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Differences in the prevalence 
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and independently living elderly
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ABSTRACT
Objective: To compare the prevalence of vitamin D deficiency and fracture history in nursing home 
residents and community-dwelling elderly subjects and to explore the association of vitamin D lev-
els with various characteristics. Materials and methods: Sixty-six nursing home residents and 139 
community-dwelling elderly subjects participated. Marital status, medical history, medication includ-
ing vitamin D supplements, smoking, past fractures were assessed. Weight and height were mea-
sured and body mass index calculated. Serum 25-hydroxyvitamin D (25-OHD), PTH, Ca, phosphate, 
creatinine and eGFR were determined. Results: In the nursing home residents 25-OHD was lower 
(17.8 nmol/l, [9.4-28.6] vs. 36.7 nmol/l, [26.9-50], p < 0.001), PTH was higher (5.6 pmol/l, [3.9-8.9] vs. 
4.7 pmol/l [3.6-5.8], P = 0.003) and 25-OHD deficiency was more prevalent (65.2% [53.7-76.7] vs. 22.3% 
[15.4-29.2], p < 0.001) as was elevated PTH (23% [12.8-33] vs. 5.8% [2-10], p = 0.001). 25-OHD corre-
lated negatively with PTH (institutionalized r = -0.28, p = 0.025 and community-dwelling r = -0.36, p < 
0.001). Hip fractures were reported by 8% of the residents and 2% of the independent elderly. The only 
predictor for hip fracture was elevated PTH (OR = 7.6 (1.5-36.9), p = 0.013). Conclusion: The preva-
lence of vitamin D deficiency and secondary hyperparathyroidism was high in the institutionalized 
subjects. Hip fracture risk was associated with elevated PTH and not directly with vitamin D levels or 
the residency status. Arch Endocrinol Metab. 2016;60(3):217-22
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INTRODUCTION

T he term Vitamin D designates a group of steroid 
compounds that are essential for human health 

(1). The major source of vitamin D for the humans 
is the sun exposure of the skin (2). Provitamin D is 
first synthesized from 7-dehydrocholesterol and then 
converted to vitamin D3 (cholecalciferol). Choleclacif-
erol undergoes a two-step conversion first into 25-hy-
droxyvitamin D (25-OHD) and then into 1,25-Di-
hydroxyvitamin D [1,25(OH)2D] with 25-OHD 
serum levels most closely reflecting the body vitamin 
D state. Vitamin D synthesis depends on a number 
of factors like geographic latitude, climate, clothing, 
individual sun exposure, air pollution, sunscreen use, 
gender, obesity (3,4). There are data that skin capacity 
for cholecalciferol synthesis diminishes with age (5,6). 
The insufficient skin vitamin D synthesis or food intake 
lead to vitamin D deficiency, which is common in large 
parts of the World on both sides of the Equator (7).  

Serious health-related implications have been attrib-
uted to low vitamin D levels – osteomalacia and in-
creased fracture risk, muscle dysfunction in the elderly 
subjects, increased cardiovascular morbidity and higher 
rate of some cancers and autoimmune diseases (8-10). 
Though the problem affects all ages, nursing home el-
derly residents are among the groups with the highest 
risk of vitamin deficiency or its consequences (11-13). 
Factors that determine the latter are malnutrition, de-
creased mobility and sun exposure, as well as the physi-
ologic changes in vitamin D synthesis with ageing. Low 
vitamin D levels have been associated with increased 
hip fractures with institutionalized subjects being the 
most affected (14). Moreover, the authors of a recent 
analysis reached the conclusion that the institutional-
ized elderly are the group most likely to benefit from 
systemic vitamin D supplementation (15).

The aim of the study was to compare the prevalence 
of vitamin D deficiency and self-reported fracture his-
tory among nursing home residents and community-
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dwelling elderly subjects and explore the association 
of vitamin D levels with the gender, body mass index 
and the prevalence of secondary hyperparathyroidism 
(SHPT).

MATERIALS AND METHODS

The study was a part of a cross-sectional screening study 
of the prevalence of vitamin D deficiency and the most 
common endocrine disorders in the Bulgarian popula-
tion, carried out in January and February 2012 in 12 
towns and the adjacent rural areas. Details on the initial 
study cohort recruitment and characteristics and the 
general vitamin D state of the population are published 
elsewhere (16). 

Sixty-six nursing home residents from four separate 
nursing homes participated in the study. The control 
group consisted of the age matched community-dwell-
ing elderly subjects from the same towns, n = 139. 
None of the study subjects was bed-ridden or reported 
recent long-term immobilization. All subject signed an 
informed consent form, approved by the local Ethics 
committee at the University Hospital of Endocrinol-
ogy in Sofia. The participants answered a structured 
interview with questions concerning marital status, 
past or present disorders, current medication including 
vitamin D-containing preparations, smoking, fracture 
history. Body weight and height were measured and 
body mass index (BMI) was calculated by the standard 
formula. Fasting venous blood was sampled and serum 
was stored at -20 C for serum 25-OHD, PTH, Ca, in-
organic phosphate (iP), creatinine, and TSH determi-
nation. eGFR was calculated by the CKD-EPI formula: 
GFR = 175 × standardized Scr−1.154 × age−0.203 × 
1.212 [if black] × 0.742 [if female], where GFR is ex-
pressed as mL/min/1.73 m2 of body surface area 41 
and Scr is expressed in mg/d (17).

The fractures were reported as any fractures and 
separately for the hip, Colles’ and vertebral fractures.

Laboratory evaluation

25-OHD was determined by liquid chromatography-
tandem mass spectrometry (LC-MS/MS) utilizing ex-
traction with hexane. d325D3 was applied as an internal 
standard with reaction monitoring for the respective 
m/z transitions: 401→383 for 25D3, 413→395 for 
25D2, and 404→386 for d325D3. The method com-
plies with the FDA required selectivity, matrix effect, 
accuracy, precision within 7.5% and extraction recove-

ries averaging 57-73%. Linearity was within 3.0-300.0 
nmol/L, R2 > 0.99 (18). Based on the measured 25-
OHD levels, three categories of subjects were defined: 
sufficient – > 50 nmol/l, deficient – 25-50 nmol/l and 
severely deficient – < 25 nmol/l and the proportion of 
subjects with severe deficiency and sufficiency were ex-
plored.

PTH was determined by chemiluminesce with an 
Immunoradiometric assay (IRMA) Access2/DxI, ref-
erence range 1.3-9.3 pmol/l. TSH was measured as a 
possible confounder and was determined by a two-site 
immunoenzymatic “sandwich” assay (UniCel® DxC 
660i System, Beckman Coulter, Access HYPER sensi-
tive hTSH) with a reference range between 0.34-5.60 
mIU/l. Serum calcium, inorganic phosphate, creati-
nine and alkaline phosphatase were measured by an au-
tomated analyzer.

Statistical analysis

Statistical analysis was performed by SPSS for Windows 
v.13 (SPSS Corp, Chicago, Il). All numerical data were 
presented as means and standard deviations or median 
and interquartile range. Normality of distribution was 
explored by Kolmogorov-Smirnov test. Student t-test 
was used to compare the difference between different 
categories of normally distributed continuous variables. 
Mann-Whitney U test and median test were applied for 
non-normally distributed variables. Proportions were 
expressed as percent and 95% confidence intervals and 
compared by Chi-square and Fisher’s exact test. A lo-
gistic regression was performed to explore the effect of 
multiple factors on the prevalence of vitamin D defi-
ciency. Spearman’s rho was used to measure correla-
tions between the studied continuous variables. All cor-
relations of 25(OH)D were performed after controlling 
for age and gender. All tests were two-sided, with a level 
of significance at p < 0.05.

RESULTS

Eight of the community-dwelling subjects and none of 
the nursing home residents reported vitamin D supple-
ment use. The reported average daily intake was bet-
ween less than 100 and 400 IU. The 25-OHD levels 
of the supplement-users did not differ from the group 
mean value and therefore were not excluded from the 
analysis. Of the community-dwelling subjects, 69.8% 
[62.2-77.4] lived with a spouse versus 9.1% [2.2-16] of 
the nursing home residents. 
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The nursing home residents were significantly older 
than the community-dwelling subjects and all further 
analyses were adjusted for age. The two groups differed 
in the female-to-male ratio (Table 1) and were first 
stratified by gender. As the main studied characteris-
tics did not demonstrate significant inter-gender differ-
ences (data not shown), all further analyses were done 
without gender differentiation of the subjects. The cor-
relations and the regression models were adjusted for 
gender. 

The comparison of the major group characteristics 
between the community-dwelling elderly and the nurs-
ing home residents is presented in Tables 1 and 2. 

We calculated eGFR in order to rule out a possible 
effect of chronic kidney disease. eGFR of the subjects 
did not differ between the two groups and correlated 
negatively with the age (Community-dwelling elderly r 

= -0.39, p < 0.001; residents r = -0.46, p < 0.001), but 
not with the PTH levels (Community-dwelling elderly 
r = -0.03, p = 0.70; residents r = -0.06, p = 0.66). It 
correlated negatively with 25-OHD in the institution-
alized subjects (Table 3). The odds ratio for a vitamin 
D deficiency among the nursing home residents as 
compared to the community-dwelling elderly subjects 
was 6.3 (95%CI 3.1-12.6) in a model adjusted for age, 
gender, eGFR and TSH. 

Table 1. Comparison of the studied characteristics of the community-
dwelling elderly and the nursing home residents 

Characteristic
Nursing home 

resident 
(n = 66)

Community-
dwelling 
(n = 139)

p

Age (years) 74.5 [69.8-78] 64 [61-70] < 0.001

Female/Male 26 (39%)/40 (61%) 91 (65%)/48 (35%) 0.001

BMI (kg/m2) 26.0 ± 4.5 28.9 ± 4.9 < 0.001

25(OH)D (nmol/l) 17.8 [9.4-28.6] 36.7 [26.9-50] < 0.001

TSH (mIU/l) 1.68 [1.16-2.94] 2.16 [1.28-3.55] 0.27

PTH (pmol/l) 5.6 [3.9-8.9] 4.7 [3.6-5.8] 0.003

Ca (mmol/l) 2.32 ± 0.18 2.41 ± 0.12 0.001

iP (mmol/l) 1.12 ± 0.18 1.22 ± 0.18 0.001

AlP (IU/l) 77.5 [65-103.3] 65 [52-78] < 0.001

eGFR (mL/
min/1.73 m2)

73.7 ± 21.1 76.8 ± 15.3 0.27

Married (%) 9.1% [2.2-16] 69.8% [62.2-77.4] < 0.001

Table 2. Proportions of vitamin D sufficiency and severe deficiency, 
fracture prevalence and secondary hyperparathyroidism in the community-
dwelling elderly and the nursing home residents

Nursing home 
residents (n = 66) 

% [95%CI]

Community-
dwelling elderly 

(n = 139) % 
[95%CI]

p

Deficiency 65.2% [53.7-76.7] 22.3% [15.4-29.2] < 0.001

Sufficiency 4.5% [0-9.5] 25.4% [17.4-31.6] < 0.001

All fractures 18.2% [8.9-27.5] 17.3% [11-23.6] NS

Hip fractures 7.6% [1-14] 2.2% [0-4.6] -

Colles’ 
fractures

6,1% [0-12] 5.8% [2-9.7] NS

Elevated PTH 23% [12.8-33] 5.8% [2-10] 0.001

Table 3. Correlations of 25-OHD levels with the other studied parameters 
in the two groups, after controlling for age and gender 

Parameter
Nursing home 

residents (n = 66)
Spearman Rho, p

Community-dwelling 
elderly (n = 139) 
Spearman Rho, p

PTH -0.28, p = 0.025 -0.36, p < 0.001

sCa 0.06, p = 0.64 -0.04, p = 0.62

iP -0.01, p = 0.94 -0.04, p = 0.63

AlP -0.24, p = 0.06 -0.02, p = 0.84

eGFR -0.25, p = 0.048 0.09, p = 0.31

Fracture prevalence

The prevalence of any fractures or Colles’ fractures did 
not differ between the two groups (Table 2). Only four 
subjects reported known history of vertebral fractures. 
The cases were distributed equally between the nur-
sing home residents and the independent elderly. No 
further analysis was done due to the low count. The 
prevalence of hip fractures was higher in the nursing 
home residents, but the small count does not permit es-
timation of the statistical significance of the difference. 
The mean 25-OHD level was lower in the subjects with 
hip fractures (21.1 ± 5.4 vs. 33.4 ± 1.3, p = 0.064), but 
not in those with any fracture or with Colles’ fractures.

Secondary hyperparathyroidism

In both groups the 25-OHD levels correlated negati-
vely with PTH, but with none of the other variables 
(Table 3). SHPT, expressed as an elevated PTH, was 
found in 23 (13.7%) of the subjects. It was more preva-
lent in the home residents than in the community-dwel-
ling subjects (Table 2). PTH was elevated in 22% of the 
subjects with vitamin D deficiency, in 5% of those with 
insufficiency and in none of the ones with sufficiency,  
p < 0.001. The hip fractures were more prevalent in the 
subjects with elevated PTH (13% vs. 3%, p = 0.048) but 
the count was too small for definite conclusions. There 
was no difference in the all fracture and Colles’ fracture 
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prevalence among the subjects with normal or elevated 
PTH. In a logistic regression model adjusted for age, 
gender, 25-OHD level, eGFR, TSH, resident/not-re-
sident the only factor significantly affecting the risk of 
a hip fracture was the elevated PTH with an OR = 7.6 
(1.5-36.9), p = 0.013.

DISCUSSION

In our winter study we compared community-dwelling 
elderly and institutionalized subjects and observed sig-
nificantly lower vitamin D levels and higher prevalence 
of vitamin D deficiency in the latter – 95% vs. 75%. Se-
vere vitamin D deficiency was found in every third resi-
dent. Our results do not differ from those reported by 
other authors from various geographic regions. Maeda 
and cols. for instance measured similar winter levels and 
difference between community-dwelling elderly and 
nursing home residents (19). Their study was carried 
in Brazil, at latitude of 23° S. The locations included in 
our study lie between 42°40’ and 43°50’ N and much 
lower UVB should be expected. Pilz and cols. also stu-
died a large group of nursing home residents in winter 
in Austria and found comparable median 25-hydroxyvi-
tamin levels of 17.5 nmol/l. Furthermore, 93% of the 
nursing home residents studied by them had 25-OHD 
below 50 nmol/l, which is very similar to the propor-
tion we observed (13). 

Various factors contribute to the low vitamin D 
state in the institutionalized elderly. Similar to our data, 
a Romanian team reported recently that none of the 
nursing home residents whom they studied received 
vitamin D supplementation (20). The vitamin D sup-
plementation among the community-dwelling elderly 
in our study was also very low and cannot explain the 
difference by itself. Vitamin D food fortification is not 
mandatory in Bulgaria and there is virtually no fortified 
foodstuff on the market. Fish consumption is also low 
and we can assume that for the majority of the popula-
tion the alimentary vitamin D intake is generally scarce. 

The sun exposure therefore might be the major fac-
tor that differentiates the two studied groups. There 
are few data in the literature researching the topic of 
sun exposure and vitamin D in nursing home residents. 
Nashimoto and cols. reported a distinct association be-
tween 25-hydroxyvitamin D levels and hours of sun ex-
posure in institutionalized elderly (21). A pivotal study 
performed by Webb and cols. demonstrated a marked 
difference in the sun exposure between independently 

living elderly and nursing home residents (22). More-
over, the difference persisted irrespective of the mobil-
ity level of the residents. The lower sun exposure in 
residents has been linked also to a flatter all-year vita-
min D curve (19). The sun exposure of our subjects 
was limited by the typically cold winter weather. The 
time the residents spent outdoors was further restricted 
by the anxiety associated to falls and possible fractures, 
maintaining apparently a vicious circle: anxiety – less 
outdoor time – less sunlight exposure and vitamin D 
– more fractures – more anxiety. The issue has been 
described typically among people recovering from 
a hip fracture (23). The fear of falls affects their self-
confidence, restricts their mobility and leads to activ-
ity avoidance. An inverse association with low vitamin 
D levels as a consequence and hip fractures as a factor 
might therefore exist in certain subjects.

The hip fracture rate in the institutionalized elderly 
and in those with severe vitamin D deficiency was mar-
ginally higher than among the independent elderly or 
those with higher 25-hydroxyvitamin D levels. Similarly 
to the results of other authors, 25-hydroxyvitamin D 
was lower in the subjects reporting hip fractures (14). 
On the other hand, the unadjusted odds ratio for a hip 
fracture was not significantly increased for any of the two 
factors (low vitamin D or nursing home residency) as 
predictors. Instead, the only significant predictor for a 
hip fracture was SHPT. The latter was related both to 
resident status and vitamin D levels. As observed previ-
ously (18,21,24), SHPT is by itself an independent risk 
factor for hospitalization and/or death in the elderly. The 
prevalence of SHPT expressed as an elevated PTH and 
higher alkaline phosphatase was higher among the nurs-
ing home residents in our cohort. The latter presented 
also with lower serum calcium and inorganic phosphate, 
presumably resulting from the vitamin D deficiency. It 
has been debated whether vitamin D deficiency is an 
independent factor for fragility fractures in the elderly. 
Low vitamin D-induced reduction in muscle strength 
and tone contribute to susceptibility to falls and conse-
quently – fractures (25). It was recently demonstrated 
also that 25-hydroxyvitamin D levels were inversely cor-
related with time to first fall in the elderly (26). As fall 
frequency is important for hip fracture occurrence, it has 
been shown that institutionalized subjects who have suf-
fered hip fracture are more prone to falling than inde-
pendently living hip fracture patients (27). Lower BMD 
has been reported in subjects with vitamin D deficiency 
as well (12,28). Nevertheless it is possible that the as-
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sociation of vitamin D levels and bone fragility does not 
result directly from low vitamin D, but is mediated by 
the SHPT, as demonstrated by Arabi and cols. (29). The 
reduced serum calcium and phosphate might further 
compromise bone mineralization and strength. 

We observed no association of vitamin D or PTH 
levels or fracture prevalence with the BMI. No associa-
tion was found also with any other reported fracture 
type. However the self-reported vertebral fracture prev-
alence was much lower than expected and underreport-
ing might have occurred (28). Three subjects reported 
both Colles’ and hip fractures, all of them being nursing 
home residents with severe vitamin D deficiency. PTH 
was elevated in two of them. The low count requires 
cautious interpretation, but published data point to an 
increased risk of subsequent upper extremity fracture 
in hip fracture patients with vitamin D deficiency (30). 
Moreover, the reported association was independent of 
bone mineral density.

Advanced age is associated with a declining renal 
function, another causal factor for SHPT in the elderly 
(31,32). Its role for the bone metabolism in the age-
ing man is not yet well defined (32). Renal function 
as measured by eGFR in our study correlated inversely 
with age but not with PTH or 25-OHD. Furthermore, 
eGFR did not predict hip fracture, vitamin D deficiency 
or elevated PTH. Therefore we assumed that impaired 
renal function might not affect our conclusions.

Our study has several limitations. In the first place, 
the number of subjects with fractures was relatively low, 
thus limiting the statistical power of the analysis. Sec-
ond, though it is well accepted that the UV radiation 
in Bulgaria in late autumn and winter is low, the study 
could benefit from an assessment of the sun exposure 
of the studied subjects. Third, the fractures were self-
reported, which precludes the assessment of vertebral 
fractures and also introduces imprecision concerning 
the time since the fracture. The temporal difference be-
tween the time of the fractures and the study limits the 
conclusiveness of the results. We had no data on falls 
that may be an important mediator between vitamin D 
and fractures. The cross-sectional design on the other 
hand does not permit causality inferences. 

In conclusion, we observed a high prevalence of vi-
tamin D deficiency and SHPT in the studied nursing 
home residents. Hip fracture risk was associated with 
the elevated PTH and not directly to the vitamin D 
levels. Since vitamin D deficiency is the major cause of 
SHPT in the elderly, sufficient vitamin D supplemen-

tation should be recommended for the nursing home 
residents for whom the evidence for hip fracture reduc-
tion with supplementation is compelling (15).
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human participants were in accordance with the ethical standards 
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the 1964 Helsinki declaration and its later amendments or com-
parable ethical standards.
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