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ABSTRACT 

Falls represent a significant contribution to the morbidity and mortality of the elderly population. Because vitamin D is 
important in bone physiology, the use of vitamin D to restore deficient bone and ameliorate the effects of bone fractures 
due to falls has become a common practice in recent years. Following introduction of widespread use, reports began to 
emerge that vitamin D not only aided in repair of fall-induced bone fractures, but that it also reduced the occurrence of 
falls. Vitamin D now has become a routine intervention as a fall-prevention measure. Early analyses found evidence of 
prevention efficacy (reduced falls), but recent analyses are more equivocal. We retrospectively examined the records of 
350 patients in a long-term care facility in which vitamin D administration and the number of falls were recorded as part 
of a comprehensive database of care. We found a dramatic rise in vitamin D use over the period covered (2006-2011) 
and a corresponding dramatic decrease in the number of falls. However, the number of falls continued to decline after 
2008, despite a plateau in number of patients on vitamin D, particularly females. It appears that other factors contribute 
to the overall decline. 
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1. Introduction 

Already by 1987 strategies to address the morbidity and 
mortality associated with falls in the elderly and others in 
which osteoporosis is common (such as postmenopausal 
women) advocated optimization of calcium absorption, a 
process in which vitamin D plays an important role [1]. 
Vitamin D also aids in bone growth and bone remodeling 
by osteoblasts and osteoclasts (for review, see [2]). The 
two major forms of the several forms of vitamin D are 
the secosteroids vitamin D2 (ergocalciferol, a derivative 
of ergosterol) and vitamin D3 (cholecalciferol, produced 
by UV irradiation of its precursor 7-dehydrocholesterol). 
As used here, vitamin D (without a subscript) refers to D2, 
D3, or both. The active form of vitamin D, calcitriol, 
binds to the VDR (vitamin D receptor), which acts as a 
transcription factor that modulates the gene expression of 
transport factors including TRPV6 (a transient receptor 
potential cation channel) and calbindin (calcium-binding 
protein), which are involved in the absorption of calcium 
from the intestine [3]. An insufficient amount of vitamin 
D (calcium) leads to osteoporosis and bone brittleness 
that predisposes the individual to bone fractures during 

falls [4]. Since few foods contain significant amounts of 
vitamin D, the diet is not usually a major source (unless 
fortified with the vitamin). Thus an exposure to sunshine, 
which promotes endogenous synthesis of vitamin D from 
cholesterol [5], is important. Situations that tend to limit 
exposure to the sun, increase the likelihood that vitamin 
D levels can drop below optimal levels [6]. 

An increasing incidence of fall-related bone fractures, 
in particular of the hip, has been associated with the age- 
ing population [7]. Since vitamin D is believed to have 
only minimal toxicity, even at very large doses [8], vita- 
min D supplementation—usually with concomitant cal- 
cium—has become a common guideline recommendation 
and practice (e.g., [9-18]). Reports support beneficial 
effects of vitamin D supplementation. As an example, a 
meta-analysis of double-blinded randomized controlled 
trials examined the efficacy of supplemental vitamin D 
alone or with calcium in preventing falls in older popula- 
tions [19]. Based on the trials that met the inclusion cri- 
teria, falls were not significantly reduced (p > 0.05) in 
those who received a low dose of supplemental vitamin 
D (200 - 600 IU/day), but those who received a high dose 
(700 - 1000 IU/day) had significantly reduced risk of fall *Corresponding author. 
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(p < 0.05) of 19%. In a retrospective review of nine 
studies that included vitamin D (800 IU) and calcium 
(1200 IU) supplementation in nursing home residents, a 
population that falls more than 10-times more frequently 
than their age-matched community-dwelling counterparts, 
supplementation improved bone mineral density and re- 
duced fracture risk [20] (the topic is reviewed in [21]). 
Similar positive findings were reported by others for 
older adults [22] and female stroke survivors in institu- 
tional settings [23]. Doses even greater than 700 - 1000 
IU have been suggested for individuals with more severe 
vitamin D deficiency and those who are overweight [24]. 

However, a 15-year literature overview [25] points out 
that the literature is not universal in showing a beneficial 
effect. Some studies have failed to show any significant 
effect and alternative explanations have been offered. In 
light of this, we examined the records of a long-term care 
facility that had detailed records of falls and vitamin D 
supplementation over the period 2006-2011. 

2. Materials and Methods 

2.1. Description of Facility 

The facility selected for data source is a county-owned, 
not-for-profit, 300-bed long-term care facility located in 
southern NJ with a 99% average census rate comprised 
of six nursing units, including a rehabilitation unit. The 
rehabilitation unit has a high admission turnover rate, 
which effectively brings the average monthly facility 
census rate to 350 residents. 

2.2. Data Sources 

All data were collected from the facility’s fully inte- 
grated EMR (electronic medical records) computerized 
system, MEDITECH™ (Westwood, MA) and compiled 
from the computer-generated reports of residents who 
received vitamin D and documented fall incident during 
the six- year period starting January 1, 2006 and ending 
December 31, 2011. 

2.3. Data Extraction 

The relevant computer records were examined and each 
resident’s age, sex, and vitamin D usage was recorded. 
The number of documented falls during each of the same 
years was obtained. All data were de-identified and are in 
compliance with the Health Insurance Portability and 
Accountability Act (HIPAA) requirements. The protocol 
was submitted to the Institutional Review Board (IRB) 
(granted waiver). 

3. Results 

In the first year for which there were complete records of 

both vitamin D supplementation and falls, 2006, the total 
number of residents receiving some form of a vitamin D 
supplement was 35, of which 33, were female (35 - 101 
y.o.) and only 2 were males (58 - 79 y.o.). This number 
represents 10% of the total population and corresponds to 
a year in which a number of reviews were published on 
the use of vitamin D supplements for prevention of falls 
(e.g., [17,26-30]). The most common supplement regi- 
men consisted of a 500 mg tablet of vitamin D given b.i.d. 
with calcium. Other regimens involved vitamin D 1000 
or 2000 IU or calcitriol 0.25, 0.5, 1.0 or 2.0 g daily, 
t.i.d., q.d., or on alternate days. The total number of falls 
during 2006 was 681, that is, almost 2 falls per resident. 

The number of residents on vitamin D supplements 
grew significantly in 2007 to 66 (52 females, 40 - 97 y.o.; 
14 males, 73 - 92 y.o.) and 2008 to 92 (75 females). 
During this time the total number of falls fell to 641 
(about 6%) and 628 (about 8%), respectively. 

The number of females receiving a calcium + vitamin 
D supplementation regimen essentially plateaued in 2008 
(75; 38 - 103 y.o.), 2009 (77; 38 - 96 y.o.), 2010 (75; 23 - 
101 y.o.), and 2011 (77; 24 - 97 y.o.). The number of 
males on supplementation grew modestly up till 2010: 
2008 (17; 48 - 91 y.o.), 2009 (20; 56 - 93 y.o.), 2010 (26; 
49 - 92 y.o.), 2011 (24; 39 - 92 y.o.). 

Despite the plateau in total number of residents on vi-
tamin D supplementation (reaching about 30% in 2011), 
the number of falls continued to decline to 484 (less than 
1.5 per resident) in 2011 (Figure 1). 

4. Discussion 

Each year, about a third of adults in the US who are over 
65 y.o. will experience a fall [31-33]. Those over 80 y.o.  
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Figure 1. Relationship between number residents in a long- 
term care facility and number of falls during the years 
2006-2011. 
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have a risk almost 50% [34]. Some common risk factors 
include osteoporosis, lack of physical activity, impaired 
vision, sedative-producing medications, and fall-related 
hazards; thus females are at greater risk than males and 
those in long-term care facilities are at greater risk than 
those in community settings [35]. The consequences are 
both medical (injury) and psychological (distress). Bone 
fractures (mainly of hip or head) are the most common 
injuries, leading to hospitalization, disability, admission 
to nursing homes or long-term care facilities, increase in 
healthcare costs [36], and even early death [37]. About 
25% of those who experience a hip fracture need some 
extended nursing care; about half of those hospitalized 
are discharged to nursing homes rather than to their own 
home [38]. Approximately 95,000 deaths of older adults 
each year in the US are attributed to falls and about one 
fourth of those who experience a hip fracture die within 
six months [38]. Thus, any intervention that strengthens 
bone, enhances recovery, or better still, prevents falls, is 
highly desirable and needed. 

Several systematic reviews and meta-analyses have 
reported that supplementation with vitamin D, and usually 
also calcium, decreases the number of falls in susceptible 
populations. The potential beneficial effects of such 
supplementation on the healing of bone fractures that 
result from falls seem straight- forward because of the 
important roles that calcium plays in bone health and 
healing and that vitamin D plays in calcium absorption. 
Several studies have reported positive results (reviewed 
in [39]). In one large study [40], in which over 3000 
women (mean age 84 y.o.) living in facilities for the 
elderly were randomized to receive either daily vitamin 
D (800 IU + calcium (1.2 g) or placebo, decreased risk of 
hip fracture was found, which was sustained at a 3-year 
follow-up [41]. In another large randomized study [42] of 
more than 9000 community-dwelling elderly, vitamin D 
(800 IU) + calcium (1000 mg) reduced fracture risk in 
women, but there was no benefit in men (an observation 
noted in more than one such study). There is less evi- 
dence for efficacy of vitamin D alone (without calcium). A 
low dose of vitamin D (400 IU) daily increased bone 
density, but there was no reduction in fractures [43]. 
Higher doses, such as oral 100,000 IU every four months 
[44] or annual intramuscular injection of 150,000 - 
300,000 [45] resulted in reductions in fracture risk. 

The perception of lack of serious toxic consequence of 
vitamin D supplementation fosters its use even in 
absence of definitive proof of therapeutic efficacy in a 
particular application. The estimated tolerable daily 
intake of vitamin D is 4000 IU for those more than 9 y.o. 
(including pregnant or lactating women) [46]. The intake 
of more than 50,000 IU (1250 g) over several months 
can produce overt toxicity. The main symptoms of 
vitamin D overdose are those of hypercalcemia (≥40,000 

IU daily) [47]. 
An ability of vitamin D with or without calcium to 

prevent falls, not just to prevent or heal fractures, is 
seemingly less obvious. One putative mechanism is that 
fractures lead to, rather than result from, falls. The 
present study examined the existing records of a long- 
term care facility for a correlation between vitamin D 
supplementation and the number of falls. The data were 
blinded in the sense that all of the recording of the in- 
formation was not intended for research purposes and 
was collected by a number of different individuals, each 
unaware of the eventual use. The data reveal a very large 
increase in the use of vitamin D supplementation, always 
with calcium, starting in 2006 (about 10% of the residents) 
and continuing in 2007, and 2008 (more than 25% of 
residents). During these same years the number of falls 
progressively declined, seemingly providing strong sup- 
port of a beneficial effect of vitamin D (or at least of a 
combination of vitamin D + calcium) in preventing falls. 
However, the number of falls continued to decline during 
2009, 2010, and 2011 despite the fact that the number 
(percentage) of the female residents given vitamin D 
supplementation plateaued in the period 2008-2011 and 
there was only a small increase in the total number 
(females + males). This suggests that the vitamin D 
(+calcium) supplementation might not have been cau- 
sative, but only incidental, to decline in number of falls. 
Data regarding the occurrence or the consequence of any 
fractures that resulted from these falls, which is the most 
likely beneficial effect of vitamin D + calcium supple- 
mentation, is not available. Another possible explanation 
for continued decline in number of falls is that the resi- 
dents might have been transitioned to medications that 
had less propensity to cause falls.  

5. Conclusions 

In the present retrospective review of the computer records 
of a 350-residential (majority female) long-term care 
facility, vitamin D (most commonly 500 mg b.i.d.) + 
calcium supplementation was closely correlated with a 
decreased number of falls during the period 2006-2008, 
consistent with studies that report a beneficial effect of 
vitamin D on prevention of falls. However, the continued 
decline in number of falls during the period 2009-2011, 
despite lack of a significant increase in the number of 
residents receiving supplementation, raises doubts about 
the assignment of causation. 

The most effective intervention to prevent falls is a 
multifactorial assessment and management program that 
includes a vitamin D supplementation regimen with or 
without calcium [44,48-50], particularly in institutional- 
ized elderly women who are the most likely to have vi- 
tamin D deficiency and secondary hyperparathyroidism 
[39]. 
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