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n	 INTRODUCTION

The improvement of living conditions 
and the increasing availability of medi-

cal care in the industrialized countries de-
termined an increase of average population 
age. Accordingly, the increasing number of 
elderly people discloses new complex is-
sues dealing with social order and medical 
care. The compromised autonomy of the 
elderly, resulting from accidental drops and 
subsequent hip fracture, is of special inter-
est, being complex and expensive. This 
particular issue causes significant mortal-
ity (estimated 5% in the acute phase and 
15-25% within a year) and disability (only 
30-40% of patients regain autonomy com-
patible with the previous activities of daily 
living) (1, 4). The factors that are cause of 
balance disorders and motor instability in 
the elderly are multiple and only partially 
controllable. 

The aetiology of hip fractures is associated 
to the following factors: 
a) drops: only 10% of hip fracture is spon-

taneous and precedes the fall. The drops 
are due to neurologic, visual, cardiovas-
cular and muscular disorders. Further 
medications, environmental factors and 
institutionalization must account for 
part of the drops in the elderly (5, 7);

b) reduction of bone mass: subjects who 
had a hip fracture often have a severe 
osteoporosis (8);

c) history of hip fracture: it is the most se-
rious risk of new fracture, but the con-
nections with this risk factor still have 
to be fully clarified (9).

Hypovitaminosis D exerts a strong in-
fluence on these factors and contributes 
to the pathogenesis of osteoporosis and 
fractures (10), but also it is the cause of 
sarcopenia which predisposes to the drops 
(11, 12). 
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summary
Objectives: Hypovitaminosis D is very common in the elderly in Italy and generally in the world, contributing 
to bone fractures and muscle weakness. The aim of the study was to evaluate bone metabolism in an old popula-
tion of patients hospitalized not for musculo-skeletal complaints. 
Methods: The clinical records of 175 patients, 98 female and 77 male, aged >65 years, hospitalized in a De-
partment of Internal Medicine (Sacile, Western Friuli) were retrospectively reviewed. Serum levels of calcium, 
phosphorus, alkaline phosphatase, parathyroid hormone (PTH) and 25-OH vitamin D were evaluated. Correla-
tions between these parameters were investigate.
Results: Abnormalities of bone metabolism parameters were frequently founded, particularly hypocalcemia, 
increased PTH and reduced 25-OH vitamin D. Hypovitaminosis D were detected in 88% of patients, low levels 
in 30.28% and very low levels in 57.72%. Hypovitaminosis D was related to female sex, old age of patients 
and high levels of PTH.
Conclusions: Our data confirm that hypovitaminosis D is very common in elderly population. The study has 
been performed in an Italian Region where the supplementation of vitamin D in the elderly is not performed, 
suggesting that a awareness campaign of the doctors could be very useful to prevent bone metabolism abnor-
malities.

Key words: Bone metabolism, hospitalized old patients, hypovitaminosis D.

Reumatismo, 2012; 64 (3): 166-171



Reumatismo	3/2012	 167

Original
articleHypovitaminosis	D	in	an	hospitalized	old	population

The administration of vitamin D improves 
bone strength and muscle trophism.
Usually, 90% of vitamin D requirement is 
garanted by skin exposure to the sunlight, 
while food supplementation provides the 
remaining 10% (13, 14). At present vita-
min D insufficiency is commonly due to 
the city life, little use of animal fats in the 
diet and use of beauty products with sun-
screen. 
Hypovitaminosis D is actually very com-
mon in the Italian (15, 17) and world popu-
lation (18, 22).
In the elderly, the low exposure to sun-
light, especially due to living in nursing 
homes, and the low intake of vitamin D 
through food are the main causes of hy-
povitaminosis D. A primary prevention of 
bone fragility diseases in old population 
is possible providing adequate vitamin D 
supplementation, as the availability of con-
venient pharmaceutical formulations and 
their low risk of toxicity, in addition to oral 
supplements of calcium (23, 26). In Some 
regions of Italy, such as Veneto and Tus-
cany, detection and treatment of hypovita-
minosis D have already been encouraged, 
through the promotion of bolus adminis-
tration of vitamin D at the same time of 
of the influenza vaccination or during the 
hospitalization following hip fracture (27, 
28). The clinical practice in Friuli-Venezia 
Giulia widely disregards the promotion of 
calcium and vitamin D supplementation 
through the diet, and no extensive attempt 
of information has been done. This study 
aims to analyze bone metabolism, with 
particular regard to the levels of vitamin 
D, in a large series of geriatric patients in 
the Department of Internal Medicine in the 
Sacile Hospital, located in Western Friuli 
on the border with Veneto. 

n	 PATIENTS AND METHODS

Patients
The clinical records of the geriatric pa-
tients, hospitalized in the Department of 
Internal Medicine of Sacile Hospital be-
tween October 2009 and July 2011, were 
retrospectively reviewed. Among 375 

patients aged >65 years we selected 175 
patients. We considered only those that 
had not been admitted to the hospital be-
cause of musculo-skeletal complaints and 
that had not been previously treated with 
supplements of vitamin D and/or medica-
tions for osteoporosis (bisphosphonates, 
ranelate strontium or analogs of PTH). The 
most frequent causes of hospitalization 
were: respiratory infections, heart failure, 
stroke, dehydration, dementia, anemia and 
alcoholic liver disease.
The study included 98 women (56%) and 
77 men (44%), aged between 65 and 100 
years (82.82±7.27). The mean age was 
83.2 years for women and 82.4 years for 
men. Eighty-five patients (48.5%) were 
normal weight, 40 (22.9%) underweight 
and 50 (28.6%) overweight.

Clinical parameteres
We evaluated the following laboratory 
values related to bone metabolism: serum 
calcium, phosphorus, alkaline phosphatase 
(ALP), 25-OH-vitamin D (25-OH-D) and 
intact parathormone (PTH); for each pa-
rameter we considered the normal range 
provided by the laboratory of Sacile Hos-
pital.
We separated the serum levels of 25-OH-D 
into three discrete categories: normal val-
ues, low and very low in accordance with 
European validated thresholds (29, 30):
• normal values: between 30 and 75 ng/

ml, vitamin D concentration that does 
not stimulate parathyroid and ensures an 
optimal intestine calcium absorption;

• low values: between 29 and 15 ng/ml, 
levels that induce calcium malabsorp-
tion, secondary hyperparathyroidism, 
high bone turnover, osteoporosis and in-
creased risk of bone fractures;

• very low values: <15 ng/ml, levels that 
are associated with osteomalacia and sar-
copenia.

Statistical analysis
The Spearman test was used to correlate 
serum levels of 25-OH-D with patients age 
and other parameters of bone metabolism.
The Pearson’s chi-square test was used to 
correlate normal, low and very low levels of 
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25-OH-D to bone metabolism parameters 
and classes of body weight (underweight, 
normal weight and overweight). We used 
linear correlation (with logarithmic trans-
formation of data) and Pearson test to pro-
cess the values of 25-OH-D and PTH. We 
considered significant p values <0.05.

n	 RESULTS

Normal values of bone metabolism param-
eters in our laboratory are reported in Table 
I. Serum calcium, corrected for the values 
of serum albumin, and 25-OH-D levels 
were low respectively in 34.28% and in 

55.43% of patients, PTH was increased in 
57.71% of patients.
The statistical analysis of serum levels of 
25-OH-D showed a significant inverse cor-
relation with patient age (p<0.0001) and 
serum levels of PTH (p<0.0001), and a di-
rect correlation with serum calcium values 
(p<0.01).
The 88% of patients had values below the 
normal range: according to the internation-
al validated thresholds 57.72% had low 25-
OH-D and 30.28% had very low 25-OH-D. 
Only 12% of patients had normal values of 
25-OH-D, >30 ng/ml (Tab. II). The vitamin 
D deficiency was more common in female 
than in male patients. There were no signif-

Table II - low and very low levels of 25-OH-vitamin D in 175 eldery patients.
Very low (<15 ng/ml) Low (15-30 ng/ml) Normal (>30 ng/ml)

Men n. 40 (22.86%) n. 26 (14.85%) n. 11 (6.28%)
Women n. 61 (34.86%) n. 27 (15.43%) n. 10 (5.72%)
total n. 101 (57.72%) n. 53 (30.28%) n. 21 (12.00%)

Table I - Parameters of bone metabolism in 175 elderly patients.
Calcium
(8.5-10.5 mg/dl)

Phosphorus
(2.5-4.5 mg/dl)

aLP
(50-136 u/l)

PTH
(12-72 pg/ml)

lower than normal 34.28% 8.57% 8.00% 1.14%
normal 64.00% 85.14% 78.29% 41.15%
above normal 1.72% 6.29% 13.71% 57.71%

Figure 1 - correlation between serum levels of vitamin D and PtH.
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icant correlations with the classes of body 
weight. The correlation between low levels 
of 25-OH-D and high serum PTH was sig-
nificant (p<0.005, figure 1 and 2).

n	 DISCUSSION

Our study shows significant abnormalities 
of bone metabolism in an elderly popula-
tion admitted to a Department of Internal 
Medicine not because of disorders muscu-
loskeletal complaints.
Only 41.15% of patients had normal serum 
PTH levels, and 64% had normal serum 
calcium, according to our laboratory. The 
most significant changes concerned vita-
min D: it was found to be low in 30.28% of 
patients and very low in 57.72%, according 
to the validated thresholds of the interna-
tional literature.
Notably, the average age of our patients 
was quite old. There were no substantial 
differences between the data, in relation to 
the season of the year in which they were 
hospitalized. Moreover, many of the pa-
tients were already living in nursing homes 
before admission to the hospital.
The statistical analysis showed a signifi-
cant direct correlation between levels of 
vitamin D and serum calcium values and 
inversely with serum PTH. Low vitamin D 
and calcium concentration with high PTH 
levels are suggestive of osteomalacia.
The results of our study are consistent 
with the data of the scientific literature. 
The percentage of patients with low vi-
tamin D (88%) is similar to other trials, 
although the reported incidence is highly 
variable in the epidemiologic studies. The 
reasons of this variability could be the 
different ranges of normal values taken 
in account, and the biases underlying the 
selection of patients such as sex-restricted 
populations.
With respect to italian studies conducted 
on hospitalized patients, hypovitamino-
sis D was found in 89% of residents in a 
Cosenza hospital (31), in 82.3% and 71.4% 
in two groups of patients hospitalized in 
Rome (32).
In our study females were mainly affected 

by bone metabolism alterations: the rate of 
women with hypovitaminosis D appeared 
higher than men. Likewise, a study con-
ducted on 700 italian women aged >60 
years showed a reduction of vitamin D in 
76% of cases (15).
Hypovitaminosis D is usually related to 
obesity (33) and in our study the patients 
with lower levels of vitamin D were pre-
dominantly overweight (we could not per-
form the correlation with BMI, because 
height was not available in many patients).
The evidence that low levels of vitamin 
D are inversely correlated with age of the 
patients, supports the fact that the abnor-
malities of bone metabolism are more fre-
quent in older patients: hypovitaminosis D 
was detected in 95% of 104 centenarian 
subjects, living both in private houses and 
in nursing homes in the area of Parma and 
Mantua (34).
Vitamin D deficiency is endemic among 
the elderly, as it is still frequently found, 
and therefore far from being exceeded. 
Poor exposure to sunlight in winter and in-
adequate intake of foods rich in Vitamin D 
(fish, fish oil, eggs, green vegetables, etc.) 
are considered the main causes for hypo-

Figure 2 - linear correlation between serum levels of vitamin D and 
PtH, with logarithmic transformation of data.
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vitaminosis. Other factors may contribute: 
low concentration of vitamin D precursors 
in the senile skin, low intestinal absorption 
and impaired activity of enzymes, especial-
ly renal 1α-hydroxylase, responsible of the 
endogenous activation of vitamin D. 
In view of the results of our study, vita-
min D supplementation in the elderly is 
far from satisfactory in Friuli-Venezia Gi-
ulia, despite the examples of neighboring 
regions of Northen Italy, such as Veneto, 
where awareness campaigns have already 
been implemented.
Given that the deficiency of vitamin D is 
closely related to osteoporosis and bone 
fragility fractures, the importance of the 
socio-economic problem arises. Although 
this issue is often disregarded by phy-
siscians, in Italy the number of bone fra-
gility fractures, especially hip fractures, is 
increasing. In 2002, fractures in women (in 
80% of cases over 70 years) were 66,912, 
and 19,807 in men.
In 2002 the estimated cost for medical care 
of over 65 patients with fractures was more 
than one billion euros in Italy (35). The ad-
ministration of 700-800 IU/day of vitamin 
D to elderly subjects proved to decrease the 
risk of hip fractures by 26% and the risk 
of any non-vertebral fracture by 23% (26). 
Thus, this unexpensive intervention could 
reduce social costs with low financial com-
mitment.

n	 REFERENCES

1. Boonen S Autier P, Barette M, Vanderschueren 
D, Lips P, Haentjens P. Functional outcome 
and quality of life following hip fracture in el-
derly women: a prospective controlled study. 
Osteoporos Int. 2004; 15: 87-94.

2. Center JR e Center JR, Nguyen TV, Schneider 
D, Sambrook PN, Eisman JA. Mortality after 
all major types of osteoporotic fracture in men 
and women: an observational study. Lancet. 
1999; 353: 878-82.

3. Johnell O, Kanis JA. An estimate of worlwide 
prevalence and disability associated with os-
teoporotic fractures. Osteoporos Int. 2006; 17: 
1726-33.

4. Meyer HE, Tverdal A, Falch JA, Pedersen JL. 
Factors associated with mortality after hip 
fracture. Osteoporos Int. 2000; 11: 228-32.

5. Butler M, Norton R, Lee-Joe T, Cheng A, 

Campbell AJ. The risks of hip fracture in older 
people from private homes and institutions. 
Age Ageing. 1996; 25: 381-5.

6. Cummings SR, Nevitt MC. A hypothesis: the 
causes of hip fractures. J Gerontol. 1989; 44: 
M107-111.

7. Norton R, Campbell AJ, Lee-Joe T, Robinson 
E, Butler M. Circumstances of falls resulting 
in hip fractures among older people. J Am Ge-
riatric Soc. 1997; 45: 1108-12.

8. Chevalley T, Rizzoli R, Nydegger V, Slosman 
D, Tkatch L, Rapin CH, Bonjour JP, et al. 
Preferential low bone mineral density of the 
femoral neck in patients with a recent fracture 
of the proximal femur. Osteoporos Int. 1991; 
1: 147-54.

9. Colón-Emeric C, Kuchibhatla M, Pieper C, 
Hawkes W, Fredman L, Magaziner J, et al. 
The contribution of hip fracture to risk of sub-
sequent fractures: data from two longitudinal 
studies. Osteoporos Int. 2003; 14: 879-83.

10. Viapiana O, Gatti D, Rossini M, Idolazzi L, 
Fracassi E, Adami S. Vitamina D e fratture: re-
visione critica della letteratura. Reumatismo. 
2007; 59: 15-19.

11. Schott GD, Willis MR. Muscle weakness in 
osteomalacia. Lancet. 1976; i: 626-7.

12. Venning G. Recent developments in vitamin 
D deficiency and muscle weakness among el-
derly people. BMJ. 2005; 330: 524-6.

13. Zittermann A. Vitamin D in preventive medi-
cine: are we ignoring the evidence? Br J Nutr. 
2003; 89: 552-72.

14. Mosekilde L. Vitamin D and the elderly. Clini-
cal Endocrinology. 2005; 62: 263-81.

15. Isaia G, Giorgino R, Rini GB, Bevilacqua M, 
Maugeri D, Adami S. Prevalence of hypovita-
minosis D in elderly women in italy: clinical 
consequences and risk factors. Osteoporos Int. 
2003; 14: 577-82.

16. Malavolta N, Pratelli L, Frigato M, Mulè R, 
Macia ML, Gnudi S. The relationship of vi-
tamin D status to bone mineral density in an 
Italian population of postmenopausal women. 
Osteoporos Int. 2005; 16: 1691-7.

17. Rossini M, Perbellini S, Lazzarin M, Adami S, 
Bertolo F, Lo Cascio V. Incidenza di ipovita-
minosi D nel Nord Italia. It J Min Elect Metab. 
1990; 1: 13-7.

18. Ramel A, Jonsson PV, Bjornsson S, Thorsdot-
tir I. Vitamin D deficiency and nutritional sta-
tus in elderly hospitalized subjects in Icelan. 
Public Health Nutrition. 2007; 12: 1001-5.

19. Ovesen L, Andersen R, Jakobsen J. Geograph-
ical differences in vitamin D status, with par-
ticular reference to European countries. Proc 
Nutr Soc. 2003; 62: 813-21.

20. Rosen CJ. Vitamin D Insufficiency. N Engl J 
Med. 2011; 364: 248-54.

21. Mithal A, Whal DA, Bonjour JP, Burckhardt P, 
Dawson-Hughes B, Eisman JA, et al. Global 
vitamin D status and determinants of hypovi-



Reumatismo	3/2012	 171

Original
articleHypovitaminosis	D	in	an	hospitalized	old	population

taminosis D. Osteoporos Int. 2009; 20: 1807-
20.

22. Gennari C, et al. Calcium and vitamin D nu-
trition and bone disease of the elderly. Public 
Health Nutr. 2001; 4: 547-559.

23. Chapuy MC, Arlot ME, Duboeuf F, Brun J, 
Crouzet B, Arnaud S, et al. Vitamin D3 and 
calcium to prevent hip fractures inthe elderly 
women. N Engl J Med. 1992; 327. 1637-42.

24. Rossini M, Alberti V, Flor L, Masiero L, Gatti 
D, Adami S. Effect of oral vitamin D2 yearly 
bolus on hip fracture risk in elderly women: a 
community primary prevention study. Aging. 
2004; 16: 432-6.

25. Latham NK, Anderson CS, Reid IR. Effects of 
vitamin D supplementation on strength, physi-
cal performance, and falls in older persons: a 
systemic review. J Am Geriatric Soc. 2003; 
51: 1219-26.

26. Bischoff-Ferrari HA, Willet WC, Wong JB, 
Giovannucci E, Dietrich T, Dawson-Hughes 
B. Fracture prevention with vitamin D supple-
mentation. A meta-analysis of randomized 
controlled trials. JAMA. 2005; 293: 2257-64.

27. Regione del Veneto, Allegato A alla Drg n. 
2897 del 29 settembre 2009: Progetto regio-
nale di razionalizzazione dei percorsi gestio-
nale e diagnostico-terapeutico dell’osteoporosi 
- Programma 2009-2010.

28. Regione Toscana: Progetto regionale per lo 
studio e la prevenzione delle complicanze 
della carenza di vitamina D. Programma 2007.

29. Souberbielle JC, Cormier C, Kindermans C, 
Gao P, Cantor T, Forette F, et al. Vitamin D 
status and Redefining Serum Parathyroid Hor-
mone Reference range in the Elderly. J Clin 
Endocrin Metab. 2001; 86: 3086-90.

30. Gómez Alonso C, Naves Díaz M, Rodríguez 
García M, Fernández Martín JL, Cannata 
Andía JB. Review of the concept of vitamin 
D sufficiency and insufficiency. Nefrologia. 
2003; 23: 73-7.

31. Reda A, Bartoletti MG, Iocco M. Screening 
sull’osteoporosi in una residenza sanitaria as-
sistenziale: studio osservazionale, Eur Med 
Phys. 2008; 44 (Suppl. 1 to n. 3).

32. Romagnoli E, Caravella P, Scarnecchia L, 
Martinez P, Minisola S. Hypovitaminosis D in 
an Italian population of healthy subjects and 
hospitalized patients. British J Nutr. 1999; 81: 
133-7.

33. Wortsman J, Matsuoka LY, Chen TC, Lu Z, 
Holick MF. Decreased bioavailability of vita-
min D in obesity. Am J Clin Nutr. 2000; 72: 
690-3.

34. Passeri G, Vescovini R, Sansoni P, Galli C, 
Franceschi C, Passeri M. The Italian Multicen-
tric Study on Centenarians (IMUSCE), Cal-
cium metabolism and vitamin D in the extreme 
longevity. Exp Gerontol. 2008; 43: 79-87.

35. Rossini M, Piscitelli P, Fitto F, Camboa P, An-
geli A, Guida G, et al. Incidenza e costi delle 
fratture di femore in Italia. Reumatismo. 2005; 
57: 97-102.


