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Calcium/Vitamin D Supplementation and
Cardiovascular Events

Judith Hsia, MD; Gerardo Heiss, MD, PhD; Hong Ren, MS; Matthew Allison, MD, MPH;
Nancy C. Dolan, MD; Philip Greenland, MD; Susan R. Heckbert, MD, PhD;
Karen C. Johnson, MD, MPH; JoAnn E. Manson, MD, DrPH; Stephen Sidney, MD, MPH;
Maurizio Trevisan, PhD; for the Women’s Health Initiative Investigators

Background—Individuals with vascular or valvular calcification are at increased risk for coronary events, but the
relationship between calcium consumption and cardiovascular events is uncertain. We evaluated the risk of coronary and
cerebrovascular events in the Women’s Health Initiative randomized trial of calcium plus vitamin D supplementation.

Methods and Results—We randomized 36 282 postmenopausal women 50 to 79 years of age at 40 clinical sites to calcium
carbonate 500 mg with vitamin D 200 IU twice daily or to placebo. Cardiovascular disease was a prespecified secondary
efficacy outcome. During 7 years of follow-up, myocardial infarction or coronary heart disease death was confirmed for
499 women assigned to calcium/vitamin D and 475 women assigned to placebo (hazard ratio, 1.04; 95% confidence
interval, 0.92 to 1.18). Stroke was confirmed among 362 women assigned to calcium/vitamin D and 377 assigned to
placebo (hazard ratio, 0.95; 95% confidence interval, 0.82 to 1.10). In subgroup analyses, women with higher total
calcium intake (diet plus supplements) at baseline were not at higher risk for coronary events (P=0.91 for interaction)
or stroke (P=0.14 for interaction) if assigned to active calcium/vitamin D.

Conclusions—Calcium/vitamin D supplementation neither increased nor decreased coronary or cerebrovascular risk in
generally healthy postmenopausal women over a 7-year use period. (Circulation. 2007;115:846-854.)
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Vascular calcification and valvular calcification predict ath-
erosclerotic risk!:? and are prevalent in chronic diseases
such as diabetes,? systemic lupus erythematosus,* and chronic
kidney disease,” in which the risk of coronary events is high.
Arterial calcification and valvular calcification are organized,
regulated processes similar in many respects to bone formation
and remodeling.°~° Because of this relationship, bisphospho-
nates have been proposed as antiatherosclerotic agents,'© and
patients with coronary calcification commonly ask if they should
reduce their calcium consumption.!' The literature on this topic
is scant and conflicting'?-'6; even less is known about the
relationship between vitamin D and coronary risk.!”

Editorial p 827
Clinical Perspective p 854

We randomized 36 282 postmenopausal women to calcium
plus vitamin D or to placebo in a fracture trial and report here

the impact of 7 years of supplementation on cardiovascular
outcomes, including time trends and analyses of subgroups.

Methods

Details of the study design have been published previously,'® as have
the baseline characteristics.!—2! Eligible postmenopausal women 50
to 79 years of age joined the Women’s Health Initiative hormone
therapy and/or dietary modification trials between 1993 and 1998.
One year later, they were invited to join the double-blinded calcium
plus vitamin D trial; 91% joined the calcium/vitamin D trial at their
first annual visit and 9% during the following year. Women provided
written informed consent in a form approved by local institutional
review boards and were randomly assigned to a calcium and vitamin
D supplement (containing calcium carbonate, 500 mg as elemental
calcium, with vitamin D; 200 IU twice daily) (GlaxoSmithKline
Consumer Healthcare, Parsippany, NJ) or matching placebo. Con-
current calcium supplementation was permitted, as was vitamin D,
up to 400 IU daily.
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Clinical Outcomes

Weight, blood pressure, and waist circumference were recorded
annually. Blood samples were collected at baseline, ie, at the time of
enrollment into the hormone therapy and/or dietary modification
trials, from all participants; in a random 6% sample, blood samples
also were collected 1 and 3 years later.??

Participants reported emergency room visits, overnight hospital
stays, and outpatient coronary revascularization procedures semian-
nually. Medical records for all overnight hospitalizations and outpa-
tient coronary revascularization procedures were scrutinized for
potential outcomes of interest. Centrally trained physician-
adjudicators classified outcomes on the basis of medical record
review. Myocardial infarction was categorized through the use of an
algorithm that included symptoms, ECG findings, and cardiac
enzymes.?? Confirmed angina required hospitalization for angina
with confirmatory stress test or obstructive coronary disease by
angiography.?* Stroke required rapid onset of a persistent neurolog-
ical deficit not due to trauma, tumor, infection, or other cause23;
strokes were coded as “other” if procedure related or if the adjudi-
cator could not classify the event as hemorrhagic or ischemic. All
deaths were centrally adjudicated; other outcomes were adjudicated
on the basis of hospital record review by centrally trained, local
adjudicators blinded to treatment assignment. Composite outcomes
were defined during development of the analytical plan.

Statistical Methods

Statistical methods have been described.2?-2! In brief, hazard ratios
with 95% confidence intervals (CIs) were calculated from Cox
proportional-hazards models stratified by age, prevalent cardiovas-
cular disease at baseline, and randomization status in the hormone
and dietary modification trials. Subgroup analyses were planned
a priori. Subgroup analyses were stratified by age, prevalent cardio-
vascular disease at baseline, and randomization status in the hormone
and dietary modification trials. Consistency of treatment effects
among subgroups was assessed by formal tests of interaction; tests
for linear trend were used when appropriate. Nineteen subgroups
were evaluated for coronary heart disease (CHD) and for stroke;
subgroup results should be interpreted with caution because 1
significant finding would be expected by chance for each outcome
based on a 0.05 nominal level of statistical significance. All reported
probability values are 2 sided. Analyses were carried out by the
coordinating center statistics unit using the SAS System for Win-
dows, version 9 (SAS Institute, Cary, NC).

The authors had full access to and take responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written.

Results

Between 1995 and 2000, 36 282 women were randomized at
40 clinical sites; when the trial closed in April 2005, the mean
duration of follow-up was 7.0%1.4 years. Baseline character-
istics were balanced between treatment groups (Table 1)
except for hypertension (P=0.03). At baseline, mean calcium
intake (diet plus supplements, exclusive of study medication)
was 1148+654 mg/d in the active treatment group and
1154658 mg/d in the placebo group, close to the recom-
mended intake of 1200 mg daily.?¢ Vitamin D consumption
was 365x265 IU/d in the active treatment group and
368266 1U/d in the placebo group. Sixty percent of study
participants took at least 80% of their study medication
through year 6.

Intermediate Biomarkers and Risk Factors for CHD
Although blood samples were collected on the entire cohort,
bioassays were performed in only a 6% random sample. At
baseline, total cholesterol was 5.64 mmol/L, low-density
lipoprotein cholesterol was 3.28 mmol/L, high-density li-
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poprotein cholesterol was 1.54 mmol/L, triglycerides were
1.81 mmol/L, glucose was 5.49 mmol/L, and insulin was 11.4
pIU/mL. Differences between mean percent change in the
intervention group and mean percent change in the control
group are shown from baseline to year 2 after randomization
(Figure 1). Percent change from baseline differed signifi-
cantly between treatment groups for low-density lipoprotein
cholesterol (P=0.02), waist circumference and weight
(P=0.03 for both), systolic blood pressure (P=0.01), and
diastolic blood pressure (P<<0.01).

Clinical Cardiovascular Outcomes

Myocardial infarction or CHD death was confirmed in 499
women assigned to active calcium/vitamin D and 475 as-
signed to placebo (hazard ratio, 1.04; 95% CI, 0.92 to 1.18).
Stroke was confirmed in 362 women assigned to calcium/
vitamin D and 377 assigned to placebo (hazard ratio, 0.95;
95% CI, 0.82 to 1.10; Figure 2). Among women taking at
least 80% of study medication, the hazard ratio for myocar-
dial infarction/CHD death was 1.05 (95% CI, 0.88 to 1.25)
and for stroke was 0.97 (95% CI, 0.79 to 1.20) (data not
shown). Risks of coronary revascularization, confirmed an-
gina, hospitalized heart failure, transient ischemic attack, and
composite outcomes also were similar in the 2 treatment
groups (Table 2).

Temporal Trends

Hazard ratios with nominal 95% ClIs for myocardial infarc-
tion/CHD death at 1-year intervals of follow-up were as
follows: year 1, 1.13 (95% CI, 0.79 to 1.61); year 2, 1.10
(95% (1, 0.75 to 1.61); year 3, 1.00 (95% CI, 0.69 to 1.46);
year 4, 0.92 (95% CI, 0.66 to 1.28); year 5, 1.00 (95% CI,
0.72 to 1.39), year 6, 1.11 (95% CI, 0.81 to 1.51), and year
=7, 1.07 (95% CI, 0.80 to 1.42). The z score for trend, based
on Cox proportional-hazards modeling with time-dependent
treatment effects, was 0.22 (P=0.82), indicating no signifi-
cant trend in risk over time.

Hazard ratios with 95% ClIs for stroke were as follows:
year 1, 1.09 (95% CI, 0.69 to 1.72); year 2, 0.62 (95% ClI,
0.41 to 0.94); year 3, 1.22 (95% CI, 0.82 to 1.82); year 4, 1.07
(95% C1, 0.70 to 1.65); year 5, 1.01 (95% CI, 0.69 to 1.47),
year 6, 0.71(95% CI, 0.50 to 1.01), and year =7, 1.11 (95%
CI, 0.81 to 1.52). The z score was 0.55 (P=0.58).

Trends by Age

Cumulative hazard ratios for myocardial infarction/CHD
death and for stroke were evaluated by age decade. For
women 50 to 59, 60 to 69, and 70 to 79 years of age at
baseline, hazard ratios with 95% CIs for CHD were 0.94
(95% CI1, 0.70 to 1.27), 1.08 (95% CI, 0.90 to 1.30), and 1.05
(95% CI, 0.85 to 1.30), respectively (P=0.53 for interaction).
Hazard ratios with 95% ClIs for stroke were 0.90 (95% ClI,
0.62 to 1.32), 0.97 (95% CI, 0.78 to 1.20), and 0.96 (95% CI,
0.76 to 1.20), respectively (P=0.72 for interaction).

Additional Subgroup Analyses

We evaluated several demographic and clinical characteristics to
determine whether other subgroups of women were at lower or
higher risk for myocardial infarction/CHD death with calcium/
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TABLE 1. Baseline Characteristics by Treatment Group Assignment

Calcium/Vitamin D Placebo

(N=18176) (N=18106) P

Age, y 62.4+7.0 62.4+6.9 0.97
Body mass index, kg/m? 29.1+5.9 29.0+5.9 0.24
Waist circumference, cm 88.9+13.7 88.8£13.7 0.46
Systolic blood pressure, mm Hg 12717 128+17 0.48
Diastolic blood pressure, mm Hg 769 769 0.56
Total calcium intake (supplements, diet, and medications), mg/d 1148+654 1154658 0.40
Total vitamin D intake (supplements and diet), IU/d 365265 368266 0.36
Vitamin D intake (supplements), 1U/d 190235 192+235 0.46
Vitamin D intake (diet), IU/d 175117 176117 0.47
Ethnicity 0.45

White 15047 (82.8) 15106 (83.4)

Black 1682 (9.3) 1635 (9.0)

Hispanic 789 (4.3) 718 (4.0)

American Indian/Alaskan native 77(0.4) 72 (0.4)

Asian/Pacific islander 369 (2.0) 353(1.9)

Unknown 212(1.2) 222 (1.2)
Hypertension 0.03

None 10 915 (66.7) 10 858 (66.5)

Untreated 1260 (7.7) 1384 (8.5)

Treated 4187 (25.6) 4092 (25.1)
Diabetes mellitus 1055 (5.8) 1036 (5.7) 0.80
High cholesterol requiring pills 2008 (12.3) 1964 (12.1) 0.49
Cigarette smoking 0.31

Current 1405 (7.8) 1356 (7.6)

Past 7255 (40.3) 7133 (39.8)

Never 9325 (51.8) 9428 (52.6)
CHD at baseline 487 (2.7) 456 (2.5) 0.34
Cardiovascular disease at baseline 881 (4.8) 860 (4.7) 0.66
Statin use 1178 (6.5) 1149 (6.3) 0.60
Aspirin use 3552 (19.5) 3517 (19.4) 0.78
NSAID use 5983 (32.9) 5891 (32.5)  0.44
Use of postmenopausal hormone therapy

Assigned to active therapy in hormone trials 4039 (22.2) 4078 (22.5) 0.49

Current use, including exposure in hormone trials 9358 (51.5) 9484 (52.4) 0.09

NSAID indicates nonsteroidal antiinflammatory drug, including aspirin; CHD at baseline, self-reported myocardial
infarction or coronary revascularization at baseline; cardiovascular disease at baseline, self-reported myocardial infarction,
coronary revascularization, stroke, or transient cerebral ischemia at baseline; aspirin use, >80 mg taken at least twice
weekly; and statin, 3'-hydroxy-3-methyglutaryl coenzyme A reductase inhibitor. Values are mean=SD or n (%).

vitamin D (Figure 3) or for stroke (Figure 4). The hazard ratios
for CHD (P=0.91 for interaction) and stroke (P=0.14 for
interaction) did not differ by total calcium intake (dietary plus
supplemental) at baseline. Similarly, hazard ratios did not differ
by vitamin D intake at baseline (P=0.45 for interaction for CHD
and P=0.12 for stroke). Hazard ratios also did not differ by
ethnicity, although numbers of events were small among His-
panic, American Indian, and Asian women (P=0.54 for inter-
action for CHD and P=0.63 for stroke).

CHD risk with active calcium/vitamin D was inversely related
to body mass index (P=0.04 for interaction); ie, women with
higher body mass index were at lower CHD risk with active

calcium/vitamin D supplementation, whereas those with lower
body mass index were at higher CHD risk. Stroke risk with
active calcium/vitamin D was lower among women with high
cholesterol and those taking statins at baseline (P=0.04 for
interaction for both). Stroke risk with active calcium/vitamin D
was inversely related to the number of CHD risk factors; ie,
women with fewer risk factors were at higher stroke risk with
calcium/vitamin D supplementation (P=0.02 for interaction).

Discussion
Calcium/vitamin D supplementation neither increased nor
decreased the risk for CHD or stroke in generally healthy
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Mean Percent Change from Baseline in the Intervention Group

postmenopausal women throughout the 7-year duration of
this randomized trial. Neither total calcium intake (dietary
plus supplemental) nor total vitamin D intake at baseline
affected cardiovascular risk with calcium/vitamin D
supplementation.

Possible explanations of this null finding include the
following: (1) Background calcium use impaired our ability
to identify a treatment effect; (2) the dose of vitamin D was
inadequate; (3) poor adherence to study medication blunted
any treatment effect; (4) concurrent postmenopausal hormone
therapy interfered with treatment effects; (5) the trial was
designed to evaluate the effects of calcium/vitamin D supple-
mentation on fracture, not cardiovascular disease; or (6)
calcium and vitamin D do not, in fact, affect cardiovascular
risk.
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A limitation of the trial was that women were allowed to
continue their own calcium supplements because it would
have been unethical to prohibit concurrent calcium use in a
long-term, placebo-controlled trial. Baseline calcium con-
sumption (diet plus supplements) was balanced between
treatment groups, and no significant interaction between
dietary or total calcium consumption at baseline and random-
ized treatment assignment was observed for either CHD or
stroke.

Baseline vitamin D consumption (diet plus supplements)
and regional solar irradiance?' also were balanced between
treatment groups. Parathyroid hormone levels are maximally
suppressed at 25-hydroxy vitamin D blood levels >75
nmol/L (30 ng/mL).?” In our trial, despite consuming 365 IU
vitamin D daily (supplements plus dietary vitamin D) at

0.06 4
"""" Active
— Control
HR = 085
95%CI (0.82.1.10)
0.05
0.04 4
0.03

Cumulative Hazard

1] 1 2 3 4 -] [ T 8
fae [ 1 E 5 a 55 52 6 2
G o 8 &7 “ 0 54 ™ a £
Ate BTG 18081 T 172 17548 1768 s 6065 aamm
Cows (p0s  TTRER ez 1783 17433 103 eEz =) azuz

Figure 2. Kaplan-Meier estimates of cumulative hazard rates for CHD (myocardial infarction or coronary death; left) and for stroke

(right). HR indicates hazard ratio.
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TABLE 2. Cardiovascular Events by Treatment Group Assignment

Calcium/Vitamin D Placebo
(N=18176), (N=18 106), Hazard Ratio
n (Annualized %) n (Annualized %) (95% Cl) P
Myocardial infarction or CHD death 499 (0.39) 475 (0.37) 1.04 (0.92-1.18)  0.50
Myocardial infarction 411 (0.32) 390 (0.31) 1.05 (0.91-1.20)  0.52
CHD death 130 (0.10) 128 (0.10) 1.01 (0.79-1.29)  0.92
CABG or PCI 674 (0.53) 607 (0.48) 1.09 (0.98-1.22)  0.12
Myocardial infarction/CHD death/CABG/PCI 920 (0.72) 841 (0.66) 1.08 (0.99-1.19)  0.10
Confirmed angina 404 (0.32) 377 (0.30) 1.08 (0.94-1.24)  0.30
Hospitalized heart failure 394 (0.31) 407 (0.32) 0.95 (0.83-1.10)  0.50
Stroke 362 (0.28) 377 (0.30) 0.95 (0.82-1.10)  0.51
Ischemic stroke 225(0.18) 228 (0.18) 0.98 (0.82-1.18)  0.84
Hemorrhagic stroke 58 (0.05) 68 (0.05) 0.84 (0.59-1.19)  0.33
Other stroke 63 (0.05) 57 (0.04) 1.11(0.77-1.59)  0.58
Transient ischemic attack 213(0.17) 182 (0.14) 1.16 (0.95-1.42)  0.13
Stroke/transient ischemic attack 563 (0.44) 547 (0.43) 1.02 (0.91-1.15)  0.75

CABG indicates coronary artery bypass grafting; PCI, percutaneous coronary intervention. Numbers of events do not

add up to the totals for categories because some women had >1 event.

baseline, only 13% of women with incident fractures
(n=1589) and 15% of matched controls had serum levels
>75 nmol/L, consistent with the current view that 800 to
1000 IU daily may be needed to achieve optimal serum
vitamin D levels.?® Women assigned to active calcium/
vitamin D supplementation would have been taking almost
800 IU daily, which may still have been insufficient. None-
theless, women with higher vitamin D consumption at base-
line were not at higher or lower risk for CHD or stroke if
assigned to active calcium/vitamin D. Low vitamin D levels
have been associated with acute stroke2?; because we mea-
sured serum vitamin D levels in fracture cases and controls,
not stroke cases, we are not able to confirm this association.

At the end of the trial (mean follow-up, 7 years), 76% of
participants were taking some study pills, and 59% were
taking =80% of their study medication. Calcium/vitamin D
supplementation did not alter CHD or stroke risk in sensitiv-
ity analyses, in which women were censored when they
became nonadherent, reducing the likelihood that adherence
affected study results. Use of postmenopausal hormone ther-
apy, which increases the risk of stroke?> and CHD,*° was
balanced in the treatment groups. Neither CHD nor stroke
risk differed with calcium/vitamin D supplementation among
women assigned to active hormone therapy in the randomized
hormone trials, making it unlikely that postmenopausal hor-
mone use affected study results.

Another limitation of our analysis is that this trial was
designed to evaluate the effect of intervention on fracture, not
cardiovascular disease. In fact, the number of myocardial
infarctions/CHD deaths (n=974) and strokes (n=739) was
greater than the number of hip fractures (n=374), so a
reasonable treatment effect should have been readily detect-
able. Overall, the most likely explanation for our findings is
that calcium/vitamin D supplementation did not modulate
CHD or stroke risk.

Calcium and vitamin D had a mixture of favorable and
unfavorable effects on intermediate outcomes. Systolic pres-

sure rose 1.1+12.4% among calcium/vitamin D recipients
during the 2 years after randomization and 0.7£12.4%
among placebo recipients (P=0.01 for the treatment group
difference in percent change from baseline to year 2).
Diastolic pressure fell 0.2+12.4% in the active treatment
group and 0.6%£12.4% in the placebo group (P=0.007).
These findings contrast with the National Health and Nutri-
tion Examination Survey, in which dietary calcium consump-
tion was inversely associated with an age-related increase in
systolic blood pressure.?! Because of adjustments in concur-
rent medication dosage, we cannot be sure that the treatment
group differences in our trial are due solely to calcium/
vitamin D supplementation. Furthermore, in later years of the
trial, the changes in blood pressure from baseline no longer
differed between treatment groups.

Weight increased in both treatment groups during the 2
years after randomization (1.4%10.5% versus 1.7£12.0%),
as did waist circumference (1.5%£7.6% versus 1.8 £8.4%), but
these increases were smaller among women assigned to
active calcium/vitamin D (P=0.03 for both). The relationship
between weight and calcium/vitamin D consumption in other
reports has been inconsistent,3>33 but women taking calcium
supplements gained less weight than nonusers in a recent,
large, 10-year epidemiological study.?*

In both treatment groups, low-density lipoprotein choles-
terol rose in the 6% of participants with measured biomark-
ers, but the increase was smaller among women assigned to
active calcium/vitamin D (0.2%20.9% versus 2.6+20.7%;
P=0.02). In a small 12-week trial, calcium/vitamin D sup-
plementation had no effect on low-density lipoprotein cho-
lesterol.?> The modest difference seen in our trial may reflect
changes in weight over the 2 years or adjustments in
concomitant medications and cannot be definitively attributed
to calcium/vitamin D supplementation.

We found several subgroups of women with lower hazard
ratios for CHD or stroke with calcium/vitamin D supplemen-
tation. Women with higher body mass index appeared to be at
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Subgroup

Age , yrs
50-59
60-69
70-79

Body mass index, kg/m”
<25
25-<30
=30

Waist circumference, cm
<85
85- <97
=97
Diabetes
No diabetes
Al diabetes
Smoking
Yes
No
Hypertension
Yes
No

High cholesterol requiring pills
Yes
Mo
CHD risk factors
None
1-2
=3
CHD at baseline
Yes
No
CVD at baseline
Yes
No
Statin use af baseline
Yes
No
Aspirin use (> 80 mg/day) at baseline
Yes
Mo
Dietary calcium intake, mg
<800
800 - <1200
= 1200
Total calcium intake, mg
<800
800 - <1200
> 1200
Total vitamin D intake, 1U
<200
200 - <400
400 - <600
=600
Alcohol use
Mon - <1 drink per week
1 - <7 drinks per week
T+ drinks per week
HRT arm
Not enrolled
Active
Placebo
DM arm
Mot enrolled
Intervention
Comparison

caD Placebo
No. of cases of CHD

(annualized percentage)

84 (0.17) 87 (0.18) |
239 (0.42) 220 (0.39)
176 (0.82) 168 (0.79)
107 (0.32) 95 (0.28)
186 (0.41) 158 (0.35)
205 (0.43) 220 (0.47) |
157 (0.29) 135 (0.25) |
170 (0.43) 160 (0.41)
172 (0.51) 178 (0.53)
409 (0.34) 394 (0.33)

89 (1.24) 81 (1.17)

60 (0.62) 54 (0.57)
432 (0.37) 413 (0.35)
279 (0.59) 289 (0.61)
180 (0.26) 150 {0.22)
111 (0.83) 108 (0.83)
321 (0.33) 307 (0.31)
106 (0.19) 88 (0.16)
298 (0.55) 292 (0.55)

18 (1.33) 26 (1.86)

66 (2.05) 67 (2.23)
433 (0.35) 408 (0.33)

90 (153) 85 (1.49)
409 (0.33) 390 (0.32)

72 (0.91) 86 (0.87)
427 (0.35) 409 (0.34)
145 (0.59) 129 (0.53)
354 (0.34) 346 (0.34)
300 (0.43) 286 (0.41)
108 (0.32) 115 (0.34)

73 (0.34) 63 (0.29)
210 (0.49) 181 (0.43)
128 (0.38) 125 (0.38)
143 (0.29) 158 (0.32)
195 (0.40) 192 (0.41) ]

78 (0.33) 89 (0.37)
119 (0.41) 103 {0.34)

89 (0.38) 80 (0.35)
354 (0.44) 332 (0.42)

92 (0.28) 95 (0.28)

43 (0.32) 42 (0.32)
241 (0.33) 238 (0.33) ]
129 (0.46) 116 (0.41)
129 (0.46) 121 (0.44)
180 (0.47) 163 (0.43)
131 (0.39) 128 (0.37)
188 (0.34) 184 (0.34) |
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Figure 3. Risk of CHD (myocardial infarction or CHD death) by treatment group assignment in various subgroups. Hazard ratios with nominal 95%
Cls (horizontal bars) are adjusted for age and prevalent CHD at baseline. The red dotted vertical line represents the hazard ratio for CHD in the over-

all cohort. Probability values are for the interaction between the subgroup variable and treatment assignment. CHD includes nonfatal myocardial

infarction and coronary death. Hypertension was defined as treated hypertension or a measured blood pressure of =140/90 mm Hg. Risk factors
for CHD included current cigarette smoking, hypertension, self-reported diabetes, and high cholesterol. The presence of CHD at baseline was
defined as self-reported myocardial infarction or coronary revascularization. The presence of cardiovascular disease (CVD) at baseline was defined

as self-reported myocardial infarction, coronary revascularization, stroke, or transient cerebral ischemia. Because of missing data on some variables,
the numbers of cases do not always add up to the total number of cases in the treatment group. Statin indicates 3'-hydroxy-3-methylglutaryl coen-

zyme A reductase inhibitor; HRT, hormone replacement trial; DM, dietary modification trial; and CaD, calcium plus vitamin D.
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P Value for
Subgroup CaD Placebo Interaction
No. of cases of Stroke 0.0
(annualized percentage) :
Age, yrs _
50-59 51 (0.10) 56 (0.11)
60-69 164 (0.29) 170 (0.30) 0.72
70-79 147 (0.69) 151 (0.71) |
Body mass index, kg/m” =
<25 96 (0.28) 95 {0.28)
25- <30 129 (0.28) 140 {0.31) 0.98
230 136 (0.28) 142 (0.30) |
Waist circumference, cm _
<85 130 (0.24) 142 (0.26)
85- <97 117 (0.29) 130 (0.33) 0.60
97 115 (0.34) 102 (0.30) |
Diabetes
No diabetes 318 (0.26) 324 (0.27) 0.26
Al diabetes 44 (0.61) 53 {0.77) '
Smoking
Yes 36 (0.37) 33 (0.35) 0.64
No 322 (0.27) 339 (0.29) '
Hypertension
Yes 215 (0.45) 242 (0.51) 0.06
No 124 (0.18) 103 (0.15) 4
High cholesterol requiring pills
Yes 45 (0.33) 65 {0.50) 0.04
No 273 (0.28) 262 (0.27) ;
CHD risk factors
None 85 {0.15) 75 (0.14)
1-2 220 (0.41) 238 (0.45) 0.02
23 7 {0.52) 8 (0.57)
CHD at baseline
Yes 19 {0.59) 30 (1.00) 0.08
No 343 (0.27) 347 (0.28) '
CVD at baseline
Yes 41 (0.70) 58 (1.01) 011
No 321 (0.26) 319 (0.26) '
Statin use at baseline
Yes 21 (0.27) 36 (0.47) 0.04
No 341 (0.28) 341 (0.28) :
Aspirin use (> 80 mg/day) at baseline
Yes 99 (0.40) 111 (0.46) 0.51
No 263 (0.25) 266 (0.26) *
Dietary calcium intake, mg -
<800 202 (0.29) 205 (0.29)
800 - <1200 93 (0.27) 91 (0.27) 0.58
>1200 57 {0.27) 70 {0.32) |
Total calcium intake, mg -
<800 139 (0.32) 127 (0.30)
800 - <1200 92 (0.28) 87 (0.27) 0.14
= 1200 121 (0.25) 152 (0.31) |
Total vitamin D intake, IU -
<200 139 (0.28) 130 (0.27)
200 - <400 76 (0.32) 76 {0.31) 012
400 - <600 82 (0.28) 86 {0.29) '
> 600 55 (0.23) 74 {0.32) |
Alcohol use
Non - <1 drink per week 243 (0.30) 253 (0.32)
1 - <7 drinks per week 76 (0.23) 84 {0.25) 0.85
T+ drinks per week 39 (0.29) 37 (0.28) |
HRT arm "
Not enrolled 182 (0.25) 194 (0.27)
Active 97 (0.34) 110 (0.39) 0.44
Placebo 83 (0.30) 73 (0.27) |
DM arm -
Not enrolled 126 (0.33) 120 (0.32)
Intervention 90 (0.26) 94 (0.27) 0.44
Comparison 146 (0.26) 163 (0.30) |
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Figure 4. Risk of stroke by treatment group assignment in various subgroups. Hazard ratios with nominal 95% Cls (horizontal bars) are
adjusted for age and prevalent cerebrovascular disease at baseline. Abbreviations as in Figure 3.

lower risk for CHD with calcium/vitamin D supplementation
(P=0.04 for interaction), but in view of the number of
subgroups examined, this finding may be due to chance.
We also found that women with more coronary risk factors
were at lower risk for stroke with calcium/vitamin D supple-
mentation (P=0.02 for interaction) but think this may be due
to chance as well, particularly because the number of women
with =3 risk factors was very small. On the other hand,

women with self-reported hypercholesterolemia and those
who used statins were at lower risk for stroke if assigned to
active calcium/vitamin D (P=0.04 for interaction for both).
The clinical link between high cholesterol and statin use and
the proposed, albeit controversial, effect of statin use on bone
enhance the plausibility of this interaction.

Statins increase new bone formation in vitro and enhance
trabecular bone formation in rodents3¢ through blockade of
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the mevalonate pathway.3” In women, as opposed to rodents,
statins had no effect on markers of bone turnover,’® bone
density, fracture risk,3® or progression of coronary calcifica-
tion*%; thus, the relationship between statin use and fracture
risk remains controversial. Overall, the relationship between
consumption of calcium/vitamin D supplements and statin
use remains quite unclear with regard to cardiovascular
disease risk. Another placebo-controlled trial the size and
duration of the Women’s Health Initiative is unlikely to be
undertaken, although it is possible that trials of bisphospho-
nates or other agents may shed some light. Populations in
those trials are not at particularly high risk for cardiovascular
disease, however, so the number of atherosclerotic events
may prove inadequate.

Calcium and vitamin D supplementation did not increase
the risk for myocardial infarction, CHD death, stroke, coro-
nary revascularization, hospitalized angina, heart failure, or
transient ischemic attack. Thus, women taking these supple-
ments need not fear adverse cardiovascular consequences
while protecting their bone health.

Source of Funding
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CLINICAL PERSPECTIVE

Use of calcium and vitamin D supplements is widespread, particularly among older women. In observational studies,
calcium has been associated with lower blood pressure and weight loss, which might be expected to lower risk for coronary
heart disease and stroke. On the other hand, individuals with coronary artery calcification are at higher risk for coronary
events, raising concern among patients that calcium supplementation may be deleterious. In the Women’s Health Initiative
placebo-controlled trial, calcium 1000 mg plus vitamin D 400 IU daily neither increased nor decreased the risk of coronary
heart disease or stroke during a 7-year follow up of 36 282 postmenopausal women. Thus, women taking these supplements
need not fear adverse cardiovascular consequences while protecting their bone health.




