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Abstract
Purpose Despite the widespread use of multivitamin/mineral supplements, the effects of multivitamin/mineral on car-
diovascular disease (CVD) remain inconclusive. We aimed to prospectively investigate how multivitamin/mineral use is 
associated with CVD.
Methods This population-based cohort study included 465,278 men and women who participated in the UK Biobank and 
were free from CVD at baseline. Participants were enrolled between 2006 and 2010 and followed-up until the end of 2018. 
Data on supplement use including multivitamin/mineral were collected using self-reported questionnaires. Cox proportional 
hazards models were used to estimate the hazard ratios of CVD events in relation to multivitamin/mineral use.
Results During the follow-up, we identified 25,772 cases of CVD events, 4754 cases of CVD mortality, 18,728 cases of coro-
nary heart disease, 6726 cases of myocardial infarction, and 4561 cases of stroke. The multivariable-adjusted hazard ratios 
associated with multivitamin/mineral use were 0.96 (95% CI: 0.93, 0.99) for CVD events, 0.92 (0.86, 1.00) for CVD mortal-
ity, 0.96 (0.93, 0.99) for coronary heart disease, and 0.92 (0.86, 0.97) for myocardial infarction. Subgroup analysis suggested 
that multivitamin/mineral use was associated with a significantly lower risk of CVD events in participants aged < 60 years 
and in former and current smokers (P for interaction ≤ 0.01). Sensitivity analyses showed no substantial change in the results 
when we excluded participants who developed CVD events during the first 2 years of follow-up.
Conclusion Multivitamin/mineral supplementation was associated with very modest reductions in CVD events. Age and 
smoking might modify these associations.

Keywords Multivitamin/mineral · Cardiovascular disease · Cohort · UK Biobank

Introduction

The consumption of multivitamin/mineral supplements is 
common in developed countries because of the perception 
that they ensure an adequate nutrient intake and can prevent 

various chronic diseases, including cardiovascular disease 
(CVD) [1]. However, published results have not provided 
clear evidence of the potential cardiovascular benefits of 
multivitamin/mineral supplementation [2].
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The Physicians’ Health Study (PHS) II, which was a ran-
domized, controlled trial that tested daily multivitamin/min-
eral (Centrum Silver) use in CVD prevention, reported that 
this supplementation did not affect total CVD [3]. However, 
this study showed a significant reduction (by 39%) in fatal 
myocardial infarction (MI). Another randomized, controlled, 
supplementation trial called the SU.VI.MAX study evalu-
ated the efficacy of nutritional doses of antioxidant vitamins 
and minerals, and indicated a significant interaction by sex 
for cancer incidence and all-cause mortality, that did not 
reach significance for CVD but still beared relevance [4]. 
The well-known limitations of these two trials make extrapo-
lating these findings to the general population difficult [5].

Several large, population-based, observational studies 
have also reported inconsistent results regarding multivita-
min/mineral use in CVD prevention [6–12]. A prospective 
cohort of Swedish women suggested a lower risk of MI in 
women with no history of CVD at baseline who were using 
multivitamins [6]. The Japan Collaborative Cohort study 
showed an inverse association of borderline statistical sig-
nificance between multivitamin use and the risk of stroke 
mortality [7]. However, other observational studies showed 
no association of multivitamin/mineral use with the CVD 
incidence or mortality [8–10]. The above-mentioned studies 
were in homogeneous study populations (women [6, 8, 9] or 
men [10, 11] only) or investigated single CVD outcomes (MI 
[6], stroke [7], or CVD mortality [10, 12] only) with a lim-
ited sample size. These factors might have limited not only 
their generalizability, but also the ability to investigate the 
potential factors modifying the associations between multi-
vitamin/mineral supplementation and total CVD outcomes.

Therefore, this prospective cohort study comprehensively 
examined the association between multivitamin/mineral 
supplement use and CVD outcomes in nearly half a mil-
lion adults in the UK Biobank study. This study also further 
examined the potential modifying factors that might affect 
these associations.

Methods

Study design and participants

The UK Biobank is a large, population-based, prospective 
cohort study that aimed to investigate how different diseases 
are caused by the combination of lifestyle, environment, 
and genes [13]. The study design and population have been 
reported in detail previously [13]. Briefly, between 2006 and 
2010, the UK Biobank study recruited more than half a mil-
lion men and women aged 40–69 years at 22 assessment 
centers across England, Scotland, and Wales. Participants 
provided baseline information, physical measures, and bio-
logical samples, and were longitudinally followed-up for a 

wide range of health-related outcomes. In the current study, 
we excluded participants who withdrew from the study 
(n = 1298), those who had no available data on multivitamin/
mineral supplements (n = 7295), and those with self-reported 
prior CVD (n = 28,634) at baseline. We included 465,278 
participants in the final analysis (Fig. 1).

This study was performed under generic ethical approval 
obtained by UK Biobank investigators from the National 
Health Service National Research Ethics Service (Ref: 11/
NW/0.0382) and all participants provided written informed 
consent. The current analyses were carried out under appli-
cation number 52632.

Exposure assessment

At baseline, the habitual use of multivitamin/mineral sup-
plements was recorded using a touch screen questionnaire. 
Participants were asked “Do you regularly take any of the 
following?” and could select their answers from a list of 
supplements, including multivitamins/minerals. We defined 
the habitual use of multivitamins/minerals as “1 = yes” or 
“0 = no.”

Ascertainment of outcomes

The primary outcome of this study was total CVD events, 
which comprised CVD mortality, coronary heart disease 
(CHD), and stroke. The secondary outcomes were indi-
vidual CVD mortality, individual CHD events, MI events, 
and stroke events (ischemic and hemorrhagic stroke). The 
date and cause of death were identified by linking to death 
registries of the National Health Service Information Cen-
tre (England and Wales) and the National Health Service 
Central Register Scotland (Scotland). The date and cause of 
hospital admissions were identified through record linkage 
to Health Episode Statistics (England and Wales) and the 
Scottish Morbidity Records (Scotland). Detailed informa-
tion on the linkage procedures can be found at http:// conte nt. 
digit al. nhs. uk/ servi ces. At the time of the analysis, hospital 
admission data were available up to March 31, 2017, and 
we censored the disease-specific outcome analysis at this 

Fig. 1  Flowchart of participants’ selection

http://content.digital.nhs.uk/services
http://content.digital.nhs.uk/services
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date or at the date of the first incidence of disease or death, 
whichever occurred first. Mortality data were available up to 
February 14, 2018. Therefore, we censored mortality analy-
sis at this date or at date of death, whichever occurred first. 
The International Classification of Diseases, 10th Revision 
(ICD-10) codes were used to define CVD events in death and 
medical records. CHD was defined as ICD codes I20–I25. 
MI was defined as ICD codes I21, I22, I23, I24.1, or I25.2. 
Stroke was defined as ICD codes I60–I64 (ischemic stroke: 
code I63; hemorrhagic stroke: codes I60–I62). CVD mortal-
ity was defined as ICD codes I00–I99.

Covariates

The UK Biobank project used the baseline questionnaire to 
assess the following potential confounding variables: soci-
odemographic characteristics (age, sex, ethnicity, Townsend 
Deprivation Index, education, and gross annual household 
income), lifestyle behaviors (body mass index [BMI], 
smoking status, alcohol consumption, physical activity, and 
healthy diet [healthy diet score was evaluated by red meat 
intake ≤ 3 times each week, vegetable intake ≥ 4 tablespoons 
each day, fruit intake ≥ 3 pieces each day, fish intake ≥ 4 
times each week, cereal intake ≥ 5 bowls each week, and 
urinary sodium concentration ≤ 70.6 mmol/L; one point 
was given for each favorable diet factor and the total diet 
score ranged from 0 to 6; a healthy diet was defined as a diet 
score ≥ 3] [14]), health conditions (hypertension, diabetes, 
high cholesterol concentrations, and longstanding illness), 
and drug use (antihypertensive drugs, insulin, aspirin, and 
lipid-lowering drugs).

The Townsend Deprivation Index is a composite measure 
of deprivation based on non-home ownership, non-car own-
ership, unemployment, and household overcrowding. This 
index represents the participant’s socioeconomic status and 
is provided directly by the UK Biobank [15, 16]. Education 
was coded as having received a degree (college/university 
degree) or no degree, and this information was derived from 
the questionnaire. BMI was calculated as the weight, meas-
ured to the nearest 0.1 kg using the Tanita BC-418 MA body 
composition analyzer (Tanita Corporation of America, IL), 
divided by the square of the height in meters, measured with 
a Seca 202 device (SECA, Hamburg, Germany). According 
to healthy physical activity recommendations [17], we cat-
egorized participants into < 150 or ≥ 150 min/week on the 
basis of the total time spent in moderate physical activity in 
minutes each week. Sodium concentrations were measured 
at the UK Biobank laboratory from stored baseline urine 
samples by ion selective electrode method using a Beck-
man Coulter AU5400. Baseline serum C-reactive protein 
was measured by immunoturbidimetric-high-sensitivity 
assay on a Beckman Coulter AU5800. Analytic range for 
urine sodium was 2–200 mmol/L and 0.08–80 mg/L for 

serum C-reactive protein. Blood pressure was measured 
twice with a digital sphygmomanometer (Omron 705 IT; 
OMRON Healthcare Europe B.V., Hoofddorp, Nether-
lands) or a manual sphygometer. The mean value of the two 
measurements were used to minimize measurement error. 
Information on the medical history (physician’s diagnosis 
of diabetes, high cholesterol, and longstanding illness) was 
collected by the self-completed baseline assessment ques-
tionnaire. Hypertension was defined as a self-reported his-
tory of hypertension, the use of antihypertensive drugs, a 
systolic blood pressure ≥ 140 mm Hg, or a diastolic blood 
pressure ≥ 90 mm Hg. Details of these assessments can be 
found on the UK Biobank website (www. ukbio bank. ac. uk).

Statistical analyses

Baseline characteristics are presented as the number (per-
centage) for categorical variables and the mean (standard 
deviation) for continuous variables. We used the chi-square 
test and Student’s t test to examine the participants’ charac-
teristics according to whether they were users or non-users 
of multivitamin/mineral supplementation at baseline.

After verification of the proportional hazard assumption, 
Cox proportional hazard models were used to examine the 
associations between multivitamin/mineral supplemen-
tation and CVD outcomes (CVD events, CVD mortality, 
CHD, MI, or stroke). We fitted two sets of models. The 
basic model was adjusted for baseline age (years) and sex 
(male or female). The multivariable model was adjusted for 
the additional variables of ethnicity (white and others), the 
Townsend Deprivation Index, household income (< £18,000, 
£18,000–£30,999, £31,000–£51,999, £52,000–£100,000, 
or > £100,000), BMI (kg/m2), smoking status (never, former, 
or current), alcohol consumption (never, 1–2, 3–4, or ≥ 5 
times/week), physical activity (< 150 or ≥ 150 min/week), 
healthy diet (yes or no), diabetes (yes or no), hypertension 
(yes or no), high cholesterol concentrations (yes or no), long-
standing illness (yes or no), cholesterol-lowering medication 
(yes or no), antihypertensive drug use (yes or no), insulin 
treatment (yes or no), aspirin use (yes or no), and C-reactive 
protein concentrations (mg/L).

We performed subgroup analyses to estimate potential 
modification effects according to age (< 60 or ≥ 60 years), 
sex (male or female), obesity [yes (BMI ≥ 30 kg/m2) or no 
(BMI < 30 kg/m2)], healthy diet (yes or no), smoking sta-
tus (never, former, or current), and physical activity (< 150 
or ≥ 150 min/week). We assessed potential modifying effects 
by modeling the cross-product term of the stratifying vari-
able with multivitamin/mineral supplementation. Further-
more, we conducted several sensitivity analyses to test the 
robustness of the results. First, we conducted sensitivity 
analyses by excluding participants who developed CVD 
events during the first 2 and 3 years of follow-up to minimize 

http://www.ukbiobank.ac.uk
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the effect of reverse causation. Second, because habitual use 
of multivitamin/mineral supplements was very likely to have 
strong association with habitual use of other supplements, 
we performed a sensitivity analysis by excluding participants 
who took any other supplements.

We performed multiple imputation for missing covariate 
data using the Markov chain Monte Carlo method. Detailed 
information on the number of missing covariates was shown 
in Supplemental Table S1. A two-tailed P value < 0.05 was 
considered statistically significant in all analyses. Statistical 
analysis was conducted using SAS statistical software ver-
sion 9.4 (SAS Institute, Cary, NC, USA).

Results

Baseline characteristics

Table 1 shows the baseline characteristics of the study par-
ticipants stratified by multivitamin/mineral supplementa-
tion (users versus non-users). Of the 465,278 participants, 
259,898 (55.9%) were women who had a mean age of 
56.2 years. Overall, 103,687 (22.3%) participants reported 
habitual multivitamin/mineral supplementation at baseline. 
Multivitamin/mineral users were younger, and more likely 
to be women, not current smokers, drink less alcohol, and 
be physically active compared with non-users. Additionally, 
multivitamin/mineral users had a healthy diet, and had a 
lower prevalence of diabetes, hypertension, and high cho-
lesterol concentrations, but had a higher prevalence of long-
standing illness, compared with non-users. Multivitamin/
mineral users were also less likely to take antihypertensive 
drugs, cholesterol-lowering medication, and insulin treat-
ment, more likely to take aspirin, and had lower C-reactive 
protein than non-users.

Multivitamin/mineral use and outcomes

The median times to follow-up were 9.0 years (interquartile 
range: 8.3–9.7, totaling 4,190,751 person-years) for mor-
tality outcomes and 8.1 years (interquartile range: 7.4–8.8, 
totaling 3,705,616 person-years) for CVD events. During 
the follow-up, we identified 25,772 cases of CVD events, 
4754 cases of CVD mortality, 18,728 cases of CHD, 6726 
cases of MI, and 4561 cases of stroke (3481 ischemic and 
1249 hemorrhagic stroke). Table 2 shows the associations of 
habitual use of multivitamins/minerals with the outcomes. 
After adjusting for age and sex, we found significant inverse 
associations of multivitamin/mineral use with the risk of 
CVD events, CVD mortality, CHD, and MI (all P < 0.05). 
In the multivariable-adjusted models, the hazard ratios 
associated with multivitamin/mineral use were 0.96 (95% 
confidence interval: 0.93, 0.99) for CVD events, 0.92 (0.86, 

1.00) for CVD mortality, 0.96 (0.93, 0.99) for CHD, and 
0.92 (0.86, 0.97) for MI. However, we did not observe any 
significant associations between multivitamin/mineral use 
and stroke (hazard ratio 1.00; 95% confidence interval: 0.93, 
1.07; P = 0.94), ischemic stroke (0.95; 0.88, 1.04; P = 0.25), 
or hemorrhagic stroke (1.13; 0.99, 1.29; P = 0.07).

Subgroup and sensitivity analyses

We conducted subgroup analyses according to potential risk 
factors (Fig. 2). Multivitamin/mineral use was associated 
with a significantly lower risk of total CVD events in partici-
pants aged < 60 years (P for interaction = 0.01) or previous 
and current smokers (P for interaction = 0.002). Sensitivity 
analyses showed no substantial change in the results when 
we excluded participants who developed CVD events during 
the first 2 years of follow-up (Table 3). After excluding par-
ticipants who developed CVD events during the first 3 years 
of follow-up, we found a borderline inverse association 
between multivitamin/mineral use and lower risk of CVD 
events (Supplemental Tables S2). The association between 
multivitamin/mineral use and the risk of CVD events was 
abolished after excluding participants who took any other 
supplements (Table 4).

Discussion

In this large prospective study in the UK population, habitual 
multivitamin/mineral use was associated with very modest 
reductions in total CVD events, individual CVD mortality, 
CHD, and MI. Such associations were independent of tradi-
tional risk factors, which were baseline age, sex, ethnicity, 
the Townsend Deprivation Index, household income, BMI, 
smoking status, alcohol consumption, physical activity, 
healthy diet, major comorbidities, medicinal drug use, and 
C-reactive protein. The associations between the use of mul-
tivitamins/minerals and risks of CVD outcomes were modi-
fied by age and smoking. There was no substantial change 
in the results when we excluded participants who developed 
CVD events during the first 2 years of follow-up.

Several observational studies suggested inverse associa-
tions between multivitamin/mineral supplementation and 
CVD outcomes [6, 11, 18–20]. In a case–control study of 
Swedish residents aged 45–70 years, the odds ratios of MI 
were 0.79 (95% confidence interval: 0.63, 0.98) for men and 
0.66 (95% confidence interval: 0.48, 0.91) for women when 
regular users of multivitamin supplements were compared 
with non-users [18]. A nationally representative, prospec-
tive sample of adults in the US using restricted data of the 
Third National Health and Nutrition Examination Survey 
showed that the use of multivitamins/minerals for > 3 years 
was significantly associated with a 35% lower risk of CVD 
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mortality compared with non-users at a median 18-year 
follow-up [19]. However, the Nurses’ Health Study [8] and 
Women’s Health Study [9] showed that neither baseline 
nor time-varying multivitamin use was associated with the 
long-term risk of stroke. A systematic review and meta-
analysis and its update of clinical trials and prospective 
cohort studies both demonstrated that multivitamin/mineral 

supplementation did not improve CVD outcomes in the gen-
eral population [2, 21].

In this prospective study that included nearly half a mil-
lion adults, we observed an extremely modest effect of mul-
tivitamin/mineral use on CVD events, only a few percent 
lower. Other vitamin and mineral supplement use fully atten-
uated the effects of multivitamin/mineral, demonstrating the 

Table 1  Characteristics of multivitamin/mineral users and non-users in the UK Biobank

a Continuous variables are expressed as mean (SD). Categorical variables are expressed as frequency (percentage)
£18 000 = €21 489; $23 253

Characteristicsa Overall (n = 465,278) Multivitamin/mineral non-users 
(n = 361,591)

Multivitamin/mineral 
users (n = 103,687)

Age, years 56.2 (8.1) 56.2 (8.1) 56.1 (8.0)
Female 259,898 (55.9) 194,937 (53.9) 64,961 (62.7)
Ethnicity
White 440,478 (94.7) 343,804 (95.1) 96,674 (93.2)
Others 24,800 (5.3) 17,787 (4.9) 7013 (6.8)
Townsend Deprivation Index –1.4 (3.0) –1.4 (3.0) –1.3 (3.1)
Gross annual household income, £
 < 18,000# 104,696 (22.5) 82,037 (22.7) 22,659 (21.8)
 18,000–30,999 119,458 (25.7) 92,510 (25.6) 26,948 (26.0)
 31,000–51,999 122,058 (26.2) 94,710 (26.2) 27,348 (26.4)
 52,000–100,000 94,182 (20.2) 73,103 (20.2) 21,079 (20.3)
 > 100,000 24,884 (5.4) 19,231 (5.3) 5653 (5.5)

BMI, kg/m2 27.3 (4.7) 27.4 (4.8) 27.0 (4.7)
Smoking status
 Never 259,658 (55.8) 201,308 (55.7) 58,350 (56.3)
 Former 157,419 (33.8) 121,778 (33.7) 35,641 (34.4)
 Current 48,201(10.4) 38,505 (10.6) 9696 (9.3)

Alcohol consumption, times/week
 Never 36,057 (7.8) 27,668 (7.7) 8389 (8.1)
 < 1 105,052 (22.6) 80,333 (22.2) 24,719 (23.9)
 1–2 120,546 (25.9) 93,559 (25.9) 26,987 (26.0)
 3–4 108,354 (23.3) 84,917 (23.5) 23,437 (22.6)
 ≥ 5 94,897 (20.4) 74,833 (20.7) 20,064 (19.4)

Physical activity, min/week
 < 150 212,276 (45.6) 167,868 (46.4) 44,408 (42.8)
 ≥ 150 253,002 (54.4) 193,723 (53.6) 59,279 (57.2)
 Healthy diet 349,937 (75.2) 266,605 (73.7) 83,332 (80.4)

Health conditions
 Diabetes 21,033 (4.5) 17,200 (4.8) 3833 (3.7)
 Hypertension 250,223 (53.8) 197,625 (54.7) 52,598 (50.7)
 High cholesterol 49,623 (10.7) 39,422 (10.9) 10,201 (9.8)
 Longstanding illness 140,272 (30.2) 108,640 (30.0) 31,632 (30.5)

Drug use
 Cholesterol lowering medication 63,587 (13.7) 50,873 (14.1) 12,724 (12.3)
 Antihypertensive drug use 84,660 (21.0) 68,098 (18.8) 16,562 (16.0)
 Insulin treatment 4357 (0.9) 3588 (1.0) 769 (0.7)
 Aspirin use 48,349 (10.4) 36,535 (10.1) 11,814 (11.4)

High-sensitivity C-reactive protein, mg/L 2.6 (4.2) 2.6 (4.2) 2.5 (4.0)
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importance of long-term clinical trials that can control for 
residual confounding when examining the health effects of 
this common supplement. Until then, even a very modest 
reduction in CVD for multivitamin/mineral supplement 

may still have public health impact. In subgroup analysis, 
there were consistent and significant interactions between 
multivitamin/mineral use and baseline age for CVD events, 
CHD, and MI. Multivitamin/mineral use was associated with 

Table 2  Prospective associations between multivitamin/mineral supplementation and the risk of cardiovascular outcomes in the UK Biobank

a Adjusted for age, sex, ethnicity (white and others), Townsend Deprivation Index, household income (< £18,000, £18,000–£30,999, £31,000–
£51,999, £52,000–£100,000, or > £100,000), body mass index (kg/m2), smoking status (never, former, or current), alcohol consumption (never, 
1–2, 3–4, or ≥ 5 times/week), physical activity (< 150 or ≥ 150 min/week), healthy diet (yes or no), diabetes (yes or no), hypertension (yes or no), 
high cholesterol (yes or no), longstanding illness (yes or no), cholesterol-lowering medication (yes or no), antihypertensive drug use (yes or no), 
insulin treatment (yes or no), and aspirin use (yes or no)

Outcomes Multivitamin/
mineral non-users 
(n = 361,591)

Multivitamin/
mineral users 
(n = 103,687)

Age- and sex-adjusted 
model

Multi-adjusted  modela

Person-years HR (95% CI) P value HR (95% CI) P value

Cardiovascular events 3,705,616 20,657 (5.71) 5115 (4.93) 0.93 (0.90, 0.95)  < 0.001 0.96 (0.93, 0.99) 0.01
Cardiovascular 

mortality
4,190,751 3878 (1.07) 876 (0.84) 0.86 (0.80, 0.92)  < 0.001 0.93 (0.86, 1.00) 0.05

CHD 3,729,246 15,013 (4.15) 3715 (3.58) 0.92 (0.90, 0.95)  < 0.001 0.96 (0.93, 0.99) 0.008
MI 3,776,966 5469 (1.51) 1257 (1.21) 0.88 (0.83, 0.94)  < 0.001 0.92 (0.86, 0.98) 0.007
Total stroke 4,188,305 3614 (1.00) 947 (0.91) 0.96 (0.89, 1.03) 0.27 1.00 (0.93, 1.07) 0.91
Ischaemic stroke 4,193,110 2796 (0.77) 685 (0.66) 0.91 (0.84, 0.99) 0.03 0.95 (0.87, 1.03) 0.25
Hemorrhagic stroke 4,202,868 951 (0.26) 298 (0.29) 1.11 (0.97, 1.26) 0.13 1.13 (0.99, 1.28) 0.08

Fig. 2  Association of multivi-
tamin/mineral supplementation 
and the risk of cardiovascular 
events stratified by potential risk 
factors. Results were adjusted 
for age, sex, ethnicity (white 
and others), Townsend Depriva-
tion Index, household income 
(< £18,000, £18,000–£30,999, 
£31,000–£51,999, £52,000–
£100,000, or > £100,000), body 
mass index (kg/m2), smok-
ing status (never, former, or 
current), alcohol consumption 
(never, 1–2, 3–4, or ≥ 5 times/
week), physical activity (< 150 
or ≥ 150 min/week), healthy 
diet (yes or no), diabetes (yes or 
no), hypertension (yes or no), 
high cholesterol (yes or no), 
longstanding illness (yes or no), 
cholesterol-lowering medication 
(yes or no), antihypertensive 
drug use (yes or no), insulin 
treatment (yes or no), and aspi-
rin use (yes or no)
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a significantly lower risk of CVD outcomes in participants 
aged < 60 years than in those aged ≥ 60 years. Effect modi-
fication by age could be explained by the possibility that 
multivitamin/mineral use is more effective when initiated 
earlier in life to counter the initiation and progression of 
atherosclerosis, which often begins at an earlier age [22]. 
Furthermore, we found that the inverse associations between 
multivitamin/mineral use and CVD outcomes were signifi-
cantly modified by smoking. Former and current smokers 
who took multivitamin/mineral supplementation had a lower 
risk of CVD outcomes. Former smokers include those who 
quit smoking due to illness. The lower risk observed for 
current smokers may be due to the fact that this particular 
subgroup consisted of those exposed to the potential con-
founding effect of smoking, and perhaps therefore be more 
prone to show the reverse association between multivitamin/
mineral and CVD[23].

Multivitamin/mineral supplements typically contain a 
wide spectrum of low-dose essential vitamins and minerals 
that are obtained through a healthy diet [24]. Many of the 
included vitamins and minerals in supplements may play 
important roles in preventing development of CVD. Anti-
oxidants, such as vitamin C, vitamin E, and carotenoids, 
may inhibit the oxidation of low-density lipoprotein cho-
lesterol and thus mitigate the formation of atherosclerotic 
plaques[25, 26]. Supplements containing B vitamins may 
have protective effects on the risk of CVD via lowering of 
homocysteine concentrations[27, 28]. Previous evidence 
supports a role for vitamin D supplementation in maintain-
ing cardiovascular health by inhibiting the development of 
atherosclerosis and improving endothelial function[29]. 
Endothelial selenoproteins are involved in protecting the 
cardiovascular system from different types of stress, includ-
ing ischemia–reperfusion, homocysteine dysregulation, and 

Table 3  Prospective associations between multivitamin/mineral supplementation and the risk of cardiovascular outcomes after excluding partici-
pants who experienced cardiovascular events during the first 2 years of follow-up

a Adjusted for age, sex, ethnicity (white and others), Townsend Deprivation Index, household income (< £18,000, £18,000–£30,999, £31,000–
£51,999, £52,000–£100,000, or > £100,000), body mass index (kg/m2), smoking status (never, former, or current), alcohol consumption (never, 
1–2, 3–4, or ≥ 5 times/week), physical activity (< 150 or ≥ 150 min/week), healthy diet (yes or no), diabetes (yes or no), hypertension (yes or no), 
high cholesterol (yes or no), longstanding illness (yes or no), cholesterol-lowering medication (yes or no), antihypertensive drug use (yes or no), 
insulin treatment (yes or no), and aspirin use (yes or no)

Outcomes Multivitamin/mineral
non-users (n = 357,736)

Multivitamin/mineral
users (n = 102,766)

Multi-adjusted  modela

Person-years HR (95% CI) P value

Cardiovascular events 3,700,600 16,802 (4.70) 4194 (4.08) 0.96 (0.93, 1.00) 0.04
Cardiovascular mortality 4,152,736 3260 (0.91) 742 (0.72) 0.93 (0.86, 1.00) 0.05
CHD 3,716,511 12,013 (3.36) 2992 (2.91) 0.96 (0.92, 1.00) 0.05
MI 3,746,245 4393 (1.23) 1023 (1.00) 0.92 (0.86, 0.99) 0.02
Total stroke 4,151,202 2974 (0.83) 797 (0.78) 1.01 (0.94, 1.10) 0.71
Ischaemic stroke 4,154,516 2298 (0.64) 581 (0.57) 0.98 (0.89, 1.07) 0.66
Hemorrhagic stroke 4,161,478 784 (0.22) 240 (0.23) 1.09 (0.94, 1.26) 0.24

Table 4  Prospective associations between multivitamin/mineral supplementation and the risk of cardiovascular outcomes after excluding partici-
pants who took any other supplements

a Adjusted for age, sex, ethnicity (white and others), Townsend Deprivation Index, household income (< £18,000, £18,000–£30,999, £31,000–
£51,999, £52,000–£100,000, or > £100,000), body mass index (kg/m2), smoking status (never, former, or current), alcohol consumption (never, 
1–2, 3–4, or ≥ 5 times/week), physical activity (< 150 or ≥ 150 min/week), healthy diet (yes or no), diabetes (yes or no), hypertension (yes or no), 
high cholesterol (yes or no), longstanding illness (yes or no), cholesterol-lowering medication (yes or no), antihypertensive drug use (yes or no), 
insulin treatment (yes or no), and aspirin use (yes or no)

Outcomes Multivitamin/mineral non-
users (n = 241,819)

Multivitamin/mineral 
users (n = 26,649)

Multi-adjusted  modela

Person-years HR (95% CI) P value

Cardiovascular events 2,137,212 13,467 (5.57) 1168 (4.38) 0.98 (0.92, 1.04) 0.50
Cardiovascular mortality 2,416,296 2563 (1.06) 227 (0.85) 1.07 (0.93, 1.23) 0.33
CHD 2,150,936 9767 (4.04) 829 (3.11) 0.95 (0.89, 1.02) 0.19
MI 2,177,407 3667 (1.52) 269 (1.01) 0.85 (0.75, 0.96) 0.01
Total stroke 2,415,349 2332 (0.96) 205 (0.77) 0.97 (0.84, 1.12) 0.66
Ischaemic stroke 2,418,054 1797 (0.74) 149 (0.56) 0.95 (0.80, 1.12) 0.52
Hemorrhagic stroke 2,423,616 615 (0.25) 62 (0.23) 1.01 (0.78, 1.31) 0.94



2916 European Journal of Nutrition (2022) 61:2909–2917

1 3

myocardial hypertrophy [30]. Magnesium has vasodilatory, 
anti-inflammatory, anti-ischemic, and antiarrhythmic prop-
erties, therefore, it could be a useful therapeutic agent in 
cardiovascular medicine [31].

Strengths and limitations

The major strengths of our study include the large-scale, pro-
spective study design, the long and practically complete fol-
low-up, and the detailed information on socioeconomic char-
acteristics, lifestyle, diet, and other covariates. Moreover, 
there were detailed data on various CVD outcomes, includ-
ing CVD mortality, CHD, MI, and stroke. These advantages 
enabled us to comprehensively examine the potential role of 
multivitamin/mineral use on CVD outcomes. We acknowl-
edge that our study also has potential limitations. First, the 
UK Biobank did not record detailed information on the use 
of multivitamin/mineral, such as formulation, dosage, fre-
quency, and duration of use, limiting the ability to conduct 
more detailed analysis. Second, separating beneficial effects 
of multivitamin/mineral supplementation from effects due 
to healthy lifestyle habits was difficult. However, even when 
we controlled for known cardiovascular risk factors and 
performed stratified analyses to evaluate the associations 
in subgroups with different health behaviors, the observed 
weak association persisted. Third, potential reverse causality 
cannot be ruled out owing to the observational nature of the 
study. Finally, although we adjusted for several confounders 
in multivariable analysis, we cannot exclude the possibility 
of residual confounding. For example, the information on 
multivitamin/mineral use was only available at baseline. And 
measurement errors were inevitable because of the nature of 
the self-administrated questionnaire.

Conclusions

In this large-scale prospective study, we found that multivita-
min/mineral supplementation was associated with very mod-
est reductions in CVD events. Age and smoking might affect 
these associations. Long-term clinical trials are needed to 
address whether this common supplement affects CVD risk.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00394- 022- 02865-4.
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