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Vitamin D supplement on
 prevention of fall and
fracture
A Meta-analysis of Randomized Controlled Trials
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Abstract
Background: Vitamin D supplement is one of the current possible interventions to reduce fall and fracture. Despite having several
studies on vitamin D supplement and fall and fracture reductions, the results are still inconclusive. We conducted a meta-analysis to
examine the effect of vitamin D supplement in different forms and patient settings on fall and fracture.

Methods: A systematic literature research was conducted in MEDLINE, EMBASE, and Cochrane Central Register of Controlled
Trials to identify randomized controlled trials (RCTs) to compare the effects of vitamin D supplements on fall and fracture outcomes.
Random-effect models were used to compute the weighted mean difference for continuous variables and the risk ratio for binary
variables.

Results: Forty-seven RCTs with 58,424 participants were identified reporting on fall outcome. Twenty-four of 47 studies with
40,102 subjects also reported fracture outcome. Major populations were elderly women with age less than 80 years. Overall, vitamin
D supplement demonstrated a significant effect on fall reduction, RR=0.948 (95% CI 0.914-0.984; P= .004, I2=41.52). By
subgroup analyses, only vitamin D with calcium supplement significantly reduce fall incidence, RR=0.881 (95% CI 0.821-0.945;
P< .001, I2=49.19). Vitamin D3 supplement decreased incidence of fall but this occurred only when vitamin D3 was supplemented
with calcium. Regarding fracture outcome, vitamin D supplement failed to show fracture lowering benefit, RR=0.949 (95%CI 0.846-
1.064; P= .37, I2=37.92). Vitamin D along with calcium supplement could significantly lower fracture rates, RR=0.859 (95% CI
0.741-0.996; P= .045, I2=25.48).

Conclusions: The use of vitamin D supplement, especially vitamin D3 could reduce incidence of fall. Only vitamin D with calcium
supplement showed benefit in fracture reduction.

Abbreviations: BMD = bone mineral density, CI = confidence interval, I2 = I-square, IU = International units, ng/dL = Nanogram
per deciliter, 25-OHD = 25-hydroxyvitamin D, P = P value or probability value, PTH = parathyroid hormone, RCTs = randomized
controlled trials, RR = Relative risk, SMD = standardized mean difference, USPSTF = US preventive services task force.
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1. Introduction

In elderly, particularly female, falling is still the main burden and
leading cause of mortality and morbidity. Therefore, falling is
considered as a marker of poor health and declining function in
both physical and social aspects.[1] Fracture occurs in approxi-
mately 10% of falls depending on risk factors for falls, fall
descent, fall impact, and bone strength.[2,3] Therefore, fall
prevention is necessary in terms of fracture prevention and
reducing morbidity and mortality. Strategies to prevent fall
include modification of environmental hazards, training paths,
hip protectors, and appropriate use of support tools and balance
exercises.[4,5] However, the optimal type, duration, and intensity
for these physical procedures necessary to prevent falls remains
unclear and difficult to assess. Interventions to prevent fracture
are also crucial. Nonetheless, long term effectiveness of various
modalities to prevent fracture remains currently obscure.[6–8]

Supplement of vitamin D, one of the most commonly used
pharmacologic agents, appears to be the easiest way to prevent
and reduce fall and fracture. Although there have been several
randomized controlled trials (RCTs) and meta-analyses regard-
ing the role of vitamin D supplement on prevention of fall and
fracture, the results are still inconclusive, reporting either having
effectiveness or no benefit. The disparity in the results might be
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caused by differences in methodology, study quality, groups of
population, calcium co-supplement, and details of vitamin D
administration, including type, dose, frequency, and duration in
these studies.[8–15]

Recently, a new recommendation from the US Preventive
Services Task Force (USPSTF) 2018 opposed vitamin D supple-
ment toprevent falls in community-dwelling adult 65years orolder
with grade D recommendation as there is moderate or high
certainty that vitamin D supplement has no net benefit or that the
harms outweigh the benefits. Nevertheless, the 2018 USPSTF
recommendation included only seven trials regarding vitamin D
supplement with total population of only 7,531 subjects.[14]

As the results fromprevious studieswere still notwell-established,
the present meta-analysis was conducted to re-assess the potential
effectiveness of vitamin D supplement in different forms and
methods of administrations on the incidences of falls and fractures.
2. Methods

2.1. Data sources and searches

We performed a MEDLINE literature search from 1990 to
January 2019 to identify eligible studies using the Medical
Subject Headings (MeSH) database search terms “Vitamin D”,
“ergocalciferol”, “cholecalciferol”, “calcidiol”, “calcifediol”,
“calcitriol”, “1-alpha hydroxylase” “25-hydroxyvitamin D”,
“1,25-dihydroxyvitamin D” and “fall” or “fracture”. The search
was limited to clinical trial and human studies. We also searched
EMBASE and the Cochrane Central Register of Controlled Trials
for completed studies using similar search terms. For this type of
study, ethical approval is not required. This study protocol was
registered in the PROSPERO: International Prospective Register
of Systematic Reviews, registration number CRD42020158780.

2.2. Eligibility criteria

We included RCTs comparing the effects of vitamin D
supplement on fall and fracture related to fall. There were no
restrictions on sample size, study duration, or language (Figure 1).
Citations identified from electronic database search
MEDLINE: 6,253
Embase: 10,675
Cochrane Central Register of Controlled Trials: 1,186

Eligible citations requiring full-text analysis (N=101)

47 studies included in the meta-analysis (Total = 58,424 patient

Interested end points
Falls: 53 study arms (58,706 patients)
Fractures: 26 study arms (40,209 patients)

Figure 1. Flow diagram for selection of st
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2.3. Study selection

Two authors (ST, AC) independently screened the titles and
abstracts of all electronic citations, and full-text articles were
retrieved for comprehensive review and independently re-
screened. If there were any disagreements that did not have a
conclusion, a third author (PS) would make a consensus.
2.4. Data extraction and quality assessment

The following data extracted from the RCTs were included in the
study: country of origin, year of publication, study design, sample
size, characteristics of population, duration of the intervention,
percentage of women, number of faller, number of total fall,
number of fracture patients with fracture, and number of total
fracture, type of vitamin D supplementation, dosage and
frequency of vitamin D administration. The authors of the
included RCTs were contacted for the incomplete data via e-mail.
Some missing data were also derived from other previous
analyses if the authors were unreachable. Study quality was
assessed with a modified version of the Jadad scale, which
assesses randomization adequacy, blinding, and attrition, with
higher scores reflecting better quality (score 0-5).[16] The scores of
4-5 points would be categorized as a good study, 3 points as a fair
study, and 0-2 as a poor study.

2.5. Data synthesis and statistical analysis

We compared data of fall and fracture using relative risk with an
intention-to-treat analysis. We also used random-effect model
meta-analyses to assess absolute change in continuous outcomes
and risk ratio in dichotomous data. All pooled estimates are
displayed with a 95% confidence interval (CI).[17] A sensitivity
analysis was performed to explore the impact of each individual
study by limiting the included criteria and showing the precision
of the results.
Existence of heterogeneity among effect sizes estimated by

individual study was described with the I2 index and the chi-
square test. An I2 index >50% was used to indicate medium-to-
s)

Exclusion by full-text review of articles 
(N=54)

- Irrelevant study comparison = 43
- Irrelevant study outcome = 3
- Irrelevant study protocol = 4 
- Duplication = 4

Exclusion because of irrelevant titles and abstracts
(N=18,013)

udies of Vitamin D supplement on falls.
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high heterogeneity.[18] Publication bias was formally assessed
using funnel plots and the Egger test, a test that determines
asymmetry of the funnel plot, whereby a value of P< .05
indicates publication bias.[18] The meta-analyses were performed
with Comprehensive Meta-Analysis version 2.0 (www.meta-
analysis.com; biostat, Englewood, NJ).
3. Results

3.1. Characteristics and quality of the studies

A total of 18,114 potentially relevant citations were identified
and screened, and 101 articles were retrieved for detailed
evaluation. Forty-seven of these studies[19–65] fulfilled the
eligibility criteria of inclusion in the meta-analysis and reported
on fall incidence with total 58,424 patients. Twenty-four out of
47 studies[19,21,22,25,27,29,30,32,36,38,40–43,45,46,48,49,51,54,57,61,62,64]

with total 40,102 patients reported on fracture incidence (Fig. 1).
Among the 47 included studies reporting on incidence of fall, 42

studies reported raw data as an intention-to-treat analysis while 2
studies[20,33] only reported on those with complete trials. The
remaining 3 studies[19,31,47] reported on relative risks without raw
number for each intervention or treatment group. We extracted
raw number of fall or relative risks from 44 out of 47 studied
works. We could classify interventions into two main categories
based on the type of vitamin D including 2 trials with vitamin D
analogues, 7 trials with vitamin D2 supplement, 37 trials with
vitamin D3 supplement, and 1 trial combined vitamin D2 and D3.
Among studies reporting on incidences of fracture, all of 24

studies reported raw data as an intention-to-treat analysis. All
data in the studies were acquired directly from the original
publication. There were 6 studies supplemented with vitamin D2,
while 19 studies received vitamin D3 supplement. For both fall
and fracture, there was one study with both forms of vitamin D
supplement on the experimental groups. Therefore, we classified
and analyzed data according to the form of vitamin D.
Characteristics of the individual trial were demonstrated in

Table 1 and Table 2. The trials spanned for 28 years (1992-
2019), varied in sample size (61 to 9,605 patients). The majority
of the population was women aging less than 80 years. Twenty-
nine studies out of forty-seven studies[21,23,25,26,28,29,33,
35,37,38,42,43,45–48,50–57,59,61–63,65] reporting on fall incidence
had good quality (Jadad score 4-5), while the remaining 18
studies[19,20,22,24,27,30–32,34,36,39–41,44,49,58,60,64] had fair quality
(Jadad score 3). Fourteen studies out of 24 studies[21,25,29,
38,42,43,45,46,48,51,54,57,61,62] reporting on fracture incidence had
good quality while the others[19,22,27,30,32,36,40,41,49,64] had fair
quality.

3.2. Effect of vitamin D supplement on falling endpoints

Fifty-three study arms reporting on fall incidence underwent
meta-analysis [19–65] Overall, vitamin D supplement statistically
revealed benefit in reducing fall rate when compared with
placebo, RR=0.948 (95% CI 0.914-0.984; P= .004, I2=41.52).

3.3. Effect of vitamin D supplement on fracture endpoints

Twenty-six study arms reported on the incidence of frac-
ture.[19,21,22,25,27,29,30,32,36,38,40–43,45,46,48,49,51,54,57,61,62,64] In
our meta-analysis, vitamin D seemed to show benefit in reducing
the incidence of fracture, but without statistical significance,
RR=0.949 (95% CI 0.846-1.064; P= .37, I2=37.92) (Fig. 2).
3

3.4. Investigations of heterogeneity
Table 2 and Table 3 reported the results of subgroup analyses
exploring the risk ratio of fall and fracture outcomes stratified by
nation of the study, study quality, mean age, sex, duration of
supplement, type of vitamin D, frequency of supplement,
group of population based on their habitats, and calcium
supplement.
By subgroup analysis on fall outcomes (Table 2), studies from

Europe appeared to have benefit on fall reduction, RR=0.939
(95% CI 0.898 - 0.981; P= .005) whereas the studies from other
regions including Australia, North America and South America
did not provide the same benefit, RR=1.000 (95% CI 0.929–
1.076; P> .99), RR=0.943 (95% CI 0.840 – 1.058; P= .32) and
RR=0.675 (95%CI 0.375 – 1.215; P= .19), respectively. Studies
with fair study quality[19,20,22,24,27,30–32,34,36,39–41,44,49,58,60,64]

tended to support vitamin D supplementation, RR=0.943 (95%
CI 0.893–0.995; P= .03) while those with good study quali-
ty[21,23,25,26,28,29,33,35,37,38,42,43,45–48,50–57,59,61–63,65] showed
benefit without statistical significance, RR=0.950 (95% CI
0.900 – 1.002; P= .06). Studies with mean ages less than 80 years
old demonstrated that vitamin D could reduce incidence of falls
but studies with mean ages over 80 years old could yield the same
effects, but did not have statistical significance (RR=0.954 (95%
CI 0.917 – 0.933; P= .02) and RR=0.918 (95% CI 0.831–
1.014); P= .09, respectively))
By sex subgroup, vitamin D supplement could reduce falls in

female participants, RR=0.917 (95%CI 0.853 – 0.986; P= .02).
Mixed male and female studies could not illustrate the same
results, RR=0.965 (95% CI 0.927–1.005; P= .08). Moreover,
one study with only male participant did not show vitamin D
benefit on fall prevention, RR=0.705 (95% CI 0.303–1.639;
P= .42). However, this result might not represent the male
population because only one study was included in the analysis.
Vitamin D supplement less than one year could reduce falls,
whereas supplement more than one year could not present the
same outcomes, RR=0.876 (95%CI 0.800–0.960; P= .004) and
RR=0.973 (95% CI 0.939–1.007; P= .12). Daily vitamin D
supplement demonstrated statistically significant effects on fall
reduction, RR=0.919 (95% CI 0.876–0.965; P= .001). Howev-
er, non-daily vitamin D supplement seemed to increase fall
incidence without statistical significance, RR=1.010 (95% CI
0.975 – 1.045; P= .59). Studies including subjects from health
care setting appeared to provide benefit from fall reduction, RR=
0.717 (95% CI 0.558–0.921; P= .009) while studies with
participant’s form community and residential cares seemed to
show some benefit but without statistical significance, RR=
0.964 (95% 0.929–1.001; P= .06) and RR=0.957 (95% 0.884–
1.037; P= .28).
Comparing between subgroups with and without calcium

supplement, subjects treated with calcium supplement has
statistically significant fall reduction, RR=0.881 (95% CI
0.821–0.945; P< .001) while those without calcium did not
achieve the same outcomes, RR=0.994 (95% CI 0.959–1.029;
P= .73). Regarding, types of vitamin D supplement on incidence
of falls, different results were observed. Only cholecalciferol
seemed to show significant benefit, RR=0.945 (95% CI 0.903–
0.988; P= .01). Nonetheless, ergocalciferol tended to reduce falls
without statistical significance, RR=0.958 (95% CI 0.876–
1.048; P= .35).
Effects of type of vitaminD combinedwith calcium supplement

were also analyzed and revealed that only cholecalciferol with
calcium supplement could significantly reduce falls, RR=0.893

http://www.meta-analysis.com/
http://www.meta-analysis.com/
http://www.md-journal.com


Table 1

Characteristics of the studies focusing on fall and fracture outcomes included in the meta-analysis.
Fall group Fracture group

Author Year I-Faller I-Pop C-Faller C-Pop I-Fx I-Pop I-Fx C-Pop Total Reg Jad Age Sex Dur Vit D Dose (IU) Freq Set Ca

Chapuy et al[19] 1992 0.84 (0.68 –1.03) 1634 1636 160 1634 215 1636 3270 Eu F ≥80 F >12 D3 800 Daily Res Y
Graafmans et al[20] 1996 62 177 65 177 354 Eu F ≥80 B �12 D3 400 Daily Res N
Pfeifer et al[21] 2000 11 74 19 74 3 74 6 74 148 Eu G <80 F �12 D3 800 Daily Com Y
Chapuy et al[22] 2002 249 389 120 194 69 389 35 194 583 F ≥80 F >12 D3 800 Daily Res Y
Bischoff et al[23] 2003 14 62 18 60 122 Eu G ≥80 F �12 D3 800 Daily Res Y
Latham et al[24] 2003 64 121 60 122 243 Aus F <80 B �12 D3 300,000 Non-D Hos N
Trivedi et al[25] 2003 254 1345 261 1341 119 1345 149 1341 2686 Eu G <80 B >12 D3 100,000 Non-D Com N
Dhesi et al[26] 2004 11 70 14 69 139 Eu G <80 B �12 D2 600,000 Non-D Com N
Harwood et al[27] 2004 150
Vit D2 300,000 IU 8 74 13 37 3 74 5 37 Eu F ≥80 F �12 D2 300,000 Mixed Hos Y
Vit D3 800 IU 7 39 13 37 3 39 5 37 Eu F ≥80 F �12 D3 800 Mixed Hos Y
Dukas et al[28] 2005 40 192 46 186 378 Eu G <80 B �12 Alpha

calcidol
1mcg Daily Com N

Flicker et al[29] 2005 170 313 185 312 25 313 35 312 625 Aus G ≥80 B >12 D2 1,000 Daily Res Y
Grant et al[30] 2005 380 2649 381 2643 396 2649 385 2643 5292 Eu F <80 B >12 D3 800 Daily Com Y
Larsen et al[31] 2005 1.07 (0.90-1.27) 4957 5063 9605 Eu F <80 B >12 D3 400 Daily Com Y
Porthouse et al[32] 2005 329 1321 561 1993 58 1321 91 1993 3314 Eu F <80 F >12 D3 800 Daily Com Y
Bischoff-Ferrari

et al[33]
2006 6 33 8 31 64 Eu G ≥80 F �12 D3 800 Daily Hos Y

Bischoff-Ferrari
et al[34]

2006 107 219 124 226 445 Eu F <80 B >12 D3 700 Daily Com Y

Bunout et al[35] 2006 15 48 16 48 96 S-Am G <80 B �12 D3 400 Daily Com Y
Law et al[36] 2006 770 1762 833 1955 64 1762 51 1955 3717 Eu F ≥80 B >12 D2 100,000 Non-D Com N
Broe et al[37] 2007 124
D2 200 IU 15 26 11 25 N-Am G ≥80 B �12 D2 200 Daily Res N
D2 400 IU 15 25 11 25 N-Am G ≥80 B �12 D2 400 Daily Res N
D2 600 IU 15 25 11 25 N-Am G ≥80 B �12 D2 600 Daily Res N
D2 800 IU 5 23 11 25 N-Am G ≥80 B �12 D2 800 Daily Res N
Burleigh et al[38] 2007 36 101 45 104 1 101 3 104 205 Eu G ≥80 B >12 D2 800 Daily Hos Y
Gallagher et al[39] 2007 109 203 129 212 415 N-Am F <80 F >12 Calcitriol 0.5mcg Daily Com N
Smith et al[40] 2007 2544 4727 2577 4713 306 4727 279 4713 9440 Eu F <80 B >12 D2 300,000 Non-D Com N
Berggren et al[41] 2008 44 102 55 97 7 102 11 97 199 Eu F ≥80 B �12 D3 800 Daily Hos Y
Prince et al[42] 2008 80 151 95 151 4 151 3 151 302 Aus G <80 F �12 D2 1,000 Daily Com Y
Pfeifer et al[43] 2009 49 121 75 121 7 121 12 121 242 Eu G <80 B >12 D3 800 Daily Com Y
Kärkkäinena et al[44] 2010 812 1566 833 1573 3139 Eu F <80 F >12 D3 800 Daily Com Y
Sanders et al[45] 2010 837 1131 769 1125 137 1131 109 1125 2256 Aus G <80 F >12 D3 500,000 Non-D Com N
Witham et al[46] 2010 2 53 5 52 2 53 5 52 105 Eu G <80 B >12 D2 100,000 Non-D Com N
Ralston et al[47] 2011 0.82 (0.59–1.15) 257 258 515 Mul G <80 F �12 D3 5,600 Non-D Com N
Glendenning

et al[48]
2012 102 353 89 333 10 353 10 333 686 Aus G <80 F �12 D3 150,000 Non-D Com N

Neelemaat et al[49] 2012 10 105 24 105 0 105 1 105 210 Eu F <80 B �12 D3 400 Daily Hos Y
Witham et al[50] 2013 25 80 26 79 159 Eu G <80 B �12 D3 100,000 Non-D Com N
Massart et al[51] 2014 0 26 5 29 0 26 9 29 61 Eu G <80 B �12 D3 25,000 Non-D Com N
Rizzoli et al[52] 2014 65 413 21 105 518 Eu G <80 B �12 D3 1,000 Daily Com Y
Wood et al[53] 2014 293
D3 400 IU 33 97 31 100 Eu G <80 F �12 D3 400 Daily Com N
D3 1000 IU 27 96 31 100 Eu G <80 F �12 D3 1,000 Daily Com N
Hansen et al[54] 2015 230
D3 800 IU 24 75 23 76 2 75 4 76 N-Am G <80 F �12 D3 800 Non-D Com N
D3 50,000 IU 22 79 23 76 2 79 4 76 N-Am G <80 F �12 D3 50,000 Non-D Com N
Houston et al[55] 2015 11 38 12 30 68 N-Am G <80 B �12 D3 100,000 Non-D Com N
Uusi-Rasi et al[56] 2915 136 204 145 205 409 Eu G <80 F >12 D3 800 Daily Res N
Arden et al[57] 2016 186 237 189 237 5 237 6 237 474 Eu G <80 B >12 D3 800 Daily Com N
Cangussu et al[58] 2016 19 80 37 80 160 S-Am F <80 F �12 D3 1,000 Daily Com N
Jin et al[59] 2016 2 209 0 204 413 Aus G <80 B >12 D3 50,000 Non-D Com N
Aloia et al[60] 2017 51 130 50 130 260 N-Am F <80 B �12 D3 Varied Daily Com N
Hin et al[61] 2017 34 204 14 101 6 204 1 101 305 Eu G <80 B �12 D3 2,000/ 4,000 Daily Com N
Khaw et al[62] 2017 1312 2558 1326 2552 156 2558 136 2552 5110 Aus G <80 B >12 D3 100,000 Non-D Com N
Levis et al[63] 2017 8 66 11 64 130 N-Am G <80 M �12 D3 4,000 Daily Com N
Schwetz et al[64] 2017 27 249 33 243 2 249 2 243 492 Eu F <80 B �12 D3 90,000 Non-D Hos N
Smith et al[65] 2017 78 235 15 38 273 N-Am G ≥80 F �12 D3 Varied Daily Com Y

I-Faller= Intervention Faller, I-Pop= Intervention Population, C-Faller= Control Faller, C-Pop= Control Population, Reg= Region, Aus= Australia, Eu= Europe, N-Am= North America, S-Am= South America,
Multi =Multi-center, A Jad= Jadad Quality, F= Fair, G= Good, F= Female, M=Male, B= Both, Dur= Study duration,>12=More than 12 months,�12= Less than or equal to 12 months, VitD= Vitamin
D Subgroup, D2= Vitamin D2 (Ergocalciferol), D3= Vitamin D3 (Cholecalciferol), Freq= Frequency of administration, Daily == Daily administration, Non-D= Non daily administration, Set = Study setting, Com
= Community-dwelling group, Res = Residential dwelling group, Hos = Health care-dwelling group, Ca = Calcium administration, Y = Yes, N = No.
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(95%CI 0.829–0.961; P= .002). However, ergocalciferol with or
without calcium and cholecalciferol without calcium did not
attain statistically significant outcomes, RR=0.793 (95% CI
0.602–1.044; P= .10), RR=1.004 (95% CI 0.944–1.069;
P= .89) and RR=0.994 (95% CI 0.947–1.043; P= .80). In
sensitivity analysis based on high dose of daily vitamin D
supplement defined by equal and more than 800 international
units (IU) per day, Treatment with high dose vitamin D could
4

decrease incidences of falls, RR=0.884 (95% CI 0.830 - 0.943;
P< .001).
In term of fracture risk (Table 3), by subgroup analysis,

participants from different regions consisting of Australia,
Europe and North America could not significantly exhibit the
benefit of vitamin D supplement on fracture reduction, RR=
1.119 (95% CI 0.947–1.322; P= .19), RR=0.909 (95% CI
0.792 – 1.044; P= .18) and RR=0.494 (95% CI 0.152 – 1.605;



Table 2

Subgroup analyses of meta-analysis for fall outcome.

No of study arms No of patients Risk ratio Lower 95%CI Upper 95%CI P value I2 P value

Risk of falls 53 58706 0.948 0.914 0.984 .004 41.52 .001
Region
Australia 7 9635 1.000 0.929 1.076 >.99 56.92 .03
Europe 32 46649 0.939 0.898 0.981 .005 38.34 .02
Multicenter 1 515 0.820 0.587 1.145 .24 0.0 >.99
North America 11 1651 0.943 0.840 1.058 .32 0.0 .50
South America 2 256 0.675 0.375 1.215 .19 60.77 .11

Study quality
Fair 19 41325 0.943 0.893 0.995 .03 54.45 .002
Good 34 17381 0.950 0.900 1.002 .06 31.65 .042

Age (year)
<80 37 48908 0.954 0.917 0.933 .02 40.85 .006
≥80 16 9798 0.918 0.831 1.014 .09 46.13 .02

Sex
Both 31 42034 0.965 0.927 1.005 .08 24.77 .11
Female 21 16542 0.917 0.853 0.986 .02 58.49 < .001
Male 1 130 0.705 0.303 1.639 .42 0.00 >.99

Duration (months)
�12 33 6961 0.876 0.800 0.960 .004 26.21 .09
>12 20 51745 0.973 0.939 1.007 .12 49.80 .006

Frequent
Daily 34 32129 0.919 0.876 0.965 .001 30.23 .05
Nondaily 17 26390 1.010 0.975 1.045 .59 17.01 .25
Mixed 2 187 0.395 0.225 0.692 .001 0.00 .38

Population
Community 35 51544 0.964 0.929 1.001 .06 37.83 .01
Health care 8 1600 0.717 0.558 0.921 .009 56.37 .03
Residential 10 5562 0.957 0.884 1.037 .28 14.19 .31

Receiving calcium
No 32 29867 0.994 0.959 1.029 .73 20.63 .15
Yes 21 28839 0.881 0.821 0.945 < .001 49.19 .006

Type of vitamin D
Ergocalciferol 11 14638 0.958 0.876 1.048 .35 52.13 .02
Cholecalciferol 40 43275 0.945 0.903 0.988 .01 40.68 .005
Alphacalcidol 1 378 0.842 0.580 1.223 .37 0.00 >.99
Calcitriol 1 415 0.882 0.747 1.043 .14 0.00 >.99

Type of vitamin D and calcium
Ergocalciferol without calcium 8 13600 1.004 0.944 1.069 .89 18.93 .28
Ergocalciferol with calcium 3 1038 0.793 0.602 1.044 .10 72.77 .03
Cholecalciferol without calcium 22 15474 0.994 0.947 1.043 .80 21.47 .18
Cholecalciferol with calcium 18 27801 0.893 0.829 0.961 .002 44.48 .02

Thanapluetiwong et al. Medicine (2020) 99:34 www.md-journal.com
P= .24), respectively. Both good study quali-
ty[21,25,29,38,42,43,45,46,48,51,54,57,61,62] and fair study quali-
ty[19,22,27,30,32,36,40,41,49,64] seemed to reduce fracture
incidences without statistical significance, RR=0.901 (95% CI
0.731 – 1.111; P= .33) and RR=0.964 (95% CI 0.834–1.116;
P= .63). Ages less or over 80 years did not demonstrate
significant results on fracture reduction, RR=1.016 (95% CI
0.918–1.125; P= .76) and RR=0.834 (95% CI 0.639 – 1.090;
P= .18). Studies from female sex and both sexes showed fracture
reduction without statistical significance, RR=0.899 (95% CI
0.730–1.108; P= .32) and RR=0.981 (95% CI 0.854–1.126;
P= .78). Less than one year of vitamin D supplement could
reduce fractures whereas those receiving supplement more than
one year could not yield the same outcomes, RR=0.649 (95%CI
0.433–0.974; P= .04) and RR=0.979 (95% CI 0.869–1.102;
P= .72).
Daily vitamin D supplement tended to reduce fracture

incidences without statistical significance, RR=0.890 (95% CI
5

0.791–1.001; P= .05). On the contrary, non-daily supplement
seemed to increase risk of fractures, RR=1.025 (95% CI 0.856–
1.227; P= .79). Studies from health care and residential cares
showed statistical significance, RR=0.517 (95% CI 0.286–
0.935; P= .03) and RR=0.782 (95% CI 0.665–0.919; P= .003).
However, studies from community settings failed to show benefit
on fracture reduction, RR=1.033 (95% CI 0.923–1.155;
P= .57). Subgroup with calcium supplement showed benefit on
fracture reduction, RR=0.859 (95% CI 0.741–0.996; P= .045)
whereas studies without calcium supplement tended to increase
fracture incidences, RR=1.050 (95%CI 0.895–1.230; P=0.55).
Both ergocalciferol and cholecalciferol seemed to reduce fracture
incidence without statistical significance, RR=0.980 (95% CI
0.720–1.334; P= .90) and RR=0.928 (95% CI 0.818–1.053;
P=0.25) respectively. In sensitivity analysis based on high dose
defined by vitamin D supplement equal andmore than 800 IU per
day, high dose vitamin D could reduce incidences of fracture,
RR=0.883 (95% CI 0.780–0.999; P= .048).

http://www.md-journal.com


Figure 2. Forest plot on fracture outcomes.

Thanapluetiwong et al. Medicine (2020) 99:34 Medicine
3.5. Assessment of publication bias

The funnel plot for the outcomes of fall and fracture in the studies
included in the meta-analysis was asymmetric and the Egger test
was significant (P< .001, and P= .03), respectively, suggesting
susceptibility to publication bias.

4. Discussion

The present meta-analysis included more than 58,000 partic-
ipants who were mainly elderly female from all over the world,
mostly Europe, and were principally community-dwelling group.
With respect to fall aspect, the overall results demonstrated that
vitamin D supplement provided significant benefit on preventing
incidence of fall. By subgroup analysis, only vitamin D3 could
exhibit significant effects on fall reduction and this developed
when was co-supplemented with calcium. Daily vitamin D
supplement, duration of supplement less than 12 months,
European population, and health care-dwelling population were
related with reduction in fall incidence. The fracture lowering
benefit of vitamin D supplement occurred only when was co-
administered with calcium.
6

Regarding fall outcome, the comparative details of all previous
meta-analyses, the present study, and the 2018 USPSTF
recommendation were illustrated in Table 4.[9–15] Among earlier
meta-analyses, the studies by Bolland et al and Murad et al
included much larger number of RCTs and participants than the
remaining works.[12,15] The meta-analysis by Bolland et al in
2018, which included 37 RCTs with 34,144 participants, focused
on vitamin D monotherapy, discarded studies using vitamin D
analogues, and excluded studies which compared between
vitamin D plus calcium and placebo.[15] The meta-analysis by
Murad et al in 2011, which contained 26 RCTs with 45,782
subjects, were quite similar to the present study but lesser number
of included RCTs as well as participants.[12] Furthermore, issues
regarding method of vitamin D administration and duration of
treatment were not assessed in such study. Of note, the 2018
USPSTF recommendation, which included only 7 RCTs with
7,532 participants, concentrated on only vitamin D3 or active
form of vitamin D3 and on community dwelling setting.[14]

Therefore, the present meta-analysis included the largest number
of participants. Moreover, the current meta-analysis examined
more extensive aspects than all previous works (Table 4).



Table 3

Subgroup analyses of meta-analysis for fracture outcome.

No of study arms No of patients Risk ratio Lower 95%CI Upper 95%CI P-value I2 P value

Risk of fracture 26 40209 0.949 0.846 1.064 .37 37.92 .03
Region
Australia 5 8979 1.119 0.947 1.322 .19 8.15 .36
Europe 19 30924 0.909 0.792 1.044 .18 41.41 .03
North America 2 306 0.494 0.152 1.605 .24 0.00 .97

Study quality
Fair 11 26704 0.964 0.834 1.116 .63 46.56 .04
Good 15 13505 0.901 0.731 1.111 .33 35.05 .09

Age
<80 18 31423 1.016 0.918 1.125 .76 16.40 .26
≥80 8 8786 0.834 0.639 1.090 .18 48.82 .06

Sex
Both 15 29157 0.981 0.854 1.126 .78 35.86 .08
Female 11 11052 0.899 0.730 1.108 .32 38.60 .09

Duration
�12 months 12 2890 0.649 0.433 0.974 .04 0.00 .67
>12 months 14 37319 0.979 0.869 1.102 .72 53.10 .01

Frequent
Daily 14 15245 0.890 0.791 1.001 .05 8.59 .36
Nondaily 12 24964 1.025 0.856 1.227 .79 48.07 .03

Population
Community 17 34438 1.033 0.923 1.155 .57 28.61 .13
Health care 6 1293 0.517 0.286 0.935 .03 0.00 .93
Residential 3 4478 0.782 0.665 0.919 .003 0.00 .39

Receiving calcium
No 14 25837 1.050 0.895 1.230 .55 34.95 .10
Yes 12 14372 0.859 0.741 0.996 .045 25.48 .19

Type of vitamin D
Ergocalciferol 6 14300 0.980 0.720 1.334 .90 48.22 .09
Cholecalciferol 20 25909 0.928 0.818 1.053 .25 33.23 .08

Thanapluetiwong et al. Medicine (2020) 99:34 www.md-journal.com
The results from the study by Murad et al were in agreement
with the present meta-analysis that only vitamin D with calcium
supplement provided fall lowering benefit.[12] On the contrary,
the meta-analysis by Bolland et al and the 2018 USPSTF
recommendation yielded non-significant fall lowering outcomes
of vitamin D with or without calcium.[14,15] Such discrepancy
might be caused by study-related issues in each study, as stated
above, resulting in smaller number of participants and imprecise
results. The present meta-analysis illustrated the fall lowering
benefit of vitamin D supplement in only health care dwelling but
not in community-dwelling and residential-dwelling. In this
regard, the 2018 USPTSF recommendation also stated that there
were no fall decreasing benefit for vitamin D supplement in the
community-dwelling group while the study by Murad et al
observed favorable results in such group.[14]

From our analysis, vitamin D3 could significantly reduce fall.
The result in the previous meta-analysis by Bischoff-Ferrari
et al[10] concurred with the present study. However, the study by
Murad et al reported that both vitamin D2 andD3 could decrease
fall incidence.[12] On the other hand, the study by Zheng et al
failed to show beneficial effect on both groups.[13] These varied
results across studies might be due to different numbers of studies
included in each analysis. One feasible reason why vitamin D3
seemed to have greater benefit on fall prevention than vitamin D2
might be due to its superior ability to increase serum vitamin D
level which was observed in some studies[66–68] and those with
higher vitamin D level tended to experience less falls.[69]

Daily supplement of vitamin D seemed to prevent falls while
intermittent supplement increased fall risks without statistical
7

significance. A recent study by Bolland et at[15] also reported
similar outcome. Other analyses by Chua et al and Zheng et al
also demonstrated that non-daily vitamin D supplement raised
fall incidences.[11,13] There is no clear reason why non-daily
vitamin D supplement increased risk of falls. However,
intermittent supplements were usually given in very high doses
of vitamin D which were believed to be the causes of increasing
falls. Some studies proposed a U- or J-curve phenomena of
vitamin D dose but some suggested that the effect of intermittent
high dose of vitamin D might be mediated towards vitamin D
receptor in the central nervous system, leading to increased
falls.[11,13,70]

That only vitamin D3 with calcium supplement could reduce
fall incidence would underscore the contributory role of both
agents in fall lowering benefit. (Table 2) The mechanisms of
vitamin D with calcium supplement in attenuating fall incidence
are still unestablished. However, vitamin D and calcium
supplement could possibly affect calcium homeostasis, increase
muscle strength, improve body sway and decrease parathyroid
hormone secretion and bone resorption, leading to reduced risk
of falling.[21,23,71–74] Inadequate vitamin D and calcium intake
could raise serum parathyroid hormone (PTH), leading to bone
turn over and bone loss. Treatment with vitamin D and calcium
supplement could decrease serum PTH and improve body sway.
Less body sway might lead to lower fall incidence.[21,75,76] In
2014, a meta-analysis, which included 30 RCTs with 5,615
participants, showed a small but significant positive effect of
vitamin D supplement on global muscle strength with a
standardized mean difference (SMD) of 0.17 (95% CI 0.03–

http://www.md-journal.com
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0.31; P= .02). However, no significant effect was found on
muscle mass or muscle power. In subgroup analysis, muscle
strength was significantly improved in people who presented with
serum 25-hydroxyvitamin D (25-OHD) lower than 12 ng/dL and
in those who were older than 65 years.[77] In a trial focusing on
neuromuscular and psychomotor function in the elderly, people
who experienced falling had weaker quadriceps, slower func-
tional performance, slower reaction times, and impaired postural
stability compared with healthy age-matched subjects. The
subjects who fell also had serum 25-OHD less than 12ng/dL.[78]

High dose of daily vitamin D supplement (more than 800 IU/
day) appeared to decrease falling incidences. This finding was
supported by a study by Murad et al which demonstrated that
higher dose of vitamin D could reduce falls.[12] In contrast, the
meta-analysis by Bolland et al did not show the same results.[15]

This could be explained by different cutoff values of high or low
vitamin D dose defined by each study which could affect the
numbers of participants analyzed in each group.
Studies with less than 12-month intervention had positive

effects on fall prevention. Previous meta-analyses by Bischoff-
Ferrari et al and Bolland et al[10,15] were in agreement with the
present works. Nonetheless, the present study and Bolland et al
revealed that longer interventions had insignificant results.[15]

Theoretically, longer supplements should also reduce fall
incidences. Indeed, we only analyzed data by numbers of fallers
and longer follow-up periods could result in increasing numbers
of the fallers. To correct this effect, the numbers of total falls
should be further carefully studied.
By study locations, this meta-analysis exhibited the benefit of

vitamin D supplement in health care setting significantly and also
demonstrated the benefit on community and residential subjects
without statistical significance. The results from previous studies
were varied possibly due to different categorizations among each
study.[11–15]

With respect to fracture issue, the overall results in the present
meta-analysis illustrated that vitamin D failed to yield fracture
reducing benefit. Subgroup analysis revealed that vitamin D2 and
D3 could not reduce fracture rate. Only vitamin D with calcium
supplement significantly lowered the incidence of fracture.
Furthermore, higher dose of vitamin D supplement (more than
800 IU/day) could also significantly reduce incidences of
fractures. Nevertheless, both daily and non-daily vitamin D
supplement could not attenuate fracture rate. Only health care-
dwelling and residential care-dwelling groups gained fracture
lowering benefit from vitamin D supplement. The underlying
mechanisms of vitamin D with calcium supplement in fracture
attenuating effect are still inconclusive. Vitamin D helps control
calcium absorption from the small intestines and work together
with PTH to maintain calcium homeostasis between the blood
and bones. Insufficient vitamin D acquirement can lead to
impaired calcium absorption from diet. As a result, calcium from
skeletal storage is used and this could weaken the bones.[8]

Vitamin D and calcium insufficiencies were also found to induce
hyperparathyroidism, leading to increase bone turn over, bone
loss, and fracture.[19,22,75] Treatment with vitamin D and calcium
supplement showed decreased serum PTH, increased bone
mineral density (BMD), and reduce fracture rates.[19,22,79,80]

The improvement of bone density concurrently with muscle
strengthening, and lower rates of falls, might finally result in
lessening fracture incidence. Despite these plausible mechanisms,
in a large RCT involving 36,282 postmenopausal women, hip
bone density was found higher in the vitamin D supplement

http://www.md-journal.com
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group but there was no significant reduction in hip fracture.[81]

However, our results found that subgroup analysis with female
participants tended to reduce fracture incidence without
statistical significance. This might be explained by the fact that
fractures could result from multifactorial factors and the higher
bone mass density from vitamin D supplement might not be
sufficient to reach the essential level to prevent fractures.
The strengths of our meta-analysis include 1) the literature has

been extensively performed by blinded pairs of reviewers,
resulting in large number of trials and populations on fall and
fracture and 2) all aspects regarding vitamin D supplement and
prevention of fall and fracture have been carefully analyzed.
Admittedly, there are some limitations for our meta-analysis to be
considered. The heterogeneity of the studies and publication bias
are the concerns of the issues. The study designs were different
according to their primary objectives and outcomes. Population
from each study was not the same. Some studies focused on post-
menopausal women whereas some included both sexes. The
setting of population ranged from community-dwelling elderly to
hospitalized patients. Vitamin D supplement was given in
different forms, dosage, and duration. However, we tried to
categorize the characteristics from each study and reported as
subgroup analyzes. Since, there was no report on dietary intake,
each patient might receive different amount of daily vitamin D
and this could affect the results. The studies did not categorize fall
as injurious or non-injurious fall which were important outcomes
to predict recurrent fall and physical function. Moreover,
fractures in the studies were reported separately and could not
be implied to be the results of falls.
In conclusion, this current meta-analysis of 47 RCTs

encompassing 58,424 patients demonstrated that the use of
vitamin D supplement, especially vitamin D3 could reduce
incidence of fall. Only vitamin D with calcium supplement
showed benefits in fracture reduction. We recommend daily
vitamin D3 supplement with equal and more than 800 IU per day
combined with calcium to prevent falls. In addition, daily vitamin
D supplement over 800 IU per day co-administered only with
calcium was also advised for fracture prevention.
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