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Supplemental content
IMPORTANCE The benefits of vitamin D, omega-3 fatty acids, and exercise in disease
prevention remain unclear.

OBJECTIVE To test whether vitamin D, omega-3s, and a strength-training exercise program,
alone or in combination, improved 6 health outcomes among older adults.

DESIGN, SETTING, AND PARTICIPANTS Double-blind, placebo-controlled, 2 x 2 x 2 factorial
randomized clinical trial among 2157 adults aged 70 years or older who had no major health
events in the 5 years prior to enrollment and had sufficient mobility and good cognitive
status. Patients were recruited between December 2012 and November 2014, and final
follow-up was in November 2017.

INTERVENTIONS Participants were randomized to 3 years of intervention in 1 of the following
8 groups: 2000 IU/d of vitamin D5, 1g/d of omega-3s, and a strength-training exercise
program (n = 264); vitamin D5 and omega-3s (n = 265); vitamin D5 and exercise (n = 275);
vitamin D5 alone (n = 272); omega-3s and exercise (n = 275); omega-3s alone (n = 269);
exercise alone (n = 267); or placebo (n = 270).

MAIN OUTCOMES AND MEASURES The 6 primary outcomes were change in systolic and
diastolic blood pressure (BP), Short Physical Performance Battery (SPPB), Montreal Cognitive
Assessment (MoCA), and incidence rates (IRs) of nonvertebral fractures and infections over 3
years. Based on multiple comparisons of 6 primary end points, 99% confidence intervals are
presented and P < .01 was required for statistical significance.

RESULTS Among 2157 randomized participants (mean age, 74.9 years; 61.7% women), 1900
(88%) completed the study. Median follow-up was 2.99 years. Overall, there were no
statistically significant benefits of any intervention individually or in combination for the 6
end points at 3 years. A total of 25 deaths were reported, with similar numbers in all

treatment groups.
Vitamin D vs no vitamin D  Omega-3s vs no omega-3s  Strength exercise vs control
Difference P Difference P Difference P
Mean change at 3yin (99% Cl) value (99% Cl) value (99% Cl) value
Systolic BP, mm Hg -0.8(-2.1t00.5) 13 -0.8(-2.1t00.5) .11 0.5(-0.8t01.9) .30
Diastolic BP, mm Hg 0(-0.7t00.8) 88 -0.5(-1.2t00.2) .06 0.3(-04t01.0) 32
SPPB, points -0.1(-0.3t00.1) 26 -0.0(-0.2t00.2) .76 -0.1(-0.3t00.1) .25
MoCA, points -0.1(-0.4t00.1) .11 -0.1(-0.3t00.2) .52 0.0(-0.2t00.2) .96
Nonvertebral 1.03(0.75-1.43) .79 1.18(0.85-1.63) .19 1.06(0.77-1.47) .62 S
fractures, IR ratio Author Affiliations: Author

affiliations are listed at the end of this

Infections, IR ratio 0.95 (0.84-1.08) .33 0.89(0.78-1.01) .02 1.04(0.92-1.18) .38 article

Group Information: The members of

CONCLUSIONS AND RELEVANCE Among adults without major comorbidities aged 70 years or the DO-HEALTH Research Group are

older, treatment with vitamin D5, omega-3s, or a strength-training exercise program did not listed at the end of this article.
result in statistically significant differences in improvement in systolic or diastolic blood pressure, Corresponding Author: Heike A.
nonvertebral fractures, physical performance, infection rates, or cognitive function. These Bischoff-Ferrari, MD, DrPH,
findings do not support the effectiveness of these 3 interventions for these clinical outcomes. Department of Geriatric Medicine
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he numbers of older adults and adults with age-related
chronic diseases are expected to more than double be-
tween 2019 and 2050.%2 Vitamin D,> omega-3 fatty
acids,*” and exercise® may prevent age-related chronic dis-
eases. However, despite evidence that older adults do not re-
ceive sufficient vitamin D,> omega-3s,* or exercise,® recent
evidence from larger clinical trials showed no benefit of these
interventions in relatively healthy older adults.”'°
The DO-HEALTH trial tested whether vitamin D, omega-3s,
and a strength-training exercise program, alone or in combi-
nation, would improve 6 primary end points reflecting 5 health
domains (cardiovascular health, bone health, muscle health,
brain health, and immunity) among adults without major co-
morbidities aged 70 years or older, compared with placebo or
attention control.

Methods

Study Design

This randomized, double-blind, placebo-controlled trial with
a2 x 2 x 2 factorial design had 3 primary treatment compari-
sons: (1) 2000 IU/d of vitamin D compared with placebo vita-
min D; (2) 1 g/d of omega-3s (330 mg of eicosapentaenoic acid
[EPA] plus 660 mg of docosahexaenoic acid [DHA] from ma-
rine algae) compared with placebo omega-3s; and (3) a strength-
training exercise program of 30 minutes 3 times per week com-
pared with an attention control exercise program focused on
joint flexibility of 30 minutes 3 times a week.

The trial was performed at 7 centers in Switzerland, France,
Germany, Portugal, and Austria. The study protocol and sta-
tistical analysis plan (Supplement 1) was approved by ethics
and regulatory agencies of all 5 countries and have been pre-
viously published.! A data and safety monitoring board over-
saw the study.

Study Participants

Participants provided written informed consent. Participants
were at least 70 years old and community dwelling. Inclusion
criteria were no major health events (ie, cancer or myocardial
infarction) in the 5 years prior to enrollment, sufficient
mobility to come to the study centers without help, and a
Mini-Mental State Examination (MMSE) score of at least 24.
Recruitment was conducted with the goal of including at
least 40% of participants with a history of falling in the prior
12 months to increase representation of older adults at higher
risk of frailty. Individuals who took more than 1000 IU/d of
vitamin D in supplements during the 36 months prior to
enrollment or who were unwilling to limit vitamin D supple-
ment intake to 800 IU/d and calcium supplementation to
500 mg/d during trial participation were excluded. Individu-
als who took omega-3 supplements during the 3 months prior
to enrollment and/or were unwilling to avoid them during
the trial were excluded.

Randomization and Masking
Participants were randomized to 1 of 8 treatment groups

(Figure 1) using block randomization (block sizes of 16 indi-
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Key Points

Question Do vitamin D, omega-3, and a strength-training exercise
program alone or in combination prevent 6 health outcomes
among relatively healthy adults aged 70 years or older?

Findings In this randomized trial that included 2157 adults aged
70 years or older, 3-year treatment with vitamin D5 (2000 [U/d),
with omega-3 fatty acids (1g/d), or with a strength-training
exercise program did not result in statistically significant
differences in improvement in systolic or diastolic blood pressure,
nonvertebral fractures, physical performance, infection rate, or
cognition.

Meaning These findings do not support the use of vitamin D,
omega-3, or a strength-training exercise program for these clinical
outcomes among relatively healthy older adults.

viduals) stratified by recruitment center, prior fall, sex, and age
(70-84 years or =85 years). A central randomization center in
Switzerland, supported by trial software, was responsible for
the blinding, treatment allocation, and study intervention la-
beling. Participants received 2 gel capsules per day (vitamin D
or placebo and omega-3s or placebo), identical in size, appear-
ance, taste, and weight. All capsules had coatings to prevent
unblinding by aftertaste. DSM Nutritional Products AG pro-
vided the ingredients for the capsules, which were produced
by Swisscaps.

All examinations and assessments were performed by
trained and certified study staff using standardized methods.
Participants, staff dispensing study pills and collecting out-
comes, and data analysts were masked to group assignment.
A physiotherapist not involved in the assessments provided
instructions on the exercise programs.

Procedures
Participants were followed up for 3 years, both in yearly clini-
cal visits (baseline and 12, 24, and 36 months) and with tele-
phone calls every 3 months to collect information on frac-
tures, infections, falls, adverse events, and health care use.
DSM Nutritional Products R&D Analytics performed
25-hydroxyvitamin D (25[OH]D) (25 measurements and the
Research Toxicology Center performed polyunsaturated fatty
acid measurements by sensitive and selective assays based
on liquid chromatography coupled to a mass spectrometry
detection system at baseline and at 12, 24, and 36 months.
Mass spectrometry detection systems were monitored with
standard, quality control, and human National Institute of
Standards and Technology plasma reference samples.

Outcomes

Six primary outcomes were measured: systolic and diastolic
blood pressure change (for cardiovascular health), nonverte-
bral fractures (for bone health), the Short Physical Perfor-
mance Battery (SPPB)'? (for muscle health), the Montreal Cog-
nitive Assessment (MoCA)*2 (for brain health), and infections
(for immune system health). All 4 continuous outcomes (sys-
tolic and diastolic blood pressure, the SPPB, and the MoCA)

jama.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a UZH Hauptbibliothek / Zentralbibliothek Zuerich User on 06/12/2023


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.16909?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.16909
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.16909

Original Investigation Research

Effect of Vitamin D, Omega-3 Fatty Acids, or Strength Training on Clinical Outcomes in Older Adults

"93@ pue X35 '||e} 1011d 123USD JUBLUNIDBI UO UOIBZIWOPURI X20|q PaljIIeS o
‘(@snqe proido
Jo/pue uondwnsuod joyodje Jejnda. ‘89 ‘suteaduod A1a)es 01 pes| Jo/pue Jueddiied sy3 uo usping yonw 0o ind
PINOM 10/pUE 3|ge|[SIUN SIUBLLISSASSE PUE S3S59} Y3 JO S)NS3I 33 Bl PNOM 3y} LO[}IPUOD [BDIpaLU) SUOSea.
1910 987 pue (aseasip 198ed) Suewoap sii9iso | ‘uawliedwi yes 130 Jo eidajdiway g yuow 1se| ay
Ul SaWI} € UBYY IO ||} € '9SBASIP JDAI| 219ASS € ‘(UILL/ W G| > 9DUBIED|D dUUeId) JusLuliedw] [eudl 819A8S
nuawliedw Surieay/|ensiA Jofew g !sjulod 47> 9102 UOleUILIEXT D1R)S [BIUB-IUIA || ‘wsIplolAyiesediadAy
Krewnd/wsipiolAyieltedodAy g :(SISOpIOD.es ‘sisojndiaqni) aseasip snojewojnuels jo A1oisiy | :yuedidiyied
H1Tv3IH-0Q e yum SuiAl| G| '9jiqow Ajuaiynsul 8 (7/|oWww 9°g< [9A3] WNID|ed wnuas) ejwsdjedsadAy 0z
's3n.p ondajidanue Supjey jo/pue Asdajids gz |ell1 [ed1ul]d Jayloue uj uoiediied L€ Buljemp Ajunwwod

10U $€ !s9|nsded mojjems 03 3|qeun G4 ‘sieak Q7> pade ¢g !siuaws|ddns g-eSawio wouy ulelyal pue p/n| 008=
03 sjuswa|ddns g uiwenA pue p/Sw 0OG§= 01 syuawa|ddns wnid|ed ywi| 03 Suljjimun Q8T (UonuaAIRIul A191Ie
K1euo.0d jo A103s1Y 1o sHo3dad euiSue 10 HDB1IR JIWBYIS] JUSISUEI) ‘9Y0.3S 'UOIDIRUI [BIPIBIOALL 19DUED UD|S
ewioueaLUoU 1dadxa) Jadued Jo sasouSelp GLE ‘3Uuasu0d 03 Sulj|IMun 89¢| :SMOJ||0} SB 319M UOISN|IX3 IO} SUOSERY
‘(paIp 1 pue ‘dn-moj|o} jened pey £0L ‘dn-mojjo}
OU peY G7) PAPN|AUI 91aM 3SI2I9X3 [0J1L0D PIAIIRI OUm 9/ pue !(palp || pue ‘dn-moj|o4 |eixed pey 801
‘dn-moj|04 OU pey /]) papnjoul 1am asia1axa Sululel}-yiSualis paaiedal oym |80L {(palp /L pue ‘dn-mojjoy [ened
pey 01 'dn-moj|o} ou pey G|) papn|aul 8Jam Sg-eSaLWIO 3A19I31 30U PIP oYM 801 (Pa3Ip 8 pue ‘dn-moj|o4 |ejped
pey (|| ‘dn-mojjo} ou pey £Z) PapN|aUl a1em Sg-ESBWO PaAIRdRI oym €701 ‘(PaIp €1 pue ‘dn-mojjoy |einied pey
OLL 'dn-mo]|0} OU pey |Z) PapN|oUl 81am  UILLIJIA SAISD31 10U PIp OUM 801 ‘(PaIP L pue ‘dn-moj|oj [eled pey 501
‘dn-mojjo4 ou pey |7) sisAjeue Atewiid syl ul papnjpul 319Mm g UILWENA paAIadal oym syuedidied /01 Iayia8oly

sisAjeue
Asewiad ur papnpul 0L

sishjeue
Asewid ul papnidul £9g

sisAjeue
Asewiad ur papnpul 69¢

sishjeue
Asewid ul papnidul §g

sisAjeue
Asewiad ur papnpul gz

siskjeue
Asewid ul papnidul S£g

sisAjeue
Asewiad ur papnpul §9g

siskjeue
Asewid ul papnidu| $9¢

peld ¥
dn-mojjoy jeiied peH £z
dn-mojjoj ou peH t

paia 9
dn-mojjo} jened peH o€
dn-mojjo4 ou peH

pela T
dn-mojjoj jeied peH Sz
dn-mojjoj ou peH 9

pala ze
dn-mojjo} jened peH 8z
dn-mojjo4 ou peH £

pala L
dn-mojjo} jened peH 9z
dn-mojjoj ou peq 9

dn-mojjo} jened peH Tz
dn-mo)j04 ou peH T

pala ¢
dn-mojjo} enJed peH 62
dn-mojjoj ou peH 6

pala €
dn-mojjo} jened peH 67
dn-mojjo4 ou peH §

paziwopuel se
ogadeld paniaday 04T
0gadejd 03 paziwopuey

paziwopuel
Se UO[jUdAIR}UI
EUIEREN WA T4
ESBIE)C]
bujuiesy-yibuaiys
03 paziwopuey 29T

i

paziwopuel
Se U0J3UaAIau
PaAIRIRY 69T
s¢-ebawo
03 paziwopuey 69T

paziwopuel
Se Uo[juaAIdul
BEUIEREN Y44
3512.19X%d
buiuiesy-yibuans
pue s¢-ebawo
03 paziwopuey ST

i

paziwopuel
SB UOIURAI3IU]
PaAIRIBY TLT
@ ulwepA
0} pazjwopuey z/¢

paziwopues
Se UoIUaAIAUL
paniRdaYy /T

ENRIENC]
buiuien-yibuans
pue @ uiweyiA

i

paziwopuel
Se UoJJUAAIR}UI
panieday G9¢
s¢-ebawo
pue g uiweyin
03 paziwopuey §9T

paziwopuel
Se Uo[jUaAIRUI
PanI@d3y #9¢
ESRIENC]
buiure-yibua.ys pue
‘S¢-eBaLO ‘g ulWweA
03 paziwopuey 9z

0LT

ePIPNX3 6LVT |«

( qponwopuey £5Tz )

Aunqibia 1oy passasse syuslied 9E9Y

0} paziwopuey §/7

[E1LL [e21LN]D pazZituopuey H1TY3IH-0d ay3 ul siuedidiiied Jo Moj4 | ainS4

1857

JAMA November 10,2020 Volume 324, Number 18

jama.com

© 2020 American Medical Association. All rights reserved.

https://jamanetwork.com/ by a UZH Hauptbibliothek / Zentralbibliothek Zuerich User on 06/12/2023

Downloaded From


http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.16909

1858

Research Original Investigation

were assessed at baseline and at 12, 24, and 36 months. Sys-
tolic and diastolic blood pressure were measured 3 times af-
ter a 5-minute rest in a seated position using a standardized
and validated protocol.'* The mean of the last 2 measure-
ments was used in analyses.!* The SPPB is a performance-
based test that includes 3 components: walking velocity, time
for 5 repeated chair stands, and a balance test.!2 A O- to 4-point
score is assigned to each test (4 = best), and scores are summed
to yield an overall score ranging from O to 12 (12 = best).!? The
MoCA is a 1-page test that measures several cognitive do-
mains (visuospatial/executive skills, attention, naming,
memory, delayed recall, attention, language, abstraction, and
orientation to time and place). The MoCA score ranges from O
to 30 (30 = best) and was chosen for its relatively high sensi-
tivity for mild cognitive impairment.!>!>:1° Rates of nonverte-
bral fractures and infections were assessed every 3 months (by
telephone or clinical visit). Fractures were confirmed by x-ray
reports or medical records describing an x-ray report or re-
pair of the fracture. Every 3 months, participants were asked
whether any infection with or without fever had occurred and
date(s) of any vaccinations. Infections were assessed with a
questionnaire developed in 2 pilot trials.!”® Infections were
verified by an independent physician using all available infor-
mation, including symptoms, treatment, and primary care cli-
nician diagnosis and hospitalization record, if available. Co-
morbidity was assessed using a validated self-administered
questionnaire.'® Quality of life and self-rated health were mea-
sured with the EuroQol 5 Dimensions 3 Levels instrument.?°
Physical activity and metabolic equivalent tasks were as-
sessed with the Nurses’ Health Study questionnaire?! and the
Compendium of Physical Activities.?? Several secondary end
points were explored in ancillary studies (eTable 1in Supple-
ment 2) and will be reported elsewhere.

Sample Size and Statistical Analysis

The trial was designed to enroll 2152 participants, anticipat-
ing that 32% would be lost to follow-up and assuming no sta-
tistical interactions between the 3 treatment groups based on
their distinct mechanistic pathways. With an effective
sample size of 1807 before accounting for dropout, the trial
was designed to have greater than 90% power at the .01 level
to detect the following: a reduction in systolic/diastolic blood
pressure by 6 mm Hg/3 mm Hg (based on prior small, short-
term, randomized trials of vitamin D'42324); a 52% reduction
in the 3-year incidence of nonvertebral fractures from 14% to
6.7% (based on a prior meta-analysis examining the relation-
ship between vitamin D supplementation and fracture
reduction® and on a trial of vitamin D supplementation after
hip fracture?®); a reduction in SPPB score from 7.52 to 7.12
(based on the defined minimum clinically important differ-
ence in older adults of 0.3 to 0.8 points®”); a mean difference
of 0.7 in MoCA score (based on a prior 6-year prospective
study that documented a decrease of 0.7 points on the MMSE
per year comparing older adults with severe vitamin D defi-
ciency (25[OH]D <10 ng/mL) with those without vitamin D
deficiency (25[OH]D =30 ng/mL)2®); and a reduction in the
3-year incidence of infections by 15% (based on several
smaller trials!#17:23-26)_ At the time of the trial preparation,
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the effect of vitamin D or omega-3s on MoCA was not avail-
able. The cognitive function tests MoCA and MMSE have
been well correlated (r = 0.53-0.87).131>:16 After the start of
the trial, the minimal clinically important difference for
systolic/diastolic blood pressure reduction to reduce stroke
was reported as 7.1 mm Hg/2.4 mm Hg?° and a minimum
clinically important difference for the MoCA was defined as
an improvement of 1.7 points over 3.5 years.>°

The factorial design was chosen to evaluate both main and
combined effects of the interventions in prespecified pri-
mary analyses. For each study outcome, the assumption of no
effect modification between interventions was examined by
including interaction terms between each combination of in-
terventions into a regression model. Significant treatment in-
teractions (P < .10) were found for the SPPB and infections, and
therefore, treatment indicators were included for each of the
8 combinations of treatments in the regression models for the
SPPB and infections. The regression models for blood pres-
sure, nonvertebral fractures, and MoCA included indicators
only for the 3 interventions. For fractures and infections, an
offset was used in the Poisson regression models so that counts
were representative of the actual amount of follow-up time.
All patients were analyzed according to their randomization
group, regardless of adherence to their assigned treatment. The
analysis data set included all randomized patients with all of
their available data.

Baseline clinical and demographic characteristics were
compared between treatment groups using standardized mean
differences. Linear regression models were used for all con-
tinuous outcomes, adjusting for correlation between serial
measurements from the same participant. For the SPPB, the
correlation was estimated and adjusted for using generalized
estimating equations. For other continuous outcomes, the cor-
relation was included in the structure of the model residuals.
Initial models included indicators for the intervention groups,
indicators for time, and interactions between interventions and
time. Nonsignificant interaction terms were removed, leav-
ing the main effect of each intervention to represent the con-
sistent mean effect of the intervention across all 3 years. All
models were adjusted for age, sex, prior fall, body mass in-
dex, study site, and the appropriate baseline outcome mea-
sure. For the outcomes of nonvertebral fractures and infec-
tions, a Poisson regression model was used with each
participant’s number of fractures or infections as the out-
come. The same fixed-adjustment covariates as above were in-
cluded, along with each participant’s time in the study as an
exposure offset.

Predefined subgroup analyses are presented by sex,
age (70-84 years or =85 years), vitamin D deficiency at base-
line (serum 25[OH]D levels <20 or >20 ng/mL), and median
baseline polyunsaturated fatty acid levels (DHA plus EPA <100
or 2100 pg/mL). Because of the limited number of partici-
pants older than 85 years (98/2157 [4.5%]), a post hoc deci-
sion was made to examine age subgroups aged 70-74 years and
aged 75 years or older. Other planned subgroup analyses (by
body mass index, physical activity, prior fall, prior fracture,
fracture risk, baseline symptomatic osteoarthritis of the knee,
and baseline calcium and protein intake) are not reported here.
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In a post hoc analysis, missing follow-up data were im-
puted using multiple imputation, and study site was treated as
arandom effect (eTable 2 in Supplement 2). Ten imputed data
sets were created, and values after death were not imputed.

All analyses were performed using SAS version 9.4 (SAS
Institute Inc). To account for multiple comparisons, the sig-
nificance threshold was set at P < .01, and findings are pre-
sented with 99% confidence intervals.

. |
Results

Recruitment and Participant Characteristics

From December 2012 to November 2014, 2157 participants
were enrolled: 1006 from Switzerland (552 from Zurich, 253
from Basel, and 201 from Geneva), 350 from Berlin,
Germany, 200 from Innsbruck, Austria, 300 from Toulouse,
France, and 301 from Coimbra, Portugal. The mean age of
participants was 74.9 (SD, 4.4) years, including 57.3% who
were aged 70 to 74 years, 38.1% aged 75 to 84 years, and 4.5%
aged 85 years or older. Participants included 61.7% women.
The median follow-up time was 2.99 years (range, 0-3.49
years); the final date of follow-up was November 17, 2017. At
baseline, 10.9% took 800 IU/d or more of vitamin D, 40.7%
had vitamin D deficiency (25([OH]D <20 ng/mL), and 41.9%
had a fall in the year prior to enrollment.

Baseline characteristics were balanced by treatment
group (Table 1). Participants had a relatively low comorbidity
score (mean, 3.3 [SD, 3.0]; maximum score of 36, with lower
scores indicating less comorbidity), good cognitive health
(mean MMSE score, 28.5 [SD, 1.5]; maximum score of 30),
and good mobility (median baseline SPPB score, 11.0 [inter-
quartile range, 10.0-12.0]), and 82.6% were engaged in mod-
erate to high physical activity based on the Nurses’ Health
Study questionnaire. At baseline, 39.2% of participants
reported a diagnosis of hypertension and 49.6% used antihy-
pertensive medication. During follow-up, 1.2% of partici-
pants (n = 25) died and 1.0% (n = 22) were admitted to a nurs-
ing home (eTable 3 in Supplement 2).

Retention and Adherence

The withdrawal rate was 11.9%, with no difference in with-
drawal rates across the 8 treatment groups (P = .52) (Figure 1).
Follow-up data were missing for 9.6%. A total of 85.8% of par-
ticipants took at least 80% of their total study pills (eTable 4
in Supplement 2). At year 3, participants randomized to re-
ceive vitamin D had higher mean serum concentrations of 25
(OH)D than those not randomized to receive vitamin D (37.6
vs 24.4 ng/mL, respectively). Those randomized to receive
omega-3s had higher concentrations of DHA and EPA com-
pared with those not randomized to receive omega-3s (135.6
vs 76.3 pg/mL for DHA and 64.7 vs 33.8 pg/mL for EPA at 3
years) (eTable 5 and eFigure 1in Supplement 2).

Based on self-report every 3 months throughout the 3-year
follow-up (eTable 4 in Supplement 2), at years1, 2, and 3, 70.3%
of participants performed the exercise programs at least twice
per week and 61.8% of participants performed the exercise pro-
grams at least 3 times per week.
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Primary End Points

The mean systolic blood pressure was 143.5 (99% CI, 142.5-
144.6) mm Hg at baseline and declined by 8.2 (99% CI, -8.9
to -7.5) mm Hg across all participants over 3-year follow-up.
The mean diastolic blood pressure was 75.9 (99% CI, 75.3-
76.4) mm Hg at baseline and declined by 3.1 (99% CI, -3.5 to
-2.8) mm Hg across all participants over 3-year follow-up.
There was no statistically significant difference for any of the
3 treatments compared with their placebo/control in systolic
or diastolic blood pressure over 3-year follow-up (Table 2).
The mean difference in systolic blood pressure over 3-year
follow-up among participants randomized to vitamin D vs no
vitamin D was -0.8 mm Hg (99% CI, -2.1 to 0.5 mm Hg;
P = .13). The difference in diastolic blood pressure among
participants randomized to omega-3s vs no omega-3s was
-0.5 mm Hg (99% CI, -1.2 to 0.2 mm Hg; P = .06).

Among all participants, SPPB scores declined (-0.07; 99%
CI, -0.12 to -0.01; P = .001) and MoCA scores improved (0.5;
99% CI, 0.3-0.6; P < .001) during follow-up. Overall, 256 non-
vertebral fractures were recorded, consistent with a yearly
incidence rate of 0.04 (99% CI, 0.04-0.05) per person-year.
There were no statistically significant differences for any of
the 3 treatments compared with their respective placebo/
control in the SPPB, the MoCA, or nonvertebral fractures
(Table 2 and Table 3).

Overall, 6233 infections were documented during
follow-up (yearly incidence rate, 1.04 [99% CI, 1.01-1.08] per
person-year). There was no statistically significant effect of
any of the 3 treatments on the mean number of infections
compared with their placebo. There was no statistically sig-
nificant effect of omega-3s on the incidence of infections
compared with placebo (716 infections [11.49% of the 6233
total infections] among 269 participants receiving omega-3s;
825 infections [13.24%] among 270 receiving placebo; inci-
dence rate ratio [IRR], 0.89; 99% CI, 0.78-1.01; P = .02)
(Table 3). In a post hoc analysis, the effect of treatment inter-
ventions was examined for the most frequently occurring
types of infections. Results showed statistically significant
effects of omega-3s for upper respiratory tract infections
(1291 infections [46.86%] among 1073 participants receiving
omega-3s; 1464 infections [53.14%] among 1084 not receiv-
ing omega-3s; IRR, 0.90; 99% CI, 0.81-0.99; P = .005)
(eTable 6 in Supplement 2) and for urinary tract infections
(275 infections [44.35%] among 1073 receiving omega-3s;345
infections [55.65%] among 1084 not receiving omega-3s;
IRR, 0.38; 99% CI, 0.23-0.62; P < .001).

Prespecified Subgroup Analyses

To avoid overtesting, only the 2 primary outcomes with the
lowest P values, systolic blood pressure and infections, were
tested for combined intervention effects (Figure 2) and by
subgroups of sex and age (70-74 years vs 75 years or older)
(eFigure 2A and eTable 7 in Supplement 2). Similarly, sub-
group analyses defined by baseline blood levels of the nutri-
ents were limited to the effects of vitamin D and omega-3s
on systolic blood pressure and infections (eFigure 2B in
Supplement 2). Subgroup analyses were preplanned but con-
sidered exploratory.
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Table 3. Results for Fracture and Infection End Points

Vitamin D Omega-3s Exercise
Vitamin D No vitamin D Omega-3s No omega-3s Strength-training exercise  Control exercise®
Nonvertebral fractures
over 3 y°
Crude estimates
No. of participants® 1076 1081 1073 1084 1081 1076
No. of fractures 129 127 136 120 133 123

Incidence rate
per person-y (99% Cl)

Absolute difference

0.04 (0.03-0.05)  0.04 (0.03-0.05)

0.00(-0.01 t0 0.01)

(99% CI1)d
Incidence rate ratio 1.02 (0.74-1.40)
(99% ClI)
Pvalue .89 21

Adjusted estimates

Adjusted incidence rate
per person-y, (99% CI)

Adjusted incidence
rate ratio (99% Cl)®

P value .79 .19

Allinfections over 3 yf

0.04 (0.03-0.05)  0.04 (0.03-0.05)

1.03 (0.75-1.43)

Crude estimates
No. of participants® 272 270 269
No. of infections 786 825 716

Incidence rate 1.04(0.95-1.14) 1.10(1.00-1.20)

per person-y (99% Cl)

Absolute difference -0.06 (-0.16 t0 0.05)

(99% Clyd
Incidence rate ratio 0.95 (0.84-1.0)
(99% Cl)
P value .30 .01

Adjusted estimates

Adjusted incidence rate  1.01(0.92-1.10)  1.06 (0.96-1.15)

per person-y (99% Cl)

Adjusted incidence
rate ratio (99% Cl)®

P value 33 .02

0.95(0.84-1.08)

0.05 (0.04-0.06)
0.00 (-0.00 t0 0.02)

1.17 (0.85-1.62)

0.04 (0.03-0.05)

1.18(0.85-1.63)

0.97 (0.88-1.06)
-0.13(-0.23 t0 -0.03)

0.88(0.77-1.01)

0.94 (0.85-1.03)

0.89(0.78-1.01)

0.04 (0.03-0.05)  0.04 (0.04-0.06) 0.04 (0.03-0.05)
0.00(-0.01 t0 0.01)
1.07 (0.77-1.47)

.60

0.04 (0.03-0.05)  0.04 (0.03-0.05) 0.04 (0.03-0.05)

1.06 (0.77-1.47)

.62
270 267 270
825 841 825

1.10(1.00-1.20)  1.14(1.04-1.24) 1.10(1.00-1.20)
0.04 (-0.07 t0 0.15)
1.04 (0.92-1.18)

44

1.06 (0.96-1.15)  1.10(1.01-1.20) 1.06 (0.96-1.15)
1.04 (0.92-1.18)

.38

2 Flexibility was the control
exercise program.

b Fractures were assessed every 3 months and confirmed by x-ray reports or
medical records that described an x-ray report of the fracture or noted repair
of the fracture.

€ Sample sizes reflect the number of participants randomized to each treatment
group.

d Estimates are from unadjusted Poisson regression models of nonvertebral
fracture and infection counts across 3 years.

€ Rates and P values from Poisson regression models of nonvertebral fracture
and infection counts across 3 years. Models were adjusted for the fixed effects

of age, sex, prior falls, body mass index, and study site. A significant treatment
interaction between vitamin D and omega-3s was found for infections

(P = .01). Therefore, treatment indicators were included for each of the 8
combinations of treatments in the regression models for infections.

f Infections were assessed via questionnaire every 3 months and verified by an
independent physician using all available information, including symptoms
present, treatment received, and general practitioner diagnosis and
hospitalization record, if available. Comparison groups for infections are
vitamin C vs placebo, omega-3s vs placebo, and strength-training exercise
program vs control exercise.

Combined Effects

Figure 2 shows the combined effects of the interventions based
on the 8 treatment groups, along with each treatment group
compared with placebo. For both systolic blood pressure and
infections, there were no statistically significant benefits in any
of the treatment combinations compared with placebo.

Subgroups

For systolic blood pressure change, there was a statistically
significant interaction between vitamin D and sex (P = .01),
with men benefiting more from vitamin D (-2.5 [99% CI, -4.5
to -0.4] mm Hg; P = .002) (eFigure 2A in Supplement 2). The

JAMA November 10,2020 Volume 324, Number 18

interaction between the strength-training exercise program
and sex was also significant (P = .001), with a significant
increase in systolic blood pressure among women (1.9 [99%
CI, 0.1-3.6] mm Hg; P = .005).

The effect of vitamin D on systolic blood pressure change
was also examined in the subgroup of participants with base-
line 25(0OH)D levels of less than 20 ng/mL vs participants with
baseline levels of 20 ng/mL or greater (eFigure 2B in Supple-
ment 2). There was no statistically significant interaction for
the effect of vitamin D on systolic blood pressure change ac-
cording to baseline vitamin D level. There was also no statis-
tically significant interaction for the effect of omega-3s on
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Figure 2. Effects in the 8 Treatment Groups on Systolic Blood Pressure and Infections Over 3 Years

@ Systolic blood pressure

Systolic blood pressure, mm Hg

Mean at baseline
(99% CI)?

Mean at year 3
(99% CI)2

No. of

Group participants
Placebo only 270
Vitamin D only 272
Omega-3s only 269
Strength-training 267
exercise only

Vitamin D and omega-3s 265
Vitamin D and 275

strength-training exercise

142.0(139.4-144.7)
143.3 (140.3-146.3)
143.4 (140.5-146.4)
143.8 (140.8-146.9)

144.7 (141.8-147.7)
146.3 (143.4-149.1)

134.3(131.4-137.2)
136.3(133.1-139.5)
135.2(132.1-138.3)
137.3(134.2-140.5)

133.8(130.8-136.7)
136.5(133.5-139.6)

Strength-training 275 142.4(139.6-145.2) 135.4(132.2-138.5)
exercise and omega-3s
All treatments 264 142.3(139.3-145.2) 132.6(129.5-135.8)

Infections

Adjusted
Unadjusted absolute  difference
difference, year 3 - vs placebo Favors | Favors
baseline (99% CI)? (99% Cl)b treatment | placebo
-7.3(-10.2to-4.5) 1 [Reference] I
-7.8(-10.7t0-5.0)  0.0(-2.7t02.6)
-8.5(-12.1t0-5.0) -0.9(-3.6t01.7) —_—
-7.1(-10.1to-4.1) 0.6(-2.0t03.2) e
-10.3(-13.4t0-7.3) -1.1(-3.8t01.5) ——
-10.0(-13.1t0-7.0) 0.0(-2.6t02.6) —_—
-7.4(-10.6 to-4.2) 0.8(-1.8t03.5) —
-9.8(-13.0to-6.6) -1.5(-4.2t01.2) —_—

S a5 aa0 123 4

Adjusted difference vs placebo (99% Cl)

No. of No. of Crude incidence Adjusted incidence Favors i Favors
Group participants infections rate (99% Cl)3 rate ratio (99% Cl)P treatment : placebo
Placebo only 270 825 1.10(1.00-1.20) 1 [Reference] | ]
Vitamin D only 272 786 1.04 (0.95-1.14) 0.95(0.84-1.08) —&
Omega-3s only 269 716 0.97 (0.88-1.06) 0.89(0.78-1.01) —a—
Strength-training exercise only 267 825 1.14 (1.04-1.24) 1.04(0.92-1.18) —
Vitamin D and omega-3s 265 766 1.07 (0.97-1.17) 0.98(0.86-1.11) ——
Vitamin D and strength-training exercise 275 820 1.04 (0.95-1.14) 0.95 (0.84-1.08) —=
Strength-training exercise and omega-3s 275 746 0.99 (0.90-1.09) 0.90(0.79-1.03) —a—
All treatments 264 733 1.01(0.92-1.11) 0.92(0.81-1.05) —m
: : !
0.5 1 2

Adjusted incidence rate ratio (99% Cl)

The 2 primary outcomes with the greatest intervention effects, systolic blood
pressure and infections, were examined for combined intervention effects.

A, Differences in systolic blood pressure are presented for the 8 randomized
treatment groups (different from the treatment main effects results presented
in Table 2) in the primary analysis, adjusted for the fixed effects of age, sex, prior
fall, number of visit, body mass index, study site, and baseline systolic blood
pressure. The plot shows differences of least-square means from a
repeated-measures linear regression model with changes from baseline

at1, 2, and 3 years as outcomes compared with changes in the placebo group.

B, Infections are presented for the 8 randomized treatment groups in the

primary analysis, adjusted for the fixed effects of age, sex, prior fall, body mass
index, study site, and offset of log person-years. The plot shows the incidence
rate ratio per person-year from a Poisson regression model with infection count
across 3 years as the outcome. Infections were assessed via questionnaire every
3 months and verified by an independent physician using all available
information, including symptoms present, treatment received, and general
practitioner diagnosis and hospitalization record, if available.

2 Unadjusted values.
b Adjusted values.

systolic blood pressure change according to baseline blood lev-
els of DHA and EPA.

For infections, there was a statistically significant inter-
action for vitamin D and age in which younger participants
(aged 70-74 years) had fewer infections in response to vita-
min D (IRR, 0.84; 99% CI, 0.71-0.99; P = .007) (eFigure 2A
in Supplement 2). Men benefited from omega-3s for the out-
come of a reduced infection rate (IRR, 0.78; 99% CI, 0.61-
0.99; P = .008). However, there was a statistically signifi-
cant interaction for the effect of omega-3s on infection by
baseline DHA and EPA levels, with a greater reduction in
infections in the group with higher baseline DHA and EPA
levels (2100 pg/mL; IRR, 0.82; 99% CI, 0.68-0.99; P = .007)
(eFigure 2B in Supplement 2). For the strength-training
exercise program, there were no differential benefits by sex.

jama.com

However, there was a significant increase in infection rate
among older participants randomized to the strength-
training exercise program compared with placebo (IRR, 1.27;
99% CI, 1.03-1.56; P = .003). Although some of the subgroup
comparisons had statistically significant results of tests for
interaction, given the null main effect and the large number
of statistical comparisons, these should be considered
hypothesis generating.

Adverse Events

Nineteen participants (8 receiving vitamin D and 11 not receiv-
ing vitamin D) had measured calcium levels of 2.6 mmol/L or
greater, and 5 participants (2 receiving vitamin D and 3 not re-
ceiving vitamin D) had parathyroid hormone levels of 15 ng/L
or less (eTables 8 and 9 in Supplement 2).
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Discussion

In this 5-country European trial of 2157 adults aged 70 years
or older without major comorbidities, vitamin D, omega-3s,
and a strength-training exercise program, individually
or in combination, did not improve 6 primary health end
points, including systolic and diastolic blood pressure, non-
vertebral fractures, lower extremity function as measured by
the SPPB, cognitive decline as measured by the MoCA, and
rate of infections. Study strengths included high adherence
to all 3 interventions, minimal mortality and loss to follow-
up, and biomarkers suggesting adherence of participants to
study medications.

The effect of vitamin D on blood pressure was tested in
this trial based on preclinical studies documenting that vas-
cular smooth muscle cells, endothelial cells, and cardiomyo-
cytes expressed the vitamin D receptor.?-*2 Additional pre-
clinical evidence showed that vitamin D regulates the renin-
angiotensin-aldosterone system via suppression of renin
gene expression®® and that vitamin D receptor-knockout
mice have hypertension.*®* However, clinical trials of
vitamin D and hypertension have shown mixed results.?*3¢

A potential benefit of omega-3s on systolic blood
pressure was supported by a 2015 meta-analysis of 70 small
randomized clinical trials (mean follow-up of 69 days) sug-
gesting that omega-3s (EPA plus DHA) at a mean dosage of
3.8 g/d, compared with placebo, was associated with a
1.52-mm Hg (99% CI, -2.25 to -0.79 mm Hg) reduction of
systolic blood pressure.?” A 2018 update of this meta-
analysis that included 50 trials of 4 weeks’ duration or lon-
ger showed that omega-3s was associated with a
2.20-mm Hg (99% CI, -3.17 to -1.22 mm Hg) reduction of
systolic blood pressure.*® Results reported herein showing
no statistically significant benefit of 1 g/d of omega-3s on
blood pressure may in part be explained by the relatively
small dosage of omega-3s.5”

Regarding the outcome of infections, 2 meta-analyses
of randomized clinical trials suggested that administra-
tion of omega-3s (mainly as fish oil) reduced rates of postop-
erative infectious complications in critically ill or surgical
patients.3%%° However, among older adults without major co-
morbidities followed up for 3 years, omega-3s did not reduce
infections overall.

Effect of Vitamin D, Omega-3 Fatty Acids, or Strength Training on Clinical Outcomes in Older Adults

This strength-training exercise program had no statisti-
cally significant effect on any of the outcomes tested. How-
ever, this study’s findings do not invalidate previous benefi-
cial effects of the same exercise program on fall prevention
among frail older adults with acute hip fracture and a mean
age of 84 years,?° the well-documented benefit of exercise on
fall-related fracture prevention among community-dwelling
older adults in general, or the benefits of physical activity on
healthy aging.*!

Limitations

This study has several limitations. First, 83% of participants
were already engaging in moderate to high physical activity
at baseline, and there may have been little potential for fur-
ther benefit from additional exercise. The healthy study popu-
lation may also explain the smaller number of fractures than
anticipated. Similarly, more participants with baseline values
near the maximum values for the SPPB and MoCA measures
may have reduced the chance to detect a benefit of the inter-
ventions on these outcomes and limited generalizability of the
study’s findings to older adults without major comorbidities.
Second, the overall improvement of cognitive function may be
explained by a learning effect. Third, only 40.7% of partici-
pants had 25(0H)D levels of less than 20 ng/mL at baseline,
and according to current guidelines, all were allowed to take
800 IU/d of supplemental vitamin D outside the study medi-
cation. Fourth, given the large number of randomization groups
and comparisons (3 main treatment groups x 6 clinical end
points), even the P = .01significance threshold may have been
too liberal. Fifth, even for pairwise comparisons in which the
P value was between .01 and <.05, the magnitude of the dif-
ference was small and likely not clinically meaningful.

. |
Conclusions

Among adults aged 70 years or older without major comor-
bidities, treatment with vitamin D5 (2000 IU/d), omega-3 fatty
acids (1 g/d), or a strength-training exercise program did not
result in statistically significant differences in improvement
in systolic or diastolic blood pressure, nonvertebral frac-
tures, physical performance, infection rates, or cognitive func-
tion. These findings do not support the effectiveness of these
3 interventions for these clinical outcomes.
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