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IMPORTANCE The increased social and economic burdens for osteoporosis-related fractures
worldwide make the prevention of such injuries a major public health goal. Previous studies
have reached mixed conclusions regarding the association between calcium, vitamin D, or
combined calcium and vitamin D supplements and fracture incidence in older adults.

OBJECTIVE To investigate whether calcium, vitamin D, or combined calcium and
vitamin D supplements are associated with a lower fracture incidence in community-dwelling
older adults.

DATA SOURCES The PubMed, Cochrane library, and EMBASE databases were systematically
searched from the inception dates to December 24, 2016, using the keywords calcium,
vitamin D, and fracture to identify systematic reviews or meta-analyses. The primary
randomized clinical trials included in systematic reviews or meta-analyses were identified,
and an additional search for recently published randomized trials was performed from July 16,
2012, to July 16, 2017.

STUDY SELECTION Randomized clinical trials comparing calcium, vitamin D, or combined
calcium and vitamin D supplements with a placebo or no treatment for fracture incidence in
community-dwelling adults older than 50 years.

DATA EXTRACTION AND SYNTHESIS Two independent reviewers performed the data
extraction and assessed study quality. A meta-analysis was performed to calculate risk ratios
(RRs), absolute risk differences (ARDs), and 95% Cls using random-effects models.

MAIN OUTCOMES AND MEASURES Hip fracture was defined as the primary outcome.
Secondary outcomes were nonvertebral fracture, vertebral fracture, and total fracture.

RESULTS A total of 33 randomized trials involving 51145 participants fulfilled the inclusion

criteria. There was no significant association of calcium or vitamin D with risk of hip fracture

compared with placebo or no treatment (calcium: RR, 1.53 [95% Cl, 0.97 to 2.42]; ARD, 0.01

[95% Cl, 0.00 to 0.01]; vitamin D: RR, 1.21[95% Cl, 0.99 to 1.47]; ARD, 0.00 [95% Cl, -0.00

to 0.01]. There was no significant association of combined calcium and vitamin D with hip

fracture compared with placebo or no treatment (RR, 1.09 [95% Cl, 0.85 to 1.39]; ARD, 0.00

[95% Cl, -0.00 to 0.00]). No significant associations were found between calcium, vitamin

D, or combined calcium and vitamin D supplements and the incidence of nonvertebral,

vertebral, or total fractures. Subgroup analyses showed that these results were generally

consistent regardless of the calcium or vitamin D dose, sex, fracture history, dietary calcium Author Affiliations: Department of
intake, and baseline serum 25-hydroxyvitamin D concentration. S;hpci’fj’e%fn?il:'gg;?'r']:f;;':o' Zeng,
Wang); Department of Orthopaedic
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Effects of Calcium or Vitamin D on Fractures in Older Adults

pproximately 40% of 50-year-old women will have ma-

jor osteoporotic fractures during the remainder of their

lifetimes,! and these fractures are associated with ma-
jor morbidity.? Hip fractures are generally considered the most
serious type of osteoporotic fracture. A cohort study con-
ducted between 2000 to 2010 showed that more than one-
fifth of patients died within 1 year after hip fracture. Survi-
vors may require greater social and nursing care.? The increased
social and economic burdens associated with osteoporosis-
related fractures worldwide make their prevention a major pub-
lic health goal.

Practice guidelines recommend calcium and vitamin D
supplements for older people to prevent fractures in people
with osteoporosis. However, meta-analyses published to date
have not reached consistent conclusions regarding the asso-
ciation between calcium, vitamin D, or combined calcium and
vitamin D supplements and fracture risk.*

Older people living in institutions such as nursing homes
and residential care facilities have a higher risk of fracture com-
pared with people living in the community.> Therefore, the
association of calcium and vitamin D supplementation with
fracture risk may differ between community-dwelling men
and women and people living in institutions. In addition, trials
assessing calcium and vitamin D supplementation and risk
of fracture have recently been published and add to the evi-
dence base of the associations of calcium and vitamin D
with fracture risk. Therefore, a systematic review and meta-
analysis was performed to separately compare calcium, vita-
min D, and combined calcium and vitamin D supplements with
aplacebo or no treatment for fracture incidence in community-
dwelling older adults.

Methods

This meta-analysis was performed according to the Cochrane
Handbook for Systematic Reviews of Interventions® and pre-
sented based on Preferred Reporting Items for Systematic Re-
views and Meta-analyses guidelines.” The protocol for this
meta-analysis is available in PROSPERO (CRD42016053867).

Search Trials

We searched the PubMed, Cochrane library, and EMBASE
databases from the inception dates to December 24, 2016,
using the keywords calcium, vitamin D, and fracture to iden-
tify published systematic reviews or meta-analyses evaluat-
ing the association between calcium, vitamin D, or com-
bined calcium and vitamin D supplements and the
incidence of fracture. There were no language restrictions,
but the search was restricted to systematic reviews or meta-
analyses published in the last 10 years from December 24,
2006, toDecember 24, 2016, and excluded systematic
reviews or meta-analyses that included only populations
living in institutions (detailed search strategies are reported
in eTable 1 in the Supplement). We identified original ran-
domized clinical trials (RCTs) included in the systematic
reviews or meta-analyses. An additional search was per-
formed to identify recently published RCTs (from July 16,
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Key Points

Question Is supplementation with calcium, vitamin D, or combined
calcium and vitamin D associated with a lower fracture incidence in
community-dwelling older adults?

Findings In this meta-analysis of 33 randomized clinical trials that
included 51145 participants, the use of supplements that included
calcium, vitamin D, or both was not associated with a significant
difference in the risk of hip fractures compared with placebo or no
treatment (risk ratio, 1.53, 1.21, and 1.09, respectively).

Meaning These findings do not support the routine use of these
supplements in community-dwelling older adults.

2012, to July 16, 2017) meeting inclusion criteria, using the
databases and keywords described above.

Inclusion Criteria

Trials were selected based on the following inclusion criteria:
(1) RCTs comparing calcium, vitamin D, or combined calcium
and vitamin D supplements with a placebo or no treatment
group; (2) trials enrolling adults older than 50 years and liv-
ing in their communities; and (3) trials providing fracture
data. Exclusion criteria were (1) randomized trials without a
placebo or no treatment group; (2) trials of participants with
corticosteroid-induced secondary osteoporosis; (3) trials in
which supplementation with calcium, vitamin D, or com-
bined calcium and vitamin D was combined with other treat-
ments (eg, an antiosteoporotic drug); (4) trials in which vita-
min D analogues (eg, calcitriol) or hydroxylated vitamin D
were used; and (5) trials in which dietary intake of calcium
or vitamin D (eg, from milk) was evaluated.

Risk-of-Bias Assessments

The methodological quality for the included RCTs was as-
sessed independently by 2 researchers (J.-G.Z., L.L.) based on
Cochrane risk-of-bias criteria,® and each quality item was
graded as low risk, high risk, or unclear risk. The 7 items used
to evaluate bias in each trial included the randomization se-
quence generation, allocation concealment, blinding of par-
ticipants and personnel, blinding of outcome assessment, in-
complete outcome data, selective reporting, and other bias.
We defined other bias as trials sponsored by drug companies
and trials in which baseline characteristics were not similar be-
tween different intervention groups. The included trials were
graded as low quality, high quality, or moderate quality based
on the following criteria: (1) trials were considered low qual-
ity if either randomization or allocation concealment was as-
sessed as a high risk of bias, regardless of the risk of other items;
(2) trials were considered high quality when both randomiza-
tion and allocation concealment were assessed as a low risk
of bias, and all other items were assessed as low or unclear
risk of bias in a trial; (3) trials were considered moderate qual-
ity if they did not meet criteria for high or low risk.

Data Extraction
Two researchers (J.-G.Z., L.L.) independently extracted the

following information from each study: lead author; publi-
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Figure 1. Literature Search and Screening Process

Trials From Systematic Reviews or Meta-analyses

884 Records identified through PubMed,
Cochrane Library, or EMBASE databases

146 Excluded (duplicates)

738 Records screened through titles
and abstracts

651 Excluded (did not meet eligibility
criteria)

87 Records considered potentially
eligible and full text reviewed

64 Excluded
16 Traditional (not systematic) review

8 Citation or news release

8 Guideline or recommendation

8 Systematic review evaluating
meta-analyses

7 Meeting abstract

7 Unrelated topic

4 Consensus or statement?

3 Comment or editorial

2 Systematic review assessed
participants living in residential care

1 Included only cohort study

21 Systematic reviews or meta-analyses
(23 records) met inclusion criteria

!

46 Trials (included in 21 systematic
reviews or meta-analyses) considered
potentially eligible

21 Trials excluded®
10 Without placebo or no treatment
group
7 Recruited non-community dwelling
participants
1 Incorrect trial design

1 Intervention group combined with
another treatment

1 Placebo group combined with
another intervention

1 Reported nonfragility fractures

25 Trials met eligibility criteria ‘

Individual Trials

1441 Records identified through PubMed,
Cochrane Library, and EMBASE databases

516 Excluded (duplicates)

925 Records screened through titles
and abstracts

872 Excluded (did not meet eligibility
criteria)

53 Records (33 trials) considered potentially
eligible and full text reviewed

18 Trials (21 records) excluded®
7 Without placebo or no treatment
group (9 records)
5 No available fracture data
3 Intervention group combined with
another treatment

1 Non-RCT

1 Ongoing trial (2 records)

1 Recruited non-community dwelling
participants

‘ 15 Trials (32 records) met eligibility criteria

]

‘ 40 Trials met eligibility criteria ‘

—»‘ 7 Excluded (duplicates) ‘

‘ 33 Trials included in current meta-analysis ‘

2468

2 Indicates a consensus or statement endorsed by a professional or
other society.

®Includes 1trial excluded from both the search of systematic reviews and
meta-analyses and the individual-trial search.

cation year; country of origin; participant characteristics;
doses of calcium, vitamin D, or their combination; dietary
calcium intake; baseline serum 25-hydroxyvitamin D con-
centration; and trial duration. Disagreements were resolved
by consensus. If the trials had more than 2 groups or facto-
rial designs and permitted multiple comparisons, we

JAMA December 26,2017 Volume 318, Number 24

extracted only the information and data of interest reported
in the original articles. If a meta-analysis noted that unpub-
lished data were provided by the primary authors, we
extracted those fracture data from forest plots of the meta-
analysis and reviewed original articles to confirm whether
the trials met our inclusion criteria. When those data were
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Table 1. Characteristics of the Included Trials and Participants

Women, Calcium Intake, Baseline 250HD,  Treatment

Included Trials Treatment No. (%) Mean Age, y Previous Fracture mg/d ng/mL Duration
Calcium vs Placebo or No Treatment
Inkovaaraetal,*® 1.2 g/d (n=42) 69 (82) 80.1 NA NA NA 9 mo
1983 Placebo (n = 42)
(Finland)
Hansson and 1g/d (n =25) 50 (100) 65.9 Yes NA NA 3y
Roos,*! 1987 Placebo (n = 25)
(Sweden)
Reid et al,*> 1993 1g/d (n = 68) 135 (100) 58 No vertebral 750 37.5 4y
(New Zealand) Placebo (n = 67) fracture
Recker et al,** 1.2 g/d (n = 95) 197 (100) 73.5 Partial® 434 25.5¢ 4y
1996 Placebo (n = 102)
(United States)
Riggs et al,*® 1.6g/d (n=119) 236 (100) 66.2 No 714 30.1 4y
1998 Placebo (n = 117)
(United States)
Baron et al,*” 1.2 g/d (n = 464) 258 (28) 61.0 NA 877 NA 4y
1999 Placebo (n = 466)
(United States)
Ruml et al,*® 0.8 g/d (n = 29) 63 (100) 52 No 613 NA 2y
1999 Placebo (n = 34)
(United States)
Peacock etal,*®  0.75g/d 187 (72) 73.8 Partial® 597 25.0 4y
2000 (n=126)
(United States) Placebo (n = 135)
Avenell et al,>* 1g/d(n=29) NA? (83) 78 Yes NA NA 3.8y
2004 No treatment
(United Kingdom)  (n = 35)
RECORD 1g/d(n=1311) 2241 (85) 77 Yes NA 15.2¢f 2-5y
Grant et al,>* Placebo
2005 (n=1332)
(United Kingdom)
Prince et al,® 0.48 g/d 1460 (100) 75.2 Partial® 915 31.0° 5y
2006 (n=730)
(Australia) Placebo (n = 730)
Reid et al,” 2006 1g/d (n = 732) 1471 (100) 74.3 Partial® 857 20.7 5y
(New Zealand) Placebo (n = 739)
Mitri et al,®2 0.8 g/d (n=22) 23 (50) 58.0 NA 923 24.5 4 mo
2011 Placebo (n = 24)
(United States)
Aloia et al,>* 1.2 g/d (n = 35) 66 (100) 59.3 NA 898 26.6 6 mo
2013 Placebo (n = 31)
(United States)
Vitamin D vs Placebo or No Treatment
Inkovaara et al,*° 1000 IU/d 71 (82) 79.6 NA NA NA 9 mo
1983 (n = 45)
(Finland) Placebo (n = 42)
Lipsetal,*> 1996 400 IU/d 1916 (74) 80.0 No hip fracture 868 10.6° 3-4y
(The Netherlands) (n=1291)

Placebo

(n = 1287)
Trivedi et al,>° 100000 IU every 649 (24) 74.8 NA 742 NA 5y
2003 4 mo (n = 1345)
(United Kingdom) Placebo

(n=1341)
Avenell et al,>* 800 1U/d (n = 35) NA?(83) 78° Yes NA NA 3.8y
2004 No treatment
(United Kingdom) (n = 35)
NONOF 300000 IU once 75 (100) 80.5 Yes NA 11.6 ly
Harwood etal,”®>  (n = 38)
2004 No treatment
(United Kingdom)  (n = 37)
RECORD 800 IU/d 2264 (85) 77 Yes NA 15.2¢f 2-5y
Grant et al,>* (n=1343)
2005 Placebo
(United Kingdom) (n =1332)
Smith et al,>° 300000 IU every 5086 (54) 79.1 Partial® 6259 22.6° 3y
2007 year (n = 4727)
(United Kingdom) Placebo

(n =4713)

(continued)
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Table 1. Characteristics of the Included Trials and Participants (continued)

Women, Calcium Intake, Baseline 250HD,  Treatment

Included Trials Treatment No. (%) Mean Age, y Previous Fracture mg/d ng/mL Duration
Vital D 500000 IU every 2258 (100) 76.1 Partial® 976 19.8° 3-5y
Sanders et al,®! year (n = 1131)
2010 Placebo
(Australia) (n=1127)
Mitri et al,2 2000 I1U/d 25 (53) 58.0 NA 926 25.3 4 mo
2011 (n=23)
(United States) Placebo (n = 24)
Glendenning et 150000 U every 686 (100) 76.7 NA 864 26.3¢ 9 mo
al,*3 2012 3 mo (n = 353)
(Australia) Placebo (n = 333)
TIDE 1000 Iu/d 499 (41) 66.6 Partial® NA NA 4 mo
Punthakee et al,>?> (n = 607)
2012 Placebo (n = 614)
(Canada)
Aloia et al,>3 4000 1U/d 78 (100) 59.3 NA 881 26.1 6 mo
2013 (n = 47)
(United States) Placebo (n = 31)
VitDISH 100000 IU every 77 (49) 76.8 NA 1125 18.0 ly
Witham et al,®* 3 mo (n = 80)
2013 Placebo (n = 79)
(United Kingdom)
VitaDial 25000 IU every 21 (38) 64.1 NA 881 17.8 3 mo
Massart etal,>*  week (n = 26)
2014 Placebo (n = 29)
(Belgium)
DEX 800 IU/d 204 (100) 73.9 NA 1082 26.7 2y
Uusi-Rasi etal,?® (n=102)
2015 Placebo (n = 102)
(Finland)
BEST-D 4000 1U/d 150 (49) 71.7 Partial® 710 20.1 ly
Hinetal,3” 2017 (n=102)
(United Kingdom) 2000 IU/d

(n=102)

Placebo (n = 101)
ViDA 200000 1U 2139 (42) 65.9 Partial® 8109 25.2 34y
Khaw et al,3® followed by
2017 100000 IU
(New Zealand) monthly

(n =2558)

Placebo

(n =2550)
Calcium Plus Vitamin D vs Placebo or No Treatment
Inkovaara et al,*®  Calcium (1.2 69 (78) 79.0 NA NA NA 9 mo
1983 g/d) + D5 (1000
(Finland) 1U/d) (n = 46)

Placebo (n = 42)
Dawson-Hughes  Calcium (0.5 213 (54) 71.1 NA 729 29.6° 3y
etal,*> 1997 g/d) + D5 (700
(United States) 1U/d) (n = 187)

Placebo (n = 202)
Avenell et al,* Calcium (1 NA? (83) 78° Yes NA NA 3.8y
2004 g/d) + D5 (800
(United Kingdom) IU/d) (n = 35)

No treatment

(n =35)
NONOF Calcium 112 (100) 81.7 Yes NA 11.9 ly
Harwood et al,>?>  (1g/d) + D,
2004 (300000 IU once)
(United Kingdom) (n = 36)

Calcium (1

g/d) + D5 (800

1U/d) (n = 39)

No treatment

(n=37)
Porthouse et al,®> Calcium (1 3314 (100) 76.8 Partial® 1080 NA 1.5-3.5y
2005 g/d) + D5 (800
(United Kingdom) 1U/d) (n = 1321)

No treatment

(n=1993)
RECORD Calcium (1 2232 (85) 77.5 Yes NA 15.2&f 2-5y
Grant et al,>* g/d) + D5 (800
2005 1U/d) (n = 1306)
(United Kingdom) Placebo

(n=1332)

(continued)
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Table 1. Characteristics of the Included Trials and Participants (continued)

Women, Calcium Intake, Baseline 250HD,  Treatment

Included Trials Treatment No. (%) Mean Age, y Previous Fracture mg/d ng/mL Duration
WHI Calcium (1 7972 (100) 62.4 Partial® 1151 18.9¢ 7y
Jackson et al,>® g/d) + D5 (400
2006 1U/d) (n = 4015)
(United States) Placebo

(n =3957)
Bolton-Smith et Calcium (1 123 (100) 68.6 NA 1073 23.9 2y
al,”® 2007 g/d) + D5 (400
(United Kingdom) 1U/d) (n = 62)

Placebo (n = 61)
OSTPRE-FPS Calcium 3432 (100) 67.3 Partial® 957 19.8°¢ 3y
Salovaaraetal,®® (1g/d) + D5 (800
2010 IU/d) (n = 1718)
(Finland) No treatment

(n=1714)
Mitri et al,2 Calcium (0.8 25 (53) 58.0 NA 979 233 4 mo
2011 g/d) + D5 (2000
(United States) 1U/d) (n = 23)

Placebo (n = 24)
Aloia et al,>* Calcium (1.2 77 (100) 58.0 NA 900 27.3 6 mo
2013 g/d) + D5 (4000
(United States) 1U/d) (n = 46)

Placebo (n = 31)
Liuetal,?®>2015 Calcium (1.5 98 (100) 62.1 No 1500 NA 1y
(China) g/d) + D3 (600

1U/d) (n = 50)

Placebo (n = 48)
Xueetal,®®2017 Calcium (0.6 312 (100) 63.6 Partial® NA 30.8 1y

(China) g/d) + D3 (800
1U/d) (n = 139)

Placebo (n = 173)

Abbreviation: 250HD, 25-hydroxyvitamin D.

2 Women accounted for 83% of total participants in this trial, but detailed data
not available for each group.

®Mean age is 78 y for total participants in this trial, but detailed data not
available for each group.

< This trial reported partial participants with fracture history.

dPartial participants were assessed for dietary calcium intake.
© Partial participants received measurement of baseline 250HD concentrations.

f The RECORD trial reported that the mean baseline 250HD concentrations for
asample of 60 participants was 15.2 ng/mL, but detailed data were not
available for each group.

our outcomes of interest, we pooled them with the data
from primary trials.

The number of participants with hip fracture was the pri-
mary outcome because hip fracture can lead to more serious
consequences than other fractures for older people. The sec-
ondary outcomes were the number of participants with non-
vertebral fracture, vertebral fracture, and total fractures. Frac-
tures were defined as total fractures when they occurred at all
sites or when trials did not describe the sites of fractures in de-
tail. If a trial only reported the number of participants with frac-
tures at a single site, such as hip fracture, we did not consider
it to be a total fracture.

Statistical Analysis

The association of calcium, vitamin D, and combined cal-
cium and vitamin D supplements with fracture incidence was
assessed, and each type of supplement was separately com-
pared with a placebo or no treatment group. We performed
meta-analysis to calculate risk ratios (RRs), absolute risk dif-
ferences (ARDs), and 95% CIs using the Mantel-Haenszel sta-
tistical method. If zero events were reported for one group in
acomparison, a value of 0.5 was added to both groups for each
such study. Based on the practice recommendation of the
Cochrane Handbook,® trials with zero events in both the in-
tervention and the control groups were not included in the
meta-analysis when RRs were calculated.

jama.com

Arandom-effects model was used to pool the data, and sta-
tistical heterogeneity between summary data was evaluated
using the I statistic. Sensitivity analysis was performed by ex-
cluding low-quality studies, trials recruiting participants with
particular conditions, or trials with characteristics different
from the others.

When an inconsistency was detected between the RR and
ARD for the same outcome, we explained the results based on
the RR because the RR model is more consistent than ARD, par-
ticularly for an intervention aimed at preventing an undesir-
able event.®®

To evaluate whether the association between calcium,
vitamin D, or combined calcium and vitamin D supplements
and fractures was modified by clinical characteristics, we
specified subgroups based on dose and frequency of calcium
supplementation (=1 or <1 g/d), vitamin D supplementation
(=800 IU/d; <800 IU/d; intermittent high-dose given as once
every year; intermittent high-dose given as other frequen-
cies, including once every 3 or 4 months and once every 1 week
or month), or combined calcium and vitamin D supplemen-
tation; sex (women-only trials or trials that include both men
and women); fracture history (participants with a history of
fractures or other conditions, including participants with frac-
ture history in trials in which not all participants had a his-
tory of fracture before the start of the trial, no previous frac-
ture history, and missing fracture data); dietary calcium intake
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Figure 2. Meta-analysis Results of Calcium Supplementation for the Incidence of Hip, Nonvertebral, Vertebral, and Total Fractures

Placebo or
Calcium No Treatment
No. With Total No. With  Total Risk Ratio Favors : Favors Placebo

Study or Subgroup Fracture No. Fracture  No. (95% ClI) Calcium : or No Treatment Weight, %

Hip fracture
Reid et al,2 1993 0 68 2 67 0.20(0.01-4.03) 2.2
Baron et al,#7 1999 1 464 0 466 3.01(0.12-73.77) 2.0
Avenell et al,51 2004 1 29 1 35 1.21 (0.08-18.46) _ 2.7
RECORD,54 2005 49 1311 41 1332 1.21(0.81-1.83) - 57.7
Prince et al,%6 2006 11 730 6 730 1.83 (0.68-4.93) - 17.7
Reid et al,7 2006 17 732 5 739 3.43(1.27-9.26) e 17.6
Total 79 3334 55 3369 1.53(0.97-2.42) g 100.0
Heterogeneity: 12=0.05; x2=5.74 (P=.33); 12=13%
Test for overall effect: z=1.84 (P=.07)

Nonvertebral fracture
Reid et al,2 1993 2 68 6 67 0.33(0.07-1.57) _ 0.9
Riggs et al,6 1998 11 119 12 117 0.90 (0.41-1.96) — 3.6
Peacock et al,4% 2000 11 126 10 135 1.18 (0.52-2.68) —— 3.2
Avenell et al,>1 2004 4 29 3 35 1.61(0.39-6.62) B E—— 1.1
RECORD,3# 2005 163 1311 178 1332 0.93(0.76-1.13) = 55.3
Reid et al,57 2006 107 732 109 739 0.99(0.77-1.27) - 35.9
Total 298 2385 318 2425 0.95(0.82-1.11) 100.0
Heterogeneity: 12=0.00; x£=2.74 (P=.74); 12=0%
Test for overall effect: z=0.62 (P=.54)

Vertebral fracture
Hansson and Roos,*! 1987 1 25 1 25 1.00(0.07-15.12) _ 0.7
Reid et al,*2 1993 0 68 1 67 0.33(0.01-7.92) 0.5
Recker et al,** 1996 27 95 34 102 0.85(0.56-1.30) . 31.0
Riggs et al,46 1998 8 119 9 117 0.87 (0.35-2.19) R — 6.5
Peacock et al,#9 2000 7 126 13 135 0.58 (0.24-1.40) e 7.0
Avenell et al,51 2004 0 29 1 35 0.40 (0.02-9.46) 0.5
RECORD,54 2005 3 1311 1 1332 3.05(0.32-29.26) — 1.1
Prince et al,%6 2006 38 730 39 730 0.97 (0.63-1.51) - 29.0
Reid et al,7 2006 27 732 38 739 0.72 (0.44-1.16) ~m 23.6
Total 111 3235 137 3282 0.83(0.66-1.05) 100.0
Heterogeneity: 12=0.00; x3=3.37 (P=.91); ?=0%
Test for overall effect: z=1.52 (P=.13)

Total fracture
Inkovaara et al,%0 1983 1 42 3 42 0.33(0.04-3.08) — 0.5
Reid et al,2 1993 2 68 7 67 0.28 (0.06-1.31) E— 1.1
Baron et al,47 1999 4 464 14 466 0.29(0.10-0.87) E— 2.0
Avenell et al,>1 2004 4 29 4 35 1.21(0.33-4.41) _— 1.5
RECORD, #2005 166 1311 179 1332 0.94(0.77-1.15) - 34.5
Prince et al,%6 2006 110 730 126 730 0.87 (0.69-1.10) - 28.3
Reid et al,7 2006 134 732 147 739 0.92(0.75-1.14) - 32.1
Total 421 3376 480 3411 0.88(0.75-1.03) ¢ 100.0
Heterogeneity: 12=0.01; x3=7.63 (P=.27); 12=21%
Test for overall effect: z=1.56 (P=.12) LA ALY SR R

0.01 0.1 1.0 10 100

Risk Ratio (95% CI)

Size of data markers is proportional to the weight of each trial. Risk ratios and
95% Cls were calculated using the Mantel-Haenszel method, with a
random-effects model used to pool data. Error bars indicate 95% Cls. Risk ratio

data are rounded to 2 decimal places; error bars reflect unrounded values. Trials
with zero events in both the intervention and control groups are not included in
the meta-analysis.

(2900 or <900 mg/d); and baseline serum 25-hydroxyvita-
min D concentration (=20 or <20 ng/mL). Analysis was per-
formed to assess whether the difference between the sub-
groups was statistically significant. We assessed publication
bias by examining funnel plots when the number of trials re-
porting the primary outcomes was 10 or more.®

All meta-analyses were performed using Revman version
5.3 (Cochrane Collaboration). All tests were 2-tailed, and P < .05
was considered statistically significant.

JAMA December 26,2017 Volume 318, Number 24

. |
Results

Studies Retrieved and Characteristics

From the searches for systematic reviews or meta-analyses,
884 potentially eligible records were identified. Titles and
abstracts of these records were screened for inclusion. Full
texts of 87 records were read, and 21 met the inclusion crite-
ria (Figure 1). Four systematic reviews or meta-analyses
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Table 2. Subgroup Analysis of Association Between Calcium Supplementation and Fracture Incidence for Each Variable

No. of Participants

Variable No. of Trials With Fracture Total Fracture, RR (95% Cl) P Value®
Hip Fracture (Primary Outcome)

Calcium dose, g/d

21 5 117 5243 1.55 (0.79-3.05)

<1 1 17 1460 1.83 (0.68-4.93) 79
Sex

Women-only trials 3 41 3066 1.97 (0.74-5.28)

Trials with men and women 3 93 3637 1.23 (0.83-1.84) 39
Previous fractures

Yes 2 92 2707 1.21 (0.81-1.82)

Other® 4 42 3996 2.17 (1.02-4.62) 18
Calcium intake, mg/d

2900 1 17 1460 1.83 (0.68-4.93)

<900 3 25 2536 1.86 (0.38-9.14) 99
Baseline 250HD, ng/mL

220 3 41 3066 1.97 (0.74-5.28)

<20 1 90 2643 1.21 (0.81-1.83) 37
Nonvertebral Fracture
Calcium dose, g/d

21 5 595 4549 0.95 (0.82-1.10)

<1 1 21 261 1.18 (0.52-2.68) o
Sex

Women-only trials 3 247 1842 0.96 (0.76-1.21)

Trials with men and women 3 369 2968 0.95 (0.79-1.15) 96
Previous fractures

Yes 2 348 2707 0.94 (0.77-1.14)

Other® 4 268 2103 0.97 (0.78-1.22) 82
Calcium intake, mg/d

2900 0 0 0 Not estimable

<900 4 268 2103 0.97 (0.78-1.22) NA
Baseline 250HD, ng/mL

220 4 268 2103 0.97 (0.78-1.22)

<20 1 341 2643 0.93 (0.76-1.13) 76
Vertebral Fracture
Calcium dose, g/d

21 7 151 4796 0.81 (0.60-1.08)

<1 2 97 1721 0.87 (0.57-1.33) 78
Sex

Women-only trials 6 223 3549 0.85 (0.66-1.08)

Trials with men and women 3 25 2968 0.69 (0.31-1.54) 64
Previous fractures

Yes 3 7 2757 1.34 (0.29-6.15)

Other® 6 241 3760 0.82 (0.65-1.05) 54
Calcium intake, mg/d

2900 1 77 1460 0.97 (0.63-1.51)

<900 5 164 2300 0.77 (0.58-1.02) 37
Baseline 250HD, ng/mL

220 6 241 3760 0.82 (0.65-1.05)

<20 1 4 2643 3.05 (0.32-29.26) 26

(continued)
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Table 2. Subgroup Analysis of Association Between Calcium Supplementation and Fracture Incidence for Each Variable (continued)

No. of Participants

Variable No. of Trials With Fracture Total Fracture, RR (95% Cl) P Value?®
Total Fractures
Calcium dose, g/d

21 6 665 5327 0.85 (0.67-1.09)

<1 1 236 1460 0.87 (0.69-1.10) 0
Sex

Women-only trials 3 526 3066 0.88 (0.74-1.06)

Trials with men and women 4 375 3721 0.71 (0.37-1.35) 51
Previous fractures

Yes 2 353 2707 0.95 (0.78-1.15)

Other® 5 548 4080 0.79 (0.60-1.06) 31
Calcium intake, mg/d

2900 1 236 1460 0.87 (0.69-1.10)

<900 3 308 2536 0.50 (0.20-1.30) 27
Baseline 250HD, ng/mL

220 3 526 3066 0.88 (0.74-1.06)

<20 1 345 2643 0.94 (0.77-1.15) o4

Abbreviations: RR, relative risk; 250HD, 25-hydroxyvitamin D.
2 Pvalue for heterogeneity between subgroups.

®Includes previous no fracture, partial fracture, and missing fracture data.

evaluated calcium supplementation with or without vita-
min D for fracture prevention in older people.®? Seventeen
systematic reviews or meta-analyses evaluated vitamin D
with or without calcium for fracture incidence.>>! Twenty-
five RCTs met the inclusion criteria from 21 included system-
atic reviews or meta-analyses. eTables 2 and 3 in the
Supplement summarize the RCTs included in the systematic
reviews or meta-analyses.

The searches for recently published RCTs yielded 1441 rec-
ords, and 53 full texts of these records were reviewed. Of these,
15 trials met inclusion criteria. After excluding duplicate trials,
33 RCTs?**®** involving 51145 participants were ultimately in-
cluded in this meta-analysis (Figure 1). Hansson et al*! did not
report the residential status of participants, although a previ-
ous meta-analysis classified this status as community.!? The
trial by Hansson et al*! was included, but a sensitivity analy-
sis was performed that excluded that trial. Table 1reports the
characteristics of the included RCTs. We excluded 38 trials for
the reasons listed in eTable 4 in the Supplement.

eFigures 1and 2 in the Supplement show the assessment
of therisk of bias. All studies were randomized; 25 were double-
blind, placebo-controlled trials; 19 trials described an ad-
equate random sequence generation process; and 13 trials de-
scribed the methods used for allocation concealment. One
trial*® was low quality, 6 were high quality,>4->6->8:61.63.64 and
the others were moderate quality. Inkovaara et al*® did not re-
port whether the data represent the number of fractures or par-
ticipants with fracture (3 fractures in the placebo group, 1 frac-
ture in the calcium group, 1 fracture in the vitamin D group,
and no fracture in the combined calcium and vitamin D group).
The data were included, but a sensitivity analysis was per-
formed that excluded that trial. We obtained unpublished data

JAMA December 26,2017 Volume 318, Number 24

for 6 trials®!:52:58:61:63.64 from a Cochrane review.?® Two in-
cluded trials enrolled 222 participants,3**® accounting for 0.4%
of total participants, and reported that no fracture events oc-
curred in their intervention and control groups during the
follow-up period. Publication bias was not reported because
the number of trials reporting hip fracture (primary out-
come) was less than 10 for each comparison.

Calcium was administered as calcium carbonate in 14

trialg33-35-40,44.47.51-56,58,60.62; cq]cium citrate in 3 trials*®-48->7;

calcium citrate malate in 2 trials*>>*°; a combination of bicar-
bonate, lactate, and gluconate in 1 trial*!; in combination with
lactate, gluconate, and carbonate in 1 trial*?; and in unclear
form in 1 trial.>® Vitamin D was administered as vitamin D5 in

23 trials and vitamin D, in 2 trials®%°° (Table 1).

Calcium Supplementation and Fracture Risk

Fourteen trials compared calcium supplements with a pla-
cebo or no treatment. As shown in Figure 2, there was no sig-
nificant association of calcium supplementation with hip frac-
ture (RR, 1.53[95% CI, 0.97 to 2.42]; ARD, 0.01 [95% CI, 0.00
to 0.01]). There was no statistically significant association of
calcium supplementation with nonvertebral fractures (RR, 0.95
[95% CI, 0.82to1.11]; ARD, -0.01[95% CI, -0.02 to 0.01]), ver-
tebral fractures (RR, 0.83 [95% CI, 0.66 to 1.05]; ARD, -0.01
[95% CI, -0.03 to 0.01]), or total fractures (RR, 0.88 [95% CI,
0.75t01.03]; ARD, -0.02 [95% CI, -0.03 to -0.01]) compared
with placebo or no treatment. Baron et al*” recruited only par-
ticipants with a recent history of colorectal adenomas. A sen-
sitivity analysis in which the trias by Baron et al,*” Inkovaara
et al,*° and Hansson and Roos*! were excluded showed that
theresults did not change (eTable 5 in the Supplement). There
was no significant association of calcium with fracture risk in
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Figure 3. Meta-analysis Results of Vitamin D Supplementation for the Incidence of Hip, Nonvertebral, Vertebral, and Total Fractures

Placebo or
Vitamin D No Treatment
No. With  Total No. With  Total Risk Ratio Favors : Favors Placebo

Study or Subgroup Fracture No. Fracture No. (95% ClI) Vitamin D | or No Treatment Weight, %

Hip fracture
Lips et al,3 1996 58 1291 48 1287  1.20(0.83-1.75) - 27.9
Trivedi et al,50 2003 21 1345 24 1341 0.87 (0.49-1.56) —e— 11.6
NoNOF,52 2004 0 38 1 37  0.32(0.01-7.73) 0.4
Avenell et al,5! 2004 0 35 1 35 0.33(0.01-7.91) 0.4
RECORD,54 2005 47 1343 41 1332 1.14(0.75-1.72) = 23.1
Smith et al,>% 2007 66 4727 44 4713 1.50(1.02-2.19) - 27.2
Vital D,61 2010 19 1131 15 1127 1.26 (0.64-2.47) —— 8.7
Glendenning et al,®3 2012 0 353 1 333 0.31(0.01-7.69) 0.4
DEX,36 2015 2 102 0 102 5.00(0.24-102.87) 0.4
Total 213 10365 175 10307  1.21(0.99-1.47) 100.0
Heterogeneity: 12=0.00; x3=5.35 (P=.72); I2=0%
Test for overall effect: z=1.87 (P=.06)

Nonvertebral fracture
Avenell et al,1 2004 3 35 3 35 1.00(0.22-4.62) —_— 0.4
RECORD,>4 2005 184 1343 178 1332 1.03(0.85-1.24) - 25.7
Smith et al,> 2007 306 4727 279 4713 1.09(0.93-1.28) = 38.2
Vital D,%1 2010 124 1131 101 1127 1.22(0.95-1.57) - 15.2
Mitiri et al,62 2011 1 23 0 24 3.13(0.13-73.01) 0.1
Glendenning et al,®3 2012 10 353 10 333 0.94 (0.40-2.24) —_— 13
VitDISH,®4 2013 2 80 3 79 0.66(0.11-3.83) —_— 0.3
ViDA,38 2017 156 2558 136 2550 1.14(0.91-1.43) ol 18.9
Total 786 10250 710 10193 1.10(1.00-1.21) 100.0
Heterogeneity: 12=0.00; x3=2.22 (P=.95); I2=0%
Test for overall effect: z=1.93 (P=.05)

Vertebral fracture
Trivedi et al,%0 2003 18 1345 28 1341 0.64 (0.36-1.15) —— 42.0
Avenell et al,51 2004 0 35 1 35 0.33(0.01-7.91) 3.4
RECORD,54 2005 4 1343 1 1332 3.97 (0.44-35.45) —_— 6.7
Vital D,61 2010 35 1131 28 1127 1.25(0.76-2.03) - 47.9
Total 57 3854 58 3835  0.97(0.54-1.77) o 100.0
Heterogeneity: 12=0.13; x3=4.94 (P=.18); I?=39%
Test for overall effect: z=0.09 (P=.93)

Total fracture
Inkovaara et al,40 1983 1 45 3 42 0.31(0.03-2.88) — 0.4
Lips et al,43 1996 135 1291 122 1287 1.10(0.87-1.39) - 21.3
Trivedi et al,50 2003 119 1345 149 1341 0.80 (0.63-1.00) - 21.7
NoNOF,52 2004 0 38 5 37 0.09(0.01-1.55) —_———— 0.3
Avenell et al,>1 2004 3 35 4 35 0.75(0.18-3.11) —_— 1.0
RECORD,54 2005 188 1343 179 1332 1.04 (0.86-1.26) - 25.9
Vital D,61 2010 155 1131 125 1127 1.24(0.99-1.54) - 22.5
Mitri et al,62 2001 1 23 0 24 3.13(0.13-73.01) 0.2
Glendenning et al,53 2012 10 353 10 333 0.94(0.40-2.24) — 2.7
TIDE,32 2012 3 607 3 614  1.01(0.20-4.99) _ 0.8
VitDISH,64 2013 2 80 3 79 0.66 (0.11-3.83) —_— 0.7
VitaDial,34 2014 0 26 5 29 0.10(0.01-1.74) —_— 0.3
DEX,36 2015 6 102 6 102 1.00(0.33-3.00) —_— 1.7
BEST-D,37 2017 6 204 1 101 2.97 (0.36-24.34) R s 0.5
Total 629 6623 615 6483 1.01(0.87-1.17) 100.0

Heterogeneity: 12=0.01; X,3=16.27 (P=.23); 12=20%
Test for overall effect: z=0.17 (P=.87)

0.01 0.1 1.0 10 100
Risk Ratio (95% ClI)

Size of data markers is proportional to the weight of each trial. Risk ratios and
95% Cls were calculated using the Mantel-Haenszel method, with a
random-effects model used to pool data. Error bars indicate 95% Cls. Risk ratio

data are rounded to 2 decimal places; error bars reflect unrounded values. Trials
with zero events in both the intervention and control groups are not included in
the meta-analysis.

subgroups for hip, nonvertebral, vertebral, and total frac-
tures based on calcium dose, sex, fracture history, dietary cal-
cium intake, or baseline serum 25-hydroxyvitamin D concen-
tration (Table 2).

jama.com

Vitamin D Supplementation and Fracture Risk

Seventeen trials compared vitamin D supplementation with
aplacebo or no treatment. Figure 3 shows the result of the tra-
ditional meta-analysis comparing vitamin D with a placebo or
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Table 3. Subgroup Analysis of Association Between Vitamin D Supplementation and Fracture Incidence for Each Variable

No. of Participants

Variable No. of Trials With Fracture Total Fracture, RR (95% Cl) P Value?
Hip Fracture (Primary Outcome)
Vitamin D dose and frequency

2800 IU/d 3 91 2949 1.14 (0.76-1.72)

<800 IU/d 1 106 2578 1.20 (0.83-1.75)

Intermittent high-dose 3 145 11773 1.41 (1.02-1.96) 48

(given as once every year)

Intermittent high-dose 2 46 3372 0.84 (0.48-1.50)

(given as other frequencies®)
Sex

Women-only trials 4 38 3223 1.20 (0.64-2.26)

Trials with men and women 5 350 17449 1.21 (0.98-1.49) 99
Previous fractures

Yes 3 90 2820 1.09 (0.73-1.64)

Other® 5 296 17648 1.24 (0.99-1.55) 60
Calcium intake, mg/d

2900 2 36 2462 1.35 (0.70-2.59)

<900 4 262 15390 1.23 (0.96-1.58) 80
Baseline 250HD, ng/mL

220 3 113 10330 1.49 (1.03-2.17)

<20 4 229 7586 1.18 (0.91-1.52) 30
Nonvertebral Fracture
Vitamin D dose and frequency

2800 IU/d 3 369 2792 1.03 (0.85-1.24)

<800 Iu/d 0 0 0 Not estimable

Intermittent high-dose 2 810 11698 1.13 (0.99-1.29) 72

(given as once every year)

Intermittent high-dose 3 317 5953 1.12 (0.90-1.39)

(given as other frequencies®)
Sex

Women-only trials 2 245 2944 1.20 (0.94-1.52)

Trials with men and women 6 1251 17499 1.08 (0.97-1.20) A4
Previous fractures

Yes 2 368 2745 1.02 (0.85-1.24)

Other® 6 1128 17698 1.13 (1.01-1.26) 39
Calcium intake, mg/d

2900 3 231 2464 1.22 (0.95-1.55)

<900 3 897 15234 1.11 (0.97-1.26) =0
Baseline 250HD, ng/mL

220 4 898 15281 1.11 (0.98-1.26)

<20 3 592 5092 1.09 (0.94-1.27) 88
Vertebral Fracture
Vitamin D dose and frequency

2800 IU/d 2 2745 1.51 (0.14-16.14)

<800 Iu/d 0 0 Not estimable

Intermittent high-dose 1 63 2258 1.25 (0.76-2.03) 22

(given as once every year)

Intermittent high-dose 1 46 2686 0.64 (0.36-1.15)

(given as other frequencies®)
Sex

Women-only trials 1 63 2258 1.25 (0.76-2.03)

Trials with men and women 3 52 5431 0.85 (0.29-2.47) 52
Previous fractures

Yes 2 6 2745 1.51 (0.14-16.14)

Other® 2 109 4944 0.91 (0.48-1.75) 69

(continued)
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Table 3. Subgroup Analysis of Association Between Vitamin D Supplementation and Fracture Incidence for Each Variable (continued)

No. of Participants

Variable No. of Trials With Fracture Total Fracture, RR (95% Cl) P Value®
Calcium intake, mg/d

2900 1 63 2258 1.25 (0.76-2.03)

<900 1 46 2686 0.64 (0.36-1.15) 09
Baseline 250HD, ng/mL

220 0 0 0 Not estimable

<20 2 68 4933 1.34 (0.78-2.30) NA
Total Fractures
Vitamin D dose and frequency

2800 1U/d 7 404 4609 1.04 (0.86-1.25)

<800 IU/d 1 257 2578 1.10 (0.87-1.39)

Intermittent high-dose 2 285 2333 0.49 (0.04-5.88) 15

(given as once every year)

Intermittent high-dose 4 298 3586 0.79 (0.64-0.99)

(given as other frequencies®)
Sex

Women-only trials 4 317 3223 1.10 (0.75-1.62)

Trials with men and women 10 927 9883 0.97 (0.84-1.12) 23
Previous fractures

Yes 3 379 2820 0.81 (0.36-1.81)

Other® 9 848 10027 1.02 (0.85-1.23) 58
Calcium intake, mg/d

2900 4 298 2668 1.22 (0.98-1.51)

<900 5 557 6310 0.94 (0.69-1.27) 16
Baseline 250HD, ng/mL

220 4 40 1242 1.12 (0.59-2.11)

<20 6 919 7800 1.09 (0.91-1.31) 94

Abbreviations: RR, relative risk; 250HD, 25-hydroxyvitamin D.
@ P value for heterogeneity between subgroups.

b Qther frequencies include once every 3 or 4 months-and once every 1week
or month.

€ Includes previous no fracture, partial fracture, and missing fracture data.

no treatment. There was no significant association of vitamin
D with hip fracture (RR, 1.21[95% CI, 0.99 to 1.47]; ARD, 0.00
[95% CI, -0.00 to 0.01]) or nonvertebral fractures (RR, 1.10
[95% CI,1.00 to1.21]; ARD, 0.01[95% CI, -0.00 to 0.01]), com-
pared with placebo or no treatment. There was no significant
association of vitamin D with risk for vertebral fractures (RR,
0.97[95%CI, 0.54 t01.77]; ARD, 0.00 [95% CI, -0.00 to 0.01]),
or total fractures (RR, 1.01[95% CI, 0.87t01.17]; ARD, 0.00 [95%
CI, -0.01to 0.01]).

Mitri et al®? included only participants who had a high risk
of diabetes; the TIDE trial*2 included only people with type 2
diabetes and glycated hemoglobin concentration of 6.5% to
9.5% who were at risk of cardiovascular disease; the VitDISH
trial®* enrolled only participants with isolated systolic hyper-
tension; and the VitaDial trial** included only people receiv-
ing hemodialysis (chronic kidney disease stage 5) with serum
25-hydroxyvitamin D levels less than 30 ng/mL. A sensitivity
analysis was performed that separately excluded the TIDE
trial,3? VitDISH trial,®* and VitaDial trial,>* as well as the trials
by Mitri et al®? and Inkovaara et al,*° and the results re-
mained unchanged (eTable 5 in the Supplement).

Table 3 summarizes results of subgroup analyses for vita-
min D and the incidence of fracture. Vitamin D supplementa-

jama.com

tion was associated with a significantly higher incidence of hip
fracture in participants with baseline serum 25-hydroxyvita-
min D concentrations of 20 ng/mL or greater (RR, 1.49
[95% CI, 1.03 to 2.17]; ARD, 0.00 [95% CI, —-0.00 to 0.01]),
but interaction term compared with people with serum
25-hydroxyvitamin D concentrations less than 20 ng/mL was
not statistically significant. Intermittent high-dose vitamin D
given once yearly was associated with a higher incidence of
hip fracture (RR, 1.41 [95% CI, 1.02 to 1.96]; ARD, 0.00 [95%
CI, 0.00 to 0.01]) (Table 3).

Combination Calcium and Vitamin D Supplementation

and Fracture Risk

Thirteen trials compared results for participants receiving
combination calcium and vitamin D supplementation vs pla-
cebo or no treatment. In the Women’s Health Initiative (WHI)
trial,>® 36 282 women were randomized into 1 of 4 groups:
(1) calcium combined with vitamin D; (2) combined supple-
mentation with calcium, vitamin D, and hormone therapy;
(3) hormone therapy alone; or (4) placebo alone. In this meta-
analysis, only the data of the participants who did not receive
hormone therapy were pooled.®® Figure 4 shows results of
the meta-analysis. There was no significant association of
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Figure 4. Meta-analysis Results of Combined Calcium and Vitamin D Supplementation for the Incidence of Hip, Nonvertebral, Vertebral,

and Total Fractures

Placebo or
No Treatment

No. With  Total
Fracture  No.

Vitamin D Plus
Calcium

No. With  Total
Fracture No.

Study or Subgroup

Hip fracture

Dawson-Hughes et al,45 1997 0 187 1 202
Avenell et al,>1 2004 1 35 1 35
NoNOF,52 2004 1 75 1 37
Porthouse et al,53 2005 8 1321 17 1993
RECORD,54 2005 46 1306 41 1332
WHI,55 2006 70 4015 61 3957
OSTPRE-FPS,60 2010 4 1718 2 1714
Total 130 8657 124 9270

Heterogeneity: 12=0.00; x=2.38 (P=.88); 12=0%
Test for overall effect: z=0.68 (P=.50)
Nonvertebral fracture

Dawson-Hughes et al, 4> 1997 11 187 26 202
Avenell et al,>1 2004 2 35 3 35
NoNOF,52 2004 6 75 5 37
RECORD,%4 2005 165 1306 178 1332
Bolton-Smith et al,>8 2007 2 62 2 61
OSTPRE-FPS,%02010 71 1718 82 1714
Total 257 3383 296 3381

Heterogeneity: 12=0.00; x2=4.72 (P=.45); I?=0%
Test for overall effect: z=1.63 (P=.10)
Vertebral fracture

Avenell et al,51 2004 0 35 1 35
RECORD, 542005 0 1306 1 1332
OSTPRE-FPS,50 2010 9 1718 13 1714
Total 9 3059 15 3081

Heterogeneity: 12=0.00; x3=0.34 (P=.84); 12=0%
Test for overall effect: z=1.14 (P=.26)

Total fracture
Inkovaara et al,4? 1983 0 46 3 42
Avenell et al,51 2004 2 35 4 35
NoNOF,52 2004 6 75 5 37
RECORD,>4 2005 165 1306 179 1332
Porthouse et al,53 2005 58 1321 91 1993
OSTPRE-FPS,50 2010 78 1718 94 1714
Liu et al,3> 2015 1 50 2 48
Xue et al,39 2017 3 139 2 173
Total 313 4690 380 5374

Heterogeneity: 12=0.00; x3=4.28 (P=.75); 12=0%
Test for overall effect: z=1.41 (P=.16)

Risk Ratio Favors Vitamin D | Favors Placebo

(95% Cl) Plus Calcium : or No Treatment Weight, %
0.36 (0.01-8.78) 0.6
1.00(0.07-15.36) _— 0.8
0.49 (0.03-7.67) _— 0.8
0.71(0.31-1.64) e 8.6
1.14(0.76-1.73) - 35.2
1.13(0.80-1.59) R = 52.0
2.00(0.37-10.88) —_— 2.1
1.09 (0.85-1.39) 100.0
0.46 (0.23-0.90) — 5.5
0.67 (0.12-3.75) — 0.8
0.59(0.19-1.81) e — 2.0
0.95 (0.78-1.15) = 64.7
0.98 (0.14-6.76) —_— 0.7
0.86 (0.63-1.18) - 26.2
0.88(0.75-1.03) 100.0
0.33(0.01-7.91) 6.3
0.34(0.01-8.34) 6.1
0.69 (0.30-1.61) - 87.6
0.63 (0.29-1.40) = 100.0
0.13(0.01-2.46) — 0.2
0.50 (0.10-2.56) — 0.8
0.59(0.19-1.81) —_— 1.6
0.94(0.77-1.15) | ] 52.6
0.96 (0.70-1.33) - 19.8
0.83(0.62-1.11) i 23.9
0.48 (0.04-5.12) — 0.4
1.87(0.32-11.02) — 0.7
0.90 (0.78-1.04) 100.0

IR B AL AL
0.01 0.1 1.0 10 100

Risk Ratio (95% Cl)

Size of data markers is proportional to the weight of each trial. Risk ratios and
95% Cls were calculated using the Mantel-Haenszel method, with a
random-effects model used to pool data. Error bars indicate 95% Cls. Risk ratio

data are rounded to 2 decimal places; error bars reflect unrounded values. Trials
with zero events in both the intervention and control groups are not included in
the meta-analysis.

combined calcium and vitamin D with hip fracture (RR, 1.09
[95% CI, 0.85 to 1.39]; ARD, 0.00 [95% CI, -0.00 to 0.00]),
nonvertebral fracture (RR, 0.88 [95% CI, 0.75 to 1.03]; ARD,
-0.01 [95% CI, -0.02 to 0.00]), vertebral fracture (RR, 0.63
[95% CI, 0.29 to 1.40]; ARD, -0.00 [95% CI, -0.00 to 0.00]),
or total fractures (RR, 0.90 [95% CI, 0.78 to 1.04]; ARD, -0.01
[95% CI, -0.01 to 0.00]). The results of sensitivity analysis
were not altered after excluding the trial by Inkovaara et al*°
(eTable 5 in the Supplement).

The subgroup analysis did not show any significant dif-
ferences within subgroups based on the dose of calcium or vi-
tamin D, sex, fracture history, dietary calcium intake, and base-
line serum 25-hydroxyvitamin D concentration (Table 4).

JAMA December 26,2017 Volume 318, Number 24

.|
Discussion

Results of this meta-analysis showed that calcium, calcium plus
vitamin D, and vitamin D supplementation alone were not sig-
nificantly associated with a lower incidence of hip, nonverte-
bral, vertebral, or total fractures in community-dwelling older
adults. Sensitivity analyses that excluded low-quality trials and
studies that exclusively enrolled patients with particular medi-
cal conditions did not alter these results. Furthermore, these
results were generally consistent regardless of the dose of cal-
cium or vitamin D, sex, fracture history, calcium intake, and
baseline serum 25-hydroxyvitamin D concentration.
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Table 4. Subgroup Analysis of Association Between Combined Calcium and Vitamin D Supplementation and Fracture Incidence for Each Variable

No. of Participants

Variable No. of Trials With Fracture Total Fracture, RR (95% CI) P Value®
Hip Fracture (Primary Outcome)
Calcium and vitamin D dose and frequency

>1 g/d and 2800 IU/d® 5 122 9566 1.06 (0.74-1.51)

Other® 2 132 8361 1.12 (0.80-1.57) 83
Sex

Women-only trials 4 164 14830 1.07 (0.79-1.46)

Trials with men and women 3 90 3097 1.12 (0.75-1.68) 86
Previous fractures

Yes 3 91 2820 1.12 (0.75-1.68)

Other® 4 163 15107 1.07 (0.79-1.46) 86
Calcium intake, mg/d

2900 3 162 14718 1.08 (0.79-1.47)

<900 1 1 389 0.36 (0.01-8.78) =0
Baseline 250HD, ng/mL

220 1 389 0.36 (0.01-8.78)

<20 4 226 14154 1.14 (0.88-1.48) 48
Nonvertebral Fracture
Calcium and vitamin D dose and frequency

>1 g/d and 2800 IU/d® 4 512 6252 0.91 (0.77-1.07)

Other® 2 41 512 0.50 (0.26-0.94) 07
Sex

Women-only trials 3 168 3667 0.84 (0.63-1.13)

Trials with men and women 3 385 3097 0.72 (0.42-1.26) 63
Previous fractures

Yes 3 359 2820 0.93 (0.77-1.13)

Other? 3 194 3944 0.72 (0.46-1.13) 30
Calcium intake, mg/d

2900 2 157 3555 0.87 (0.64-1.18)

<900 1 37 389 0.46 (0.23-0.90) 09
Baseline 250HD, ng/mL

220 2 41 512 0.50 (0.26-0.94)

<20 3 507 6182 0.91 (0.77-1.08) 07
Vertebral Fracture
Calcium and vitamin D dose and frequency

>1 g/d and 2800 1U/d® 3 24 6140 0.63 (0.29-1.40)

Other® 0 0 0 Not estimable NA
Sex

Women-only trials 1 22 3432 0.69 (0.30-1.61)

Trials with men and women 2 2 2708 0.34 (0.04-3.20) 26
Previous fractures

Yes 2 2 2708 0.34 (0.04-3.20)

Otherd 1 22 3432 0.69 (0.30-1.61) =6
Calcium intake, mg/d

2900 1 22 3432 0.69 (0.30-1.61)

<900 0 0 0 Not estimable NA
Baseline 250HD, ng/mL

220 0 0 0 Not estimable

<20 2 23 6070 0.66 (0.29-1.50) NA
Total Fractures
Calcium and vitamin D dose and frequency

>1 g/d and 2800 IU/d® 6 685 9654 0.90 (0.78-1.04)

Other® 2 8 410 1.15 (0.28-4.74) 74

(continued)
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Table 4. Subgroup Analysis of Association Between Combined Calcium and Vitamin D Supplementation and Fracture Incidence for Each Variable

(continued)

No. of Participants

Variable No. of Trials With Fracture Total Fracture, RR (95% Cl) P Value?®
Sex

Women-only trials 5 340 7268 0.88 (0.71-1.08)

Trials with men and women 3 353 2796 0.83 (0.48-1.42) 84
Previous fractures

Yes 3 361 2820 0.92 (0.76-1.11)

Other 5 332 7244 0.88 (0.71-1.09) 78
Calcium intake, mg/d

2900 3 324 6844 0.88 (0.71-1.09)

<900 0 0 0 Not estimable NA
Baseline 250HD, ng/mL

220 1 5 312 1.87 (0.32-11.02)

<20 3 527 6182 0.90 (0.76-1.05) 42

Abbreviations: RR, relative risk; 250HD, 25-hydroxyvitamin D.
2 Pvalue for heterogeneity between subgroups.

b Calcium dose 1g/d or greater and vitamin D dose 800 1U/d or greater.

€ Includes calcium dose less than 1g/d and/or vitamin D dose less than
800 IU/d.

9Includes previous no fracture, partial fracture, and missing fracture data.

A meta-analysis by Tang et al'© reported that calcium
supplementation was significantly associated with preven-
tion of osteoporosis-related fractures. However, the report by
Tang et al included 2 large-sample cluster trials®®®” and did
not adjust for the number of participants, which might have
increased the probability of smaller P values and narrower CIs
between the intervention and control groups. Bolland et al'?
reported that calcium supplementation was significantly as-
sociated with alower incidence of total fracture in community-
dwelling participants. Results reported here showed that cal-
cium supplementation was not associated with alower rate of
hip fracture. In the current analyses, the point estimate re-
garding the association of calcium supplementation with hip
fracture was increased, but it did not reach statistical signifi-
cance. These results suggest the possibility of a significant as-
sociation of calcium supplementation with increased frac-
ture incidence, but the current analyses may have lacked
statistical power to show this association. However, the rea-
son for this association is unclear. Overall, results reported here
suggest that calcium should not be routinely recommended
for fracture prevention.

Prior analyses also reported favorable associations of high-
dose (=800 IU daily) vitamin D supplementation and fracture
incidence.?9-24 Bischoff-Ferrari et al** found that supplemen-
tation with 800 IU or more of vitamin D per day was associ-
ated with lower rates of hip fracture and nonvertebral frac-
tures in adults 65 years or older. However, their findings may
have been influenced by inclusion of the trial by Chapuy et al,®”
which only enrolled participants living in an institution. An-
other possible reason for differences in conclusions of earlier
meta-analyses and the current meta-analysis is that more re-
cently published trials reported neutral or harmful associa-
tions of vitamin D supplementation and fracture incidence. Re-
sultsreported here showed that vitamin D was associated with
a higher risk for hip fracture, but this finding did not reach sta-
tistical significance. This finding may be attributable to lack
of statistical power in this meta-analysis.

JAMA December 26,2017 Volume 318, Number 24

Avenell et al?® performed a Cochrane review that con-
cluded that combined supplementation might be associated
with reduced incidence of hip fracture or total fractures. Bol-
land et al?” found that supplementation with combined cal-
cium and vitamin D did not decrease the incidence of hip
fracture or total fractures in community-dwelling individu-
als. In the current meta-analysis, data from the WHI trial
were updated compared with prior reports.>® The WHI trials
demonstrated a significant interaction of hormone therapy
for the association of supplementation with combined cal-
cium and vitamin D and risk of hip fracture (P = .01).%°
Supplementation with combined calcium and vitamin D was
associated with lower fracture risk in participants who were
also taking hormone therapy. In contrast, supplementation
with combined calcium and vitamin D had no benefit in
women not assigned to hormone therapy.®®> However, previ-
ously published meta-analyses did not exclude patients
receiving hormone therapy. In results reported here, data
were pooled for 7972 participants (4015 participants ran-
domly received combined calcium and vitamin D, and 3957
participants randomly received placebo) who did not receive
hormone therapy.

In the meta-analysis reported here, few included trials
specifically enrolled participants with established osteoporo-
sis, but some trials enrolled participants with risk factors for
osteoporosis, such as lower serum 25-hydroxyvitamin D con-
centration, low dietary calcium intake, previous fracture, and
postmenopausal status. A subgroup analysis based on adher-
ence was not performed in this meta-analysis because the
definition of adherence substantially differed between
included trials. A previous trial reported that calcium and
vitamin D supplements lowered fracture risk for individuals
living in residential institutions.®” These populations are
more likely to have osteoporosis because of their poorer
mobility, infrequent sun exposure, and poorer diet. For these
reasons it is possible that older people living in residential
care communities may benefit from calcium or vitamin D
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supplements.® In summary, benefits of calcium and vitamin
D supplementation may differ between people living in the

community and people living in residential institutions.

This study has several limitations. First, RCTs from 21 pub-
lished systematic reviews and meta-analyses were identi-

Original Investigation Research

been relatively lenient, and other researchers may have se-
lected different definitions for study quality.

Conclusions

fied, which might lead to the omission of trials meeting inclu-

sion criteria. Second, some included trials did not test baseline
serum 25-hydroxyvitamin D concentrations for all partici-
pants. The subgroup results might have been different if all in-
dividuals were tested. Third, some RCTs were of poor quality
and, for example, used unclear allocation concealment. Fourth,
the methods used to classify studies as high quality may have
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