omega-3 s, and Exercise) (n = 1495). Covariate adjustment included age, linear spline at age 85, sex, prior falls, BMI,

and baseline measure of ALMI (low vs. normal ALMI). Details on the analyses are described in the Methods Section.
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early benefit aligns with findings from a recent meta-
analysis, which reported a muscle mass gain of 0.33 kg
(95% CI: 0.05, 0.62) associated with omega-3 supplemen-
tation.14 Notably, the same meta-analysis suggested a
potential dose-dependent effect, with more pronounced
benefits at higher doses of 2 g/day. In DO-HEALTH,
omega-3 supplementation was tested at a dose of 1 g/day,
which may help explain the more modest and short-term
effects observed in our trial.

Regarding vitamin D, our findings are consistent with
a recent meta-analysis that showed no effect of vitamin D
on ALMI.22 Most participants in our study, as well as
those in the US VITAL trial23 were not vitamin D defi-
cient, which may explain the lack of observed benefits.
Similarly, both VITAL23 and DO-HEALTH24 found no
effect of vitamin D on reducing falls. Therefore, data from
both trials on primary prevention of muscular health
may only apply to selected older adults with an overall
good health status and an active lifestyle. In contrast,
these results do not contradict the potential benefits of
vitamin D on physical function and fall prevention in
more vulnerable or vitamin D-deficient older adults.25

Regarding incident sarcopenia, 88 participants
(4.54%) developed sarcopenia over the three-year period
according to the SDOC definition.26 Previous studies on
incident sarcopenia report substantial variation depend-
ing on the population studied and the definitions used.3

For instance, a prospective study among Chinese com-
munity-dwelling older adults aged 65 and older reported
a 9.0% incidence of sarcopenia over 4 years.27 In contrast,
a study of older adults in Germany found a 4.3% inci-
dence after 3 years,28 while a study of older Australian
men reported a 3.9% incidence after 2 years.29

Our study has several strengths. These findings of the
DO-HEALTH randomized controlled trial adds important
efficacy data to the literature. DO-HEALTH is one of the
largest multinational trials investigating European com-
munity-dwelling older adults filling the gap of knowledge
on primary prevention of vitamin D, omega-3s, and home
exercise program among older adults with an overall
good health status. ALMI, grip strength, and gait speed
have been prospectively measured on a yearly follow-up
using validated methods. Thus, we were able to analyze
longitudinal data over a three-year period.

There are several limitations to this study. First, while
these data are representative for similar community-
dwelling older adults with an overall good health status
without major comorbidities, findings cannot be general-
ized to older people with relevant comorbidities or other
clinical settings. Moreover, while our sample includes
older adults from five European countries, generalizabil-
ity to other cultural settings is still limited. Second, it is a
secondary outcome analysis, thus the analysis may beT
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underpowered resulting in type 2 error. Third, the major-
ity of study participants already had a moderate to high
physical activity level at baseline.16 Thus, this favorable
basic condition of the older adults may limit potential
benefit from an additional exercise intervention on mus-
cle health. At the same time, we cannot exclude that a
different approach of exercise intervention (e.g., high-
intensity, individual, or supervised) may have shown an
effect on ALMI and/or incident sarcopenia. Fourth, we
defined incident sarcopenia based on the most recent sar-
copenia definition by SDOC. However, our results cannot
be extrapolated to studies using other definitions of sarco-
penia or studies applying other cutoff values of the sarco-
penia components. Fifth, while we were able to analyze
the overall population of all study sites for the outcome
of incident sarcopenia, we were limited for the outcome
of ALMI analyzing participants of four study sites that
had DXA devices available. However, the risk of selection
bias is limited by the randomization process using block
randomization stratified by recruitment center, prior fall,
sex, and age. We did not adjust for multiple comparison
testing for this predefined secondary endpoint of ALMI
in the DO-HEALTH trial. Thus, there is a risk of signifi-
cant findings that occurred by chance. Moreover, a risk
of type 2 error remains as this secondary analysis yielded
80% power to detect a change in ALMI of 0.05 kg/m2.
Minimal clinically important difference is not defined for
ALMI (kg/m2) in literature, but described for appendicu-
lar skeletal muscle/body mass index ratio as 0.024.30

Finally, our results cover findings on muscle health of a
three-year follow-up. Consequently, these data cannot
answer the potential effect of interventions on a long-
term perspective (e.g., 10 years).

Our study has several implications to clinical research
and practice. Our findings suggest that the interventions
do not show a significant change to ALMI measured by
DXA. Nevertheless, these results do not exclude that

there may be a response of the muscle to the interven-
tions on a microstructural level that cannot be pictured
by currently standard methods to measure muscle
mass.31 In addition, for clinical practice it is key to elabo-
rate on the interventions for prevention and treatment of
sarcopenia. Currently, programs vary to address sarcope-
nia and it is for example unclear what specific exercise
program (with or without nutritional intervention) is
most effective for the management of patients suffering
from sarcopenia.32 Therefore, further interventional stud-
ies are needed including vulnerable older adults, who are
at particular risk for sarcopenia or suffering from poor
muscle health to eventually advance the management of
sarcopenia.

In conclusion, the DO-HEALTH trial does not sup-
port use of a high daily dose of vitamin D nor omega-3s
supplements for the primary prevention of muscular
health among healthy, physically active, and vitamin D
replete older adults.
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