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VitaminD,Calcium,orCombinedSupplementationforthePrimary
Prevention of Fractures in Community-Dwelling Adults
US Preventive Services Task Force
Recommendation Statement
US Preventive Services Task Force

IMPORTANCE Because of the aging population, osteoporotic fractures are an increasingly
important cause of morbidity and mortality in the United States. Approximately 2 million
osteoporotic fractures occurred in the United States in 2005, and annual incidence is
projected to increase to more than 3 million fractures by 2025. Within 1 year of experiencing
a hip fracture, many patients are unable to walk independently, more than half require
assistance with activities of daily living, and 20% to 30% of patients will die.

OBJECTIVE To update the 2013 US Preventive Services Task Force (USPSTF) recommendation
on vitamin D supplementation, with or without calcium, to prevent fractures.

EVIDENCE REVIEW The USPSTF reviewed the evidence on vitamin D, calcium, and combined
supplementation for the primary prevention of fractures in community-dwelling adults
(defined as not living in a nursing home or other institutional care setting). The review
excluded studies conducted in populations with a known disorder related to bone
metabolism (eg, osteoporosis or vitamin D deficiency), taking medications known to be
associated with osteoporosis (eg, long-term steroids), or with a previous fracture.

FINDINGS The USPSTF found inadequate evidence to estimate the benefits of vitamin D,
calcium, or combined supplementation to prevent fractures in community-dwelling men and
premenopausal women. The USPSTF found adequate evidence that daily supplementation
with 400 IU or less of vitamin D and 1000 mg or less of calcium has no benefit for the
primary prevention of fractures in community-dwelling, postmenopausal women. The
USPSTF found inadequate evidence to estimate the benefits of doses greater than 400 IU of
vitamin D or greater than 1000 mg of calcium to prevent fractures in community-dwelling
postmenopausal women. The USPSTF found adequate evidence that supplementation with
vitamin D and calcium increases the incidence of kidney stones.

CONCLUSIONS AND RECOMMENDATION The USPSTF concludes that the current evidence is
insufficient to assess the balance of the benefits and harms of vitamin D and calcium
supplementation, alone or combined, for the primary prevention of fractures in
community-dwelling, asymptomatic men and premenopausal women. (I statement) The
USPSTF concludes that the current evidence is insufficient to assess the balance of the
benefits and harms of daily supplementation with doses greater than 400 IU of vitamin D
and greater than 1000 mg of calcium for the primary prevention of fractures in
community-dwelling, postmenopausal women. (I statement) The USPSTF recommends
against daily supplementation with 400 IU or less of vitamin D and 1000 mg or less of
calcium for the primary prevention of fractures in community-dwelling, postmenopausal
women. (D recommendation) These recommendations do not apply to persons with a history
of osteoporotic fractures, increased risk for falls, or a diagnosis of osteoporosis or
vitamin D deficiency.
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T he US Preventive Services Task Force (USPSTF) makes
recommendations about the effectiveness of specific
preventive care services for patients without obvious

related signs or symptoms.
It bases its recommendations on the evidence of both the

benefits and harms of the service and an assessment of the bal-
ance. The USPSTF does not consider the costs of providing a ser-
vice in this assessment.

The USPSTF recognizes that clinical decisions involve more con-
siderations than evidence alone. Clinicians should understand the
evidence but individualize decision making to the specific patient
or situation. Similarly, the USPSTF notes that policy and coverage
decisions involve considerations in addition to the evidence of clini-
cal benefits and harms.

Summary of Recommendations and Evidence
The USPSTF concludes that the current evidence is insufficient to as-
sess the balance of the benefits and harms of vitamin D and calcium
supplementation, alone or combined, for the primary prevention of
fractures in men and premenopausal women (I statement) (Figure 1).

The USPSTF concludes that the current evidence is insuffi-
cient to assess the balance of the benefits and harms of daily supple-
mentation with doses greater than 400 IU of vitamin D and greater
than 1000 mg of calcium for the primary prevention of fractures in
community-dwelling, postmenopausal women. (I statement)

The USPSTF recommends against daily supplementation with
400 IU or less of vitamin D and 1000 mg or less of calcium for the
primary prevention of fractures in community-dwelling, postmeno-
pausal women. (D recommendation)

See the Clinical Considerations section for suggestions for prac-
tice regarding the I statements.

These recommendations apply to community-dwelling, asymp-
tomatic adults. “Community-dwelling” is defined as not living in a
nursing home or other institutional care setting. These recommen-
dations do not apply to persons with a history of osteoporotic frac-
tures, increased risk for falls, or a diagnosis of osteoporosis or
vitamin D deficiency.

Rationale
Importance
Approximately 2 million osteoporotic fractures occurred in the United
States in 2005.1,2 Within 1 year of experiencing a hip fracture, many
patients are unable to walk independently, more than half require
assistance with activities of daily living,3,4 and 20% to 30% of pa-
tients will die.5

Benefits of Preventive Medication
The USPSTF found inadequate evidence to determine the effects
of vitamin D and calcium supplementation, alone or combined, on
the incidence of fractures in men and premenopausal women. The
USPSTF found adequate evidence that daily supplementation with
400 IU or less of vitamin D combined with 1000 mg or less of cal-
cium has no effect on the incidence of fractures in community-
dwelling, postmenopausal women. The USPSTF found inadequate

evidence regarding the effects of higher doses of vitamin D and cal-
cium supplementation, alone or combined, on the incidence of frac-
tures in community-dwelling, postmenopausal women.

Harms of Preventive Medication
The USPSTF found adequate evidence that supplementation with
vitamin D and calcium increases the incidence of kidney stones. The
USPSTF assessed the magnitude of this harm as small. The USPSTF
found a few studies evaluating supplementation with vitamin D alone
that suggested no increase in incident cardiovascular disease.

USPSTF Assessment
Community-Dwelling, Postmenopausal Women
The USPSTF concludes that the evidence on the benefit of daily
supplementation with doses greater than 400 IU of vitamin D and
greater than 1000 mg of calcium for the primary prevention of frac-
tures in community-dwelling, postmenopausal women is lacking, and
the balance of benefits and harms cannot be determined.

The USPSTF concludes with moderate certainty that daily
supplementation with 400 IU or less of vitamin D and 1000 mg or
less of calcium has no net benefit for the primary prevention of frac-
tures in community-dwelling, postmenopausal women.

Men and Premenopausal Women
The USPSTF concludes that the evidence on the benefit of vitamin D
and calcium supplementation, alone or combined, for the primary pre-
vention of fractures in men and premenopausal women is lacking, and
the balance of benefits and harms cannot be determined.

Clinical Considerations
Patient Population Under Consideration
These recommendations apply to community-dwelling, asymptom-
atic adults (Figure 2). “Community-dwelling” is defined as not liv-
ing in a nursing home or other institutional care setting. These rec-
ommendations do not apply to persons with a history of osteoporotic
fractures, increased risk for falls, or a diagnosis of osteoporosis or
vitamin D deficiency.

Suggestions for Practice Regarding the I Statements
Potential Preventable Burden
Approximately 2 million osteoporotic fractures occurred in the United
States in 2005.2 The health burden of fractures is substantial in the
older adult population. Twenty percent to 30% of patients die within
1 year of a hip fracture, with significantly higher mortality rates in men
than in women.5 Nearly 40% of persons who experience a fracture
are unable to walk independently at 1 year, and 60% require assis-
tance with at least 1 essential activity of daily living.3,4

Low bone mass, older age, and history of falls are major risk
factors for incident osteoporotic fractures.1,6 Ten percent to 15%
of falls result in fractures,6 and nearly all hip fractures are related to
a fall.7 Other risks factors for low bone mass and fractures include
female sex, smoking, use of glucocorticoids, and use of other medi-
cations that impair bone metabolism (eg, aromatase inhibitors).8-11

Most fractures (71%) occur among women,2 and an estimated 74%
of all fractures that occur in women are among those 65 years or
older.6 Although the risk for fractures in premenopausal women
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increases with lower peak bone mass, absolute fracture risk in pre-
menopausal women is very low compared with that in postmeno-
pausal women.12 Although fractures occur more frequently in
women, mortality rates after a hip fracture are significantly higher
in men than in women.2,13

The large Women’s Health Initiative (WHI) trial (n = 36 282),
which studied daily supplementation with 400 IU of vitamin D3

(cholecalciferol) and 1000 mg of calcium, reported no significant re-
duction in any fracture outcome14; thus, the USPSTF concluded that
supplementation with 400 IU or less of vitamin D and 1000 mg or
less of calcium does not prevent fractures. Studies of supplemen-
tation with higher doses of vitamin D and calcium (alone or com-
bined) showed inconsistent results and were frequently underpow-

ered to detect differences; thus, the USPSTF concluded that the
evidence on supplementation with higher doses of vitamin D and
calcium to prevent fractures is inadequate.

Potential Harms
The WHI trial found a statistically significant increase in the inci-
dence of kidney stones in women taking vitamin D and calcium com-
pared with women taking placebo.14 For every 273 women who re-
ceived supplementation over a 7-year follow-up period, 1 woman was
diagnosed with a urinary tract stone. In addition, a recent study15

of combined vitamin D and calcium supplementation found find-
ings consistent with those from the WHI trial, although the in-
crease was not statistically significant. Another recent study16,17 found

Figure 1. US Preventive Services Task Force (USPSTF) Grades and Levels of Certainty

What the USPSTF Grades Mean and Suggestions for Practice

Grade Definition

A The USPSTF recommends the service. There is high certainty that the net benefit is substantial. Offer or provide this service.

Suggestions for Practice

B The USPSTF recommends the service. There is high certainty that the net benefit is moderate, or
there is moderate certainty that the net benefit is moderate to substantial.

Offer or provide this service.

C
The USPSTF recommends selectively offering or providing this service to individual patients
based on professional judgment and patient preferences. There is at least moderate certainty
that the net benefit is small.

Offer or provide this service for selected
patients depending on individual
circumstances.

D The USPSTF recommends against the service. There is moderate or high certainty that the service
has no net benefit or that the harms outweigh the benefits.

Discourage the use of this service.

I statement

The USPSTF concludes that the current evidence is insufficient to assess the balance of benefits
and harms of the service. Evidence is lacking, of poor quality, or conflicting, and the balance of
benefits and harms cannot be determined.

Read the Clinical Considerations section
of the USPSTF Recommendation
Statement. If the service is offered,
patients should understand the
uncertainty about the balance of benefits
and harms.

USPSTF Levels of Certainty Regarding Net Benefit

Level of Certainty Description

High
The available evidence usually includes consistent results from well-designed, well-conducted studies in representative primary care
populations. These studies assess the effects of the preventive service on health outcomes. This conclusion is therefore unlikely to be
strongly affected by the results of future studies.

Moderate

The available evidence is sufficient to determine the effects of the preventive service on health outcomes, but confidence in the estimate
is constrained by such factors as 

the number, size, or quality of individual studies.
inconsistency of findings across individual studies.
limited generalizability of findings to routine primary care practice.
lack of coherence in the chain of evidence.

As more information becomes available, the magnitude or direction of the observed effect could change, and this change may be large
enough to alter the conclusion.

The USPSTF defines certainty as “likelihood that the USPSTF assessment of the net benefit of a preventive service is correct.” The net benefit is defined as
benefit minus harm of the preventive service as implemented in a general, primary care population. The USPSTF assigns a certainty level based on the nature
of the overall evidence available to assess the net benefit of a preventive service.

Low

The available evidence is insufficient to assess effects on health outcomes. Evidence is insufficient because of
the limited number or size of studies.
important flaws in study design or methods.
inconsistency of findings across individual studies.
gaps in the chain of evidence.
findings not generalizable to routine primary care practice.
lack of information on important health outcomes.

More information may allow estimation of effects on health outcomes.
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no increase in incident cardiovascular disease with high-dose vita-
min D supplementation.

In a separate recommendation statement,18 the USPSTF found
that vitamin D supplementation does not reduce the number of falls
or the number of persons who experience a fall. A single study sug-
gested that an annual high dose of vitamin D (500 000 IU) may even
be associated with a greater number of injurious falls and a greater
number of persons experiencing falls and fractures.19 The USPSTF
now recommends against vitamin D supplementation to prevent falls
in community-dwelling older adults.18

Current Practice
Vitamin D and calcium supplementation are often recommended for
women, especially postmenopausal women, to prevent fractures,
although actual use is uncertain. Based on 2011-2012 data from the
National Health and Nutrition Examination Survey, an estimated 27%
of men and 35% of women older than 20 years take a vitamin D
supplement, and 26% of men and 33% of women take a calcium
supplement.20 The exact dosage of supplementation is not known.

Other Approaches to Prevention
The USPSTF recommends screening for osteoporosis in women
65 years or older and in younger women at increased risk.21 The
USPSTF concludes that the current evidence is insufficient to as-
sess the balance of benefits and harms of screening for vitamin D
deficiency in asymptomatic adults.22

The USPSTF recently updated its recommendation on inter-
ventions to prevent falls in community-dwelling older adults.18 The
USPSTF assessed the effect of vitamin D to prevent falls in older
adults at average and increased risk for falls without vitamin D in-
sufficiency or deficiency. The USPSTF found adequate evidence that
vitamin D supplementation does not prevent falls. The USPSTF also
found that exercise can prevent falls in community-dwelling older
adults at increased risk for falls; multifactorial interventions may also
be effective in some persons as well.18,19

Other Considerations
Research Needs and Gaps
Research is needed to determine whether daily supplementation
with doses greater than 400 IU of vitamin D and greater than 1000
mg of calcium reduces fracture incidence in postmenopausal women
and in older men. Prospective studies should assess the potential
benefits of vitamin D and calcium supplementation in premeno-
pausal women on fracture incidence later in life. Studies need to be
adequately powered and should evaluate consistent fracture out-
comes. Studies are also needed to evaluate the effects of vitamin D
supplementation on diverse populations. Because white women
have the highest risk for osteoporotic fractures, most fracture pre-
vention studies have been conducted in this population, and it is dif-
ficult to extrapolate results to nonwhite populations. In addition,

Figure 2. Clinical Summary: Vitamin D, Calcium, or Combined Supplementation for the Primary Prevention of Fractures in Community-Dwelling Adults

Population

Recommendation 

Men and premenopausal women >400 IU of vitamin D and >1000 mg of
calcium in postmenopausal women

≤400 IU of vitamin D and ≤1000 mg of
 calcium in postmenopausal women

Do not recommend.No recommendation. No recommendation. 

Grade: I (insufficient evidence) Grade: I (insufficient evidence) Grade: D

Risk Assessment

Preventive
Medication

Other Relevant
USPSTF
Recommendations

For a summary of the evidence systematically reviewed in making this recommendation, the full recommendation statement, and supporting documents, please
go to https://www.uspreventiveservicestaskforce.org.   

Low bone mass, older age, and history of falls are major risk factors for incident osteoporotic fractures. Other risk factors for
low bone mass and fractures include female sex, smoking, use of glucocorticoids, and use of other medications that impair
bone metabolism (eg, aromatase inhibitors). Absolute fracture risk is very low in premenopausal women compared with
postmenopausal women.

The recommendation against supplementation at lower doses was based on an overall assessment that supplementation at low
doses provides no benefit. Evidence on the effect of supplementation on fractures at higher doses is conflicting, with some studies
showing a reduction in certain fractures at higher doses and others showing no reduction or even an increase. More studies are
needed to more clearly determine if supplementation with vitamin D, calcium, or both consistently prevents fractures. If future
evidence shows a benefit, the magnitude of that benefit will need to be weighed against the magnitude of harms caused by
supplementation (kidney stones).

The USPSTF recommends against vitamin D supplementation to prevent falls in community-dwelling adults 65 years or older.
The USPSTF recommends exercise interventions to prevent falls in community-dwelling older adults at increased risk for falls;
multifactorial interventions may also be effective in some persons as well. The USPSTF recommends screening for osteoporosis
in women 65 years or older and in younger women at increased risk. The USPSTF concludes that the current evidence is insufficient
to assess the balance of benefits and harms of screening for vitamin D deficiency in asymptomatic adults.

USPSTF indicates US Preventive Services Task Force.
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more studies evaluating the potential harms of supplementation are
needed, particularly studies on calcium and potential adverse car-
diovascular outcomes.

Discussion
Burden of Disease
Because of the aging population, osteoporotic fractures are an in-
creasingly important cause of morbidity and mortality in the United
States. Approximately 2 million osteoporotic fractures occurred in the
United States in 2005, and annual incidence is projected to increase
to more than 3 million fractures by 2025.2 Nearly half of all women
older than 50 years will experience an osteoporotic fracture during
their lifetime.23 Fractures are associated with chronic pain, disability,
and decreased quality of life. Hip fractures significantly increase
morbidity and mortality. From 2004-2014, hip fractures alone ac-
counted for approximately 300 000 hospitalizations annually in the
United States.24 During the first 3 months after a hip fracture, a pa-
tient’s mortality risk is 5 to 8 times that of a similarly aged person liv-
ing in the community without a fracture.25 Nearly 20% of patients with
hip fracture subsequently receive care in a long-term care facility.23

Scope of Review
TheUSPSTFcommissionedasystematicevidencereviewonvitaminD,
calcium, and combined supplementation for the primary prevention
of fractures in community-dwelling adults.1,26 The review excluded
studies conducted in populations with a known disorder related to
bone metabolism (eg, osteoporosis or vitamin D deficiency), taking
medications known to be associated with osteoporosis (eg, long-
term steroids), or with a previous fracture. The review also excluded
studies that recruited participants based on a history of falls or high
risk for falls, because these populations are covered in a separate evi-
dence review, and studies conducted in institutional care settings, such
as long-term care facilities, because persons living in these settings
are often at a very increased risk for falls. Evaluating evidence on the
use of vitamin D to treat vitamin D deficiency or to treat osteoporo-
sis is beyond the scope of this review.

Effectiveness of Preventive Medication
The USPSTF reviewed evidence from 8 randomized clinical trials
(RCTs) on vitamin D, calcium, or combined supplementation for
the primary prevention of fractures; 4 trials evaluated vitamin D
supplementation (n = 10 606), 2 trials evaluated calcium supple-
mentation (n = 339), and 2 trials evaluated combined vitamin D
and calcium supplementation (n = 36 727).1,26 Four studies in-
cluded men (representing data from 5900 men) and 4 studies
were conducted exclusively in women (total of 41 772 women
across all 8 studies). The mean age of study participants ranged
from 53 to 80 years. In the 5 studies reporting race/ethnicity, 83%
to 100% of participants were white; the remaining 3 studies did
not report this information. Four of the studies were conducted in
the United States, while 4 were conducted in the United Kingdom,
Finland, the Netherlands, and New Zealand. Fracture outcomes var-
ied and included total fractures, hip fractures, major osteoporotic frac-
tures, nonvertebral fractures, vertebral fractures (clinical, morpho-
metric, or both), upper extremity fractures, lower arm/wrist fractures,
and peripheral fractures.

Four studies reported on the effect of vitamin D supplementa-
tion on fracture prevention.1 Two studies evaluated daily doses of
400 IU or less (n = 2810)27,28 and did not find any significant dif-
ference in any fracture outcome. The primary aim of the larger study
(n = 2578)28 was reduction in incidence of hip and other osteopo-
rotic fractures. Two studies evaluated higher doses of vitamin D: a
loading dose of 200 000 IU followed by 100 000 IU monthly
(n = 5110)16,17 and 100 000 IU every 4 months (n = 2686).29 These
2 studies reported inconsistent findings. The larger study did not find
any significant difference in nonvertebral fractures (absolute risk dif-
ference [ARD], 0.75% [95% CI, −0.51% to 2.04%]; adjusted haz-
ard ratio [HR], 1.19 [95% CI, 0.94 to 1.50]); however, the primary out-
come of the study was not fracture prevention.1,16 The smaller study
found a reduction in total fractures (ARD, −2.26% [95% CI, −4.53%
to 0.00%]; age-adjusted relative risk [RR], 0.78 [95% CI, 0.61 to
0.99]) but nonsignificant reductions in hip fractures (ARD, −0.23%
[95% CI, −1.20% to 0.74%]; age-adjusted RR, 0.85 [95% CI, 0.47
to 1.53]) and clinical vertebral fractures (ARD, −0.75% [95% CI,
−1.73% to 0.23%]; age-adjusted RR, 0.63 [95% CI, 0.35 to 1.14]).1,29

Two studies reported on the effect of calcium supplementation
on fracture prevention (n = 339).1,30,31 The studies evaluated daily
doses of 1200 and 1600 mg. Neither study found a significant differ-
ence in fracture outcomes with calcium supplementation, although
neither study was adequately powered to detect differences.

Two studies evaluated the effect of combined vitamin D and cal-
cium supplementation on fracture prevention (n = 36 727).1,14,32 The
much larger WHI trial (n = 36 282), which evaluated a daily dose of
400 IU of vitamin D with 1000 mg of calcium compared with pla-
cebo, was adequately powered to detect the effect of combined vi-
tamin D and calcium supplementation on risk for hip fractures and
found no statistically significant difference between groups (ARD,
−0.14% [95% CI, −0.34% to 0.07%]; HR, 0.88 [95% CI, 0.72 to
1.08]).14 The WHI trial also did not find any statistically significant
difference in total fractures (ARD, −0.35% [95% CI, −1.02% to
0.31%]; HR, 0.96 [95% CI, 0.91 to 1.02]) or clinical vertebral frac-
tures (ARD, −0.09% [95% CI, −0.30% to 0.12%]; HR, 0.90 [95%
CI, 0.74 to 1.10]). However, this trial allowed participants to use cal-
cium and vitamin D supplements outside of the study protocol, which
may have biased results toward a null effect. The other, much smaller
trial (n = 445) evaluated 700 IU of vitamin D with 500 mg of cal-
cium daily compared with placebo and did not find any significant
difference in hip fractures (ARD, −0.50% [95% CI, −1.88% to 0.78%];
RR, 0.36 [95% CI, 0.01 to 8.78]). This trial found a reduction in non-
vertebral fractures with vitamin D and calcium supplementation,
which was one of its primary aims (ARD, −6.99% [95% CI, −12.71%
to −1.27%]; RR, 0.46 [95% CI, 0.23 to 0.90]).32

Potential Harms of Preventive Medication
The USPSTF evaluated evidence from 9 RCTs on the harms of vita-
min D, calcium, or combined supplementation.1,26 Four studies re-
ported on harms of vitamin D supplementation alone (n = 10 599)
(the same 4 studies mentioned previously), 3 studies reported on
the harms of calcium supplementation alone (n = 1292), and 3 stud-
ies (including 1 of the studies reporting on harms of calcium supple-
mentation alone) reported on harms of combined vitamin D and cal-
cium supplementation (n = 39 659). One study was conducted in
men only, and 3 other studies included men (total of 5991 men across
studies). The mean age of study participants ranged from 53 to 80
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years. In the 4 studies that reported race/ethnicity, 83% to 100%
of study participants were white; the remaining 5 studies did not re-
port this information. Four of the studies were conducted in the
United States; the other 5 studies were conducted in Finland, the
Netherlands, the United Kingdom, and New Zealand (2 studies). The
USPSTF particularly sought evidence on the outcomes of all-cause
mortality, cardiovascular disease, cancer, and kidney stones.1

Vitamin D, with or without calcium, had no statistically signifi-
cant effect on all-cause mortality or incident cardiovascular disease
compared with placebo. Four studies (n = 10 599) reported on mor-
tality outcomes with vitamin D supplementation alone; the pooled
ARD was −0.74% (95% CI, −0.80% to 0.32%), and the pooled RR was
0.91 (95% CI, 0.82 to 1.01). Two studies reported on mortality out-
comes with combined vitamin D and calcium supplementation, in-
cluding the large WHI trial; ARDs were −0.19% and −0.36%, with 95%
CIs spanning the null effect. However, none of these studies were ad-
equately powered to detect mortality differences. Three studies re-
ported on incident cardiovascular outcomes with vitamin D supple-
mentation, including 1 good-quality study (n = 5110) in which
cardiovascular disease incidence was the primary outcome.16,17 Vari-
ous outcomes were reported, including ischemic heart disease, myo-
cardial infarction, cerebrovascular disease, and stroke. ARDs ranged
from −0.72% to 1.79%, with all 95% CIs spanning the null effect. The
WHI trial also reported on incident cardiovascular outcomes with com-
bined vitamin D and calcium supplementation and found no signifi-
cant increase in myocardial infarction, coronary heart disease, stroke,
venous thromboembolism, deep vein thrombosis, pulmonary em-
bolism, or hospitalizations for heart failure; ARDs ranged from −0.16%
to 0.12%, with all 95% CIs including zero. The evidence on calcium
supplementation alone suggested no increased incidence of all-
cause mortality or cardiovascular disease but was limited to 1 study.33

Evidence on the effects of vitamin D or calcium supplementa-
tion alone on cancer incidence was inconsistent and imprecise. Com-
bined vitamin D and calcium supplementation did not increase can-
cer incidence; the pooled ARD from 3 RCTs (n = 39 213) was −1.5%
(95% CI, −3.3% to 0.4%).1

Calcium supplementation alone for 2 to 4 years did not in-
crease the incidence of kidney stones; the pooled ARD from 3 RCTs
(n = 1259) was 0.00% (95% CI, −0.88% to 0.87%), and the pooled
RR was 0.68 (95% CI, 0.14 to 3.40). Based on evidence from 3 RCTs
(n = 39 659), combined vitamin D and calcium supplementation for
4 to 7 years increased the incidence of kidney stones; the pooled ARD
was 0.33% (95% CI, 0.06% to 0.60%), and the pooled RR was 1.18
(95% CI, 1.04 to 1.35).1

The most commonly reported other adverse event associated
with supplementation was constipation; however, this was not con-
sistently reported across studies. A few studies reported on other
serious adverse events, but these events were rare and noted by the
authors to be unrelated to the study medication. In a separate evi-
dence review commissioned by the USPSTF on interventions to pre-
vent falls in community-dwelling older adults,19 1 study (n = 2256)
reported an increase in the number of persons experiencing a fall
with a very high dose of vitamin D (500 000 IU per year) (adjusted
incidence rate ratio, 1.16 [95% CI, 1.03 to 1.31]).19,34

Estimate of Magnitude of Net Benefit
The USPSTF found inadequate evidence to estimate the benefits of
vitamin D, calcium, or combined supplementation to prevent frac-

tures in community-dwelling men and premenopausal women. The
USPSTF concludes that there is insufficient evidence to estimate the
net benefit of vitamin D, calcium, or combined supplementation to
prevent fractures in community-dwelling men and premenopausal
women. Because of the lack of effect on fracture incidence and the
increased incidence of kidney stones in intervention groups, the
USPSTF concludes with moderate certainty that daily supplemen-
tation with 400 IU or less of vitamin D and 1000 mg or less of cal-
cium has no net benefit for the primary prevention of fractures in
community-dwelling, postmenopausal women. Although women en-
rolled in the WHI trial were predominately white, the lower risk for
fractures in nonwhite women makes it very unlikely that a benefit
would exist in this population. The USPSTF found inadequate evi-
dence on calcium supplementation alone, as well as on supplemen-
tation with doses greater than 400 IU of vitamin D and greater than
1000 mg of calcium in postmenopausal women. The USPSTF con-
cludes that there is insufficient evidence to estimate the net ben-
efit of supplementation with doses greater than 400 IU of vitamin
D and greater than 1000 mg of calcium in postmenopausal women.

How Does Evidence Fit With Biological Understanding?
Calcium contributes to bone growth, and vitamin D helps bones ab-
sorb calcium. Normal, healthy bones turn over calcium constantly,
replacing calcium loss with new calcium. The human body has 2 main
sources of vitamin D. Cholecalciferol (vitamin D3), the larger source
of vitamin D, is synthesized in the skin by UVB rays from the sun.
Vitamin D3 is converted to its active form through enzymatic pro-
cesses in the liver and kidney. Ergocalciferol (vitamin D2) is con-
sumed in the diet and can be found naturally in a few foods, such as
mushrooms and egg yolks, but is more commonly consumed as a
supplement or in fortified foods and beverages, such as milk, yo-
gurt, and orange juice.35 Most cells contain specific receptors for the
active form of vitamin D. Stimulation of skeletal muscle receptors
promotes protein synthesis, and vitamin D has a beneficial effect on
muscle strength and balance. Vitamin D controls calcium absorp-
tion in the small intestines, interacts with parathyroid hormone to
help maintain calcium homeostasis between the blood and bones,
and is essential for bone growth and maintaining bone density. Ob-
taining insufficient amounts of vitamin D through diet or sun expo-
sure can lead to inadequate levels of the hormone calcitriol (the ac-
tive form of vitamin D), which in turn can lead to impaired absorption
of dietary calcium. Consequently, the body uses calcium from skel-
etal stores, which can weaken existing bones.

The current recommendation against supplementation with
400 IU or less of vitamin D and 1000 mg or less of calcium for the
primary prevention of fractures is primarily based on the finding of
no benefit with supplementation at lower doses. More evidence is
needed to determine whether higher doses of supplementation may
be more effective at preventing fractures. Although the risk for kid-
ney stones could theoretically increase at higher doses of supple-
mentation, the overall determination of net benefit or net harm will
depend on whether a benefit in fracture prevention is also found at
higher doses and, if so, what the magnitude of that benefit is.

Response to Public Comment
A draft version of this recommendation statement was posted for pub-
lic comment on the USPSTF website from September 26, 2017, to
October 24, 2017. To clarify which population the recommendation
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applies to, the USPSTF revised the title to “Vitamin D, Calcium, or Com-
bined Supplementation for the Primary Prevention of Fractures in
Community-Dwelling Adults.” Some comments expressed concern
that the recommendation against supplementation with vitamin D
would be misinterpreted by persons with known osteoporosis or vi-
tamin D deficiency. Persons with known osteoporosis or vitamin D
deficiency were excluded from the evidence review, and thus are ex-
cluded from the recommendation statement, as described in the
“Summary of Recommendations and Evidence” and “Patient Popu-
lationUnderConsideration”sections.Othercommentsrequestedclari-
fication of the role of vitamin D in persons with known osteoporosis
or vitamin D deficiency. This is beyond the scope of the recommen-
dation and has been clarified in the “Scope of Review” section. Some
comments also expressed confusion over why a finding of “insuffi-
cient evidence” was issued for supplementation at higher doses if the
USPSTF recommends against supplementation at lower doses.
The recommendation against supplementation at lower doses was
based on an overall assessment that supplementation at low doses
provides no benefit. Evidence on the effect of supplementation on
fractures at higher doses is conflicting, with some studies showing a
reduction in certain fracture types at higher doses, and others show-
ing no reduction or even an increase. More studies are needed to more
clearly determine if supplementation with vitamin D, calcium, or both
consistently prevents fractures. If future evidence shows a benefit,
the magnitude of that benefit will need to be weighed against the mag-
nitude of harms caused by supplementation (kidney stones).

Update of Previous USPSTF Recommendation
This recommendation is consistent with the 2013 USPSTF recom-
mendation on vitamin D supplementation, with or without cal-

cium, to prevent fractures.36 The USPSTF added evidence on cal-
cium supplementation alone to the evidence review for this
recommendation; however, the evidence was too limited to be make
a separate recommendation about calcium supplementation alone.
Evidence from more recent studies confirms that the evidence on
fracture prevention with doses of vitamin D greater than 400 IU daily
is inconsistent and inadequate, because of underpowering of stud-
ies at higher doses. Newer evidence confirms an increased risk for
kidney stones with combined vitamin D and calcium supplementa-
tion and also suggests no increased incidence of cardiovascular dis-
ease with vitamin D supplementation.

Recommendations of Others
The Institute of Medicine (now the National Academy of Medicine)37

and the World Health Organization38 recommend standards for ad-
equate daily intake of calcium and vitamin D as a part of overall health.
Neither organization has recommendations specific to fracture pre-
vention. The Institute of Medicine notes the challenge of determin-
ing dietary reference intakes given the complex interrelationship be-
tween calcium and vitamin D, the inconsistency of studies examining
bone health outcomes, and the need to limit sun exposure to mini-
mize skin cancer risk. The National Osteoporosis Foundation sup-
ports the Institute of Medicine’s recommendations regarding cal-
cium consumption and recommends that adults 50 years or older
consume 800 to 1000 IU of vitamin D daily.39 The Endocrine Soci-
ety recommends that adults 65 years or older consume 800 IU
of vitamin D daily for the prevention of falls and fractures.40 The
American Geriatric Society recommends that adults 65 years or older
take daily vitamin D supplementation of at least 1000 IU as well as
calcium to reduce the risk for fractures and falls.41

ARTICLE INFORMATION

Accepted for Publication: March 5, 2018.

The US Preventive Services Task Force (USPSTF)
members: David C. Grossman, MD, MPH; Susan J.
Curry, PhD; Douglas K. Owens, MD, MS; Michael J.
Barry, MD; Aaron B. Caughey, MD, PhD; Karina W.
Davidson, PhD, MASc; Chyke A. Doubeni, MD, MPH;
John W. Epling Jr, MD, MSEd; Alex R. Kemper, MD,
MPH, MS; Alex H. Krist, MD, MPH; Martha Kubik,
PhD, RN; Seth Landefeld, MD; Carol M. Mangione,
MD, MSPH; Michael Silverstein, MD, MPH; Melissa
A. Simon, MD, MPH; Chien-Wen Tseng, MD, MPH,
MSEE.

Affiliations of The US Preventive Services Task
Force (USPSTF) members: Kaiser Permanente
Washington Health Research Institute, Seattle
(Grossman); University of Iowa, Iowa City (Curry);
Veterans Affairs Palo Alto Health Care System,
Palo Alto, California (Owens); Stanford University,
Stanford, California (Owens); Harvard Medical
School, Boston, Massachusetts (Barry); Oregon
Health & Science University, Portland (Caughey);
Columbia University, New York, New York
(Davidson); University of Pennsylvania,
Philadelphia (Doubeni); Virginia Tech Carilion
School of Medicine, Roanoke (Epling); Nationwide
Children’s Hospital, Columbus, Ohio (Kemper);
Fairfax Family Practice Residency, Fairfax, Virginia
(Krist); Virginia Commonwealth University,
Richmond (Krist); Temple University, Philadelphia,

Pennsylvania (Kubik); University of Alabama at
Birmingham (Landefeld); University of California,
Los Angeles (Mangione); Boston University, Boston,
Massachusetts (Silverstein); Northwestern
University, Evanston, Illinois (Simon); University of
Hawaii, Honolulu (Tseng); Pacific Health Research
and Education Institute, Honolulu, Hawaii (Tseng).

Author Contributions: Dr Grossman had full access
to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis. The USPSTF
members contributed equally to the
recommendation statement.

Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest. Authors
followed the policy regarding conflicts of interest
described at https://www
.uspreventiveservicestaskforce.org/Page/Name
/conflict-of-interest-disclosures. All members of the
USPSTF receive travel reimbursement and an
honorarium for participating in USPSTF meetings.

Funding/Support: The USPSTF is an independent,
voluntary body. The US Congress mandates that
the Agency for Healthcare Research and Quality
(AHRQ) support the operations of the USPSTF.

Role of the Funder/Sponsor: AHRQ staff assisted
in the following: development and review of the
research plan, commission of the systematic

evidence review from an Evidence-based Practice
Center, coordination of expert review and public
comment of the draft evidence report and draft
recommendation statement, and the writing and
preparation of the final recommendation statement
and its submission for publication. AHRQ staff had
no role in the approval of the final recommendation
statement or the decision to submit for publication.

Disclaimer: Recommendations made by the
USPSTF are independent of the US government.
They should not be construed as an official position
of AHRQ or the US Department of Health and
Human Services.

Additional Contributions: We thank Tina Fan, MD,
MPH (AHRQ), who contributed to the writing of the
manuscript, and Lisa Nicolella, MA (AHRQ), who
assisted with coordination and editing.

REFERENCES

1. Kahwati LC, Weber RP, Pan H, et al. Vitamin D,
Calcium, or Combined Supplementation for the
Primary Prevention of Fractures in Adults: An
Evidence Review for the U.S. Preventive Services
Task Force: Evidence Synthesis No. 160. Rockville, MD:
Agency for Healthcare Research and Quality; 2018.
AHRQ publication 17-05231-EF-1.

2. Burge R, Dawson-Hughes B, Solomon DH, Wong
JB, King A, Tosteson A. Incidence and economic
burden of osteoporosis-related fractures in the

Clinical Review & Education US Preventive Services Task Force USPSTF Recommendation: Vitamin D, Calcium, or Both for Primary Prevention of Fractures

1598 JAMA April 17, 2018 Volume 319, Number 15 (Reprinted) jama.com

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by a University of California - Los Angeles User  on 08/17/2018

https://www.uspreventiveservicestaskforce.org/Page/Name/conflict-of-interest-disclosures
https://www.uspreventiveservicestaskforce.org/Page/Name/conflict-of-interest-disclosures
https://www.uspreventiveservicestaskforce.org/Page/Name/conflict-of-interest-disclosures
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.3185


United States, 2005-2025. J Bone Miner Res. 2007;
22(3):465-475.

3. Holroyd C, Cooper C, Dennison E. Epidemiology
of osteoporosis. Best Pract Res Clin Endocrinol Metab.
2008;22(5):671-685.

4. Magaziner J, Simonsick EM, Kashner TM, Hebel
JR, Kenzora JE. Predictors of functional recovery
one year following hospital discharge for hip
fracture: a prospective study. J Gerontol. 1990;45
(3):M101-M107.

5. Brauer CA, Coca-Perraillon M, Cutler DM,
Rosen AB. Incidence and mortality of hip fractures
in the United States. JAMA. 2009;302(14):1573-1579.

6. Ensrud KE. Epidemiology of fracture risk with
advancing age. J Gerontol A Biol Sci Med Sci. 2013;
68(10):1236-1242.

7. Parkkari J, Kannus P, Palvanen M, et al. Majority
of hip fractures occur as a result of a fall and impact
on the greater trochanter of the femur:
a prospective controlled hip fracture study with
206 consecutive patients. Calcif Tissue Int. 1999;65
(3):183-187.

8. Robbins J, Aragaki AK, Kooperberg C, et al.
Factors associated with 5-year risk of hip fracture in
postmenopausal women. JAMA. 2007;298(20):
2389-2398.

9. Goss PE, Hershman DL, Cheung AM, et al.
Effects of adjuvant exemestane versus anastrozole
on bone mineral density for women with early
breast cancer (MA.27B): a companion analysis of
a randomised controlled trial. Lancet Oncol. 2014;15
(4):474-482.

10. Cawthon PM. Gender differences in
osteoporosis and fractures. Clin Orthop Relat Res.
2011;469(7):1900-1905.

11. Bouvard B, Hoppé E, Soulié P, et al. High
prevalence of vertebral fractures in women with
breast cancer starting aromatase inhibitor therapy.
Ann Oncol. 2012;23(5):1151-1156.

12. Vondracek SF, Hansen LB, McDermott MT.
Osteoporosis risk in premenopausal women.
Pharmacotherapy. 2009;29(3):305-317.

13. Olszynski WP, Shawn Davison K, Adachi JD,
et al. Osteoporosis in men: epidemiology, diagnosis,
prevention, and treatment. Clin Ther. 2004;26(1):
15-28.

14. Jackson RD, LaCroix AZ, Gass M, et al; Women’s
Health Initiative Investigators. Calcium plus
vitamin D supplementation and the risk of
fractures. N Engl J Med. 2006;354(7):669-683.

15. Lappe J, Watson P, Travers-Gustafson D, et al.
Effect of vitamin D and calcium supplementation on
cancer incidence in older women: a randomized
clinical trial. JAMA. 2017;317(12):1234-1243.

16. Khaw KT, Stewart AW, Waayer D, et al. Effect of
monthly high-dose vitamin D supplementation on
falls and non-vertebral fractures: secondary and
post-hoc outcomes from the randomised,
double-blind, placebo-controlled ViDA trial. Lancet
Diabetes Endocrinol. 2017;5(6):438-447.

17. Scragg R, Stewart AW, Waayer D, et al. Effect of
monthly high-dose vitamin D supplementation on
cardiovascular disease in the Vitamin D Assessment
Study: a randomized clinical trial. JAMA Cardiol.
2017;2(6):608-616.

18. US Preventive Services Task Force.
Interventions to prevent falls in community-
dwelling older adults: US Preventive Services Task
Force recommendation statement [published
online April 17, 2018]. JAMA. doi:10.1001/jama.2018
.3097

19. Guirguis-Blake JM, Michael YL, Perdue LA,
Coppola EL, Beil TL, Thompson JH. Interventions to
Prevent Falls in Older Adults: A Systematic Review
for the U.S. Preventive Services Task Force: Evidence
Synthesis No. 159. Rockville, MD: Agency for
Healthcare Research and Quality; 2018. AHRQ
publication 17-05230-EF-1.

20. US Department of Agriculture. What We Eat
in America, NHANES 2013-2014: total nutrient
intakes: percent reporting and mean amounts of
selected vitamins and minerals from food and
beverages and dietary supplements, by gender
and age, in the United States, 2013-2014.
https://www.ars.usda.gov/ARSUserFiles
/80400530/pdf/1314/Table_37_SUP_GEN_13.pdf.
Accessed February 27, 2018.

21. U.S. Preventive Services Task Force. Screening
for osteoporosis: U.S. Preventive Services Task
Force recommendation statement. Ann Intern Med.
2011;154(5):356-364.

22. LeFevre ML; U.S. Preventive Services Task
Force. Screening for vitamin D deficiency in adults:
U.S. Preventive Services Task Force
recommendation statement. Ann Intern Med. 2015;
162(2):133-140.

23. Office of the Surgeon General. Bone Health and
Osteoporosis: A Report of the Surgeon General.
Rockville, MD: Office of the Surgeon General; 2004.

24. HCUPnet, Healthcare Cost and Utilization
Project. Hospital Inpatient National Statistics.
https://hcupnet.ahrq.gov. Accessed
February 27, 2018.

25. Haentjens P, Magaziner J, Colón-Emeric CS,
et al. Meta-analysis: excess mortality after hip
fracture among older women and men. Ann Intern
Med. 2010;152(6):380-390.

26. Kahwati LC, Palmieri Weber R, Pan H, et al.
Vitamin D, calcium, or combined supplementation
for the primary prevention of fractures in
community-dwelling adults: evidence report and
systemtatic review for the US Preventive Services
Task Force [published online April 17, 2018]. JAMA.
doi:10.1001/jama.2017.21640

27. Komulainen MH, Kröger H, Tuppurainen MT,
et al. HRT and Vit D in prevention of non-vertebral
fractures in postmenopausal women; a 5 year
randomized trial. Maturitas. 1998;31(1):45-54.

28. Lips P, Graafmans WC, Ooms ME, Bezemer PD,
Bouter LM. Vitamin D supplementation and
fracture incidence in elderly persons: a randomized,

placebo-controlled clinical trial. Ann Intern Med.
1996;124(4):400-406.

29. Trivedi DP, Doll R, Khaw KT. Effect of four
monthly oral vitamin D3 (cholecalciferol)
supplementation on fractures and mortality in men
and women living in the community: randomised
double blind controlled trial. BMJ. 2003;326(7387):
469.

30. Recker RR, Hinders S, Davies KM, et al.
Correcting calcium nutritional deficiency prevents
spine fractures in elderly women. J Bone Miner Res.
1996;11(12):1961-1966.

31. Riggs BL, O’Fallon WM, Muhs J, O’Connor MK,
Kumar R, Melton LJ III. Long-term effects of calcium
supplementation on serum parathyroid hormone
level, bone turnover, and bone loss in elderly
women. J Bone Miner Res. 1998;13(2):168-174.

32. Dawson-Hughes B, Harris SS, Krall EA,
Dallal GE. Effect of calcium and vitamin D
supplementation on bone density in men and
women 65 years of age or older. N Engl J Med. 1997;
337(10):670-676.

33. Reid IR, Ames R, Mason B, et al. Randomized
controlled trial of calcium supplementation in
healthy, nonosteoporotic, older men. Arch Intern Med.
2008;168(20):2276-2282.

34. Sanders KM, Stuart AL, Williamson EJ, et al.
Annual high-dose oral vitamin D and falls and
fractures in older women: a randomized controlled
trial. JAMA. 2010;303(18):1815-1822.

35. Holick MF. Vitamin D deficiency. N Engl J Med.
2007;357(3):266-281.

36. Moyer VA; US Preventive Services Task Force.
Vitamin D and calcium supplementation to prevent
fractures in adults: US Preventive Services Task
Force recommendation statement. Ann Intern Med.
2013;158(9):691-696.

37. Institute of Medicine. Dietary Reference Intakes
for Calcium and Vitamin D. Washington, DC: National
Academies Press; 2011.

38. World Health Organization and Food and
Agriculture Organization of the United Nations.
Vitamin and Mineral Requirements in Human
Nutrition. 2nd ed. Geneva, Switzerland: World Health
Organization; 2004.

39. Cosman F, de Beur SJ, LeBoff MS, et al;
National Osteoporosis Foundation. Clinician’s guide
to prevention and treatment of osteoporosis.
Osteoporos Int. 2014;25(10):2359-2381.

40. Holick MF, Binkley NC, Bischoff-Ferrari HA,
et al; Endocrine Society. Evaluation, treatment, and
prevention of vitamin D deficiency: an Endocrine
Society clinical practice guideline. J Clin Endocrinol
Metab. 2011;96(7):1911-1930.

41. American Geriatrics Society Workgroup on
Vitamin D Supplementation for Older Adults.
Recommendations abstracted from the American
Geriatrics Society Consensus Statement on vitamin
D for prevention of falls and their consequences.
J Am Geriatr Soc. 2014;62(1):147-152.

USPSTF Recommendation: Vitamin D, Calcium, or Both for Primary Prevention of Fractures US Preventive Services Task Force Clinical Review & Education

jama.com (Reprinted) JAMA April 17, 2018 Volume 319, Number 15 1599

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by a University of California - Los Angeles User  on 08/17/2018

https://www.ncbi.nlm.nih.gov/pubmed/17144789
https://www.ncbi.nlm.nih.gov/pubmed/17144789
https://www.ncbi.nlm.nih.gov/pubmed/19028351
https://www.ncbi.nlm.nih.gov/pubmed/19028351
https://www.ncbi.nlm.nih.gov/pubmed/2335719
https://www.ncbi.nlm.nih.gov/pubmed/2335719
https://www.ncbi.nlm.nih.gov/pubmed/19826027
https://www.ncbi.nlm.nih.gov/pubmed/23833201
https://www.ncbi.nlm.nih.gov/pubmed/23833201
https://www.ncbi.nlm.nih.gov/pubmed/10441647
https://www.ncbi.nlm.nih.gov/pubmed/10441647
https://www.ncbi.nlm.nih.gov/pubmed/18042916
https://www.ncbi.nlm.nih.gov/pubmed/18042916
https://www.ncbi.nlm.nih.gov/pubmed/24636210
https://www.ncbi.nlm.nih.gov/pubmed/24636210
https://www.ncbi.nlm.nih.gov/pubmed/21264553
https://www.ncbi.nlm.nih.gov/pubmed/21264553
https://www.ncbi.nlm.nih.gov/pubmed/21903604
https://www.ncbi.nlm.nih.gov/pubmed/19249949
https://www.ncbi.nlm.nih.gov/pubmed/14996514
https://www.ncbi.nlm.nih.gov/pubmed/14996514
https://www.ncbi.nlm.nih.gov/pubmed/16481635
https://www.ncbi.nlm.nih.gov/pubmed/28350929
https://www.ncbi.nlm.nih.gov/pubmed/28461159
https://www.ncbi.nlm.nih.gov/pubmed/28461159
https://www.ncbi.nlm.nih.gov/pubmed/28384800
https://www.ncbi.nlm.nih.gov/pubmed/28384800
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.3097&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.3185
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.3097&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.3185
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/1314/Table_37_SUP_GEN_13.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/1314/Table_37_SUP_GEN_13.pdf
https://www.ncbi.nlm.nih.gov/pubmed/21242341
https://www.ncbi.nlm.nih.gov/pubmed/21242341
https://www.ncbi.nlm.nih.gov/pubmed/25419853
https://www.ncbi.nlm.nih.gov/pubmed/25419853
https://hcupnet.ahrq.gov
https://www.ncbi.nlm.nih.gov/pubmed/20231569
https://www.ncbi.nlm.nih.gov/pubmed/20231569
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.21640&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.3185
https://www.ncbi.nlm.nih.gov/pubmed/10091204
https://www.ncbi.nlm.nih.gov/pubmed/8554248
https://www.ncbi.nlm.nih.gov/pubmed/8554248
https://www.ncbi.nlm.nih.gov/pubmed/12609940
https://www.ncbi.nlm.nih.gov/pubmed/12609940
https://www.ncbi.nlm.nih.gov/pubmed/8970899
https://www.ncbi.nlm.nih.gov/pubmed/8970899
https://www.ncbi.nlm.nih.gov/pubmed/9495509
https://www.ncbi.nlm.nih.gov/pubmed/9278463
https://www.ncbi.nlm.nih.gov/pubmed/9278463
https://www.ncbi.nlm.nih.gov/pubmed/19001206
https://www.ncbi.nlm.nih.gov/pubmed/19001206
https://www.ncbi.nlm.nih.gov/pubmed/20460620
https://www.ncbi.nlm.nih.gov/pubmed/17634462
https://www.ncbi.nlm.nih.gov/pubmed/17634462
https://www.ncbi.nlm.nih.gov/pubmed/23440163
https://www.ncbi.nlm.nih.gov/pubmed/23440163
https://www.ncbi.nlm.nih.gov/pubmed/25182228
https://www.ncbi.nlm.nih.gov/pubmed/21646368
https://www.ncbi.nlm.nih.gov/pubmed/21646368
https://www.ncbi.nlm.nih.gov/pubmed/24350602
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.3185



