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ABSTRACT

Introduction: Vitamin D insufficiency is related 
to acute medical conditions known to increase 
the risk of short-term death in older adults. 
The objective of this study was to determine 
whether serum 25-hydroxyvitamin D (25OHD) 
concentrations were associated with the 

occurrence of in-hospital mortality in geriatric 
acute care settings while taking into account 
all characteristics likely to improve the rate of 
in-hospital mortality. Methods: Three hundred 
ninety-nine Caucasian adults admitted between 
January and October 2009 to the geriatric 
acute care unit of Angers University Hospital, 
France were included in this cross-sectional 
study. The occurrence of all-cause in-hospital 
death and the measurement of serum 25OHD 
were assessed. Age, gender, body mass index, 
supine systolic blood pressure, numbers of 
acute diseases, chronic diseases, and hospital 
days, serum albumin, creatinine clearance, 
and season of hospital admission were used as 
potential confounders. Results: Mean serum 
25OHD was 34.8±1.7 nmol/L. Seventeen deaths 
occurred in the acute care unit. Only serum 
25OHD concentration was significantly and 
independently associated with in-hospital death 
(adjusted odds ratio [OR] 0.65; 95% CI: 0.44, 
0.96; P=0.029 for full adjusted logistic regression. 
OR 0.87; 95% CI: 0.76, 0.99; P=0.029 for step-
wise backward model). Conclusion: Increased 
serum 25OHD concentrations were associated 
with a low in-hospital mortality rate in this 
cohort of acute care geriatric inpatients. It is not 
only a new orientation of research, but also an 
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additional argument for prescribing vitamin D 
in deficient older adults.
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mortality; vitamin D

INTRODUCTION

Vitamin D is a secosteroid hormone; its 
insufficiency is related to chronic medical 
conditions in older adults such as cancer or 
cardiovascular diseases,1,2 with an impact on 
long-term mortality.2,3 It was recently shown that 
vitamin D insufficiency was also associated with 
a high number of acute diseases in a geriatric 
acute care unit, which in turn reflects the risk of 
unstable health status during hospitalization.4 We 
thus hypothesized that serum 25-hydroxyvitamin 
D (25OHD) concentration could be associated 
with short-term mortality in acute care settings. 
The objective of this study was to determine 
whether serum 25OHD concentration was 
associated with the occurrence of short-term 
mortality (ie, in-hospital mortality) among 
acute care geriatric inpatients, while taking into 
account all characteristics likely to improve the 
rate of in-hospital mortality.

MATERIALS AND METHODS

Between January and October 2009, a 
standardized comprehensive geriatric assessment 
was obtained from all patients admitted to the 
geriatric acute care unit of Angers University 
Hospital, France, after obtaining their informed 
consent. The study was conducted in accordance 
with the ethical standards set by the Declaration 
of Helsinki (1983). The entire study protocol was 
approved by the local ethics committee.

The number of hospital days between 
unit admission and discharge, the number 
of acute (ie, with sudden onset and rapid 

progression) and chronic conditions (ie, of 
indefinite duration or running a course with 
minimal change), and the occurrence of all-
cause in-hospital death were assessed. Fasting 
early morning venous blood was collected from 
resting subjects on the first day of hospital stay. 
No subjects were transfused before the blood 
test. Serum concentrations of 25OHD were 
measured by radioimmunoassay (Incstar Corp., 
Stillwater, MN) locally at Angers University 
Hospital. There is no lipid interference with 
this method, which is often observed in other 
nonchromatographic assays of 25OHD. The 
intra- and interassay precisions were 5.2% and 
11.3%, respectively (range 30-125 nmol/L in 
normal adults aged 20-60 years).  

The subjects’ baseline characteristics 
were summarized using means and standard 
deviations or frequencies and percentages, as 
appropriate. Normality of data distribution 
was checked using Skewness-Kurtosis test. As 
the number of observations was higher than 
40, no transform was applied. Adjusted logistic 
regression analyses (ie, full adjusted and step-
wise backward methods) were performed to 
specify the association between serum 25OHD 
and in-hospital death. Age, gender, body mass 
index (BMI), supine systolic blood pressure 
(SBP), numbers of acute diseases, chronic 
diseases, and hospital days, serum albumin 
concentration, creatinine clearance, and season 
of hospital admission were used as potential 
confounders. All of these covariates were used 
without exception in the regression models since 
covariates should be considered as confounders 
even when they are not statistically significant 
by themselves, because they change the effect of 
the exposure of the secondary outcome to the 
primary outcome when they are included in the 
model, or because they are confounders only 
when included with other covariates.5 P values 
less than 0.05 were considered as statistically 
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significant. All statistics were performed using 
SPSS (version 17.0; SPSS, Inc., Chicago, IL). 

RESULTS

Among 399 elderly adults included (mean 
age 84.5±0.5 years; range 60-100 years; 69.2% 
women; 100% Caucasian; mean BMI 25.8±0.4 
kg/m2; mean SBP 132.8±1.6 mmHg), mean 
serum 25OHD was 34.8±1.7 nmol/L, serum 
albumin 35.8±0.5 g/L, and creatinine clearance 
55.9±1.8 mL/min. We found that 46.2% of 
studied patients had a vitamin D insufficiency 
(ie, serum 25OHD ≤50 nmol/L),6 and observed 
on average 5.9±0.21 acute diseases, 4.0±0.1 
chronic diseases, and 10.8±0.4 hospital days. 
Seventeen patients (4.3%; 10 women; all 25OHD 
measurements ≤50 nmol/L; none of them had 

used vitamin D supplements) died in the acute 
care unit. Multiple logistic regression models 
showed a significant and independent positive 
association between increased serum 25OHD 
concentration and a low in-hospital mortality 
rate (adjusted odds ratio [OR] 0.65, P=0.029 for 
full adjusted logistic regression. OR 0.87, P=0.029 
for stepwise backward model) (Table 1).

DISCUSSION

Our results showed that, irrespective of 
potential confounders, the higher the serum 
25OHD concentration was, the fewer in-hospital 
deaths in acute care geriatric inpatients we 
observed. These findings could be explained 
by the fact that low vitamin D status leads to 
multiple organ dysfunction, often contributing 

Table 1. Adjusted logistic regression showing the cross-sectional association between short-term mortality in acute care 
settings (dependant variable) and serum 25-hydroxyvitamin D concentration (independent variable) adjusted for subjects’ 
baseline characteristics (n=399).

	 Short-term mortality*

	 Full adjusted model†	 Stepwise backward model†

	 OR	 95% CI	 P value	 OR	 95% CI	 P value

Age	 1.27	 0.89, 1.80	 0.185	 –	 –	 –
Female	 0.01	 0.01, 1.79	 0.071	 –	 –	 –
Body mass index‡	 0.89	 0.61, 1.29	 0.544	 –	 –	 –
Number of acute diseases||	 0.30	 0.07, 1.20	 0.089	 –	 –	 –
Number of chronic diseases||	 0.39	 0.10, 1.60	 0.193	 –	 –	 –
Systolic blood pressure	 1.15	 0.99, 1.34	 0.072	 –	 –	 –
Number of hospital days	 0.83	 0.64, 1.08	 0.166	 –	 –	 –
Serum 25-hydroxyvitamin D	 0.65	 0.44, 0.96	 0.029	 0.87	 0.76, 0.99	 0.029
Serum albumin	 0.67	 0.39, 1.15	 0.144	 –	 –	 –
Creatinine clearance§	 0.98	 0.90, 1.07	 0.686	 –	 –	 –

CI=confidence interval; OR=odds ratio (OR significant [ie, P<0.05] indicated in bold).
*Defined as in-hospital mortality.
†Adjusted for the effect of season of hospital admission and blood sampling, with no significant effect 
(overall OR 0.55; 95% CI: 0.15, 1.94; P=0.350).
‡Calculated as weight kg / height2 m2.
||Obtained from a standardized comprehensive geriatric assessment.
§Calculated from the Cockcroft formula ([140-age years] / creatinine mmol/L) ×1.04 for women, and ×1.25 for men.
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to death,1-4,7 as shown in previous Third 
National Health and Nutrition Examination 
Survey (NHANES III) studies, which found an 
increased hypovitaminosis D-related long-term 
mortality rate among noninstitutionalized older 
adults (hazard ratio 0.95; 95% CI: 0.92, 0.98, per 
10 nmol/L 25OHD)2 and representative adults 
aged 20 and older (mortality rate ratio 1.26; 
95% CI: 1.08, 1.46, for 25OHD <44.43 nmol/L 
compared with 25OHD >80.12 nmol/L).3 These 
results were strengthened by a meta-analysis of 18 
randomized controlled trials, which highlighted 
a significant association between the intake of 
vitamin D supplements (mean 528 IU/day) and a 
7% decrease in all-cause mortality.7 However, to 
the best of our knowledge, serum vitamin D has 
not yet been associated with short-term death, 
especially in acute care settings. In geriatric 
practice, the challenge lies in the identification 
of frail older individuals at high risk of death.8 

Therefore, our findings highlighted for the 
first time that the measure of serum vitamin 
D concentrations could be an easily accessible 
and inexpensive strategy to determine the risk 
of in-hospital death among geriatric inpatients 
and thus the level of care intervention and 
monitoring. Along with this primary result, 
we found that almost half of studied patients 
had a serum 25OHD concentration lower than 
50 nmol/L, which was coherent with previous 
published studies on medical inpatients,9 and 
indicated chronic insufficiency in this older frail 
population.6

The main limitation of our study was the use 
of a cross-sectional design, which may limit the 
exploration of the association between serum 
25OHD concentration and short-term death, and 
does not allow any causal inference compared 
with a prospective cohort design.

In conclusion, this study reports a significant 
association between increased serum 25OHD 
concentrations and a low short-term mortality 

rate in a geriatric acute care unit. Further 
prospective analyses are needed to corroborate 
these results on a variety of adult acute care 
units, and to further clarify the expected effects 
of vitamin D on mortality risk, especially on 
cardiovascular mortality. Nevertheless, we 
describe not only a relevant new orientation 
of research, but also provide an additional 
argument for prescribing vitamin D in deficient 
older adults. 
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