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

T

he numbers of older adults and adults with age-related
chronic diseases are expected to more than double between 2019 and 2050.1,2 Vitamin D,3 omega-3 fatty
4,5
acids, and exercise6 may prevent age-related chronic diseases. However, despite evidence that older adults do not receive sufficient vitamin D,3 omega-3s,4,5 or exercise,6 recent
evidence from larger clinical trials showed no benefit of these
interventions in relatively healthy older adults.7-10
The DO-HEALTH trial tested whether vitamin D, omega-3s,
and a strength-training exercise program, alone or in combination, would improve 6 primary end points reflecting 5 health
domains (cardiovascular health, bone health, muscle health,
brain health, and immunity) among adults without major comorbidities aged 70 years or older, compared with placebo or
attention control.

Methods
Study Design
This randomized, double-blind, placebo-controlled trial with
a 2 × 2 × 2 factorial design had 3 primary treatment comparisons: (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 strengthtraining exercise program of 30 minutes 3 times per week compared 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 statistical analysis plan (Supplement 1) was approved by ethics
and regulatory agencies of all 5 countries and have been previously published.11 A data and safety monitoring board oversaw the study.

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 D3 (2000 IU/d),
with omega-3 fatty acids (1 g/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 labeling. Participants received 2 gel capsules per day (vitamin D
or placebo and omega-3s or placebo), identical in size, appearance, taste, and weight. All capsules had coatings to prevent
unblinding by aftertaste. DSM Nutritional Products AG provided 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 outcomes, and data analysts were masked to group assignment.
A physiotherapist not involved in the assessments provided
instructions on the exercise programs.

Procedures
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 supplement intake to 800 IU/d and calcium supplementation to
500 mg/d during trial participation were excluded. Individuals 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 indi1856

Participants were followed up for 3 years, both in yearly clinical visits (baseline and 12, 24, and 36 months) and with telephone calls every 3 months to collect information on fractures, 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), nonvertebral fractures (for bone health), the Short Physical Performance Battery (SPPB)12 (for muscle health), the Montreal Cognitive Assessment (MoCA)13 (for brain health), and infections
(for immune system health). All 4 continuous outcomes (systolic and diastolic blood pressure, the SPPB, and the MoCA)
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9 Had no follow-up
29 Had partial follow-up
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265 Included in primary
analysis
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a

Reasons for exclusion were as follows: 1268 unwilling to consent; 315 diagnoses of cancer (except nonmelanoma
skin cancer, myocardial infarction, stroke, transient ischemic attack, or angina pectoris or history of coronary
artery intervention); 280 unwilling to limit calcium supplements to ⱕ500 mg/d and vitamin D supplements to
ⱕ800 IU/d and refrain from omega-3 supplements; 82 aged <70 years; 45 unable to swallow capsules; 34 not
b

269 Included in primary
analysis

6 Had no follow-up
25 Had partial follow-up
1 Died

269 Randomized to
omega-3s
269 Received
intervention as
randomized

267 Included in primary
analysis

4 Had no follow-up
30 Had partial follow-up
6 Died

267 Randomized to
strength-training
exercise
267 Received
intervention as
randomized

270 Included in primary
analysis

4 Had no follow-up
27 Had partial follow-up
4 Died

270 Randomized to placebo
270 Received placebo
as randomized

Stratified block randomization on recruitment center, prior fall, sex, and age.

community dwelling; 31 participation in another clinical trial; 28 epilepsy and/or taking antiepileptic drugs;
20 hypercalcemia (serum calcium level >2.6 mmol/L); 18 insufficiently mobile; 15 living with a DO-HEALTH
participant; 14 history of granulomatous disease (tuberculosis, sarcoidosis); 13 hypoparathyroidism/primary
hyperparathyroidism; 11 Mini-Mental State Examination score <24 points; 6 major visual/hearing impairment;
4 severe renal impairment (creatinine clearance <15 mL/min); 3 severe liver disease; 3 fell more than 3 times in
the last month; 2 hemiplegia or other gait impairment; 1 osteitis deformans (Paget disease); and 286 other
reasons (medical condition that would make the results of the tests and assessments unreliable and/or would
put too much burden on the participant and/or lead to safety concerns, eg, regular alcohol consumption and/or
opioid abuse).

275 Included in primary
analysis

7 Had no follow-up
28 Had partial follow-up
32 Died

275 Randomized to
omega-3s and
strength-training
exercise
275 Received
intervention as
randomized

2157 Randomizedb

2479 Excludeda

4636 Patients assessed for eligibility

Altogether, 1075 participants who received vitamin D were included in the primary analysis (21 had no follow-up,
105 had partial follow-up, and 12 died); 1081 who did not receive vitamin D were included (21 had no follow-up, 110
had partial follow-up, and 13 died); 1073 who received omega-3s were included (27 had no follow-up, 111 had
partial follow-up, and 8 died); 1084 who did not receive omega-3s were included (15 had no follow-up, 104 had
partial follow-up, and 17 died); 1081 who received strength-training exercise were included (17 had no follow-up,
108 had partial follow-up, and 11 died); and 1076 who received control exercise were included (25 had no
follow-up, 107 had partial follow-up, and 14 died).

265 Randomized to
vitamin D and
omega-3s
265 Received
intervention as
randomized

264 Randomized to
vitamin D, omega-3s,
and strength-training
exercise
264 Received
intervention as
randomized

Figure 1. Flow of Participants in the DO-HEALTH Randomized Clinical Trial
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were assessed at baseline and at 12, 24, and 36 months. Systolic and diastolic blood pressure were measured 3 times after a 5-minute rest in a seated position using a standardized
and validated protocol.14 The mean of the last 2 measurements was used in analyses.14 The SPPB is a performancebased test that includes 3 components: walking velocity, time
for 5 repeated chair stands, and a balance test.12 A 0- to 4-point
score is assigned to each test (4 = best), and scores are summed
to yield an overall score ranging from 0 to 12 (12 = best).12 The
MoCA is a 1-page test that measures several cognitive domains (visuospatial/executive skills, attention, naming,
memory, delayed recall, attention, language, abstraction, and
orientation to time and place). The MoCA score ranges from 0
to 30 (30 = best) and was chosen for its relatively high sensitivity for mild cognitive impairment.13,15,16 Rates of nonvertebral 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 repair 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.17,18 Infections were
verified by an independent physician using all available information, including symptoms, treatment, and primary care clinician diagnosis and hospitalization record, if available. Comorbidity was assessed using a validated self-administered
questionnaire.19 Quality of life and self-rated health were measured with the EuroQol 5 Dimensions 3 Levels instrument.20
Physical activity and metabolic equivalent tasks were assessed with the Nurses’ Health Study questionnaire21 and the
Compendium of Physical Activities.22 Several secondary end
points were explored in ancillary studies (eTable 1 in Supplement 2) and will be reported elsewhere.

Sample Size and Statistical Analysis
The trial was designed to enroll 2152 participants, anticipating that 32% would be lost to follow-up and assuming no statistical 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, shortterm, randomized trials of vitamin D14,23,24); a 52% reduction
in the 3-year incidence of nonvertebral fractures from 14% to
6.7% (based on a prior meta-analysis examining the relationship between vitamin D supplementation and fracture
reduction25 and on a trial of vitamin D supplementation after
hip fracture26); a reduction in SPPB score from 7.52 to 7.12
(based on the defined minimum clinically important difference in older adults of 0.3 to 0.8 points27); 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 deficiency (25[OH]D <10 ng/mL) with those without vitamin D
deficiency (25[OH]D ≥30 ng/mL)28); and a reduction in the
3-year incidence of infections by 15% (based on several
smaller trials14,17,23-26). At the time of the trial preparation,
1858

the effect of vitamin D or omega-3s on MoCA was not available. The cognitive function tests MoCA and MMSE have
been well correlated (r = 0.53-0.87).13,15,16 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 Hg29 and a minimum
clinically important difference for the MoCA was defined as
an improvement of 1.7 points over 3.5 years.30
The factorial design was chosen to evaluate both main and
combined effects of the interventions in prespecified primary analyses. For each study outcome, the assumption of no
effect modification between interventions was examined by
including interaction terms between each combination of interventions into a regression model. Significant treatment interactions (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 pressure, 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 continuous 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 correlation 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, leaving the main effect of each intervention to represent the consistent mean effect of the intervention across all 3 years. All
models were adjusted for age, sex, prior fall, body mass index, study site, and the appropriate baseline outcome measure. For the outcomes of nonvertebral fractures and infections, a Poisson regression model was used with each
participant’s number of fractures or infections as the outcome. The same fixed-adjustment covariates as above were included, 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 baseline (serum 25[OH]D levels <20 or ≥20 ng/mL), and median
baseline polyunsaturated fatty acid levels (DHA plus EPA <100
or ≥100 μg/mL). Because of the limited number of participants older than 85 years (98/2157 [4.5%]), a post hoc decision 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 imputed using multiple imputation, and study site was treated as
a random 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 significance threshold was set at P < .01, and findings are presented 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 [interquartile range, 10.0-12.0]), and 82.6% were engaged in moderate 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 antihypertensive medication. During follow-up, 1.2% of participants (n = 25) died and 1.0% (n = 22) were admitted to a nursing home (eTable 3 in Supplement 2).

Retention and Adherence
The withdrawal rate was 11.9%, with no difference in withdrawal rates across the 8 treatment groups (P = .52) (Figure 1).
Follow-up data were missing for 9.6%. A total of 85.8% of participants took at least 80% of their total study pills (eTable 4
in Supplement 2). At year 3, participants randomized to receive 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 compared with those not randomized to receive omega-3s (135.6
vs 76.3 μg/mL for DHA and 64.7 vs 33.8 μg/mL for EPA at 3
years) (eTable 5 and eFigure 1 in Supplement 2).
Based on self-report every 3 months throughout the 3-year
follow-up (eTable 4 in Supplement 2), at years 1, 2, and 3, 70.3%
of participants performed the exercise programs at least twice
per week and 61.8% of participants performed the exercise programs at least 3 times per week.
jama.com
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Primary End Points
The mean systolic blood pressure was 143.5 (99% CI, 142.5144.6) 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, 75.376.4) 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 nonvertebral 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 significant 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; incidence rate ratio [IRR], 0.89; 99% CI, 0.78-1.01; P = .02)
(Table 3). In a post hoc analysis, the effect of treatment interventions 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 receiving 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, subgroup analyses defined by baseline blood levels of the nutrients 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 considered exploratory.
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1860

53 (4.9)

≥85

664 (61.4)

28.5 (1.5)
3.3 (3.0)
[n = 1080]

11.0 (10.0-12.0)
[n = 1080]
457 (42.3)
10.9 (8.8-13.5)
[n = 1065]

28.5 (1.5)

3.3 (3.1)
[n = 1075]

427 (39.7)
[n = 1075]

548 (50.9)

0.90 (0.89-1.00)
[n = 1075]

81.0 (15.1)
[n = 1075]

12.0 (10.0-12.0)
[n = 1073]

446 (41.4)

10.6 (8.8-13.4)
[n = 1066]

110 (10.2)

127 (11.9)
[n = 1066]

427 (40.1)
[n = 1066]

22.4 (8.4)
[n = 1066]

78.1 (37.9)
[n = 1064]

MMSE score, mean (SD)e

Comorbidity score,
mean (SD)f

Self-reported hypertension,
No. (%)

Use of antihypertensive drugs,
No. (%)

Health-related quality of life
score, median (IQR)g

Self-rated health score,
mean (SD)h

SPPB score, median (IQR)i

Prior fall, No. (%)j

Repeated chair test,
median (IQR), sk

Vitamin D supplement use
≥800 IU/d, No. (%)
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Vitamin D severe deficiency
(<12 ng/mL), No. (%)

Vitamin D deficiency
(<20 ng/mL), No. (%)

Serum 25-hydroxyvitamin D
concentration, mean (SD),
ng/mLl

Serum DHA concentration,
mean (SD), μg/mLm
78.1 (35.9)
[n = 1073]

22.4 (8.5)
[n = 1074]

445 (41.4)
[n = 1074]

114 (10.6)
[n = 1074]

126 (11.7)

81.5 (14.7)
[n = 1079]

0.91 (0.89-1.00)
[n = 1079]

521 (48.2)

417 (38.6)
[n = 1080]

25.5 (3.4)
[n = 1079]

25.8 (3.3)
[n = 1074]

MoCA score, mean (SD)d

12.6 (4.2)
[n = 1081]

417 (38.6)

12.7 (4.4)
[n = 1074]

Men

26.2 (4.2)

45 (4.2)

405 (37.5)

631 (58.4)

Education, mean (SD), y

667 (62.0)

409 (38.0)

Women

Sex, No. (%)

26.5 (4.4)
[n = 1075]

417 (38.8)

75-84

BMI, mean (SD)c

606 (56.3)

70-74

74.9 (4.4)

0.00

0.01

0.03

0.04

0.05

0.03

0.02

0.03

0.04

0.01

0.06

0.02

0.02

0.02

0.07

0.02

0.01

0.08

0.05

0.03

78.9 (37.2)
[n = 1059]

22.4 (8.4)
[n = 1063]

422 (39.7)
[n = 1063]

128 (12.0)
[n = 1063]

123 (11.5)

10.6 (8.8-13.4)
[n = 1056]

441 (41.1)

11.0 (10.0-12.0)
[n = 1071]

81.2 (14.9)
[n = 1072]

1.00 (0.89-1.00)
[n = 1072]

509 (47.4)

414 (38.6)
[n = 1072]

3.3 (3.1)
[n = 1072]

28.5 (1.5)

25.6 (3.4)
[n = 1072]

12.6 (4.2)
[n = 1071]

405 (37.7)

668 (62.3)

26.3 (4.2)
[n = 1072]

40 (3.7)

398 (37.1)

635 (59.2)

74.7 (4.3)

75.0 (4.5)

Age, mean (SD), y

Age categories, No. (%), y

Characteristics

SMD

Omega-3s
Omega-3s
(n = 1073)

Vitamin D
(n = 1076)

No vitamin D
(n = 1081)

Vitamin D

Table 1. Baseline Characteristics of the DO-HEALTH Study Samplea

77.3 (36.6)
[n = 1078]

22.4 (8.4)
[n = 1077]

450 (41.8)
[n = 1077]

113 (10.5)
[n = 1077]

113 (10.4)

10.8 (8.8-13.6)
[n = 1075]

462 (42.6)

11.0 (10.0-12.0)
[n = 1082]

81.2 (14.9)
[n = 1082]

0.89 (0.89-1.00)
[n = 1082]

560 (51.7)

430 (39.7)
[n = 1083]

3.3 (2.9)
[n = 1083]

28.5 (1.5)

25.7 (3.3)
[n = 1081]

12.7 (4.4)
[n = 1084]

421 (38.8)

663 (61.2)

26.4 (4.3)

58 (5.4)

424 (39.1)

602 (55.5)

75.2 (4.6)

No omega-3s
(n = 1084)

0.04

0.00

0.04

0.05

0.03

0.02

0.03

0.02

<0.001

0.10

0.09

0.02

0.00

0.05

0.01

0.02

0.02

0.02

0.10

0.10

SMD

Exercise

78.2 (36.5)
[n = 1069]

22.8 (8.6)
[n = 1071]

422 (39.4)
[n = 1071]

110 (10.3)
[n = 1071]

127 (11.7)

10.7 (8.9-13.6)
[n = 1069]

450 (41.6)

11.0 (10.0-12.0)
[n = 1080]

80.9 (14.8)
[n = 1080]

0.91 (0.89-1.00)
[n = 1080]

516 (47.7)

405 (37.5)
[n = 1079]

3.2 (3.0)
[n = 1079]

28.4 (1.5)

25.7 (3.3)
[n = 1080]

12.6 (4.2)
[n = 1079]

416 (38.5)

665 (61.5)

26.3 (4.2)

51 (4.7)

408 (37.7)

622 (57.5)

75.0 (4.5)

Strength-training
exercise (n = 1081)

78.0 (37.4)
[n = 1068]

22.0 (8.2)
[n = 1069]

450 (42.1)
[n = 1069]

131 (12.3)
[n = 1069]

109 (10.1)

10.8 (8.7-13.4)
[n = 1062]

453 (42.1)

11.0 (10.0-12.0)
[n = 1073]

81.5 (15.1)
[n = 1074]

0.89 (0.89-1.00)
[n = 1074]

553 (51.4)

439 (40.8)

3.4 (3.1)

28.5 (1.5)

25.6 (3.4)
[n = 1073]

12.6 (4.4)
[n = 1076]

410 (38.1)

666 (61.9)

26.4 (4.4)
[n = 1075]

47 (4.4)

414 (38.5)

615 (57.2)

74.9 (4.4)

Control exercise
(n = 1076)b

0.00

0.10

0.06

0.06

0.05

0.06

0.01

0.03

0.04

0.03

0.07

0.07

0.06

0.06

0.01

0.00

0.01

0.02

0.02

0.02

SMD

78.1 (36.9)
[n = 2137]

22.4 (8.4)
[n = 2140]

872 (40.7)
[n = 2140]

241 (11.3)
[n = 2140]

236 (10.9)

(continued)

10.7 (8.8-13.5)
[n = 2131]

903 (41.9)

11.0 (10.0-12.0)
[n = 2153]

81.2 (14.9)
[n = 2154]

0.91 (0.89-1.00)
[n = 2154]

1069 (49.6)

844 (39.2)
[n = 2155]

3.3 (3.0)
[n = 2155]

28.5 (1.5)

25.7 (3.4)
[n = 2153]

12.6 (4.3)
[n = 2155]

826 (38.3)

1331 (61.7)

26.3 (4.3)
[n = 2156]

98 (4.5)

822 (38.1)

1237 (57.3)

74.9 (4.4)

Overall total
(n = 2157)
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550 (51.2)
[n = 1075]

≥3 times per wk

76.0 (10.1)
[n = 1070]

Systolic blood pressure,
mean (SD), mm Hg

Diastolic blood pressure,
mean (SD), mm Hg

75.7 (10.0)
[n = 1075]

142.9 (18.1)
[n = 1075]

63 (5.8)

38.5 (34.1)
[n = 1080]

578 (53.5)
[n = 1080]

334 (30.9)

168 (15.6)

Comorbidity was measured by the Self-Administered Comorbidity Questionnaire, which assesses current
medical comorbidities (12 comorbidities by 3 dimensions: presence, medication, and limitation of activities). It
has a range of 0 to 36 points, in which lower scores are better.

Health-related quality of life was assessed by the EuroQol 5 Dimensions 3 Levels (EQ-5D-3L). Scores range from
less than 0 to a maximum of 1 point, in which 0 means a health state equivalent to death, negative values are
equivalent to a health state worse than death, and 1 is equivalent to perfect health.

f

g

The Montreal Cognitive Assessment (MoCA) is a screening test for mild cognitive dysfunction and has a range of
0 to 30 points, in which higher scores are better and scores greater than 26 suggest normal cognitive function.

d

The Mini-Mental State Examination (MMSE) was used to measure cognitive impairment and has a range of 0 to
30 points, in which higher scores are better and scores greater than 24 suggest normal cognitive function.

Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Higher BMI
values reflect overweight (ⱖ25) and obesity (ⱖ30).

c

e

Flexibility was the control exercise program.

b

75.8 (9.7)
[n = 1069]

143.2 (18.3)
[n = 1069]

64 (6.0)

38.2 (34.1)
[n = 1072]

570 (53.2)
[n = 1071]

311 (29.0)

190 (17.7)

Medians and IQRs are presented for variables with skewness >1.5. Percentages are rounded to 1 decimal, which
could lead to percentage sums of 100.1% or 99.9%.

0.03

0.07

0.00

0.09

0.10

26.1 (18.5-37.7)
[n = 1059]

a

Abbreviations: IQR, interquartile range; SMD, standardized mean difference

63 (5.9)

144.2 (18.6)
[n = 1070]

Current smoking, No. (%)

35.4 (32.0)

318 (29.6)

1-2 times per wk

Physical activity volume,
mean (SD), MET-h/wko

207 (19.3)

None

Physical activity level, No. (%)n

0.02

Serum EPA concentration,
median (IQR), μg/mLm
26.2 (18.6-37.7)
[n = 1073]

24.8 (17.4-37.7)
[n = 1064]

Characteristics

SMD

Omega-3s
Omega-3s
(n = 1073)

Vitamin D
(n = 1076)

No vitamin D
(n = 1081)

Vitamin D

Table 1. Baseline Characteristics of the DO-HEALTH Study Samplea (continued)

0.01

0.02

0.04

0.00

0.05

0.02

75.9 (10.0)
[n = 2145]

143.5 (18.3)
[n = 2145]

126 (5.8)

36.9 (33.1)
[n = 2156]

1128 (52.3)
[n = 2155]

652 (30.3)

375 (17.4)

25.5 (18.1-37.7)
[n = 2137]

Overall total
(n = 2157)

Normal low value for serum 25-hydroxyvitamin D concentration is ⱖ20 ng/mL.

l

Downloaded From: https://jamanetwork.com/ by a San Francisco State University User on 11/10/2020
Physical activity level was based on the Nurses’ Health Study questionnaire on physical activity.
Weekly volume of physical activity was estimated based on the Nurses’ Health Study questionnaire on physical
activity, in which energy expenditure of different activities in metabolic equivalent tasks (METs) of activities
based on the Compendium of Physical Activities were summed over the previous week.

n
o

There is no consensus on normal values for serum docosahexaenoic acid (DHA) or eicosapentaenoic acid (EPA)
concentrations.

k

m

Prior fall in the 1-year period before study start.
Repeated chair stands assess reaction time; the score is the time (in seconds) to complete 5 repeated chair
stands. It is part of the SPPB, and lower values (less time to complete the stands) are better.

j

The Short Physical Performance Battery (SPPB) assesses lower extremity function. Scores range from 0 to 12, in
which higher scores are better.

75.8 (9.8)
[n = 1070]

143.4 (18.2)
[n = 1070]

68 (6.3)

36.9 (32.7)

550 (51.2)
[n = 1075]

329 (30.6)

196 (18.2)

25.9 (18.6-38.1)
[n = 1068]

SMD

i

75.9 (10.3)
[n = 1075]

143.7 (18.5)
[n = 1075]

58 (5.4)

37.0 (33.4)
[n = 1080]

578 (53.5)
[n = 1080]

323 (29.9)

179 (16.6)

25.1 (17.5-37.6)
[n = 1069]

Control exercise
(n = 1076)b

Self-rated health was assessed by the EQ-5D-3L vertical visual analog scale, which ranges from 0 to 100 points,
in which higher scores are better.

0.01

0.04

0.01

0.07

0.05

0.01

SMD

Exercise
Strength-training
exercise (n = 1081)

h

75.9 (10.4)
[n = 1076]

143.9 (18.4)
[n = 1076]

62 (5.7)

35.7 (32.0)

558 (51.5)

341 (31.5)

185 (17.1)

25.3 (17.6-37.9)
[n = 1078]

No omega-3s
(n = 1084)
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–9.1
(–10.4 to –7.8)

–8.6
(–9.6 to –7.7)

Year 3

Averaging
across 3 y
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–3.4
(–4.1 to –2.7)

–3.1
(–3.6 to –2.6)

Year 3

Averaging
across 3 y
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0.3 (0.1 to 0.5)

0.5 (0.3 to 0.7)

0.4 (0.2 to 0.6)

0.4 (0.2 to 0.5)

Year 1

Year 2

Year 3

Averaging
across 3 y

Adjusted change
from baselinec,e

Unadjusted
at baseline

25.8
(25.5 to 26.0)

–3.2
(–3.8 to –2.5)

Year 2

MoCA score
(99% CI)d

–2.9
(–3.5 to –2.2)

Year 1

Adjusted change
from baselinec

Unadjusted
at baseline

76.0
(75.2 to 76.8)

–8.8
(–10 to –7.6)

Year 2

Diastolic blood
pressure, mm Hg
(99% CI)

–8.1
(–9.3 to –7.0)

144.2
(142.7 to 145.6)

Year 1

Adjusted change
from baselinec

Unadjusted
at baseline

Systolic blood
pressure, mm Hg
(99% CI)

Vitamin D
(n = 1076)

Vitamin D

0.5 (0.4 to 0.7)

0.5 (0.3 to 0.7)

0.6 (0.4 to 0.8)

0.5 (0.3 to 0.7)

25.5
(25.3 to 25.8)

–3.2
(–3.7 to –2.7)

–3.3
(–4.0 to –2.6)

–3.1
(–3.8 to –2.5)

–3.1
(–3.7 to –2.4)

75.7
(74.9 to 76.5)

–7.9
(–8.8 to –6.9)

–7.7
(–9 to –6.5)

–7.9
(–9.1 to –6.7)

–7.8
(–9.0 to –6.7)

142.9
(141.5 to 144.3)

No vitamin D
(n = 1081)

.03

.11

.88

.84

.89

.56

.48

.13

.18

.18

.64

.12

.73

–0.1 (–0.4 to 0.1) .11

0.0 (–0.3 to 0.2)

Omega-3s

0.4 (0.3 to 0.6)

0.5 (0.3 to 0.7)

0.5 (0.3 to 0.7)

0.4 (0.2 to 0.5)

25.6
(25.4 to 25.9)

–3.4
(–3.9 to –2.9)

–3.7
(–4.4 to –3)

–3.4
(–4.1 to –2.8)

–3.1
(–3.8 to –2.5)

75.8
(75.1 to 76.6)

–8.7
(–9.6 to –7.7)

–9.0
(–10.4 to –7.7)

–9.0
(–10.2 to –7.8)

–8.1
(–9.2 to –6.9)

143.2
(141.8 to 144.6)

Omega-3s
P value (n = 1073)

–0.1 (–0.4 to 0.2) .25

–0.2 (–0.5 to 0)

0.2
(–0.1 to 0.6)

0
(–0.7 to 0.8)

–0.1
(–1.0 to 0.9)

–0.1
(–1.0 to 0.9)

0.2
(–0.7 to 1.1)

0.3
(–0.8 to 1.4)

–0.8
(–2.1 to 0.5)

–1.3
(–3.2 to 0.5)

–0.9
(–2.6 to 0.8)

–0.3
(–2 to 1.4)

1.2
(–0.8 to 3.3)

Difference
(99% CI)

Table 2. Results for Blood Pressure, Physical Performance, and Cognitive End Pointsa

0.5 (0.3 to 0.6)

0.4 (0.2 to 0.6)

0.6 (0.4 to 0.8)

0.4 (0.3 to 0.6)

25.7
(25.4 to 25.9)

–2.9
(–3.4 to –2.4)

–3
(–3.7 to –2.3)

–2.8
(–3.5 to –2.2)

–2.8
(–3.4 to –2.1)

75.9
(75.1 to 76.8)

–7.8
(–8.8 to –6.9)

–7.8
(–9.1 to –6.5)

–7.7
(–8.9 to –6.5)

–7.9
(–9.1 to –6.7)

143.9
(142.4 to 145.3)

No omega-3s
(n = 1084)

.91

.06

.08

.08

.27

.78

.11

.08

.05

.82

.41

.90
–0.1 (–0.3 to 0.2) .52

0.0 (–0.3 to 0.3)

–0.1 (–0.4 to 0.2) .48

–0.1 (–0.4 to 0.2) .40

–0.0
(–0.4 to 0.4)

–0.5
(–1.2 to 0.2)

–0.7
(–1.6 to 0.3)

–0.6
(–1.5 to 0.3)

–0.4
(–1.3 to 0.5)

–0.1
(–1.2 to 1.0)

–0.8
(–2.1 to 0.5)

–1.3
(–3.1 to 0.6)

–1.3
(–3.0 to 0.4)

–0.1
(–1.8 to 1.5)

–0.7
(–2.7 to 1.4)

Difference
(99% CI)

Exercise

0.5 (0.3 to 0.6)

0.4 (0.2 to 0.6)

0.6 (0.4 to 0.8)

0.4 (0.2 to 0.6)

25.7
(25.4 to 25.9)

–3.0
(–3.5 to –2.5)

–3.3
(–4.0 to –2.6)

–3.2
(–3.8 to –2.5)

–2.6
(–3.2 to –2.0)

75.9
(75.1 to 76.7)

–8.0
(–8.9 to –7.0)

–8.3
(–9.6 to –7.0)

–8.2
(–9.4 to –7.0)

–7.5
(–8.7 to –6.3)

143.7
(142.2 to 145.2)

Strength-training
exercise
P value (n = 1081)

0.5 (0.3 to 0.6)

0.5 (0.3 to 0.7)

0.5 (0.3 to 0.6)

0.4 (0.2 to 0.6)

25.6
(25.4 to 25.9)

–3.3
(–3.8 to –2.8)

–3.4
(–4.1 to –2.7)

–3.1
(–3.8 to –2.4)

–3.3
(–3.9 to –2.7)

75.8
(75.1 to 76.6)

–8.5
(–9.4 to –7.6)

–8.5
(–9.8 to –7.2)

–8.5
(–9.7 to –7.3)

–8.4
(–9.6 to –7.3)

143.4
(141.9 to 144.8)

Control exercise
(n = 1076)b

.13

.69

.85

.32

.87

.87

.05

.89

.30

.80

.60

.15

.70

P value

.96
(continued)

0.0 (–0.2 to 0.2)

–0.1 (–0.4 to 0.2) .40

0.2 (–0.1 to 0.4)

0.0 (–0.3 to 0.2)

0.0
(–0.3 to 0.4)

0.3
(–0.4 to 1.0)

0.1
(–0.9 to 1.0)

–0.1
(–1.0 to 0.9)

0.7
(–0.2 to 1.6)

0.1
(–1.1 to 1.2)

0.5
(–0.8 to 1.9)

0.2
(–1.7 to 2.0)

0.3
(–1.4 to 2.0)

0.9
(–0.7 to 2.6)

0.3
(–1.7 to 2.4)

Difference
(99% CI)
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–0.1 (–0.3 to 0.1) –0.0 (–0.3 to 0.2) .74
–0.1 (–0.2 to 0.1) –0.1 (–0.3 to 0.1) .26

–0.1 (–0.3 to 0.1)

Averaging across 3 y –0.1 (–0.3 to 0.0)

10.9
(10.7 to 11.1)

n = 270

No omega-3s
(n = 1084)

0.0
(–0.3 to 0.4)

Difference
(99% CI)

.79

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

Flexibility was the control exercise program.

Linear regression models were used for all continuous 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 blood pressure and MoCA, the correlation was included in the structure of
the model residuals. Models were adjusted for the fixed effects of age, sex, prior falls, body mass index, number
of visits, study site, and corresponding baseline measure. Results for year 1 are the adjusted average change
between year 1 follow-up outcomes and baseline (randomization) outcomes. Similarly, year 2 results reflect the
adjusted average change between year 2 follow-up outcomes and baseline, and year 3 results reflect changes
between year 3 follow-up outcomes and baseline. Changes across all 3 years are the weighted, adjusted average
of the 3 yearly effects just described and conceptually capture the average follow-up outcome minus the
baseline outcome: ([year 1 + year 2 + year 3]/3 − baseline).

The MoCA was used to assess cognitive decline. It is a 1-page, 30-point test that covers several cognitive

a

b

c

d

0.0
(–0.3 to 0.3)

.42

.88

P value

–0.0 (–0.2 to 0.1) –0.0 (–0.3 to 0.2) .72

–0.0 (–0.2 to 0.1) –0.1(–0.3 to 0.2)

10.9
(10.7 to 11.1)

n = 270

Difference
(99% CI)

–0.1 (–0.3 to 0.0)

–0.1 (–0.2 to 0.1) –0.1 (–0.3 to 0.1) .25

–0.3 (–0.5 to –0.0) –0.1 (–0.3 to 0.1) –0.1 (–0.4 to 0.1) .19

–0.1 (–0.2 to 0.1)

–0.1 (–0.3 to 0.1)

10.8
(10.5 to 11.0)

n = 267

Control exercise
(n = 1076)b

Significant treatment interactions were found for the SPPB. Therefore, treatment indicators were included for
each of the 8 combinations of treatments in the regression models and for each intervention (with neither of the
other 2 interventions present) compared with the 270 participants who received none of the 3 interventions.

The SPPB is a brief performance-based test that includes walking speed, repeated chair stands, and a balance
test to assess muscle function. Its 3 components are scored between 0 and 4, with 4 indicating the highest level
of performance, and are summed to yield an overall score with a maximum of 12 points. Negative changes
indicate a decrease in muscle function over time. Comparisons for the SPPB were vitamin D vs placebo,
omega-3s vs placebo, and strength-training exercise program vs control exercise.

f

g

A significant time × treatment interaction (P = .04) was found only for the effect of the strength-training
exercise on the MoCA, so the effects of the strength-training exercise on the MoCA should be viewed on a
year-by-year basis rather than across all 3 years.

e

domains (visuospatial/executive skills, attention, naming, memory, delayed recall, attention, language,
abstraction, and orientation to time and place), in which positive changes indicate improvement in cognitive
function over time.

–0.1 (–0.2 to 0.1) –0.1 (–0.2 to 0.1) –0.0 (–0.2 to 0.2) .76

.45

–0.1 (–0.3 to 0.1) –0.0 (–0.2 to 0.1) –0.1 (–0.3 to 0.2) .40
–0.0 (–0.2 to 0.2) –0.1 (–0.3 to 0.1) 0.1 (–0.2 to 0.3)

Exercise
Strength-training
exercise
P value (n = 1081)

–0.1 (–0.2 to 0.1) –0.0 (–0.2 to 0.1) –0.1 (–0.3 to 0.2) .46

10.9
(10.7 to 11.1)

n = 269

Abbreviations: MoCA, Montreal Cognitive Assessment; SPPB, Short Physical Performance Battery.

–0.0 (–0.2 to 0.1) –0.0 (–0.3 to 0.2) .82

Year 3

.52

–0.1 (–0.2 to 0.1)

–0.1
(–0.4 to 0.2)

Omega-3s
Omega-3s
P value (n = 1073)

–0.2 (–0.4 to –0.0) –0.0 (–0.2 to 0.1) –0.2 (–0.5 to 0.1) .05

10.9
(10.7 to 11.1)

n = 270

Difference
(99% CI)

Year 2

10.9
(10.7 to 11.1)

n = 272

No vitamin D
(n = 1081)

Year 1

Adjusted change
from baselinec,g

Unadjusted
at baseline

SPPB score
(99% CI)f

Vitamin D
(n = 1076)

Vitamin D

Table 2. Results for Blood Pressure, Physical Performance, and Cognitive End Pointsa (continued)
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Table 3. Results for Fracture and Infection End Points
Vitamin D

Omega-3s

Exercise
Control exercisea

Vitamin D

No vitamin D

Omega-3s

No omega-3s

Strength-training exercise

No. of participantsc

1076

1081

1073

1084

1081

1076

No. of fractures

129

127

136

120

133

123

Incidence rate
per person-y (99% CI)

0.04 (0.03-0.05)

0.04 (0.03-0.05)

0.05 (0.04-0.06)

0.04 (0.03-0.05)

0.04 (0.04-0.06)

0.04 (0.03-0.05)

Absolute difference
(99% CI)d

0.00 (–0.01 to 0.01)

0.00 (–0.00 to 0.02)

0.00 (–0.01 to 0.01)

Incidence rate ratio
(99% CI)

1.02 (0.74-1.40)

1.17 (0.85-1.62)

1.07 (0.77-1.47)

.89

.21

.60

Nonvertebral fractures
over 3 yb
Crude estimates

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

0.04 (0.03-0.05)

Adjusted incidence
rate ratio (99% CI)e

1.03 (0.75-1.43)

1.18 (0.85-1.63)

1.06 (0.77-1.47)

.79

.19

.62

P value

0.04 (0.03-0.05)

0.04 (0.03-0.05)

0.04 (0.03-0.05)

0.04 (0.03-0.05)

0.04 (0.03-0.05)

All infections over 3 yf
Crude estimates
No. of participantsc

272

270

269

270

267

270

No. of infections

786

825

716

825

841

825

Incidence rate
per person-y (99% CI)

1.04 (0.95-1.14)

1.10 (1.00-1.20)

0.97 (0.88-1.06)

1.10 (1.00-1.20)

1.14 (1.04-1.24)

1.10 (1.00-1.20)

Absolute difference
(99% CI)d

–0.06 (–0.16 to 0.05)

–0.13 (–0.23 to –0.03)

0.04 (–0.07 to 0.15)

Incidence rate ratio
(99% CI)

0.95 (0.84-1.0)

0.88 (0.77-1.01)

1.04 (0.92-1.18)

.30

.01

.44

P value
Adjusted estimates
Adjusted incidence rate
per person-y (99% CI)

1.01 (0.92-1.10)

Adjusted incidence
rate ratio (99% CI)e

0.95 (0.84-1.08)

0.89 (0.78-1.01)

1.04 (0.92-1.18)

.33

.02

.38

P value

1.06 (0.96-1.15)

0.94 (0.85-1.03)

a

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.

c

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.

e

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

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
1864

1.06 (0.96-1.15)

1.10 (1.01-1.20)

1.06 (0.96-1.15)

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.

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 baseline 25(OH)D levels of less than 20 ng/mL vs participants with
baseline levels of 20 ng/mL or greater (eFigure 2B in Supplement 2). There was no statistically significant interaction for
the effect of vitamin D on systolic blood pressure change according to baseline vitamin D level. There was also no statistically 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
A Systolic blood pressure

Systolic blood pressure, mm Hg

Adjusted
difference
vs placebo
(99% CI)b

Group

No. of
participants

Mean at baseline
(99% CI)a

Mean at year 3
(99% CI)a

Unadjusted absolute
difference, year 3 –
baseline (99% CI)a

Placebo only

270

142.0 (139.4-144.7)

134.3 (131.4-137.2)

–7.3 (–10.2 to –4.5)

1 [Reference]

Vitamin D only

272

143.3 (140.3-146.3)

136.3 (133.1-139.5)

–7.8 (–10.7 to –5.0)

0.0 (–2.7 to 2.6)

Omega-3s only

269

143.4 (140.5-146.4)

135.2 (132.1-138.3)

–8.5 (–12.1 to –5.0)

–0.9 (–3.6 to 1.7)

Strength-training
exercise only

267

143.8 (140.8-146.9)

137.3 (134.2-140.5)

–7.1 (–10.1 to –4.1)

0.6 (–2.0 to 3.2)

Vitamin D and omega-3s 265

144.7 (141.8-147.7)

133.8 (130.8-136.7)

–10.3 (–13.4 to –7.3)

–1.1 (–3.8 to 1.5)

Vitamin D and
275
strength-training exercise

146.3 (143.4-149.1)

136.5 (133.5-139.6)

–10.0 (–13.1 to –7.0)

0.0 (–2.6 to 2.6)

Strength-training
exercise and omega-3s

275

142.4 (139.6-145.2)

135.4 (132.2-138.5)

–7.4 (–10.6 to –4.2)

0.8 (–1.8 to 3.5)

All treatments

264

142.3 (139.3-145.2)

132.6 (129.5-135.8)

–9.8 (–13.0 to –6.6)

–1.5 (–4.2 to 1.2)

Favors
treatment

–5

–4

–3

–2

–1

Favors
placebo

0

1

2

3

4

Adjusted difference vs placebo (99% CI)
B

Infections

Group

No. of
participants

No. of
infections

Crude incidence
rate (99% CI)a

Adjusted incidence
rate ratio (99% CI)b

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)

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)

All treatments

264

733

1.01 (0.92-1.11)

0.92 (0.81-1.05)
0.5

Favors
treatment

Favors
placebo

1

2

Adjusted incidence rate ratio (99% CI)

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
at 1, 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

systolic blood pressure change according to baseline blood levels of DHA and EPA.
For infections, there was a statistically significant interaction for vitamin D and age in which younger participants
(aged 70-74 years) had fewer infections in response to vitamin D (IRR, 0.84; 99% CI, 0.71-0.99; P = .007) (eFigure 2A
in Supplement 2). Men benefited from omega-3s for the outcome of a reduced infection rate (IRR, 0.78; 99% CI, 0.610.99; P = .008). However, there was a statistically significant 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 (≥100 μg/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

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.
a

Unadjusted values.

b

Adjusted values.

However, there was a significant increase in infection rate
among older participants randomized to the strengthtraining 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 receiving vitamin D) had measured calcium levels of 2.6 mmol/L or
greater, and 5 participants (2 receiving vitamin D and 3 not receiving 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, nonvertebral 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 followup, 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 vascular smooth muscle cells, endothelial cells, and cardiomyocytes expressed the vitamin D receptor.31,32 Additional preclinical evidence showed that vitamin D regulates the reninangiotensin-aldosterone system via suppression of renin
gene expression33 and that vitamin D receptor–knockout
mice have hypertension. 3 3 However, clinical trials of
vitamin D and hypertension have shown mixed results.34-36
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) suggesting 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. 37 A 2018 update of this metaanalysis that included 50 trials of 4 weeks’ duration or long e r s h o w e d t h a t o m e g a -3 s w a s a s s o c i a t e d w i t h a
2.20–mm Hg (99% CI, –3.17 to –1.22 mm Hg) reduction of
systolic blood pressure.38 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.37
Regarding the outcome of infections, 2 meta-analyses
of randomized clinical trials suggested that administration of omega-3s (mainly as fish oil) reduced rates of postoperative infectious complications in critically ill or surgical
patients.39,40 However, among older adults without major comorbidities followed up for 3 years, omega-3s did not reduce
infections overall.
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This strength-training exercise program had no statistically significant effect on any of the outcomes tested. However, this study’s findings do not invalidate previous beneficial effects of the same exercise program on fall prevention
among frail older adults with acute hip fracture and a mean
age of 84 years,26 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.41

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 further benefit from additional exercise. The healthy study population 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 interventions 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 participants had 25(OH)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 medication. Fourth, given the large number of randomization groups
and comparisons (3 main treatment groups × 6 clinical end
points), even the P = .01 significance 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 difference was small and likely not clinically meaningful.

Conclusions
Among adults aged 70 years or older without major comorbidities, treatment with vitamin D3 (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 fractures, physical performance, infection rates, or cognitive function. These findings do not support the effectiveness of these
3 interventions for these clinical outcomes.
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