the NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 FEBRUARY 16, 2006

VOL. 354 NO. 7

Calcium plus Vitamin D Supplementation

and the Risk of Fractures

Rebecca D. Jackson, M.D., Andrea Z. LaCroix, Ph.D., Margery Gass, M.D., Robert B. Wallace, M.D.,

John Robbins, M.D., Cora E. Lewis, M.D., Tamsen Bassford, M.D., Shirley A.A. Beresfo

rd, Ph.D., Henry R. Black, M.D.,

Patricia Blanchette, M.D., Denise E. Bonds, M.D., Robert L. Brunner, Ph.D., Robert G. Brzyski, M.D.,
Bette Caan, Dr.P.H., Jane A. Cauley, Dr.P.H., Rowan T. Chlebowski, M.D., Steven R. Cummings, M.D.,
Iris Granek, M.D., Jennifer Hays, Ph.D., Gerardo Heiss, M.D., Susan L. Hendrix, D.O., Barbara V. Howard, Ph.D.,

Judith Hsia, M.D., F. Allan Hubbell, M.D., Karen C. Johnson, M.D., Howard Judd, M.

D., Jane Morley Kotchen, M.D.,

Lewis H. Kuller, M.D., Robert D. Langer, M.D., Norman L. Lasser, M.D., Marian C. Limacher, M.D., Shari Ludlam, M.P.H.,
JoAnn E. Manson, M.D., Karen L. Margolis, M.D., Joan McGowan, Ph.D., Judith K. Ockene, Ph.D.,

Mary Jo O'Sullivan, M.D., Lawrence Phillips, M.D., Ross L. Prentice, Ph.D.,
Marcia L. Stefanick, Ph.D., Linda Van Horn, Ph.D., Jean Wactawski-Wende, Ph.
Garnet L. Anderson, Ph.D., Annlouise R. Assaf, Ph.D., and David

for the Women'’s Health Initiative Investigators*

Gloria E. Sarto, M.D.,
D., Evelyn Whitlock, M.D.,
Barad, M.D.,

ABSTRACT

BACKGROUND
The efficacy of calcium with vitamin D supplementation for preventing hip and other
fractures in healthy postmenopausal women remains equivocal.

METHODS

We recruited 36,282 postmenopausal women, 50 to 79 years of age, who were already
enrolled in a Women’s Health Initiative (WHI) clinical trial. We randomly assigned
participants to receive 1000 mg of elemental calcium as calcium carbonate with
400 IU of vitamin D5 daily or placebo. Fractures were ascertained for an average
follow-up period of 7.0 years. Bone density was measured at three WHI centers.

RESULTS
Hip bone density was 1.06 percent higher in the calcium plus vitamin D group than
in the placebo group (P<0.01). Intention-to-treat analysis indicated that participants
receiving calcium plus vitamin D supplementation had a hazard ratio of 0.88 for hip
fracture (95 percent confidence interval, 0.72 to 1.08), 0.90 for clinical spine fracture
(0.74 to 1.10), and 0.96 for total fractures (0.91 to 1.02). The risk of renal calculi
increased with calcium plus vitamin D (hazard ratio, 1.17; 95 percent confidence
interval, 1.02 to 1.34). Censoring data from women when they ceased to adhere to
the study medication reduced the hazard ratio for hip fracture to 0.71 (95 percent
confidence interval, 0.52 to 0.97). Effects did not vary significantly according to
prerandomization serum vitamin D levels.

CONCLUSIONS
Among healthy postmenopausal women, calcium with vitamin D supplementation
resulted in a small but significant improvement in hip bone density, did not signifi-
cantly reduce hip fracture, and increased the risk of kidney stones. (ClinicalTrials.gov
number, NCT00000611.)
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STEOPOROSIS, A MAJOR CAUSE OF IN-

jury, loss of independence, and death,*?

contributes to more than 300,000 hip
fractures in the United States annually.? Observa-
tional evidence* and data from randomized clin-
ical trials>® suggest that calcium or vitamin D
supplements or both may slow bone loss>° and
reduce the risk of falls”® in postmenopausal and
elderly women. However, evidence from trials,>°1°
observational studies,?*?! and meta-analyses®2%23
of calcium and vitamin D supplementation with
respect to hip and other fractures is limited. In
two recent randomized trials, calcium plus vita-
min D supplements (1000 mg of calcium and 800
IU of vitamin Ds) did not reduce the risk of non-
vertebral fractures among older women.*®'° When
the calcium plus vitamin D trial of the Women’s
Health Initiative (WHI) was designed, in the ear-
ly 1990s, guidelines recommended daily intakes
of 800 to 1200 mg of calcium with 400 IU of vi-
tamin D for the prevention of osteoporosis. Many
American women consumed less.

In this context, the WHI calcium with vita-
min D trial was designed to test the primary hy-
pothesis that postmenopausal women randomly
assigned to calcium plus vitamin D supplementa-
tion would have a lower risk of hip fracture and,
secondarily, of all fractures than women assigned
to placebo.?* Another secondary hypothesis was
that women receiving calcium with vitamin D
supplementation would have a lower rate of colorec-
tal cancer than those receiving placebo; the re-
sults of that investigation are reported elsewhere
in this issue of the Journal.s

METHODS

PARTICIPANTS AND STUDY DESIGN

Participants enrolled in the WHI Dietary Modifi-
cation trial, WHI Hormone Therapy trials, or both
were invited to join the calcium with vitamin D
trial at their first or second annual follow-up visit.
Detailed descriptions of the eligibility criteria and
recruitment methods have been published previ-
ously.2*

Eligible women were 50 to 79 years of age at
the initial screening and had no evidence of a
medical condition associated with a predicted
survival of less than three years and no safety,
adherence, or retention risks. Exclusion criteria
included hypercalcemia, renal calculi, corticoste-
roid use, and calcitriol use. Personal supplemen-

tal calcium (up to 1000 mg per day) and vita-
min D (up to 600 IU per day) were allowed. In
1999, after the publication of reports from the
Institute of Medicine,?*?” the upper limit of per-
sonal vitamin D intake was raised to 1000 IU.
The calcium with vitamin D trial permitted the
use of bisphosphonates and calcitonin. Use of
estrogen (with or without a progestin) was ac-
cording to randomization among women in the
Hormone Therapy trials. Independent use of hor-
mone therapy or selective estrogen-receptor mod-
ulators was permitted for women in the Dietary
Modification trial.

Eligible women were randomly assigned in a
double-blind fashion to receive supplements or
placebo (provided by GlaxoSmithKline) in equal
proportions with use of a permuted-block algo-
rithm stratified according to clinical center and
age. Active tablets, chewable or swallowable (after
July 1997), contained 500 mg of elemental cal-
cium (as calcium carbonate) and 200 IU of vita-
min D,. Participants were instructed to take two
tablets per day in divided doses and with meals
to maximize absorption. Cross-sectional com-
parison of 25-hydroxyvitamin D levels from 227
women taking active supplements and 221 wom-
en taking placebo two years after randomization
revealed that the 25-hydroxyvitamin D level was
28 percent higher among the women assigned to
active calcium plus vitamin D than among those
assigned to placebo.

The protocol was approved by the institutional
review board at each participating institution.
Written informed consent was obtained from
each woman at the calcium with vitamin D ran-
domization visit. The WHI Investigators and Na-
tional Institutes of Health sponsors all contrib-
uted to the design and execution of the study. All
the authors contributed to drafts or revisions of
the manuscript. Statistical analyses and data man-
agement were conducted at the WHI Clinical
Coordinating Center, and the investigators and
statistical team vouch for the completeness and
veracity of the data and statistical analyses.

FOLLOW-UP AND DATA COLLECTION
The presence and severity of symptoms, safety
concerns, and outcomes were ascertained at an-
nual clinic visits and telephone or clinic visits at
intervening six-month intervals.?* Adherence to
the study medication was established by weigh-
ing returned pill bottles during clinic visits. Par-
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ticipants were followed for major outcomes, regard-
less of their adherence to the study medication,
until death, loss to follow-up, or study close-out.
Risk factors for fracture were assessed by ques-
tionnaire, interview, and clinical examination.
The total daily calcium intake before randomiza-
tion was defined as the sum of the following: the
dietary calcium intake (assessed with the use of
a modification of the Block food-frequency ques-
tionnaire?®), the intake of calcium from supple-
ments in the previous two weeks, and the intake
of calcium from prescription medications (assessed
through an interviewer-administered medication
survey). Total vitamin D intake was similarly de-
termined on the basis of diet and supplement use.

DISCONTINUATION OF STUDY MEDICATIONS
During the trial, intolerable gastrointestinal symp-
toms were managed without unblinding by re-
ducing the number of times per day or days per
week that the study medication was taken. If re-
nal calculi or hypercalcemia developed or renal
dialysis was required, calcium with vitamin D
study medication was permanently discontinued,
according to the protocol.

ASCERTAINMENT OF OUTCOMES
Total fractures were defined as all reported clini-
cal fractures other than those of the ribs, ster-
num, skull or face, fingers, toes, and cervical ver-
tebrae. All included fractures were verified by
review of radiologic, magnetic resonance imaging,
or operative reports by centrally trained and blind-
ed physician adjudicators at each clinical cen-
ter.2* Final adjudication of hip fractures was per-
formed centrally by blinded adjudicators; agreement
between central and local adjudication was 94
percent.

A subgroup of 2431 women (1230 in the cal-
cium with vitamin D group and 1201 in the pla-
cebo group) at 3 of the 40 clinical centers (Pitts-
burgh; Birmingham, Ala.; and Tucson, Ariz.)
underwent dual-energy x-ray absorptiometry of
the lumbar spine (L2, L3, and L4), total hip, and
total body (QDR 2000, QDR 2000+, or QDR
4500W; Hologic). Bone mineral density was mea-
sured at the calcium with vitamin D randomiza-
tion visit and at annual visits 3, 6, and 9 according
to standard protocols.?* Three Hologic phantoms
(spine, hip, and linearity) were exchanged among
these three centers and measured in array mode
five times, once each day for five consecutive days,

to assess cross-calibration. Spine, hip, and linear-
ity phantoms were in close agreement (interscan-
ner variability, <1.5 percent for the spine, 4.8 per-
cent for the hip, and 1.7 percent for linearity).

ANALYSIS OF VITAMIN D LEVELS
Blood specimens, which were obtained after an
overnight fast, were collected at the randomiza-
tion visit. To determine whether the effect of cal-
cium plus vitamin D on the risk of fracture varied
according to prerandomization 25-hydroxyvita-
min D levels, a nested case—control study was per-
formed with all adjudicated cases of hip, spine,
and lower arm or wrist fracture used as cases
(357 case—control pairs for hip fracture and 1491
pairs for total fracture). Controls were free of frac-
ture for the duration of the study and were individu-
ally matched to case participants according to
age, latitude of the clinical center, race or ethnic
group, and date of venipuncture. Levels of 25-
hydroxyvitamin D were measured with the use of
the DiaSorin Liaison chemiluminescent immu-
noassay system at DiaSorin headquarters (Still-
water, Minn.) in one continuous batch with blind-
ed control runs at periodic intervals (coefficient of
variation, 11.8 percent).

STATISTICAL ANALYSIS
All primary outcomes were analyzed on a time-
to-event basis according to the intention-to-treat
principle. We present both the total number of
events and the annualized percentage for these
fracture rates for each group. Comparisons are
represented with hazard ratios and nominal 95
percent confidence intervals from Cox propor-
tional-hazards models, stratified according to
age group, prior fracture, and randomization sta-
tus (randomly assigned to active hormone therapy
or placebo, dietary intervention vs. dietary control,
or both) in the Hormone Therapy and Dietary
Modification trials.

To assess whether the effect of calcium with
vitamin D on the risk of fracture varied according
to baseline levels of risk factors, the same Cox
proportional-hazards models were extended. In
formal tests for interaction, continuous variables
were used whenever possible. Fifteen participant
characteristics were examined for each of four
fracture outcomes. Up to three statistically sig-
nificant interaction tests (P<0.05) would be ex-
pected on the basis of chance alone.

To examine the effect of nonadherence (to ac-
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Table 1. Characteristics of the Participants in the Calcium with Vitamin D Trial at the Time of the WHI Screening,

According to Randomly Assigned Group.*

Characteristic
Age at screening
Mean —yr
50 to 59 yr — no. (%)
60 to 69 yr — no. (%)
70 to 79 yr — no. (%)
Race or ethnic group — no. (%)t
White
Black
Hispanic
American Indian or Native American
Asian or Pacific Islander
Unknown or not identified
Family history of fracture after 40 yr of age — no. (%)
History of fracture — no. (%)
At any age
At age =55 yr
No. of falls in previous 12 mo — no. (%)
None
1
2
=3
Weight <58 kg — no. (%)
Body-mass index
Mean
<25 —no. (%)
25 to <30 — no. (%)
230 — no. (%)
Physical activity
Mean — MET/wk
0 to 3.00 MET/wk — no. (%)
>3.00 to <11.75 MET/wk — no. (%)
>11.75 MET/wk — no. (%)
Calcium supplementation =500 mg/day — no. (%)

Total calcium intake (supplements, diet, and medications)

Mean — mg/day
<800 mg/day — no. (%)
800 to <1200 mg/day — no. (%)
=1200 mg/day — no. (%)
Total vitamin D intake (supplements and diet)
Mean — IU/day
<200 IU/day
200 to <400 IU/day
400 to <600 IU/day
=600 IU/day

Calcium +Vitamin D
(N=18,176)

62.47.0
6,728 (37.0)
8,275 (45.5)
3,173 (17.5)

15,047 (82.8)
1,682 (9.3)
789 (4.3)
77 (0.4)
369 (2.0)
212 (1.2)
6,835 (37.6)

6,311 (34.7)
1,948 (10.7)

11,193 (61.6)
3,421 (18.8)
1,462 (8.0)

732 (4.0)
1,660 (9.1)

29.1%5.9
4,745 (26.1)
6,472 (35.6)
6,867 (37.8)

10.7+12.7
5,517 (30.4)
5,463 (30.1)
5,566 (30.6)
5,192 (28.6)

1148654

6,104 (33.6)
4,715 (25.9)
7,002 (38.5)

3654265
6,827 (37.6
3,379 (18.6
4,188 (23.0

)
)
)
3,427 (18.9)

Placebo
(N=18,106)

62.4+6.9

6,694 (37.0)
8,245 (45.5)
3,167 (17.5)

6,228 (34.4)
1,968 (10.9)

11,200 (61.9)
3,386 (18.7)
1,426 (7.9)
701 (3.9)
1,676 (9.3)
29.0+5.9
4,833 (26.7)
6,483 (35.8)
6,695 (37.0)

10.6+12.4
5,478 (30.3)
5,477 (30.2)
5,493 (30.3)
5,313 (29.3)

1154658

6,003 (33.2)
4,655 (25.7)
7,095 (39.2)

368+266
6,671 (36.8)
3,423 (18.9)
4,295 (23.7)
3,364 (18.6)
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Table 1. (Continued.)

Calcium + Vitamin D Placebo
Characteristic (N=18,176) (N=18,106)
Solar irradiance of regioni:
Mean 382160 382160
300 to 325 Langleys 5,366 (29.5) 5,351 (29.6)
350 Langleys 3,920 (21.6) 3,880 (21.4)
375 to 380 Langleys 2,012 (11.1) 2,009 (11.1)
400 to 430 Langleys 3,018 (16.6) 3,015 (16.7)
475 to 500 Langleys 3,860 (21.2) 3,851 (21.3)
Alcohol use — no. (%)
None 1,863 (10.2) 1,891 (10.4)
Use in the past 3,192 (17.6) 3,209 (17.7)
<1 drink/mo 2,529 (13.9) 2,520 (13.9)
<1 drink/wk 3,863 (21.3) 3,758 (20.8)
1 to <7 drinks/wk 4,683 (25.8) 4,706 (26.0)
=7 drinks/wk 1,910 (10.5) 1,900 (10.5)
Smoking — no. (%)
Never 9,325 (51.3) 9,428 (52.1)
Past 7,255 (39.9) 7,133 (39.4)
Current 1,405 (7.7) 1,356 (7.5)
Enrollment in Dietary Modification trial — no. (%)
Not enrolled 5,582 (30.7) 5,490 (30.3)
Assigned to intervention 4,767 (26.2) 4,878 (26.9)
Assigned to control 7,827 (43.1) 7,738 (42.7)
Enrollment in Hormone Therapy trial — no. (%)
Not enrolled 10,122 (55.7) 10,071 (55.6)
Assigned to active hormone therapy 4,039 (22.2) 4,078 (22.5)
Assigned to placebo 4,015 (22.1) 3,957 (21.9)
Use of hormone therapy — no. (%)§
Never 5,814 (32.0) 5,690 (31.4)
Past 3,004 (16.5) 2,932 (16.2)
Current 9,358 (51.5) 9,484 (52.4)
Hip BMD at annual visit 1 — total no.9| 1,230 1,201
Mean 0.87+0.14 0.86+0.14
Hip T score at annual visit 1 — total no.9| 1,230 1,201
Mean -0.65+1.03 -0.77+1.05
T score above -1.0 757 (61.5) 694 (57.8)
T score below -1.0 and above -2.5 436 (35.4) 459 (38.2)
T score below -2.5 37 (3.0) 48 (4.0)

* Plus—minus values are means +SD. Because of rounding or missing data, not all percentages total 100. MET denotes
metabolic equivalent, and BMD bone mineral density.

T Race or ethnic group was self-reported.

1 The Langley is a unit of solar radiance and relates to the amount that reaches a given area of the earth’s surface. The
information is from national weather data on total solar irradiance in the United States and is adapted from Garland
and Garland.*®

§ Values reflect hormone-therapy use during year 1 of the clinical trial, including exposure in the Hormone Therapy trials.

9§ The data are from the subgroup of women in whom bone mineral density was measured. The T score represents the
bone mineral density of an individual subject as compared with the mean (+SD) score in a young, healthy population.
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68,132 Women in the WHI clinical trials
27,347 in the HT trial
48,835 in the DM trial

31,850 Women ineligible
13,481 Were not interested in CaD
12,765 Refused consent
3,230 Were not eligible
2,226 Eligibility criteria unknown
148 Died in year 1

l

36,282 Women randomly assigned
33,070 inyear 1
3,212 in year 2

18,176 Women in CaD group
1,230 Women in BMD subgroup

18,106 Women in placebo group
1,201 Women in BMD subgroup

Status at close-out
16,936 Alive and outcomes data
submitted in last 18 mo
352 Withdrew
144 Lost to follow-up
744 Died

Status at close-out
16,815 Alive and outcomes data
submitted in last 18 mo
332 Withdrew
152 Lost to follow-up
807 Died

Figure 1. Profile of the Calcium with Vitamin D Trial of the Women’s Health
Initiative (WHI).

HT denotes hormone therapy, DM dietary modification, CaD calcium with
vitamin D, and BMD bone mineral density.
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tive supplements or placebo), sensitivity analyses
were conducted in which participants were allowed
to contribute follow-up time until six months af-
ter the first visit at which nonadherence, defined
as use of less than 80 percent of the study medi-
cation, was detected. Full-adherence hazard ratios
were also estimated with inverse probability of
censoring weighted estimators with adjustment for
10 covariates associated with adherence.?®

Changes in bone mineral density during fol-
low-up were calculated as mean percent differ-
ences (and standard errors) from bone mineral
density at the time of enrollment in the calcium
plus vitamin D trial. Linear regression was used
to compare rates of change in bone mineral den-
sity between the groups, after adjustment for
clinical center and race or ethnic group.

The calcium with vitamin D trial was designed

to have 85 percent power to detect an interven-
tion effect of 18 percent for hip fracture, assuming
a sample size of 35,000 women and an annual
hip-fracture rate in the placebo group of 33.6 per
10,000 persons per year. The power to detect an
intervention effect of similar magnitude for total
fracture was greater than 99 percent.

RESULTS

BASELINE CHARACTERISTICS
Between 1995 and 2000, 36,282 women were ran-
domly assigned in the calcium with vitamin D
trial: 18,176 were assigned to active supplemen-
tation, and 18,106 to placebo. Demographic char-
acteristics, health behavior, and medical history
were well balanced between the groups at base-
line (Table 1). The women had a mean age of 62
years and a mean body-mass index (the weight in
kilograms divided by the square of the height in
meters) of 29. Sixteen percent were not white.
The average calcium intake was approximately
1150 mg per day. More than half the women (52
percent) were taking hormone therapy (10,725
reported personal use of hormones, and 8117 had
been randomly assigned to receive active-hormone
study medication). The rate of use of other osteo-
porosis medications was 1 percent (1 used a se-
lective estrogen-receptor modulator, 366 bisphos-
phonate, and 33 calcitonin).

RETENTION AND ADHERENCE
At the termination of the trial, on March 31, 2005,
1551 participants (4.3 percent) had died and 2.7
percent had withdrawn or had been lost to fol-
low-up (Fig. 1). The rate of adherence (defined as
use of 80 percent or more of the assigned study
medication) ranged from 60 to 63 percent during
the first three years of follow-up, with an addi-
tional 13 to 21 percent of the participants taking
at least half of their study pills. At the end of the
trial, 76 percent were still taking the study medi-
cation, and 59 percent were taking 80 percent or
more of it.

BONE MINERAL DENSITY
Women receiving calcium with vitamin D supple-
ments had greater preservation of total-hip bone
mineral density at annual visits 3, 6, and 9 than
women assigned to placebo (Fig. 2). The mean
differences between the treatment groups, all in
favor of calcium with vitamin D, were 0.59 per-
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