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SEVERE VITAMIN D DEFICIENCY, FUNCTIONAL IMPAIRMENT 
AND MORTALITY IN ELDERLY NURSING HOME RESIDENTS  
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Introduction 

Vitamin D levels have been associated with muscle 
function, with low levels increasing the risk of falls and 
fractures (1). Low levels of 25-hydroxyvitamin D (25(OH)
D) have been associated with an increased risk of falls in 
institutionalized elderly patients, with 25(OH)D levels 
< 40 nmol/l associated with reduced lower extremity 
function, while optimal function is obtained when levels 
are > 90-100 nmol/l: levels > 60nmol/l are associated 
with a 20% reduction in the risk of falls (2). Studies have 
shown that vitamin D (800 IU of vitamin D3 daily) and 
calcium supplements reduce the risk of falls (3), although 
single high doses of vitamin D may increase the risk (4).

There is considerable evidence of the role of vitamin 
D in cardiovascular disease: studies have shown a 

relationship with hypertension (5, 6), coronary disease 
(7, 8), cerebrovascular disease (9), heart failure (6), 
vascular disease (10) and, specifically, peripheral arterial 
disease (11), in addition to a relationship with renal 
disease (5). In addition, vitamin D deficiency has also 
been associated with increased mortality, especially 
cardiovascular mortality. A study in postmenopausal 
Japanese women examined the relationship between 
low 25(OH)D levels and low bone mineral density 
with increased mortality (12) and showed that 47% 
of patients had low levels of vitamin D and that the 
most frequent causes of death were cardiovascular 
events (28%) and cancer (21%). A study in Caucasian 
southern Californian adults evaluated the relationship 
between 25-hydroxyvitamin D, 1,25-dihydroxyvitamin 
D and parathyroid hormone (PTH) with cardiovascular 
mortality. The study found that 14% of patients had 
levels of 25(OH)D < 75 nmol/l and 3% had levels < 50 
nmol/l. High levels of 1,25-dihydroxyvitamin D had a 
protective effect on cardiovascular mortality, while high 
PTH levels increased the risk of cardiovascular disease. 
After adjusting for age and multiple covariates (including 
renal function) no significant association between 
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Abstract: Background:  Vitamin D deficiency is independently associated with functional impairment in elderly patients and is an 
independent risk factor for mortality. Objective: To assess the influence of severe vitamin D deficiency on the functional status, 
falls, fractures, cardiovascular morbidity and mortality and all-cause mortality in elderly nursing home residents. Design: Non-
interventional, prospective, observational study. Setting: Nursing home. Participants: Non-dependent elderly. Measurements: Urea, 
creatinine, cholesterol, triglycerides, calcium, phosphorus, 25-OH vitamin D, parathyroid hormone (PTH), and cystatin C were 
determined in blood and microalbuminuria in urine. All patients were administered the Katz Index of Independence in Activities 
of Daily Living (Katz ADL), the Tinetti Balance and Gait Evaluation, lower extremity function tests and the Mini-Mental State 
Examination. Patients were divided in two groups: those with 25-hydroxyvitamin D <12.48 nmol/l (severe vitamin D deficiency) 
and those with 25-hydroxyvitamin D ≥ 12.48 nmol/l. Falls, clinical fractures, and cardiovascular morbidity and mortality and all-
cause mortality were recorded during the 20-month follow up. Results: Patients with severe vitamin D deficiency were older (87 ± 
7 vs. 83 ± 7 yrs., p = 0.025) and more often female (96% vs 4%, p = 0.028) and had lower levels and calcium and albumin and higher 
levels of PTH, a higher frequency of heart disease (p = 0.02), and worse lower extremity function: Tinetti gait (10 ± 2.39 vs 11.21 
± 1.44, p = 0.034), Tinetti balance (1.83 ± 1.11 vs 2.5 ± 1.19, p = 0.011). These patients had a non-significant higher number of falls 
and clinical fractures, and significantly greater mortality (29% vs 2%, p = 0.01). Conclusions: Non-dependent elderly nursing home 
residents with severe vitamin D deficiency have greater mortality, functional impairment of the lower extremities and a trend to a 
greater number of falls and clinical fractures.
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25-hydroxyvitamin D, 1,25-dihydroxyvitamin D, PTH 
and cardiovascular mortality was found (13). Another 
study evaluated the effects of low levels of calcitriol as 
a predictor of mid-term mortality in patients attending 
a specialized heart disease centre and found that low 
calcitriol levels were a predictor of mid-term mortality 
(14) and that 67% of patients with low levels had heart 
failure, 64% hypertension, 33% coronary artery disease, 
20% diabetes and 17% renal failure after a one-year follow 
up. In contrast, other authors suggest that, although 
observational studies have shown an association between 
low levels of 25(OH)D and a wide range of acute and 
chronic disorders, there are no causal data that indicate 
vitamin D levels are a marker of disease (15).

The aim of this study was to assess the influence of 
severe vitamin D deficiency on the functional status, falls 
and fractures, cardiovascular morbidity and mortality, 
and all-cause mortality in elderly nursing home residents.

 
Materials and Methods

We made a non-interventional,  prospective, 
observational cohort study in non-dependent elderly 
residents of the Parquesol nursing home (Valladolid). 
Inclusion criteria were age ≥ 80 and residence in the 
nursing home. Exclusion criteria were people who were 
bedridden or had diminished mobility that precluded 
functional testing and those who did not wish to 
participate. 

At inclusion, blood was extracted from all participants 
and a urine sample was collected. Samples were collected 
between 8 and 9 am and were processed immediately. 
Samples were deposited as serum (1 ml) and plasma 
(1 ml). The following determinations were made: urea, 
creatinine, total cholesterol, triglycerides, glucose, 
calcium, phosphorous and microalbuminuria using a 
Hitachi 917 automated analyser. Parathyroid hormone 
(PTH) was measured by electrochemiluminescence (® 

Roche Diagnostics GmbH, Mannheim, Germany), 25(OH)
D3 by high performance liquid chromatography and 
cystatin C (a marker of renal function deterioration) 
by immunonephelometry (N Latex Cistatina C, 
Siemens Marburg GmbH, Germany). The presence of 
cardiovascular diseases and treatments were also 
recorded. Falls were recorded for 20 months using the 
nursing home’s own protocol. Clinical fractures and 
mortality were also recorded. Patients were divided in 
two groups: those with 25-hydroxyvitamin D <12.48 
nmol/l (severe vitamin D deficiency) and those with 
25-hydroxyvitamin D ≥ 12.48 nmol/l. 

Independence was measured using the Katz Index 
of Independence in Activities of Daily Living (Katz 
ADL) (16). The Tinetti Balance and Gait Evaluation was 
used to detect the risk of falls (17, 18). Lower extremity 
function was evaluated by examining the ability to stand 
with the feet together in the side-by-side, semi-tandem, 
and tandem positions, time to walk 8 feet, and time 
to rise from a chair and return to the seated position 
5 times. These tests are predictors of falls, disability, 
institutionalization and death (19, 20). For accuracy, these 
tests were made using a Van Allen chronometer and a 
3-metre tape measure

The study was approved by the Clinical Research 
Committee of the Hospital Universitario Río Hortega. 
Patients or their representatives gave written informed 
consent to participate in the study.

Stastistical analysis

The results are expressed as mean ± standard 
deviation. Comparisons of the mean were made using 
the paired t-test and the Mann-Witney non-parametric U 
test. Correlations between variables were assessed using 
Pearson’s r test and Spearman’s test. Mortality during 
the follow up period were assessed by logistic regression 
analysis: the variables included were the median age of 
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Table 1
Biochemical variables according to vitamin D levels

 	 Vitamin	 Vitamin	 Significance	 Normal Range
	 D <12.48 nmol/L	 D ≥ 12.48 nmol/L
	 (N 24)	 (No. 50)	 	

Urea (mg/dl)	 45.50 ± 11.37	 49.48 ± 18.30	 > 0.05	 10-50
Total cholesterol (mg/dl)	 202.38 ± 35.53	 212.74 ± 43.09	 > 0.05	 110-240
Triglycerides (mg/dl)	 110.29 ± 42.80	 107.12 ± 38.84	 > 0.05	 50-170
Creatinine (mg/dl)	 0.77 ± 0.22	 0.79 ± 0.24	 > 0.05	 0.6-1.1
Calcium (mg/dl)	 9.19 ± 0.32	 9.57 ± 0.43	 <0.001	 8.1-10.4
Phosphorus (mg/dl)	 3.69 ± 0.58	 3.67 ± 0.50	 > 0.05	 2.7-4.5
HDL cholesterol (mg/dl)	 62.21 ± 16.60	 55.40 ± 13.42	 > 0.05	 35-70
Urine creatinine (mg/dl)	 61.65 ± 41.26	 66.96 ± 29.82	 > 0.05	 66-132
PTH (pg/ml)	 73.78 ± 43.20	 57.49 ± 31.82	 0,046	 12-72
Albumin (g/dl)	 3.73 ± 0.30	 3.95 ± 0.24	 0,001	 2.5-4.5
Microalbuminuria (mg/L)	 35.80 ± 78.60	 24.84 ± 58.87	 > 0.05	 0-30 
Cystatin C (mg/L)	 1.14 ± 0.27	 1.05 ± 0.27	 > 0.05	 0.53-0.95
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the study sample, sex and variables that were significant 
in the bivariate analysis. Statistical significance was 
established as p ≤ 0.05. The analysis was made using 
SPSS for Windows v. 15.0 (SPSS Inc. 1989-2006 Chicago 
IL, USA).

Results

Of the 183 institutionalized patients, 80 met the 
inclusion criteria, and levels of vitamin D were finally 
measured in 74 patients who were included in the 
final analysis. All had very low 25(OH)D levels, with a 
mean of 18.40 ± 7.58 nmol/L, a minimum of 9.10 and a 
maximum of 36.80 nmol/L. Twenty-four patients had 
25(OH)D levels < 12.48 nmol/L and 50 had levels > 12.48 
nmol/L.

Of the 74 patients analysed, 59 (79.7%) were female, 
the mean age was 84 ± 7 years and the mean body mass 
index was 29 ± 5 kg/m2. Patients with 25(OH)D levels < 
12.48 nmol/L were older (87 ± 7 vs 83 ± 7, p = 0.025) and 
more often female (96% vs. 4%, p = 0.028) than patients 
with 25(OH)D levels > 12.48 nmol/L.

Patients with 25(OH)D levels < 12.48 nmol/L had 
significantly lower calcium and albumin levels and 
significantly higher levels PTH levels (Table 1).The 
presence of heart disease, the number of heart diseases, 
and treatment with nitrates was more frequent in patients 
with 25(OH)D levels < 12.48 nmol/L. (Table2).

No significant between-group differences in 
the Katz index were found (58.3% vs 73.5%, p = NS). 

Significant differences were found in the Tinneti gait 
and balance tests (Table 3). Falls (82.6% vs 62.5%, p = 
NS) and fractures (17.4% vs 12.5%, p = NS) were more 
frequent in patients with 25(OH)D levels < 12.48 nmol/L 
during the 20 months follow up, but the differences 
were not significant. Mortality during the follow-up 
was significantly higher in patients with 25(OH)D levels 
< 12.48 nmol/L (29% vs 2%, p. = 0.001). Cystatin C (a 
marker of renal function and cardiovascular risk) was 
significantly higher in patients who died during the 
follow up compared with survivors (1.33 ± 0.31 vs 1.04 ± 
0.25, p = 0.001).

The following variables were entered into the 
logistic regression analysis to assess the factors that 
independently predicted mortality: age, sex, vitamin D 
and cystatin C. Only vitamin D levels <12.48 nmol/L 
(19.7, p = 0.024, 95% CI 1.48-261.53) remained as an 
independent factor of mortality (Table 4).

 
Discussion

The patients included in this study had very low levels 
of 25(OH)D: all patients had vitamin D insufficiency and 
most had vitamin D deficiency. Possible explanations 
may include the time of sample taking (May), and the 
patients were nursing home residents with less exposure 
to sunlight, or that the nutritional intake of vitamin D 
was not sufficient. Levels of 25(OH)D were lower than 
that found in a study of elderly female nursing home 
residents in Lleida (Spain) which found that 90% of 

Table 2
Cardiovascular disease and therapy according to vitamin D levels

 	  	 Vitamin	 Vitamin	 Significance
	 	 D <12.48 nmol/L (N 24)	 D ≥ 12.48 nmol/L (N 50)	

Associated 	 Hypertension	 15 (62.5%)	 28 (56%)	 NS
cardiovascular diseases	 Diabetes	 4 (16.7%)	 11 (22%)	 NS
	 Dyslipidaemia 	 3 (12.5%)	 7 (14%)	 NS
	 Cerebrovascular disease 	 4 (16.7%)	 4 (8%)	 NS
	 Heart disease	 8 (33.3%)	 4 (8%)	 0.015
	 Peripheral arterial disease 	 0	 1 (2%)	 NS
Number of associated 	 0	 5 (20.8%)	 14 (28%)	 0.021
cardiovascular diseases		  1	 10 (41.7%)	 20 (40%)	
	 2	 3 (12.5%)	 14 (28%)	
	 3	 6 (25%)	 1 (2%)	
	 4	 0	 1 (2%)	
Drugs	 Antiplatelet agents	 7 (29.2%)	 11 (22%)	 > 0.05
	 Antihypertensive	 18 (75%)	 28 (56%)	 > 0.05
	 Lipid lowering agents 	 3 (12.5%)	 3 (6%)	 > 0.05
	 Antidiabetics	 4 (16.7%)	 10 (20%)	 > 0.05
	 Nitrates	 4 (16.7%)	 1 (2%)	 0.036
Number of cardiovascular 	 0	 5 (20.8%)	 17 (34%)	 > 0.05
drugs	 1	 6 (25%)	 16 (32%)	
	 2	 9 (37.5%)	 15 (30%)	
	 3	 4 (16.7%)	 1 (2%)	
	 4	 0	 1 (2%)	



patients had 25(OH) levels < 50 nmol/L and 47% had 
levels < 25 nmol/L, although samples were collected in 
late summer (21).

Patients with 25(OH)D < 12.48 nmol/L were 
significantly more often female and significantly older, 
and had significantly higher levels of PTH, which could 
explain the greater morbidity and mortality in these 
patients, and significantly lower levels of calcium and 
albumin. 

Patients with 25(OH)D levels < 12.48 nmol/L had 
significantly more previous heart disease, and non-
significantly higher levels of other cardiovascular 
diseases and risk factors. Patients with 25(OH)D levels 
< 12.48 nmol/L had a significantly higher level of 
nitrates. Greater nitrate consumption in this group could 
act as a protective factor against fractures and might 
explain why no significant differences in the number of 
fractures between groups were found (22). As stated in 
the introduction, 25(OH)D levels < 50 nmol/l have been 
associated with an increased prevalence of coronary 
artery disease (7, 8) and lower levels of 25(OH)D have 
been found in patients with heart failure compared with 
the healthy population (6).

Patients with 25(OH)D levels < 12.48 nmol/L had a 
greater degree of dependence. Although no significant 
differences were found for the Katz index, patients with 
25(OH)D levels < 12.48 nmol/L had significantly worse 
scores in the Tinetti gait and balance tests, signifying 
worse function. Severe 25(OH)D deficiency has been 
related to muscle weakness (1), and levels < 40 nmol/L 
have been associated with reduced lower extremity 
function (2). A higher level of dependency and loss of 
function predisposes to an increased risk of falls and 
fractures, which were very common in both study 

groups, but more frequent in patients with 25(OH)D 
levels < 12.48 nmol/L, although the differences were 
not statistically significant, possibly because both groups 
had very low levels of vitamin D. Various studies have 
shown an association between vitamin D deficiency and 
impaired physical function in nursing home residents, 
although these studies found a higher level of vitamin D 
than those observed in our subjects, and the follow-up 
periods differed (23-25). However, not all studies are in 
agreement. Mathei et al (26) found no such association 
even though 35% of the 367 subjects studied had a severe 
vitamin D deficiency.

There was significantly greater mortality in patients 
with 25(OH)D levels < 12.48 nmol/L (29.2% vs. 2%). In a 
study of subjects with a similar age to ours, Formiga et al 
(27) found no association between mortality and vitamin 
D levels. 

Patients who died had significantly higher cystatin C 
levels. As stated above, cystatin C is a marker of renal 
function and cardiovascular risk and increased levels 
increase the risk of all-cause mortality and linearly 
increase the risk of cardiovascular mortality (28).

The main limitations of our study are the small sample 
size and the fact that all patients had low levels of 
vitamin D. The strengths of the study are the uniformity 
of the population studied and the complete record of falls 
and fractures.

In conclusion, severe vitamin D deficiency in was 
an independent risk factor for mortality in elderly 
nursing home residents, as shown by other reports (13, 
14). However, our study shows that severe vitamin D 
deficiency was independently associated with functional 
impairment in elderly patients, predisposing them a 
higher number of falls.
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Table 3
Functional tests according to level of vitamin D

 	 Vitamin	 Vitamin	 Significance
	 D <12.48 nmol/L (N 24)	 D ≥ 12.48 nmol/L (N 50)	

Tinetti gait	 10.00 ± 2.39	 11.21 ± 1.44	 0.034
Tinetti balance	 12.13 ± 4.17	 14.09 ± 2.12	 > 0.05
Lower extremity function			 
Balance	 1.83 ± 1.11	 2.57 ± 1.19	 0.011
Gait 	 1.87 ± 1.06	 2.30 ± 1.02	 > 0.05
Strength	 2.09 ± 1.20	 2.57 ± 1.19	 > 0.05
 

Table 4
Logistic regression and mortality

Variable	 Significance	 Exp(b)	 95 % CI

Sex	 0.690	 0.557	 0.031-9.89
Age	 0.744	 1.525	 0.121-19.23
Cistatin C	 0.163	 5.437	 0.502-59.69
Vitamin D	 0.024	 19.687	 1.48-261.53
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