
32 • FEDERAL PRACTITIONER  •  JUNE 2018 mdedge.com/fedprac

Annually, about 1 in 4 individuals aged 
≥ 65 years will experience at least  
1 fall, resulting in nearly 2.8 mil-

lion cases of emergently treated injuries 
and more than 800,000 hospitalizations.1-3 
Therefore, fall prevention has garnered 
heightened attention as the population 
ages. Many factors are at play in fall risk, 
including vitamin D levels. 

Although vitamin D is essential for a 
multitude of physiologic processes, evi-
dence suggests that serum concentrations of  
25-hydroxy v i tamin D (25[OH]D)  
< 30 ng/mL are associated with decreased 
bone mineral density, muscle weakness, im-
paired lower extremity function, balance 
problems, and high fall rates.4-12 Through 
a meta-analysis published in 2009 that in-
cluded 8 randomized controlled trials of 
2,426 participants aged ≥ 65 years, Bischoff-
Ferrari and colleagues found that a dose of 
700 to 1,000 IU/d significantly reduced the 
risk of falling compared with doses of 200 to  
600 IU/d.13 A subsequent meta-analysis pub-
lished in 2012 including 14 randomized tri-
als across 28,135 participants aged ≥ 65 years 
evaluated the efficacy of supplementation 
with vitamin D with or without calcium co-
supplement on fall prevention.14 Although 
no difference was found in falls across the 
total sample, a subgroup analysis exploring 
the effect in participants with lower vitamin 
D levels demonstrated a statistically signifi-
cant benefit of vitamin D supplementation. 
To decrease the risk of fractures and falls, the 

American Geriatric Society (AGS) recom-
mends vitamin D supplementation of at least 
1,000 IU/d in combination with calcium sup-
plementation in older adults, with a mini-
mum goal 25(OH)D level of 30 ng/mL.15

Alarmingly, Bischoff-Ferrari and col-
leagues published a double-blind, ran-
domized trial that described an association 
between higher monthly doses of vitamin D

3 
(cholecalciferol) and an increased risk of falls 
compared with 24,000 IU/mo. Particularly at 
higher achieved levels of 25(OH)D, with no 
difference in benefit was noted on the pri-
mary endpoint of lower extremity function.16 

Although there exists limited representa-
tion of high-dose vitamin D

2 and its resul-
tant effects on falls in those aged ≥ 65 years, 
once weekly prescribing of vitamin D

2 in the 
form of ergocalciferol 50,000 IU remains a 
commonly used option for repletion of low 
25(OH)D. In this study, the authors evalu-
ated the effect of high-dose ergocalciferol on 
rate of falls in a community-dwelling veteran 
population ≥ 65 years with low 25(OH)D. 

METHODS
Following approval from the Lexington 
Veteran Affairs Medical Center (Lexing-
ton VAMC) Institutional Review Board and 
Research and Development Committee, a 
retrospective chart review was conducted. 
Subjects were identified through use of 
Microsoft SQL (Redmond, WA). Veter-
ans included were those enrolled in home-
based primary care (HBPC), a primary care  
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assignment for those individuals requir-
ing skilled services and case management 
within the home and for whom falls are 
documented within the electronic health re-
cord (EHR). As fall data in a community-
dwelling population are difficult to obtain 
in a retrospective analysis, the HBPC popu-
lation offered a viable pool of data for eval-
uation. Some patients eligible for HBPC at 
the Lexington VAMC may be more depen-
dent on specialized services offered through 
HBPC or have a reduced ability to perform 
activities of daily living (ADLs). Other pa-
tients can ambulate but may have diffi-
culty traveling great distances to Lexington 
VAMC. 

In addition to HBPC enrollment, veter-
ans were included in the study if they were 
aged ≥ 65 years and had a 25(OH)D level  
< 20 ng/mL with subsequent prescribing of 
high-dose vitamin D

2 for repletion, namely, 
ergocalciferol 50,000 IU once weekly, be-
tween March 1, 2005, and September 30, 
2016. 

Veterans were excluded if they had been 
enrolled in HBPC for less than 60 days be-
fore ergocalciferol initiation, if they were 
deceased or had been discharged from 
HBPC within 60 days of ergocalciferol ini-
tiation, if they had comorbid conditions 
that inherently increase the risk of falls (eg, 
Lewy body dementia, Parkinson disease, 
bilateral below-the-hip amputation, and 
hemi- or quadriplegia), or if they had been 
dispensed a previous prescription of ergo-
calciferol in the preceding 9 months. 

A case-crossover study design was used, 
which compared the 60-day period prior to 
initiation of ergocalciferol supplementation 
with the 60-day period following initiation 
of supplementation. A 7-day period between 
these 2 periods was allotted to allow time for 
mailing of the new prescription and initiation 
of the supplement.

Data Collection
Data collected included age, sex, levels of 
25(OH)D, ergocalciferol prescription data 
(dose, administration frequency, quantity, 
day supply, and fill date), falls documented 
during the 60 days preceding and during 
supplementation, and the number of med-
ications that posed an increased risk of 

falls actively prescribed prior to and during 
supplementation. Those medications con-
sidered to increase risk of falls were deter-
mined according to the medications listed 
in the AGS 2015 Updated Beers Criteria for 
Potentially Inappropriate Medication Use in 
Older Adults.17 

Endpoints
The primary endpoint assessed was the 
change in rate of falls between the time pre-
ceding and during supplementation. The 
number of falls during the 60 days preced-
ing ergocalciferol supplementation was 
standardized to falls per person per 30 days 
and compared with the same parameter 
during the 60-day period following initia-
tion of ergocalciferol. 

The secondary outcome was the rate 
of falls according to the level of 25(OH)D 
achieved as a result of supplementation in 
those patients who achieved a minimum 
25(OH)D level of 30 ng/mL according to 
AGS recommendations. Those patients who 
achieved a minimum 25(OH)D concentra-
tion of 30 ng/mL were separated into 2 equal 
groups according to their respective concen-
tration relative to the median. 

Statistical Analysis
Numerical variables were compared using 
a Student t test. For the primary outcome, 

Figure Screening Flowchart

Abbreviation: HBPC, home-based primary care.

187 assessed for eligibility

80 evaluated

107 excluded
     73 enrolled in HBPC < 60 d prior
       4  deceased or discharged within 60 d of supplementation 

initiation
     10 comorbidity with increased risk of falls
     20 prior ergocalciferol fill within 9 mo
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64 participants were required in order to 
achieve 80% power at a significance of .05 for 
a 2-tailed assessment, each serving as his or 
her own control in the case-crossover study 
design. For the secondary outcome of falls 
according to 25(OH)D level following sup-
plementation in order to achieve 80% power 
at a significance of 0.05 for a 2-tailed assess-
ment, a total of 128 participants who reach a 
minimum 25(OH)D level of 30 ng/mL were 
required.

RESULTS
After screening 187 subjects who met the 
inclusion criteria, 107 subjects were ex-
cluded (Figure 1). Of the 80 study enrollees,  
78 were male. The mean age was 81 years 
with 81.3% (n = 65) aged ≥ 75 years. The 
mean 25(OH)D level prior to supplemen-
tation was 14.5 ng/mL (SD 4.2). The mean 
number of potentially inappropriate medica-
tions that may increase risk of falls (PIMs-F) 
was 0.81 PIMs-F per person (SD 0.92). Base-
line patient characteristic data are summa-
rized in Table 1.  

Primary Endpoint 
Following once weekly supplementation 
with ergocalciferol 50,000 IU, 25(OH)D lev-
els increased from 14.5 ng/mL (SD 4.2) to 
27.6 (SD 9.6) (P < .01). Of note, the timing 
of the 25(OH)D level obtained following ini-
tiation of supplementation ranged between  
8 weeks and 24 weeks. The number of PIMs-

F decreased marginally, although to a not sta-
tistically significant degree, from 0.81 PIMs-F 
per person (SD 0.92) to 0.76 PIMs-F per per-
son (SD 0.88). The number of falls among 
the group was identical both preceding and 
during supplementation, totaling 24 falls in 
each 60-day period and equating to a rate of 
0.15 falls per person per 30 days to which 
this was standardized (P = .99) (Table 2).

Secondary Endpoint 
Although 51 of the subjects (63.8%) 
failed to achieve the target 25(OH)
D level of ≥ 30 ng/mL, 29 were successful 
(Table 3). Of those, 14 subjects achieved a 
25(OH)D level of 30 to 36 ng/mL (mean  
33.5 ng/mL, SD 2.0), and the remaining 
15 subjects achieved a 25(OH)D level of  
> 36 ng/mL (mean 42.8 ng/mL, SD 5.2). In 
subjects whose achieved 25(OH)D level was  
< 30 ng/mL, the rate of falls per person per  
30 days decreased from 0.2 during the  
60 days preceding ergocalciferol supplemen-
tation to 0.1 on initiation of supplementation. 

In subjects whose achieved 25(OH)D level 
was 30 to 36 ng/mL, the rate of falls per per-
son per 30 days increased from 0.036 to 0.18. 
Similarly, an increase in rate of falls per per-
son per 30 days from 0.1 to 0.3 was noted in 
subjects whose attained 25(OH)D level was 
> 36.0 ng/mL. However, study enrollment 
was underpowered to claim statistical signifi-
cance in these findings related to the second-
ary endpoint. 

DISCUSSION
In this retrospective chart review, individ-
uals aged ≥ 65 years who were prescribed 
once weekly ergocalciferol 50,000 IU for in-
crease of 25(OH)D levels < 20 ng/mL expe-
rienced no change in rate of falls across the 
entire study population. In those individu-
als whose achieved 25(OH)D level met the 
AGS recommendation of ≥ 30 ng/mL, there 
was a trend toward an increased rate of falls 
while the rate of falls decreased for sub-
jects whose achieved 25(OH)D level was  
< 30 ng/mL. 

High-dose vitamin D supplementation, 
albeit with vitamin D

3, and its effect on falls 
have been evaluated in the geriatric popula-
tion previously, most notably and recently, 
by Bischoff-Ferrari and colleagues.16 In a 

TABLE 1 Baseline Patient Characteristics

Variables Baseline (n = 80)

Age group
     Mean age, ± SD (range), y
     65-74 y, No. (%)
     75-84 y, No. (%)
     ≥ 85 y, No. (%)

81.0 ± 7.9 (65-97)
15 (18.8)
34 (42.5)
31 (38.8)

Sex 
     Male, No. (%) 78 (97.5)

25(OH)D level, mean ± SD, ng/mL 14.5 ± 4.2

No. PIMs-F, mean ± SD 0.81 ± 0.92

Abbreviations: 25(OH)D, 25-hydroxy vitamin D; PIMs-F, potentially inappropriate 
medications that may increase risk of falls.
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study comparing 24,000 IU vitamin D
3
 per 

month vs 60,000 IU vitamin D
3
 per month 

vs 24,000 IU vitamin D
3
 plus calcifediol  

300 µg per month, lower extremity function 
did not differ in the 3 groups. However, an 
increased number of falls was noted in the 
second and third arm, respectively. Further-
more, after 12 months of treatment, those 
individuals who achieved the highest quar-
tile of 25(OH)D level (44.7-98.9 ng/mL) had 
starkly increased odds of falling and number 
of falls compared with those achieving the 
lowest quartile (21.3-30.3 ng/mL). 

The results of this study suggest that 
once-weekly high-dose vitamin D

2 may carry 
a similar risk of increasing falls as found 
with high-dose vitamin D

3, particularly at 
higher achieved levels of 25(OH)D. A pos-
sible explanation for a lower rate of falls 
in those individuals who did not achieve a 
25(OH)D level of at least 30 ng/mL could 
be that these individuals may not have ini-
tiated the medication appropriately or ad-
ministered it adherently, thereby avoiding a 
possible deleterious effect that the high-dose 
preparation may pose in this population. 

Given the retrospective nature of the 
study and the evaluation of the change in 
the 25(OH)D level following approximately 
a 90-day supply of ergocalciferol, adherence 
was not addressed. In this case, although 
increased 25(OH)D level was the desired 
outcome of vitamin D supplementation, the 
increase in rate of falls may be attributable 
to the high-dose preparation itself. Alter-
natively, the 25(OH)D target of ≥ 30 ng/mL 
may be worth reconsidering in favor of a 
lower target with an upper limit. 

The rate of falls in this study was collected 
over the 60 days following initiation of ergo-
calciferol. However, the achieved 25(OH)D 
level was not evaluated until between 8 and 
24 weeks following initiation. In this context, 
it may be more likely that the increased rate 
of falls could be attributable to the high-dose 
nature of vitamin D

2 supplementation or the 
rate of 25(OH)D repletion rather than the 
25(OH)D level ultimately achieved. 

Limitations
Given the study’s retrospective nature, at 
times there was difficulty in locating informa-
tion in the EHR, including accurate reports 

of active medication use during study peri-
ods or documentation of all falls that had oc-
curred in the appropriate format. This was 
further complicated by the reliance on self-
reporting of falls, which may potentiate an 
underestimation of total falls. 

The largely homogenous study popula-
tion may limit extrapolating these results. 
Additionally, although some diseases and 
medications with an inherent risk on fall risk 
were incorporated into the exclusion crite-
ria, on analysis, other diseases and medica-
tions were identified that also may pose a 
similar risk. These include legal blindness 
and a history of below-the-knee amputation 
as well as long-term opioid therapy and in-
tensive antihypertensive therapy with multi-
ple agents. Furthermore, other potential risk 
factors for falls were not addressed, such as 
functional status, use of assistive devices, or 
unsafe home environments.

For the secondary endpoint, sample 
size was not met for statistical significance, 
which limited the study’s ability to confirm 
the veracity of the trend of increased falls. 
Study duration posed an additional limi-
tation. As most veterans enrolled in HBPC 
have vitamin D supplementation initiated 
soon after enrollment when the need for 
vitamin D repletion is routinely assessed, 
a 2-month duration for evaluation prior to 
and immediately following initiation of er-
gocalciferol was necessary to allow for ad-
equate study enrollment for analysis of the 
primary endpoint. However, this may be re-
solved through conduction of a prospective 
study in the future. 

TABLE 2  Primary Endpoint

Variables
Presupplementation 

Period
Supplementation 

Period P Value

25(OH)D level, mean 
 (SD), ng/mL

 
14.5 (4.2)

 
27.6 (9.6)

 
< .01

No. PIMs-F, mean 
(SD) 0.81 (0.92) 0.76 (0.88) .16

Total falls, No. 24 24 .99

Falls per person 
per 30 d

 
0.15

 
0.15

 
.99

Abbreviations: 25(OH)D, 25-hydroxy vitamin D; PIMs-F, potentially inappropriate  
medications that may increase risk of falls.
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CONCLUSION
There was no difference identified in the 
rate of falls immediately prior to and fol-
lowing initiation of ergocalciferol 50,000 IU 
self-administered once weekly. There was 
a trend of increased rate of falls in subjects 
with high levels of 25(OH)D achieved. In 
light of a similar finding of high-dose vi-
tamin D

3 associated with an increased rate 
of falls, particularly with higher achieved 
levels of 25(OH)D, it may be warranted to 
consider avoiding high-dose vitamin D

2 
supplementation. Future research includ-
ing prospective, randomized clinical studies 
with a longer duration of follow-up would 
be recommended to confirm these find-
ings and test the generalizability in the non-
HBPC community-dwelling population.
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TABLE 3 Secondary Endpoints

Variables

25(OH)D  
< 30 ng/mL

(n = 51)

High 25(OH)D Level

30-36 ng/mL (n = 14) > 36 ng/mL (n = 15)

25(OH)D level, mean (SD), ng/mL
     Baseline
     Study

14.8 (4.6)
21.6 (4.7)

14.9 (3.3)
33.5 (2.0)

13.4 (3.5)
42.8 (5.2)

No. PIMs-F, mean (SD)
     Baseline
     Study

0.9 (1.1)
0.8 (1.1)

0.9 (1.1)
0.9 (1.1)

0.6 (0.6)
0.6 (0.6)

Total Falls, No. 
     Baseline
     Study

20
10

1
5

3
9

Falls per person per 30 d
     Baseline
     Study

0.20
0.10

0.04
0.18

0.10
0.30

Abbreviations: 25(OH)D, 25-hydroxy vitamin D; PIMs-F, potentially inappropriate medications that may increase risk of falls.


