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Summary
Background and aims: Vitamin D deficiency is a common problem in stroke survivors. 
Observational studies have reported an association of low vitamin D levels with 
greater stroke severity, poststroke mortality and functional disability. Randomised 
clinical trials are lacking. We sought to assess the effect of calcium and vitamin D sup-
plementation in ischaemic stroke survivors with vitamin D deficiency/insufficiency on 
disability/mortality outcomes.
Methods: In this randomised controlled open- label trial, 73 patients of acute ischae-
mic stroke were screened for serum 25 hydroxy Vitamin D (25(OH)D) levels. A total of 
53 patients with baseline 25(OH)D <75 nmol/L were randomised into two arms. One 
received vitamin D and calcium supplementation along with usual care (n=25) and the 
other received usual care alone (n=28). Primary outcome was the proportion of 
patients achieving a good outcome [modified Rankin Scale score 0–2] at 6 months and 
all cause mortality at 6 months.
Results: The age (mean±SD) of participants was 60.4±11.3 years, 69.8% were males. 
The proportion of patients achieving good outcome was higher in the intervention arm 
(Adjusted OR 1.9, 95% CI 0.6–6.4; P=.31). The survival probability was greater in the 
intervention arm (83.8%, CI 62.4–93.6) as compared with the control arm (59.5%, CI 
38.8–75.2; P=.049) with adjusted Hazard ratio (HR) of 0.26 (95% CI 0.08–0.9; P=.03).
Conclusions: This is the first randomised controlled study assessing the effect of vita-
min D and calcium supplementation on ischaemic stroke outcomes and points towards 
a potential benefit. Findings need to be validated by a larger trial.
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1  | INTRODUCTION

Stroke is one of the leading causes of death and disability in the world, 
South Asian region being the highest contributor (accounting for 
more than 40% of global stroke deaths).1 Majority of the survivors are 
reported to have poor functional outcome.1

Vitamin D deficiency has been identified as a common problem in 
stroke survivors with an estimated prevalence of 71%.2 Limited mobil-
ity with decreased sunlight exposure and malnutrition, frequently 
observed in patients after stroke, contribute to this deficiency. South 
Asians are particularly prone, as they have a dark skin tone which acts 

as a natural sun protectant (dark skin requires at least three to five 
times longer exposure to make the same amount of vitamin D as com-
pared with white),3 and are nutritionally poor (vegetarian food habits, 
lack of food fortification).

Low vitamin D levels in these patients are of concern not only 
because of musculoskeletal complications4 but also because the recent 
prospective observational studies have reported an association of low 
vitamin D levels with greater stroke severity, functional disability,5 cere-
brovascular death, cardiovascular events and mortality.6–10 Vitamin D 
being a neurosteroid with vitamin D receptors widely expressed in 
neuronal and glial cells, also has a putative neuroprotective role.11
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Although the observational and experimental literature linking low 
vitamin D levels with greater morbidity and mortality in stroke patients 
is alluring, evidence from randomised clinical trials is lacking.

Hence, with this knowledge gap in the background, we planned 
to assess the effect of vitamin D and calcium supplementation on the 
outcome of ischaemic stroke in South Asian stroke survivors with vita-
min D deficiency, through a randomised clinical trial.

2  | MATERIAL AND METHODS

2.1 | Study design and recruitment

The study was a randomised controlled open- label trial (December 
2011–March 2013) conducted at a tertiary care hospital. 25(OH)
D levels were evaluated in patients who satisfied these preliminary 
inclusion criteria: (i) Presentation within 7 days of onset of first ever 
ischaemic stroke, (ii) Prestroke modified Rankin Score (mRS) <2, (iii) 
Age ≥35 years. Patients already on vitamin D and calcium supplemen-
tation, those with renal and hepatic impairment and those who under-
went thrombolysis were excluded.

Out of 73 patients who satisfied preliminary inclusion criteria, 53 
who had vitamin D deficiency/insufficiency [serum 25(OH)D levels 
<75 nmol/L] were then recruited, and randomised to either receive 
vitamin D and calcium supplementation along with usual poststroke 
care or usual care alone. This being a pilot study, we aimed to recruit 
at least 25 patients in each arm.

All patients had a computed tomography (CT) or magnetic reso-
nance imaging (MRI) brain scan at baseline. The study was approved 
by the Institute ethics committee and registered with the clinical trials 
registry India (CTRI; Number – CTRI/2013/02/003440). All subjects 
gave a written informed consent. The study was performed accord-
ing to the Declaration of Helsinki and has been reported as per the 
CONSORT 2010 guidelines.

The serum 25(OH)D levels of the initial 73 patients (who satisfied 
the inclusion criteria and underwent evaluation for vitamin D levels) 
were also compared with controls and results have been published 
previously.12

2.2 | Data collection

A questionnaire-based direct interview was used to collect informa-
tion on disease profile, demographic variables, risk factors and medi-
cations used. The Oxford Community Stroke Project classification 
(OCSP) was used to classify ischaemic stroke subtypes.13 Patients 
underwent measurements like blood pressure, serum 25(OH)D, intact 
parathyroid hormone (iPTH), serum total calcium, inorganic phospho-
rous, lipid profile, glycosylated haemoglobin (HbA1c), fasting plasma 
glucose (FPG), renal and liver function tests using standardised meth-
ods. Baseline stroke severity was assessed using the National Institute 
of Health Stroke Scale (NIHSS). Serum 25(OH)D levels were meas-
ured by chemiluminescence assay using commercially available kits 
(Elecsys 2010 system; Roche Diagnostic, Mannheim, Germany). iPTH 
was measured by immunochemiluminiscence (Elecsys 2010; Roche, 

Germany, CV=4.3%–7.1%, normal range 15–65 pg/mL). Individuals 
whose serum 25(OH)D value was less than 50 nmol/L (20 ng/mL) 
were classified as deficient, 50–74 nmol/L (20–29 ng/mL) as insuffi-
cient and ≥75 nmol/L (30 ng/mL) were identified as sufficient.14 Some 
of the other disease definitions used are mentioned in Data S1.

2.3 | Randomisation and follow up

Randomisation was done on the basis of a random number generated 
by computer in a 1:1 allocation ratio. The intervention group received 
a single intramuscular injection of 600 000 IU cholecalciferol fol-
lowed by oral cholecalciferol 60 000 IU once a month with one gram 
elemental calcium daily along with usual poststroke care, the control 
group received usual care alone. The two groups were followed up for 
6 months. Serum 25(OH)D and iPTH levels were repeated at 3 and 
6 months. Outcome was assessed using modified Rankin scale (mRS) 
at 3 and 6 months post stroke. The modified Rankin Scale is an ordinal 
scale ranging from 0 (no disability) to 5 (severe disability) with a score 
of 6 allocated to those who die. Some patients who did not visit hos-
pital at 3 or 6 months were interviewed telephonically for outcome 
assessment, their repeat serum 25(OH)D and iPTH levels were not 
done. The primary outcomes were (i) Proportion of patients achieving 
good outcome (mRS 0–2) at 6 months and (ii) All cause mortality in the 
two arms. The randomisation allocation and outcome assessment was 
done by a single investigator and was not blinded. The primary out-
come was analysed both on intention to treat and per protocol basis. 
For patients who were lost to follow up, the last available 25(OH)D 
and iPTH and last recorded mRS was considered as the final value at 
6 months.

2.4 | Statistical analysis

Statistical analysis was carried out using Stata 11.0 (College station, 
TX, USA). Data were presented as number (percentage), mean±SD or 

What’s known

• Vitamin D deficiency is a common problem in stroke 
survivors.

• Observational studies have reported an association of low 
vitamin D levels with greater poststroke disability and 
mortality.

What’s new

• This is the first randomised controlled study assessing the 
effect of vitamin D and calcium supplementation on ischae-
mic stroke outcomes.

• It reports a decrease in mortality, and a trend towards 
improvement in disability with vitamin D and calcium sup-
plementation in ischaemic stroke survivors with vitamin D 
deficiency.
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median (minimum–maximum) as appropriate. The baseline categori-
cal and continuous characteristics were compared using chi- square 
test/Fisher’s exact test and student’s t test/Wilcoxon rank sum test 
as appropriate. Serum 25(OH)D was compared between the two 
groups using ANCOVA adjusted for total serum cholesterol levels. 
The difference in the median iPTH value between the groups was 
compared using Wilcoxon rank sum test and the change in iPTH 
values at 6 months from baseline within the groups was compared 
using Wilcoxon signed rank test. Both intention to treat and per pro-
tocol analysis was carried out for the primary outcome (mRS 0–2 at 
6 months). The primary outcome was compared between the groups 
using chi- square test. The results were presented as difference (95% 
CI). Also odds ratio (OR) (95% CI) was calculated adjusting for total 
serum cholesterol. The survival probability between the groups was 
done using Kaplan- Meier curves and tested using log rank test. The 
hazard ratio (HR) (95% CI) for mortality was calculated using cox 
proportional hazard model. A P<.05 was considered statistically 
significant.

3  | RESULTS

3.1 | Demographic and risk factor profile

A total of 53 patients who fulfilled the preliminary inclusion criteria 
and had 25(OH)D levels <75 nmol/L were recruited. The mean age 
of the cohort was 60.4±11.3 years, 69.8% were males. The detailed 
clinical profile is summarised in Table S1. After randomisation, the 
two arms—vitamin D plus calcium- supplemented (n=25) and usual 
care (n=28) were followed up for 6 months (consort diagram—Fig. 1). 
Baseline covariates were similar (Table 1) except total serum choles-
terol levels which were higher in the supplemented arm (P=.03).

3.2 | Follow- up Vitamin D assessment

The serum 25(OH)D levels increased by 47.3 (25.0–69.5) nmol/L in 
vitamin D plus calcium- supplemented arm (P<.001), and by 0.8 (−7.5–
8.8) nmol/L in usual care arm (P=.86) by 6 months. The between group 

F IGURE  1 Consort diagram showing 
the trial profile
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and pre–post intervention differences in the serum 25(OH)D levels 
are summarised in Table S2.

In terms of relative risk, the patients who received usual care were 
2.3 times more likely to remain vitamin D deficient/insufficient at 
6 months as compared with those who received vitamin D and calci-
um supplementation (Absolute risk difference with 95% CI: 53% [31%, 
74%] and RR with 95% CI: 2.3 [1.4–3.8], P<.001, Table S3).

No adverse effects were reported in either of the groups.

3.3 | Follow- up iPTH assessment

In the vitamin D plus calcium- supplemented arm, serum iPTH lev-
els decreased from a median of 39 ng/L at baseline to 34.9 ng/L 
at 6 months (P=.24), while in the usual care arm, serum iPTH levels 

increased from a median of 43.0 ng/L at baseline to 53.5 ng/L at 
6 months (P=.003) (Fig. 2). There was significant difference in the 
iPTH levels between the vitamin D plus calcium- supplemented and 
usual care arms at 6 months (P<.001), which was absent at baseline 
(P=.97) (Fig. 2).

3.4 | Clinical outcome differences between the 
randomised arms at 6 months

3.4.1 | Intention to treat basis

At final follow up (6 months), 11 patients (44%) had a good out-
come (mRS score between 0 and 2) in the vitamin D plus calcium- 
supplemented arm and 11 patients (39.3%) had a good outcome in the 
usual care arm, (Adjusted OR 1.9, 95% CI 0.6–6.4; P=.31, Risk differ-
ence 4.7% [−21.9–31.3], Table 2).

3.4.2 | Per protocol basis

At final follow up (6 months), 11 patients (52.4%) had a good out-
come (mRS score between 0 and 2) in the vitamin D plus calcium- 
supplemented arm and 10 patients (43.5%) had a good outcome in the 
usual care arm, (Adjusted OR 2.3, 95% CI 0.6–9.1; P=.22, Risk differ-
ence 8.9 [−20.5–38.3], Table 2).

The results based on favourable outcome as the end- point (defined 
by an mRS score of 0–1 at 6 months) are summarised in Table S4.

3.5 | Survival analysis and hazard ratio

Overall 15 patients died in the cohort, with four deaths (16%) in the 
vitamin D plus calcium- supplemented arm and 11 deaths (39.3%) in 
the usual care arm. The survival probability at 6 months was higher 
in the vitamin D plus calcium- supplemented arm (83.8%, CI 62.4–
93.6) as compared with the usual care arm (59.5%, CI 38.8–75.2), 
P=.049. The hazard of death was 74% less in the vitamin D plus 

TABLE  1 Baseline characteristics in the intention to treat 
population

Parameter
Vitamin D plus 
calcium (n=25)

Usual care 
(n=28) P value

Age (years), Mean±SD 61.8±11.5 59.2±11.2 .40

Males, n (%) 17 (68) 20 (71.4) .79

NIHSS, Median (Range) 12 (3–25) 12 (2–29) .87

Hypertension, n (%) 22 (88) 23 (82.1) .71

Diabetes Mellitus, n (%) 16 (64) 11 (39.3) .07

Smokers, n (%) 3 (12) 7 (25) .30

Obese, n (%) 15 (60) 15 (53.6) .64

IHD/CMP, n (%) 7 (28) 7 (25) .81

AF, n (%) 2 (8) 2 (7.1) 1.00

Drugs, n (%) 3 (12%) 2 (7.1) .66

Total cholesterol 
(mmol/L), Mean±SD

4.8±1.5 3.9±1.2 .03

LDL (mmol/L), Mean±SD 2.7±1.1 2.1±1.1 .06

HDL (mmol/L), Mean±SD 1.1±0.3 0.9±0.3 .21

Triglycerides (mmol/L), 
Mean±SD

1.7±0.8 1.5±0.5 .24

HbA1c, Mean±SD 8.0±2.7 7.1±2.1 .16

FBG (mmol/L), Mean±SD 8.0±3.6 6.6±1.8 .13

Vitamin D (nmol/L), 
Mean±SD

45.0±14.5 42.5±16.8 .60

iPTH (ng/L), Median 
(Range)

39 (10–167) 43 (19–133) .97

Calcium (mmol/L), 
Mean±SD

2.3±0.2 2.3±0.3 
(n=23)

.55

Phosphorus (mmol/L), 
Mean±SD

1.2±0.3 (n=23) 1.1±0.3 
(n=23)

.55

OCSP class, n (%)
LACI 7 (28) 6 (21.4) .80
TACI 6 (24) 10 (35.7)
PACI 8 (32) 9 (32.1)
POCI 4 (16) 3 (10.7)

Baseline mRS, n (%)
0–2 1 (4) 4 (14.3) .36
3–5 24 (96) 24 (85.7)

F IGURE  2 Box plot showing iPTH levels between two groups. 
Usual care: Baseline vs 6 months, P=.003. Vitamin D plus calcium: 
Baseline vs 6 months, P=0.24
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calcium- supplemented arm as compared with the usual care arm 
(Adjusted HR 0.26, 95% CI 0.08–0.9; P=.03 and Unadjusted HR 0.34, 
95% CI 0.1–1.1; P=.06 – Table 2 and Fig. 3).

4  | DISCUSSION

This study reports the first ever, randomised controlled evaluation of 
clinical stroke outcomes with vitamin D and calcium supplementation, 
and points towards a potential benefit, in ischaemic stroke survivors 
with vitamin D deficiency/insufficiency.

In the present study, patients who received usual care were 
2.3 times more likely to remain vitamin D deficient/insufficient at 
6 months as compared with those who received supplementation. 
They also had a significant rise in the iPTH levels at 6 months. Low 
calcium levels caused by vitamin D deficiency stimulate iPTH secretion 
resulting in secondary hyperparathyroidism.15

The outcome analysis revealed a decrease in mortality with vitamin 
D and calcium supplementation (Adjusted HR 0.26, 95% CI 0.08–0.9; 
P=.03), and a trend towards improvement in disability (Adjusted OR 
1.9, 95% CI 0.6–6.4; P=.31).

The previous studies on association of vitamin D deficiency with 
cerebrovascular deaths, cardiovascular events and all cause mor-
tality have been controversial. Favourable evidence comes primar-
ily from observational studies, with single 25(OH)D measurements 
(which may not be reflective of a lifetime vitamin D status).6–10,16 
The available randomised controlled studies have not revealed a 
consistent beneficial effect of supplementing vitamin D on mortal-
ity.17,18 However, these were studies of primary prevention, and not 
in poststroke patients. They did not do PTH measurements in the 
supplemented patients to conclude whether the achieved 25(OH)
D levels were sufficient to treat or prevent potentially harmful PTH 
elevations.

The trend towards a better survival probability with vitamin D 
and calcium supplementation seen in this trial, if real, suggests the 
following plausible physiological mechanisms. Vitamin D is thought 
to, protect against various vascular risk factors like hypertension,19 
diabetes,20 atherosclerosis,21,22 and exerts antithrombotic,23 anti- 
inflammatory24 and neuroprotective effects.25,26 Also, calcium and 
vitamin D supplementation lower parathyroid hormone levels (PTH), 
and PTH levels have been shown to predict overall cardiovascular 
mortality.27 Although, baseline PTH levels were comparable in the two 
groups, we found significant elevation in PTH levels in the usual care 
group at the end of 6 months. Hence, whether the evolving secondary 
hyperparathyroidism contributed to reduced survival probability in the 
usual care arm, is a question that needs to be answered in further 
studies.

However, we must acknowledge that residual confounding as a 
result of baseline differences in the serum cholesterol levels (supple-
mented arm had higher baseline levels), prevalence of atherosclerosis 
(which was not evaluated in detail in this study) and, level of out-
door physical activity and dietary habits cannot be ruled out. Olsen 
et al. have previously shown an inverse relationship between serum 
cholesterol levels and, ischaemic stroke severity and poststroke 
mortality.28

We did not find a significant difference in the proportion of patients 
achieving good functional outcome at 6 months after supplementa-
tion, but observed a trend towards decrease in disability. Recent stud-
ies have shown an association between low 25(OH)D levels and acute 
ischaemic stroke severity, using the NIHSS 5 and worse functional 

TABLE  2 Clinical outcomes at 6 months

Outcome 
(6 months)

Vitamin D plus 
calcium Usual care

Difference % 
(95% CI)

Unadjusted OR/HR 
with 95% CI P value

Adjusted* OR/
HR with 95% CI P value

Intention to treat n=25 n=28

Good (MRS 0- 2) 11 (44%) 11 (39.3%) 4.7 (−21.9–31.3) 1.2 (0.4–3.6) .73 1.9 (0.6–6.4) .31

Per protocol n=21 n=23

Good (MRS 0- 2) 11 (52.4%) 10 (43.5%) 8.9 (−20.5–38.3) 1.4 (0.4–4.7) .56 2.3 (0.6–9.1) .22

Mortality outcomes n=25 n=28

Death 4 (16%) 11 (39.3%) – 0.34 (0.1–1.1) .06 0.26 (0.08–0.9) .03

Survival probability 83.8% (62.4–93.6) 59.5% (38.8–75.2)

p(log rank) 0.049
*Adjusted for total cholesterol

F IGURE  3 Kaplan- Meier survival estimates
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outcomes at 3 months using the mRS.29,30 However, the above stud-
ies are of an observational design, done in other ethnic groups and 
vitamin D deficiency was defined at a different threshold (25–50 nmo-
l/L or 10–20 ng/mL), so difficult to compare with our study.

Vitamin D supplementation has also been shown to improve mus-
cle strength and reduce falls and fractures in elderly poststroke hemi-
plegics.31 Our follow up was of a relatively shorter duration, for any 
translation of these musculoskeletal benefits to improved functional 
outcomes.

This trial although underpowered, highlights potential benefit of 
vitamin D and calcium supplementation in improving stroke outcomes, 
and raises a need for a large randomised controlled trial to prove or 
reflect its findings. The main strengths of the present study are the 
randomised controlled design, intention to treat analysis and repeat 
25(OH)D and iPTH measurements at 3 and 6 months. The major lim-
itation was that the allocation and outcome assessment was not blind-
ed. Also, follow up was relatively short. Repeat serum 25(OH)D and 
iPTH levels were not available for all patients, as final outcome for 
some was assessed telephonically. It is difficult to distinguish between 
effects of calcium and vitamin D because the intervention combined 
these ingredients. People with obesity could have required a higher 
dose to replete their vitamin D status. It was exclusively done on South 
Asian population, so findings are not generalisable to other races/
ethnicities.

To conclude, ischaemic stroke survivors with suboptimal vitamin 
D status have a high likelihood of remaining vitamin D deficient/insuf-
ficient at 6 months post stroke, if not supplemented. This deficiency 
leads to an evolution towards secondary hyperparathyroidism. There 
is a decrease in mortality with vitamin D and calcium supplementation, 
and a trend towards improvement in disability which needs evaluation 
in a larger trial. Longer follow up may be required to study the effect 
on morbidity. It would however be interesting to study the evolution 
trends of secondary hyperparathyroidism and its associations with 
mortality and morbidity in poststroke patients.
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