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 Association between Serum 
Concentration of Vitamin D and 1-Year 
Mortality in Stroke Patients 
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survival at 1 year was worse in patients in the lowest tertile of 
25(OH)D levels (defined as <25.7 nmol/l); log-transformed 
25(OH)D levels were inversely associated with 1-year mortal-
ity (hazard ratio, HR = 0.62; 95% confidence interval, 95% CI: 
0.44–0.87; p = 0.007), and patients with 25(OH)D levels <25.7 
nmol/l were at a higher risk of death at 1 year (HR = 1.95; 95% 
CI: 1.14–3.32; p = 0.014). In multivariable analyses, the asso-
ciation was no longer significant but a significant interaction 
was found for age, and stratified analyses by age groups 
showed an inverse relationship between 25(OH)D levels and 
1-year mortality in patients aged <75 years [HR = 0.38; 95% 
CI: 0.17–0.83; p = 0.015 for log-transformed 25(OH)D levels, 
and HR = 3.12; 95% CI: 0.98–9.93; p = 0.054 for 25(OH)D levels 
<25.7 vs. >25.7 nmol/l].  Conclusion:  A low serum 25(OH)D 
level at stroke onset may be associated with higher mortality 
at 1 year in patients <75 years old. Further studies are needed 
to confirm these findings and to determine whether vitamin 
D supplementation could improve survival in stroke patients. 

 © 2014 S. Karger AG, Basel 

 Introduction 

 The prevalence of 25-hydroxyvitamin D [25(OH)D] 
deficiency is high in patients presenting with an acute 
stroke  [1, 2] . In a previous study, we demonstrated that 
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 Abstract 

  Background:  The prevalence of 25-hydroxyvitamin D [25(OH)
D] deficiency is high in patients presenting with an acute 
stroke, and it may be associated with greater clinical severity 
and a poor early functional prognosis. However, no data 
about its impact on long-term prognosis is available. In this 
study, we aimed to assess the association between 25(OH)D 
levels and 1-year mortality in stroke patients.  Methods:  From 
February to December 2010, 382 Caucasian stroke patients 
admitted to the Department of Neurology of the University 
Hospital of Dijon, France, were enrolled prospectively. Demo-
graphics and clinical information including stroke severity as-
sessed using the National Institutes of Health Stroke Scale 
score were collected. The serum concentration of 25(OH)D 
was measured at baseline. Multivariable Cox regression mod-
els were used to evaluate the association between 1-year all-
cause mortality and serum 25(OH)D levels treated as either a 
log-transformed continuous variable or dichotomized (<25.7 
and  ≥ 25.7 nmol/l) at the first tertile of their distribution.  Re-

sults:  Of the 382 stroke patients included, 63 (16.5%) had 
died at 1 year. The mean 25(OH)D level was lower in these 
patients (32.3 ± 22.0 vs. 44.6 ± 28.7 nmol/l, p < 0.001), and 
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low 25(OH)D levels were associated with both clinical se-
verity at admission and a poor early functional prognosis 
in stroke patients  [3] . In addition, a higher all-cause mor-
tality has been reported in people with 25(OH)D defi-
ciency  [4, 5] . To investigate whether 25(OH)D levels 
could serve as a biomarker of long-term prognosis after 
stroke, we evaluated their association with mortality at 1 
year.

  Methods 

 The study methods have been described elsewhere  [3] . Briefly, 
from February to December 2010, 386 consecutive Caucasian 
stroke patients with no premorbid handicap admitted to the Uni-
versity Hospital of Dijon, France, were enrolled. The 25(OH)D 
level measured within the first 24 h after admission was obtained 
in 382 patients (median value 35.1 nmol/l, interquartile range 21–
57.8) of whom 42 had intracerebral haemorrhage and 340 had 
ischaemic stroke. Season of stroke onset, vascular risk factors, pre-
stroke therapy, and acute treatment were recorded. Clinical sever-
ity was assessed at admission using the National Institutes of 
Health Stroke Scale (NIHSS score). One-year all-cause mortality 
was assessed through death certificates. Information about vital 
status was complete.

  Statistical Analysis 
 25(OH)D levels were not normally distributed (p < 0.001 for 

the Shapiro-Wilk normality test) and were therefore log-trans-
formed for the first series of analyses in which this variable was 
treated as continuous in statistical models. In the second series of 
analyses, 25(OH)D levels were dichotomized (<25.7 and  ≥ 25.7 
nmol/l) at the first tertile of their distribution. Survival curves were 
obtained using Kaplan-Meier analysis, and the log-rank test was 
used for comparisons between groups. Cox regression models 
were used to estimate hazard ratios (HRs) of 1-year mortality. The 
proportional-hazards assumption was tested using Schoenfeld re-
siduals. Therefore, age (<60, 60–75, and  ≥ 75 years) and NIHSS 
score (<6, 6–14, and >14) variables were categorized. In multivari-
able models, we introduced age, gender, 25(OH)D levels, and base-
line characteristics with a p value <0.20 in unadjusted models.
The reference used for the analyses based on 25(OH)D levels as
a dichotomized variable was the upper 2nd and 3rd tertiles of 
25(OH)D combined, corresponding to a 25(OH)D level  ≥ 25.7 
nmol/l. Backward selection was done using the likelihood ratio test 
to obtain the final model. Interaction terms were added to the 
models to test the modifying effect of confounding variables on the 
association between 25(OH)D level and 1-year all-cause mortality, 
using the likelihood-ratio test. Because there was a statistically sig-
nificant interaction, stratified analyses by age groups were per-
formed. Significance was set at p < 0.05. Statistical analysis was 
performed with STATA ®  10.0 software (StataCorp LP, College 
Station, Tex., USA).

  Ethics 
 This study was derived from the Dijon Stroke Registry, which 

was approved by the ‘Comité National des Registres’ (French Na-
tional Committee of Registers) and the French Institute for Public 

Health Surveillance  [6] . Authorization of the ‘Commission Natio-
nale de l’Informatique et des Libertés’ (National Commission for 
the Protection of the Privacy of Electronic Data) was obtained.

  Results 

 Of the 382 stroke patients, 63 (16.5%) had died at 1 
year. The mean 25(OH)D level was lower in patients who 
had died (32.3 ± 22.0 vs. 44.6 ± 28.7 nmol/l, p < 0.001) and 
1-year survival was lower in patients with low 25(OH)D 
levels ( fig. 1 ).

  In the first series of analyses, an inverse relationship 
between log-transformed 25(OH)D levels and 1-year 
mortality was observed (HR = 0.62; 95% confidence in-
terval, 95% CI: 0.44–0.87; p = 0.007). In multivariable 
analyses adjusted for age, gender and NIHSS score, only 
a non-significant trend was noted (HR = 0.80; 95% CI: 
0.54–1.17; p = 0.247). In stratified analyses by age groups, 
25(OH)D levels tended to be inversely associated with 
1-year mortality in patients aged 60–74 years (HR = 0.41; 
95% CI: 0.16–1.02; p = 0.056) but not in those aged  ≥ 75 
years (HR = 0.95; 95% CI: 0.61–1.46; p = 0.80). Because 
of the small number of deaths in patients aged <60 years 
(n = 4), stratification was not possible for this age group. 
However, when patients aged <75 years were grouped to-
gether, the inverse association was found (HR = 0.38; 95% 
CI: 0.17–0.83; p = 0.015).

  In the second series of analyses, low 25(OH)D levels 
dichotomized at the first tertile of their distribution were 
associated with 1-year mortality (HR = 1.95; 95% CI: 1.14–
3.32; p = 0.014). After adjustment for age, gender and
NIHSS score, the association was no longer significant 
(HR = 1.15; 95% CI: 0.67–1.98; p = 0.613). In stratified 
analyses, a significant association between low 25(OH)D 
levels and 1-year mortality was noted in patients aged 60–
74 years (HR = 3.91; 95% CI: 1.00–15.29; p = 0.05) but not 
in those aged  ≥ 75 years (HR = 0.89; 95% CI: 0.48–1.65; p 
= 0.71;  fig. 2 ). When patients aged <75 years were grouped 
together, the association proved to be marginally signifi-
cant (HR = 3.12; 95% CI: 0.98–9.93; p = 0.054).

  Discussion 

 This study suggests that a low 25(OH)D level may be 
associated with an increased risk of 1-year mortality in 
those aged <75 years.

  This is the first study to assess the prognostic value of 
low 25(OH)D levels on post-stroke mortality. Several ex-
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planations could account for the divergent findings ac-
cording to age groups. The absence of an association be-
tween low 25(OH)D levels and mortality in older patients 
could be related to the fact that age is by itself a strong 
predictor of post-stroke survival, and a potential deleteri-
ous effect of low 25(OH)D levels could be too small to be 
detected in the elderly. The relatively small population 
size could have made the study underpowered. Moreover, 
we cannot exclude the possibility that residual confound-
ing factors, including dementia or a poorer health status, 
may have been missed.

  The association between low 25(OH)D levels and 
mortality in patients aged <75 years is more convincing. 
This result is consistent with those from other studies, 
which demonstrated that 25(OH)D deficiency was asso-
ciated with greater all-cause mortality  [4, 5] . In addition, 
other works reported a deleterious effect of low 25(OH)
D levels on survival in patients with various diseases in-
cluding chronic kidney disease  [7] , heart failure  [8, 9] , 
and myocardial infarction  [10] . The reasons why a low 
25(OH)D level may increase the risk of post-stroke mor-
tality remain uncertain. It could be hypothesized that it 
may result from an increase in vascular events in patients 
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  Fig. 1.  Kaplan-Meier estimates of 1-year 
survival stratified by 25(OH)D levels (log-
rank test 0.01). 

Deaths/At risk HR (95% CI)

Overall 63/382 1.15 (0.67 – 1.98)

Age 60 – 74 years 11/116 3.91 (1.00 – 15.29)

Age ≥75 years 48/159 0.89 (0.48 – 1.65)

0.5 1
HR Higher mortality

25(OH)D <25.7 nmol/l
Higher mortality

25(OH)D 25.7 nmol/l

2 3 4 5

  Fig. 2.  Association between 25(OH)D levels and 1-year mortality in multivariable analyses. Models adjusted for 25(OH)D levels, gender, 
NIHSS (<6, 6–14,  ≥ 14), and age groups (except for stratified analyses). 
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with 25(OH)D deficiency  [11] , even though a recent 
study showed that the greater mortality in individuals 
with low 25(OH)D levels was not explained by a similar 
inverse association with ischaemic heart disease or stroke 
 [5] . In the absence of available data, we were not able to 
assess the causes of death in our study. Finally, we cannot 
exclude the possibility that low 25(OH)D levels may sim-
ply reflect poor health, which could account for the ob-
served association with death. Indeed, several medical 
conditions, including cancer, dementia, or other chronic 
diseases, are associated with 25(OH)D deficiency because 
of limited sun exposure, physical impairment, and inad-
equate nutrition, and could also be associated with pre-
mature death in stroke patients.

  To conclude, further studies are needed to confirm our 
findings and to determine whether vitamin D supple-
mentation could improve survival in stroke patients.
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