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QRIGINAL ARTICLE
Association of Multivitamin and

Mineral Supplementation and Risk of

Cardiovascular Disease
A Systematic Review and Meta-Analysis

See Editorial by Haslam and Prasad

BACKGROUND: Multiple studies have attempted to identify the
association between multivitamin/mineral (MVM) supplementation

and cardiovascular disease (CVD) outcomes, but the benefits remain
controversial. We performed a systematic review and meta-analysis of the
associations between MVM supplementation and various CVD outcomes,
including coronary heart disease (CHD) and stroke.

METHODS AND RESULTS: We conducted a comprehensive search

of Medline, Embase, and the Cochrane Library for studies published
between January 1970 and August 2016. We included clinical trials

and prospective cohort studies in the general population evaluating
associations between MVM supplementation and CVD outcomes. Data
extraction and quality assessment were independently conducted by

2 authors, and a third author resolved discrepancies. Eighteen studies
with 2019862 participants and 18363326 person-years of follow-up
were included in the analysis. Five studies specified the dose/type of
MVM supplement and the rest did not. Overall, there was no association
between MVM supplementation and CVD mortality (relative risk [RR],
1.00; 95% confidence interval [Cl], 0.97-1.04), CHD mortality (RR, 1.02;
95% Cl, 0.92-1.13), stroke mortality (RR, 0.95; 95% Cl, 0.82-1.09), or
stroke incidence (RR, 0.98; 95% Cl, 0.91-1.05). There was no association
between MVM supplements and CVD or CHD mortality in prespecified
subgroups categorized by mean follow-up period, mean age, period of
MVM use, sex, type of population, exclusion of patients with history of
CHD, and adjustment for diet, adjustment for smoking, adjustment for
physical activity, and study site. In contrast, MVM use did seem to be
associated with a lower risk of CHD incidence (RR, 0.88; 95% Cl, 0.79-
0.97). However, this association did not remain significant in the pooled
subgroup analysis of randomized controlled trials (RR, 0.97; 95% Cl,
0.80-1.19).

CONCLUSIONS: Our meta-analysis of clinical trials and prospective cohort
studies demonstrates that MVM supplementation does not improve
cardiovascular outcomes in the general population.
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WHAT IS KNOWN

e The prevalence of multivitamin/mineral supple-
ment use is high in the United States and other
developed countries.

e Most studies have demonstrated a net neutral
effect of multivitamin/mineral supplements in car-
diovascular health, but several studies have sug-
gested possible benefit in certain cardiovascular
outcomes.

WHAT THE STUDY ADDS

¢ In this systematic meta-analysis of 18 prospective
cohort studies and randomized controlled trials,
there was no benefit of multivitamin/mineral sup-
plements on cardiovascular disease prevention in
the general population.

e Our study supports present guidelines that rec-
ommend against the routine use of multivitamin/
mineral supplements to promote cardiovascular
health.

supplements is widespread in the United States

and other developed countries.™? This is because
of the popular belief that MVM supplements may help
maintain and promote health by preventing various dis-
eases, including cardiovascular disease (CVD).> Numer-
ous large-scale population-based studies and random-
ized controlled trials (RCTs) have been conducted to
identify the potential benefit of MVM supplementation
in the general population, but the results have been
equivocal.*® Several population studies have suggested
that MVM use may be beneficial for certain cardiovas-
cular outcomes, but most other studies showed no sig-
nificant cardiovascular benefit.”?

Based on the weak and controversial benefit of MVM
supplements, the US Preventive Services Task Force and
the National Institutes of Health recommend against
the routine use of MVM supplements for the purpose
of chronic disease prevention, including CVD."®'" How-
ever, the prevalence of MVM supplementation in the
general population remains high; for example, the
National Health and Nutrition Examination Survey 2011
to 2012 data showed =30% of the population in the
United States as using MVM supplements.’ 213 Accord-
ing to projections from 1 financial report, the global
nutritional supplement industry is expected to reach
$278 billion USD by 2024.*

There have been multiple efforts to perform a sys-
tematic review and meta-analysis of the association
between MVM supplementation and CVD outcomes.
Most reviews and meta-analyses have focused on RCTs
and investigated the association between various dietary
supplements and chronic disease outcomes, includ-

The use of multivitamin/mineral (MVM) dietary

Circ Cardiovasc Qual Outcomes. 2018;11:e004224. DOI: 10.1161/CIRCOUTCOMES.117.004224

ing cancer.’'® Those studies have found insufficient
evidence to support the routine use of MVM supple-
ments, but specific CVD outcomes, such as incidence of
coronary heart disease (CHD) or stroke mortality, were
not assessed.''® In this article, we hypothesized that
there is a null association between MVM supplement
use and multiple cardiovascular outcomes. We aimed
to perform a comprehensive systematic review and
meta-analysis by pooling the evidence from prospective
cohort studies and clinical trials on the association of
MVM supplement use and specific CVD outcomes.

METHODS

Data Sources and Searches

The data, analytic methods, and study materials will be avail-
able on request for purposes of reproducing the results or
replicating the procedure. We performed a systematic search
of Medline, Embase, and the Cochrane Central Register of
Controlled Trials database without language restrictions
between January 1970 and August 2016. Additional relevant
studies were retrieved by bibliography review of selected arti-
cles and manual search. Details of search terms and strategy
are provided in Appendix | in the Data Supplement. This study
only used data available in published studies and was exempt
from approval by the University of Alabama at Birmingham
Institutional Review Board.

Eligibility Criteria

Studies satisfying the following eligibility criteria were selected
for final review: (1) RCTs and prospective cohort studies inves-
tigating MVM supplementation. Other observational studies,
such as case series or case-control studies were excluded; (2)
studies involving ambulatory adults in the community with-
out a disabling condition. Studies only targeting a population
with specific conditions, such as prior myocardial infarction or
certain vitamin deficiencies, were excluded; (3) studies report-
ing the adjusted relative risk (RR) of cardiovascular outcomes,
including cardiovascular mortality, CHD mortality, stroke mor-
tality, incidence of CHD, and incidence of stroke; and (4) stud-
ies meeting the predefined high-quality assessment criteria.

Data Extraction and Quality Assessment
Two investigators (J. Choi and S.Y. Kwon) independently
performed eligible study selection and data extraction. Any
disagreements were resolved through discussion with a
third investigator (J. Kim). Data of interest extracted from
the selected papers included study name (first author and
year of publication), design, site, characteristics, population,
outcome, definition of MVM, frequency and duration of
MVM supplementation, exposure and follow-up assessment
method, RR with 95% confidence interval (Cl), and adjust-
ment for known cardiovascular risk factors.

We evaluated the methodological quality of the included
RCTs as good, fair, or poor based on the US Preventive
Services Task Force quality assessment criteria.'®'” The quality
of prospective cohort studies was evaluated by the prespeci-
fied assessment tool described by Proper et al.™ This tool was
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validated to evaluate the methodological quality of prospec-
tive cohort studies.’®2" Appendix Il in the Data Supplement
presents further details of the assessment criteria. A study
was considered high quality if the score based on the validity/
precision criteria was =7 of 9.'® We followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
and Meta-Analysis of Observational Studies in Epidemiology
guidelines for the meta-analysis of observational studies.

Definition of MVM Use and

Cardiovascular Outcome

The types and doses of MVM in each study are summarized
in Table 1. The definition of MVM varied among included
studies. In this analysis, we followed the National Institutes
of Health definition, which defined MVM as dietary supple-
ments comprising >3 vitamin and mineral ingredients.™
Supplements containing herbs, hormones, or drugs were
excluded from the analysis. We included studies that assessed
MVM supplement use by a questionnaire or in a follow-up
office visit. If multiple cardiovascular outcomes were reported
based on the intensity of MVM use (frequency, duration, or
number of pills), the result with more intense usage was used
for the meta-analysis. Multiple cardiovascular outcomes were
assessed in our meta-analysis. CVD mortality included CHD
mortality and stroke mortality. Incident CHD events were
defined as cardiac revascularization and fatal and nonfatal
myocardial infarction. Incident stroke included fatal and non-
fatal stroke, including ischemic and hemorrhagic stroke.

Data Synthesis and Statistical Analysis

The analyses of RCT studies were conducted according to the
intention-to-treat principle. Cohort studies were typically ana-
lyzed using Cox proportional hazards regression, and we used
the hazard ratio and 95% Cl from the analytic model adjusted
for most covariates in each cohort. We pooled RRs and hazard
ratios of each cardiovascular outcome for MVM users com-
pared with nonusers (we refer to RRs and hazard ratios gener-
ically as RRs in this article). Analyses were conducted under
the assumption of a common effect across subgroups within
each study, whereas the true effect could vary across stud-
ies. For studies that only reported the RRs in subgroups (men
and women in the study by Watkins et al,> Park et al,3* and
Iso et al?®), we first computed a weighted RR and SE for each
study using a fixed effects model using the inverse-variance
approach. Then, we calculated summary RRs across studies
using DerSimonian and Laird random effects models based on
log-transformed RRs (metan command in Stata).®

We used univariable meta-regression with restricted maxi-
mum likelihood estimates of between study variance (metareg
command in Stata) to evaluate whether results were different
by MVM use (<5 and >5 years), follow-up period (<10 and
>10 years), sex (men and women), mean age (<60 and >60
years), population characteristics (healthcare professional and
nonhealthcare professional), adjustment for vegetable and
fruit intake, adjustment for smoking, adjustment for physical
activity, study design (RCTs and prospective cohort studies),
and study site (United States and others).3®

Influence analysis was performed to examine the influence
of individual studies on the pooled meta-analysis outcome.

Circ Cardiovasc Qual Outcomes. 2018;11:e004224. DOI: 10.1161/CIRCOUTCOMES.117.004224

Each study was sequentially excluded from the analysis, and
a sensitivity plot was created.?” Heterogeneity was quantified
with the Higgins /2 statistic, which describes the proportion of
total variation in pooled estimates because of heterogeneity.*®
Begg funnel plot and Egger test were used to evaluate the
potential bias of publication.?*4% A P value <0.05 was used as
the threshold for statistical significance. All statistical analyses
were conducted using Stata statistical software package, ver-
sion 12.0 (2011; StataCorp, College Station, TX).

RESULTS

Study Selection

A flowchart of the study selection for meta-analysis is
presented in Figure 1. Initial literature search retrieved
a total of 3249 articles after removal of duplicated arti-
cles. An additional article was identified through man-
ual search.?® After title and abstract review, 25 studies
remained for full-text manuscript review. Among these,
6 studies did not meet the inclusion criteria and were
excluded.?33%41-44 One study met the inclusion criteria,
but the population was duplicated in another study;
therefore, the study with the longer follow-up data was
selected for final analysis.*> As a result, 18 studies were
included in the final analysis.

Study Characteristics

Table 1 summarizes the main characteristics of the 18
studies included in the final analysis. A total of 2019862
participants were included with a range between 8678
and 1063023 participants per each study. The mean
age of participants was 57.8 years. Eleven studies were
from the United States, 4 were from Europe, and 3 were
from Japan. The duration of follow-up varied from 5 to
19.1 years, with a mean follow-up period of 11.6 years.
Multiple studies reported >1 cardiovascular outcome,
including CVD mortality (10 studies), CHD mortality (7
studies), stroke mortality (4 studies), CHD incidence (8
studies), and stroke incidence (4 studies).

All included studies targeted the general popula-
tion, and 4 studies investigated a healthcare profes-
sional population specifically. Ten studies excluded sub-
jects with a history of CVD, whereas 8 studies did not.
One study excluded subjects who had medical condi-
tions with a predicted survival of <3 years.® Five studies
reported the type and ingredients of the MVM, where-
as the rest of studies did not specify them. All includ-
ed RCTs tested a single-formulation MVM, whereas
cohort studies tested a broader range of MVM supple-
ments available in the market. Exposure in the cohort
studies was assessed by a questionnaire or a follow-up
office visit.

All of the included authors reported RRs adjusted for
possible confounding factors, except Iso et al,>® who
reported RRs adjusted only for age and sex. Ten stud-
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Potentially relevant references
initially identified (n = 3,249)

One study was identified
from manual search

3,225 references excluded

- different target population

- case-control studies or cross
sectional studies
not relevant to present analysis

Studies identified for full-text

Figure 1. Flowchart of study selection.
MVM indicates multivitamin/mineral.

review (n = 25)

Studies included in the final meta-
analysis (n=18)

7 references excluded
- 2did not have cardiovascular
outcomes
1 did not meet criteria for MVM
supplementation
1 review study
1 case control study
1 different target population
1 duplicate cohort

ies adjusted for self-reported vegetable and fruit intake
as categorical variables. All included studies were high
quality based on the predefined quality assessment cri-
teria (Tables | and Il in the Data Supplement).

Effect of MVM Supplementation on Risk
of CVD, CHD, and Stroke Mortality

Figure 2 demonstrates the forest plot of RRs (95% Cl)
of the association between MVM supplementation and
risk of CVD, CHD, and stroke mortality.

Ten studies reported CVD mortality as an outcome
with a pooled sample of 616970 participants. Meta-
analysis of those studies revealed that MVM supple-
ment use was not associated with the risk of CVD
death (RR, 1.00; 95% Cl, 0.97-1.04). There was no
evidence of heterogeneity between studies (’=4.9%;
Cochrane Q statistic, P=0.39) or publication bias (Begg
test, P=0.28; Egger test, P=0.053; Figure IA in the Data
Supplement).

Seven studies with a total of 1281865 participants
examined the association between MVM use and CHD
mortality. The use of MVM supplements was not associ-
ated with the risk of CHD mortality (RR, 1.02; 95% CI,
0.92-1.13). There was little evidence of heterogeneity
across comparatives, (P=21.9%; Cochrane Q statistic,
P=0.26), and no publication bias was found (Begg test,
P=0.99; Egger test, P=0.52; Figure IB in the Data Sup-
plement).

Four studies involving 1255473 participants inves-
tigated stroke mortality as an outcome. Across all the
pooled studies, there was no evidence of an associa-
tion between the use of MVM supplements and the
risk of stroke mortality (RR, 0.95; 95% Cl, 0.82-1.09).
There was significant heterogeneity between compara-
tives (P=61.8%; Cochrane Q statistic, P=0.049) and no
publication bias (Begg test, P=0.73; Egger test, P=0.75;
Figure IC in the Data Supplement).

Circ Cardiovasc Qual Outcomes. 2018;11:e004224. DOI: 10.1161/CIRCOUTCOMES.117.004224

Effect of MVM Supplementation on Risk
of CHD and Stroke Incidence

Eight cohort studies with 397743 participants exam-
ined the association between MVM supplement use
and the risk of incident CHD in the ambulatory popula-
tion without a fatal underlying condition (Figure 2).

The pooled analysis demonstrated that subjects
who use MVM supplements had a reduced risk of inci-
dent CHD (RR, 0.88; 95% Cl, 0.79-0.97). There was
evidence of significant heterogeneity between studies
(P=55.8%; Cochrane Q statistic, P=0.027), but no pub-
lication bias was detected (Begg test, P=0.71; Egger
test, P=0.33; Figure ID in the Data Supplement).

Meta-analysis of 4 studies comprising 236059 par-
ticipants reporting stroke events as an outcome showed
that MVM supplementation was not related to stroke
incidence (RR, 0.98; 95% Cl, 0.91-1.05). There was no
evidence of significant heterogeneity between studies
(P=0.0%; Cochrane Q statistic, P=0.95), and no pub-
lication bias was observed (Begg test, P=0.73; Egger
test, P=0.78; Figure IE in the Data Supplement).

Subgroup and Sensitivity Analyses

Table 2 demonstrates the results of subgroup and inter-
action analyses. Subgroup analyses were performed
based on mean follow-up period (10 and >10 years),
period of MVM use (<5 and >5 years), mean age (<60
and >60 years), sex, type of population, exclusion of
individuals with history of CHD, adjustment for fruit
and vegetable intake, adjustment for smoking, adjust-
ment for physical activity, study design, and study site.
Overall, there was no association between MVM sup-
plementation and risk of CVD or CHD mortality in all
subgroups. A significant interaction for CHD mortality
was observed based on the adjustment for fruit and
vegetable intake (interaction P=0.02) and adjustment
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NOTE: Weights are from random effects analysis

Study RR (95% CI) Weight (%)
CVD Mortality (n=10) |

Messerer et al. 2008 26 0.93(0.74, 1.16) 2.57
Pocobelli et al. 2009 28 e 0.84 (0.70, 0.99) 4.28
Neuhouser et al. 2009 ¢ - 1.02(0.97, 1.07) 41.80
Mursu et al. 2011 20 - 1.03(0.97, 1.09) 31.78
Park et al. 2011 3 —— 0.99(0.84, 1.17) 4.68
Sessoetal. 20127 e 0.95 (0.83, 1.09) 6.83
Lietal. 2012 31 2 0.71(0.36, 1.39) 0.29
Rautiainen et al. 2015 4 —_— 1.10(0.84, 1.45) 1.75
Bailey et al. 2015 32 —_— 0.86 (0.68, 1.10) 2.25
Rautiainen et al. 2016 3¢ —_— 1.04 (0.87, 1.26) 3.76
Overall (I-squared = 4.9%, p = 0.395) ¢ 1.00(0.97, 1.04) 100.00
CHD Mortality (n=7)

Losonczy et al. 1996 22 —_—— 1.14 (0.93, 1.40) 19.22
Watkins et al. 2000 * - 0.95(0.88, 1.02) 50.10
Iso et al. 2007 25 ——— 1.15(0.94, 1.42) 18.99
Rautiainen et al. 2010 2 —~- 0.65 (0.37, 1.14) 3.40
Sessoetal. 20127 & 1.08 (0.29, 4.07) 0.64
Rautiainen et al. 2015 4 —- 1.24 (0.64, 2.42) 2.47
Rautiainen et al. 2016 3¢ —_— 1.04 (0.66, 1.62) 5.18
Overall (-squared = 21.9%, p = 0.262) ? 1.02(0.92, 1.13) 100.00
Stroke Mortality (n=4)

Watkins et al. 2000 5 —— 1.05(0.93, 1.18) 34.82
Iso et al. 2007 25 —_— 0.85(0.72, 1.00) 28.75
Sessoetal. 20127 ! . 1.48 (0.79, 2.78) 4.77
Dong et al. 2015 33 —— 0.87(0.76, 1.01) 31.66
Overall (I-squared = 61.8%, p =0.049) 0.95 (0.82, 1.09) 100.00
CHD Incidence (n=8) ‘

Rimm et al. 1998 23 —p— 0.76 (0.65, 0.90) 15.88
Hercberg et al. 2004 2¢ e 0.97(0.77, 1.20) 11.86
Ishihara et al. 2008 27 — 0.73(0.47,1.13) 4.57
Neuhouser et al. 2009 ¢ g 0.96 (0.89, 1.03) 23.21
Rautiainen et al. 2010 ? — 0.70 (0.57, 0.87) 12.49
Sessoetal. 20127 —_———— 0.99 (0.61, 1.60) 3.90
Rautiainen et al. 2015 * —_— 1.04 (0.84, 1.27) 12.78
Rautiainen et al. 2016 3¢ 0.88(0.74, 1.04) 15.32
Overall (l-squared = 55.8%, p = 0.027) <>| 0.88 (0.79, 0.97) 100.00
Stroke Incidence (n=4)

Neuhouser et al. 2009 ¢ - 0.98 (0.90, 1.06) 68.17
Sessoetal. 20127 —_— 1.05(0.70, 1.56) 2.84
Rautiainen etal. 20154 ——— 0.99(0.83, 1.18) 14.74
Rautiainen et al. 2016 3¢ 0.94(0.79,1.13) 14.25
Overall (I-squared = 0.0%, p = 0.954) 0.98 (0.91, 1.05) 100.00

| |
0.2 05

1

Figure 2. Association of multivitamin/mineral supplements and risk of cardiovascular disease (CVD) mortality, coronary heart disease (CHD) mortal-

ity, stroke mortality, CHD incidence, and stroke incidence.

Relative risks (RRs) of studies are denoted by gray squares. The lines of individual studies represent the 95% confidence intervals (Cls). The open diamond repre-
sents the 95% Cl of pooled RRs. A random effects model was used for the meta-analysis.

for physical activity (interaction P=0.02), but no other
interaction was observed.

The lower risk of CHD incidence with MVM supple-
mentation was observed in studies that did not adjust
for vegetable and fruit intake (RR, 0.77; 95% CI,
0.68-0.88). The association did not exist in studies that

Circ Cardiovasc Qual Outcomes. 2018;11:e004224. DOI: 10.1161/CIRCOUTCOMES.117.004224

adjusted for diet (RR, 0.91; 95% Cl, 0.82-1.01; interac-
tion P=0.01). A subgroup analysis of studies conducted
in countries other than the United States demonstrat-
ed an association between MVM supplement use and
lower risk of CHD (RR, 0.74; 95% Cl, 0.62-0.89). Stud-
ies conducted in the United States did not have this
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Table 2. Subgroup and Interaction Analyses

Table 2. Continued

No. of Test for No. of Test for
Strata Studies RR (95% ClI) P, % | Interaction Strata Studies RR (95% ClI) P, % | Interaction
CVD mortality Studies did 557902225 | 0.97 (0.91-1.04) | 49.7
Durat Y | not exclude 075
uration o supplement use, y individuals with .
<5 36:30.32 1.01 (0.96-1.06) 0 CHD
0.66
S5 6467283034 | 1 (0.95-1.04) 0 Adjustment for diet
Sex Studies 5457934 10.95 (0.88-1.02) 0
E— adjusted for
Men 473032, 0.97 (088—1 07) 0 0.34 vegetable and
Women 546293032 | 1.02(0.98-1.06) | 0 fruit diet 0.02
Type of population Studies did 2225 | 1.14(0.99-132) | 0 '
not adjust for
General 76202532 | 1,01 (0.97-1.04) | 17.9 vegetable and
population fruit diet
Healthcare 3073 10,96 (0.90-1.03) | 0 0.22 Adjustment for smoking
professional
population Studies 645702234 1 0.97 (0.91-1.04) | 54
adjusted for
Exclusion of individuals with history of CHD smoking
Studies excluded | 6426283134 | (0,95 (0.86-1.05) | 11.2 Studies did 125 1.15 (0.94-1.42) 012
individuals with not adjust for
CHD smoking
Studies did 5672630 11.00 (0.97-1.03) | 41.1 0-34 Adjustment for physical activity
not exclude
individuals with Studies 5457934 1 0.95 (0.88-1.02) 0
CHD adjusted for
physical activity
Adjustment for diet 0.02
Studies did 22225 1.14 (0.99-1.32) 0
Studies adjusted | 74¢72% | 1.00(0.97-1.03) | 23.3 not adjust for
for vegetable 3034 physical activity
and fruit diet
Follow-up period, y
Studies did 36312 | 0.89(0.75-1.04) | 0 0.17
not adjust for <10 2522 | 0.97(0.90-1.04) | 46.7
0.65
vegetable and >10 5079253 | 1.01(0.86-1.19) | 415
fruit diet
- Mean age, y
Follow-up period, y
<60 2434 1.10(0.76-1.59) 0
<10 36.26.28 0.95(0.83-1.08) | 59.2 0.89
0.78 >60 37922 1.07 (0.88-1.29) | 40.9
>10 747293234 10,99 (0.95-1.04) | 0.2
Study site
Mean age, y
United States 54572234 10,97 (0.90-1.04) | 36.9
<60 74262830~ | 0.95 (0.87-1.03) 0 0.31
3234 0.10 Others 2925 1.08 (0.88-1.31) | 43.6
>60 367.29 1.02 (0.98-1.06) 0 Stroke mortality
Study site Exclusion of individuals with history of CHD
United States 846726 | 1.00(0.97-1.03) | 24.9 Studies 13 0.87 (0.76-1.01)
303234 excluded
0.37 L .
individuals with
Others 22631 0.91(0.73-1.12) 0 CHD
. 0.17
CHD el Studies did 39725 | 0.98(0.90-1.08) | 448
Sex not exclude
individuals with
Men 35725 | 0.95 (0.86-1.04) | 29.1 CHD
0.51
Wormen 35925 | 1.00 (0.89-1.12) | 26.8 Adjustment for diet
Duration of MVM supplement use, y Studies 357.33 0.99 (0.90-1.08) | 44.0
<5 1 0.99 (0.91-1.07) adjusted for
0.45 vegetable and
>5 257 0.95(0.88-1.03) | © fruit diet
0.1
Exclusion of individuals with history of CHD Studies did 125 0.85 (0.72-1.00)
Studies excluded | 399 | 0.99 (0.94-1.04) | 29 not adjust for
individuals with 0.75 vegetable and
CHD fruit diet
(Continued) (Continued)

Circ Cardiovasc Qual Outcomes. 2018;11:e004224. DOI: 10.1161/CIRCOUTCOMES.117.004224
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Table 2. Continued

No. of

Strata Studies

RR (95% ClI)

P, %

Test for
Interaction

Adjustment for smoking

Studies 35733
adjusted for
smoking

0.98 (0.91-1.07)

64.5

Studies did 1%
not adjust for
smoking

0.85(0.72-1.00)

0.33

Adjustment for physical activity

Studies 35733
adjusted for
physical activity

0.98 (0.91-1.07)

64.5

Studies did 1%
not adjust for
physical activity

0.85(0.72-1.00)

0.33

CHD incidence

Study design

Randomized 2724
controlled trial

0.97 (0.80-1.19)

Prospective 6469.2327,34

cohort study

0.90 (0.85-0.96)

67.5

0.49

Period of MVM supplement use, y

<5 269

0.95 (0.88-1.03)

>5 54,5,7,9,34

0.88(0.77-1.01)

50.6

0.73

Type of population

General 469.24.27

population

0.85 (0.68-1.07)

68.3

Healthcare 44.7.23.34

professional
population

0.89(0.79-1.01)

50.9

0.41

Adjustment for diet

Studies adjusted | 5467934

for vegetable
and fruit diet

0.91(0.82-1.01)

56.5

Studies did
not adjust for
vegetable and
fruit diet

3232427

0.77 (0.68-0.88)

0.01

Mean age, y

<60 54,23,24,27,34

0.87 (0.79-0.96)

44.6

>60 269

0.83(0.61-1.13)

86.9

0.27

Study site

5A,6,7,23,3A

United States

0.91 (0.83-1.00)

51

Others

39,24,27

0.74 (0.62-0.89)

29.7

0.02

Stroke incidence

Exclusion of individuals with history of CHD

Studies excluded 2434
individuals with
CHD

0.97 (0.85-1.09)

Studies did 267
not exclude
individuals with
CHD

0.98 (0.91-1.06)

0.81

CHD indicates coronary heart disease; Cl, confidence interval; CVD,
cardiovascular disease; MVM, multivitamin/mineral; and RR, relative risk.

Circ Cardiovasc Qual Outcomes. 2018;11:e004224. DOI: 10.1161/CIRCOUTCOMES.117.004224

association (RR, 0.91; 95% Cl, 0.83-1.00; interaction
P=0.02).

Influence analysis was performed by calculating
pooled RRs after sequential removal of individual stud-
ies. Exclusion of any individual study did not signifi-
cantly alter the pooled RR for any of the outcomes, as
shown in Figure A through IIE in the Data Supplement.

DISCUSSION

Our meta-analysis of 18 studies involving 2019862
participants demonstrated no association between
MVM supplementation and risk of CVD, CHD, or stroke
mortality. MVM supplements were associated with a
slightly lower risk of CHD incidence in the overall analy-
sis, but no association was found with stroke incidence.

Studies have not demonstrated improved cardio-
vascular outcomes in the general population with a
therapeutic supplementation of deficient vitamins,
such as vitamin D.%® Even sparser is the evidence of
cardiovascular benefit in the general population with-
out a confirmed vitamin deficiency, other than possible
theoretical benefits suggested in in vitro studies.*4
Furthermore, several studies demonstrated that routine
vitamin and mineral supplementation in certain popu-
lations, for instance in elderly patients, could lead to a
worse outcome.*=>' Our finding supports the hypoth-
esis that the net effect of MVM supplementation in the
general population for CVD prevention is neutral.

In our study, MVM supplement use was inversely
related to the incidence of CHD when all studies were
considered. However, this association was demonstrat-
ed only in cohort studies and not when subgroup analy-
sis was performed on RCTs. There was significant het-
erogeneity among the cohort studies (”=67.5%) but
no substantial heterogeneity among RCTs (#=0.0%).
All included RCTs tested a uniform dose and ingredient
of MVM, but most cohort studies did not specify the
type and dose because use was assessed by self-report.
Therefore, the marginal benefit of MVM use on CHD
incidence seen in the overall outcome is likely because
of the inherited limitations of prospective cohort stud-
ies, including residual confounding factors and inability
to identify causation.

It is unclear why MVM supplement use was associ-
ated with lower risk of CHD incidence in studies done
outside of the United States, whereas no benefit was
found among studies performed in the United States.
Nutritional studies have established that fruits and veg-
etables are a good source of many vitamins and are
associated with a lower risk of stroke and CHD, with
a strong dose-response relationship.>>**> On the con-
trary, multivitamin supplements have not been shown
to improve CVD outcomes, regardless of the baseline
nutritional status.> A report from the Centers for Dis-
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ease Control and Prevention revealed that 87% of the
population in the United States do not meet the fruit
and vegetable intake recommendations.>> Multiple
studies have shown that MVM supplement users also
have higher intake of vitamins and minerals from their
diet compared with nonusers.**>’ It can be postulated
that the marginal inverse association with CHD inci-
dence seen in the studies done outside of the United
States is because of the more unmeasured confounding
variables in non-US studies and not because of regional
benefits of MVM supplementation.

Our study has multiple strengths, including the large
size of meta-analysis (>2 million participants included),
with long-term follow-up (average 12 vyears), rigor-
ous statistical methods examining for heterogeneity
across studies, examination of associations of MVM
for specific CVD outcomes, and examination of asso-
ciations among many different subgroup populations.
We undertook this analysis because, despite numerous
studies strongly suggesting the neutral effect of MVM
supplements on CVD prevention, the controversy did
not end, and the scientific community continued to
send a confusing signal to the public.>® A fundamen-
tal benefit of meta-analysis is its ability to evaluate the
body of evidence by combining the results from previ-
ously published studies. This helps to avoid making pre-
emptive conclusions based on a few papers that may
have type 1 error because of multiple testing and mis-
guided result interpretation. Our findings will hopefully
serve to dampen the widespread public enthusiasm for
MVM use by conclusively showing null effects.

Nonetheless, there are potential limitations in this
study. First, the MVM supplement formulation and dose
were not uniform in the included studies. Only 5 studies
specified the dose and type of MVM supplements. This
lack of standardization reflects the real-world situation.
The Food and Drug Administration does not review
MVM supplements before they are marketed, and there
is a wide variety of MVM supplements available in the
market.> Two RCTs included in the analysis tested uni-
form MVM formulas, and the meta-analysis outcome
of those studies matched the overall negative out-
come. Second, most of the included studies assessed
the use of MVM supplements by questionnaires and
were unable to assess the frequency, dose, and compli-
ance accurately. We attempted to perform a subgroup
analysis of those who used MVM supplements more
frequently but were unable to do so because of the
lack of specific data. Third, prospective cohort studies
were included in the main analysis, which are not free
of potential confounding biases. However, most of the
included studies adjusted for major cardiovascular risk
factors, and our vigorous sensitivity analysis and sub-
group analysis demonstrated a consistent neutral effect
of MVM supplements on CVD outcomes. Moreover,
inclusion of the RCTs did not alter the overall outcome.

Circ Cardiovasc Qual Outcomes. 2018;11:e004224. DOI: 10.1161/CIRCOUTCOMES.117.004224

In conclusion, our comprehensive meta-analysis
demonstrates that MVM supplement use does not
improve cardiovascular outcomes. Our study supports
current professional guidelines that recommend against
the routine use of MVM supplements for the purpose
of CVD prevention in the general population.
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SUPPLEMENTAL MATERIAL

Appendix 1: Search terms and strategy

Pubmed: (“multivitamin”[Title/Abstract] or “multivitamins”[Title/Abstract] or
“vitamins”[Title/Abstract] or “multimineral”[Title/Abstract] or “dietary
supplements”[Title/Abstract] or “dietary supplement”[Title/Abstract] or “mineral
supplement”[Title/Abstract] or “mineral supplements”[Title/Abstract]) AND (“cardiovascular
diseases”[MeSH Terms] OR “cerebrovascular disorders”[MeSH Terms] OR “coronary artery
disease”[Title/Abstract] OR “coronary disease”[Title/Abstract] OR “myocardial
ischemia”[Title/Abstract] OR “stroke”[Title/Abstract] OR “cerebrovascular
accident”[Title/Abstract] OR “cerebrovascular disorders”[Title/Abstract] OR “cerebral
infarction”[Title/Abstract] OR “cerebral hemorrhage”[Title/Abstract])

Embase: (Multivitamin or Multimineral) AND (Cardiovascular disease or Coronary artery disease
or Myocardial ischemia or Stroke)

Cochrane library: (Multivitamin or Multimineral) AND Cardiovascular disease

Appendix 2: Quality assessment criteria for included studies

A quality assessment tool was used to evaluate the methodologic quality of each study. This
tool consisted of 15 assessment items, 6 for informativeness assessment and 9 for
validity/precision (V/P) assessment. Study population and participation, study attrition, data
collection, and data analyses of each study were evaluated using this assessment criteria. Each

item was valued as positive and given 1 point when there was proper information provided in



the study, negative and no point given when no adequate information was described, and

unknown (?) when the description was unclear or insufficient.



Appendix Figure 1A. Begg’s funnel plot of studies reporting CVD mortality as the primary

outcome.
Begg's funnel plot with pseudo 95% confidence limits
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Appendix Figure 1B. Begg’s funnel plot of studies reporting CHD mortality as the primary
outcome.

Begg's funnel plot with pseudo 95% confidence limits
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Appendix Figure 1C. Begg’s funnel plot of studies reporting stroke mortality as the primary
outcome.

Begg's funnel plot with pseudo 95% confidence limits
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Appendix Figure 1D. Begg’s funnel plot of studies reporting incidence of CHD as the primary
outcome.

Begg's funnel plot with pseudo 95% confidence limits

5
o
E 0 o
I ° °
o
o
o
o
o
-5

s.e. of: log]rr]



Appendix Figure 1E. Begg’s funnel plot of studies reporting incidence of stroke as the primary
outcome.

Begg's funnel plot with pseudo 95% confidence limits
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Appendix Figure 2A. Influence analysis of studies reporting CVD mortality as the primary

outcome.
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Appendix Figure 2B. Influence analysis of studies reporting CHD mortality as the primary
outcome.

Meta-analysis estimates, given named study is omitted

| Lower CI Limit O Estimate | Upper CI Limit
Losonczy et al. 1996 O \
Watkins et al. 2000 O
Iso et al. 2007 O
Rautiainen et al. 2010 O
Sesso et al. 2012
Rautiainen et al. 2015 \ g
Rautiainen et al. 2016 \ d
0.9D.92 0.99 1.05 1.‘26



Appendix Figure 2C. Influence analysis of studies reporting stroke mortality as the primary
outcome.

Meta-analysis estimates, given named study is omitted

| Lower CI Limit O Estimate | Upper CI Limit
Watkins et al. 2000 a \
Iso et al. 2007 e
Sesso et al. 2012 O
Dong et al. 2015 \ @) \
\
0.79 0.88 0.95 1.03 1.08

10



Appendix Figure 2D. Influence analysis of studies reporting incidence of CHD as the primary
outcome.

Meta-analysis estimates, given named study is omitted
| Lower CI Limit O Estimate | Upper CI Limit

Rimm et al. 1998 \ O
Hercberg et al. 2004 O
Ishihara et al. 2008 @)
Neuhouser et al. 2009 O
Rautiainen et al. 2010 O
Sesso et al. 2012 g
Rautiainen et al. 2015 O

Rautiainen et al. 2016 \ O \

0.78 0.86 0.91 0.96 0.99
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Appendix Figure 2E. Influence analysis of studies reporting incidence of stroke as the primary
outcome.

Meta-analysis estimates, given named study is omitted

| Lower CI Limit O Estimate | Upper CI Limit
Neuhouser et al. 2009 O
Sesso et al. 2012 g
Rautiainen et al. 2015 g
Rautiainen et al. 2016 \ O \
\
0.86 0.91 0.98 1.05 1.10

12



Appendix table 1. Criteria for Quality Assessment of Included Randomized Controlled Trials (n= 2)

Study Study Maximum Supplement Treatment Participants, Mean Women,% Outcome Mortality Harms
name design follow- type duration, y n Age,
up,y y
SU.V.LMAX RCT 13 3 vitamins, 7.5 (median) 13,017 49 59 CHD No No difference
1 2 minerals Incidence: difference
No
difference
PHS-II 2 2x2x2x2 11.2 13 vitamins, 11.2(median) 14,641 64 0 CHD No No difference
factorial 17 minerals incidence, difference
RCT CvD
incidence,
stroke
incidence,
CvD
mortality:
no
difference
Study Study Study Participants Summary consistency Overall Major applicability Overall
name design design randomly of risk for limitations study
assigned, n  findings bias quality
SU.VI.LMAX RCT Efficacy 13,017 No Consistent Good Only 3 Moderate Good
! benefit vitamins to high
for CHD included in
incidence the
supplements
PHS-II 2 Factorial  Efficacy 14,641 No Consistent Good Population High Good
RCT benefit was male
for CVD physicians
incidence only
and
mortality

13



Appendix table 2. Criteria for Quality Assessment of Included Prospective Cohort Studies (n= 16)

Study Study population and participation Study attrition
Adequate description
of sampling frame, Participation rate at baselineat  Adequate Response at short-term
recruitment methods, least 80%, or if the description of follow-up (up to 12 Information on
period of recruitment  nonresponse was not selective  baseline study Provision of Provision of  months) was at least 80%  not selective
Adequate and place of (show that baseline study sample (i.e., theexactnat  exact of the n at baseline and nonresponse
description recruitment (setting sample does not significantly individuals entering  each follow- information  response at long-term during follow-
of source and geographic differ from population of the study) for key up on follow- follow-up was at least up
population location) eligible subjects) characteristics measurement  up duration  70% of the n at baseline measurements
Losonczy et al. 3 Yes Yes No Yes No Yes Yes Yes
Rimm et al. 4 Yes Yes yes Yes No Yes No Yes
Watkins et al. > Yes Yes yes Yes No Yes Not presented Not presented
Isoetal.® Yes No Not presented Yes No No Not presented Not presented
Messerer et al. 7 Yes Yes Yes Yes No Yes Yes Not presented
Ishihara et al. 8 Yes Yes Not presented Yes No No Not presented Not presented
Neuhouseretal.® Yes Yes Yes Yes Yes Yes Yes Yes
Pocobelli et al. 1° Yes Yes Yes Yes No Yes No Yes
Rautiainen et al.
1 Yes Yes No Yes Yes Yes Yes Yes
Mursu et al. 12 Yes Yes Yes Yes Yes Yes No Yes
Park et al. 13 Yes Yes No Yes No Yes Yes Yes
Lietal. 14 Yes Yes Yes Yes No Yes Yes Yes
Rautiainen et al.
15 Yes yes Yes Yes No Yes Yes Yes
Bailey et al. 16 Yes Yes No Yes Yes Yes Yes Yes
Dongetal. 17 Yes Yes Not presented Yes No Yes Not presented Yes
Rautiainen et al.
18 Yes Yes Yes Yes No Yes Yes yes

14



Study Data collection Data analyses Score

Adequate Adequate measurement of the

description of health outcome: objective The number of

measurement Multivitamin use measurement of the health cases was at

and definition ~ was assessed at a outcome done by trained least 10 times Presentation of  No selective reporting

of time prior to the personnel by means of the number of  point estimates  of results (yes for no

Multivitamin measurement of standardized protocols of The statistical the and measures selective reporting, no

and mineral the health acceptable quality and not by model used was independent of variability (CI  for presence of

use outcome self-report appropriate variables or SE) selective reporting)
Losonczy et al. 3 Yes Yes Yes Yes Yes Yes Yes 13
Rimmetal. 4 Yes Yes Yes Yes Yes Yes Yes 13
Watkins et al. > Yes Yes Yes Yes Yes Yes Yes 12
Iso etal.® Yes Yes Yes Yes Yes Yes Yes 13
Messereretal.”  Yes Yes Yes Yes Yes Yes Yes 13
Ishihara et al. 8 Yes Yes Yes Yes Yes Yes Yes 10
Neuhouser et al.
9 Yes Yes Yes Yes Yes Yes Yes 15
Pocobellietal. 20  Yes Yes Yes Yes Yes Yes Yes 13
Rautiainen et al.
11 Yes Yes Yes Yes Yes Yes Yes 14
Mursu et al. 12 Yes Yes Yes Yes Yes Yes yes 14
Park et al. 13 Yes Yes Yes Yes Yes Yes Yes 13
Lietal. 14 Yes Yes Yes Yes Yes Yes Yes 14
Rautiainen et al.
15 Yes Yes Yes Yes Yes Yes Yes 14
Bailey et al. 16 Yes Yes Yes Yes Yes Yes Yes 14
Dongetal. 7 Yes Yes Yes Yes Yes Yes Yes 12
Rautiainen et al.
18 Yes Yes Yes Yes Yes Yes Yes 14
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