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Original Article

Risk of Heart Failure Among Postmenopausal Women

A Secondary Analysis of the Randomized Trial of Vitamin D Plus Calcium
of the Women’s Health Initiative

Macarius M. Donneyong, MPH, PhD; Carlton A. Hornung, PhD, MPH;
Kira C. Taylor, MS, PhD; Richard N. Baumgartner, PhD; John A. Myers, MS, PhD;
Charles B. Eaton, MD, MS; Eiran Z. Gorodeski, MD, MPH; Liviu Klein, MD, MS;
Lisa W. Martin, MD; James M. Shikany, DrPH; Yiging Song, PhD; Wenjun Li, PhD;
JoAnn E. Manson, MD, DrPH

Background—Vitamin D supplementation may be an inexpensive intervention to reduce heart failure (HF) incidence.
However, there are insufficient data to support this hypothesis. This study evaluates whether vitamin D plus calcium
(CaD) supplementation is associated with lower rates of HF in postmenopausal women and whether the effects differ
between those at high versus low risk for HF.

Methods and Results—Analyses were restricted to 35983 (of original 36282) women aged 50 to 79 years old in the
Women’s Health Initiative randomized trial of CaD supplementation who were randomized 1:1 in a double-blinded
fashion to receive 1000 mg/d of calcium plus 400 IU/d of vitamin D, or placebo. Overall, 744 adjudicated incident HF
cases (intervention, 363; control, 381) occurred during a median follow-up of 7.1 (interquartile range, 1.6) years. CaD
supplementation, compared with placebo, was not associated with reduced HF risk in the overall population, hazard ratio,
0.95; P=0.46. However, CaD supplementation had differential effects (P interaction=0.005) in subgroups stratified by
baseline risk status of HF defined by the presence (high risk=17449) or absence (low risk=18534) of pre-existing HF
precursors including coronary heart diseases, diabetes mellitus, or hypertension: 37% (hazard ratio, 0.63 [95% confidence
interval, 0.46—0.87]) lower risk of HF in the low-risk versus hazard ratio, 1.06; P=0.51, in the high-risk subgroups.

Conclusions—CaD supplementation did not significantly reduce HF incidence in the overall cohort, however, it was
beneficial among postmenopausal women without major HF precursors while of little value in high-risk subgroups.
Additional studies are warranted to confirm these findings and investigate the underlying mechanism.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00000611.

(Circ Heart Fail. 2015;8:49-56. DOI: 10.1161/CIRCHEARTFAILURE.114.001738.)
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controlled trial data on this relationship. However, it has
been proposed that vitamin D can directly affect cardiac
functioning through interaction with cardiomyocyte vitamin

I I eart failure (HF) is a major public health problem with an
enormous burden of morbidity, disability, and associated
healthcare costs.! HF incidence rates are likely to remain high

because of a rapidly aging population and a high prevalence of
major precursors of HF, including hypertension, diabetes mel-
litus, and coronary heart disease (CHD). It is, therefore, impera-
tive to identify effective interventions for prevention of HE.

D receptors*® or indirectly by modifying the incidence of
hypertension, diabetes mellitus, CHD, or other major precur-
sors of HF* Evidence for this relationship derives from trials
in patients with HF and chronic kidney disease.™* Among

patients with chronic kidney disease, it has been suggested
that insufficient vitamin D may lead to cardiac malfunction
in the presence of excess parathyroid hormone levels precipi-
tated by low vitamin D levels.>’"!* It has also been reported
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The role of vitamin D in HF pathogenesis in humans is
not well established, partly owing to the lack of randomized
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that supplementation with vitamin D has modest effects on
ventricular function and N-terminal brain natriuretic peptide
levels among patients with HE.

The role of calcium in HF pathogeneses is not clear. There
are no existing data on the direct effect of calcium supplemen-
tation on HE. However, results from 2 meta-analyses suggest
that calcium may be associated with increased risk of some car-
diovascular diseases (CVD). Bolland et al'' reported calcium
(alone) supplementation to be associated with a significant 27%
increased risk of myocardial infarction in a pooled sample of
12000 trial participants, while Wang et al'? reported a 14%
elevated risk of a composite of CVD associated with calcium
(alone) supplementation. However, combined supplementation
of calcium and vitamin D had a null effect on CVD incidence. '

Hsia et al'® previously reported that vitamin D plus calcium
(CaD) supplementation did not increase the risk of CVD,
including HF, in the Women’s Health Initiative CaD trial
population. Their analyses involved participants with pre-
existing HF at baseline; hence, it is not clear what the effect
of the intervention was on women free of HF at baseline. The
present analyses, therefore, evaluate the effect of randomized
assignment to CaD supplementation in the prevention of HF
among postmenopausal women free of HF and participating
in the Women’s Health Initiative CaD trial. Secondary pre-
specified goals for the present analyses were to examine the
results in high-risk versus low-risk groups and according to
baseline intake of personal vitamin D and calcium supple-
ments. Hypertension, diabetes mellitus, and CVD, associated
with HF population attributable risks of 59%, 12%, and 26%,
respectively, among US women aged 40 to 80 years old' are
also associated with low serum vitamin D levels.®!>'*" Hence,
vitamin D supplementation may have HF benefits in popula-
tions with these pre-existing chronic conditions. Prespecified
sensitivity analysis included per-protocol analysis and estima-
tion of CaD effects through inverse probability of censored
weights methods.'®

Methods
Design Overview: The CaD Trial

This is a secondary analysis of HF outcomes from a previously com-
pleted randomized control trial testing the effects of CaD on fractures
and cancer outcomes as primary end points; however, CVD includ-
ing HF were also ascertained. The CaD trial design and methodology
have been published.!** This study was approved by an institutional
review committee and all subjects gave informed consent.

Randomization and Intervention
The 36282 postmenopausal women, aged 50 to 79 years old, who
met the inclusion criteria and consented to participate in the CaD trial
were randomized in a 1:1 ratio double-blinded fashion to receive ei-
ther the intervention or placebo. The intervention group received a
total dosage of 1000 mg elemental calcium and 400 IU vitamin D, per
day.'”? This dose, according to the Institute of Medicine (IOM), was
sufficient to meet the recommended dietary allowance of both vita-
min D and calcium in postmenopausal women. Participants random-
ized to the placebo group were provided inactive tablets that looked
exactly like the active tablets and instructed to take these tablets in
the same format as those in the intervention group to preserve the
blinding of the randomization to both study staff and participants."
Participants who reported use of personal vitamin D (48.4%) and
calcium (54.9%) supplements were allowed to continue taking them

even after enrolling in the CaD trial. The personal vitamin D supple-
ment consumption was later raised to an upper limit of 1000 I1U/d
after the IOM published new recommendations on vitamin D intake
in 1999.%! Details of participant selection for the CaD trial and the
present analyses are reported in Figure 1.

Outcome: Ascertainment of HF Cases

Trained staff abstracted medical records annually for self-reported
HF hospitalization and any 2-day hospitalization that reported a
CVD outcome. The abstracted HF cases were then classified by an
adjudication committee of physicians at local clinical sites; only a
subset of HF cases were adjudicated by a central adjudication physi-
cian committee because HF was a secondary end point for the CaD
trial. The local and central adjudication methods had an excellent
79% agreement rate (k).> The local physician committee used the
following method: hospitalized HF (HF requiring and occurring dur-
ing hospitalization) required physician diagnosis of new-onset or
worsened congestive HF on the reported hospital admission and >1
of the following 4 criteria: (1) HF diagnosed by physician and receiv-
ing medical treatment for HF; (2) above plus documentation in the
current medical record of a history of an imaging procedure showing
impaired left ventricular systolic or diastolic function; (3) pulmonary
edema/congestion on chest x-ray on the current admission; (4) di-
lated ventricle(s) or poor left ventricular or right ventricular function
by echocardiogram, multigated acquisition, radionuclide ventriculo-
gram, or other contrast ventriculography, or evidence of left ventricu-
lar diastolic dysfunction.

Covariates and Effect Modifiers

We stratified the study sample into 2 subgroups by baseline status
of medical histories of major cardiovascular precursors of HF to
estimate the effect of CaD intervention in these subgroups. For the
prespecified subgroup analyses, we defined high risk using American
College of Cardiology criteria, based on the presence of hypertension,

68,132 women assessed for eligibility
(27,347 in HT, 48,835 in DM)

Excluded (n = 31,850):
13,481 not interested in study
» 12,765 refused consent

148 died in year one

5,465 other reasons

A4

Randomized (n = 36,282)

v

Allocation
v v

18,176 allocated to CaD group

18,106 allocated to placebo group

Follow-
v ollow-up .

131 lost to follow-up
352 withdrew from the study
* 577 died during the study

116 lost to follow-up
352 withdrew from the study
515 died during the study

v Analysis

Analysed (n = 18,023):
*33 heart failure cases prior to
enrollment excluded

Analysed (n=17,960):
+28 heart failure cases prior to
enrollment excluded

Figure 1. Participant recruitment and selection for the vitamin D
plus calcium (CaD) trial and analyses. DM indicates diabetes mel-
litus; and HT, hypertension.
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diabetes mellitus, CHD, or CVD.? Women who reported any histo-
ries of medically diagnosed hypertension, diabetes mellitus, CHD, or
CVD before randomization were grouped as high risk of HF while
those without any of these conditions were considered to be at low
risk of HE.

Self-reported histories of physician-diagnosed cardiovascular con-
ditions were obtained from all participants during trial enrollment.
Details of the description of these baseline factors and other base-
line potential confounders listed in Table 1 have been previously
reported.'” Hypertension was defined as a self-reported physician di-
agnosis of hypertension with or without current use of antihyperten-
sive medications or high blood pressure (BP) (measured systolic BP
>140 mmHg and diastolic BP 290 mm Hg) during enrollment into
the CaD trial. CVD was defined as self-reported physician diagnosis
of problems with the heart, blood circulation, or clots. CHD was de-
fined as a composite of self-reported cardiac arrest, angina, coronary
artery bypass graft surgery, and percutaneous transluminal coronary
angioplasty. Diabetes mellitus was defined based on self-reported

Table 1. Baseline Characteristics of Participants Stratified
by Baseline Risk Status of Heart Failure and by Treatment
Group—The Vitamin D and Calcium (CaD) Trial of the Women’s
Health Initiative (WHI) Study, 1995 to 2005

Baseline Risk Status
High-Risk Group

Low-Risk Group

(N=18534) (N=17449)
CaD Placebo CaD Placebo

Baseline Characteristics (n=9307) (n=9227) (n=8716) (n=8733)
No. (%) with data
Age, y

49-59 44 44 30 30

60-69 43 43 48 48

70-81 13 13 22 22
Race/ethnicity

White 86 87 80 80

Black 6 6 12 12

Hispanic 5 4 4 4
Income ($)

<25000 18 18 24 25

25000-50000 43 44 47 46

50000-70000 21 20 17 18

75000-100000 10 10 6 7

>100000 9 9 5 6
Physical activity level (total METs/wk)

Low 37 37 40 40

Moderate 12 13 14 13

High 51 50 47 47
Smoking status

None 52 53 53 54

Past 40 39 40 40

Current 8 8 7 7
Family history of CVD 62 62 70 70
Personal calcium (alone) 50 50 50 50
supplements
Personal vitamin D 50 50 50 50

(alone) supplements

CVD indicates cardiovascular disease; and MET, metabolic equivalent of task.
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physician diagnosis of diabetes mellitus and current prescription of
diabetic medications.

Sample Size and Power Calculations

Women (153 intervention; 146 placebo) with prior medical diagnosis
of HF at trial enrollment were excluded from this analysis to create
a primary prevention cohort of 35983 (18023 intervention; 17960
control) postmenopausal women free of HE. When stratified by base-
line risk status of HF, 17449 (8716 intervention; 8733 control) were
considered to be at high risk while 18534 (9307 intervention; 9227
control) were considered to be at low risk. A total of 744 HF cases
occurred (high-risk: 587 [302 intervention; 285 control] versus low-
risk subgroup: 157 [61 intervention; 96 control]) during a total fol-
low-up of =9.8 years. Based on these data and an a level of 0.05, this
study had 80% statistical power to detect protective effects (hazard
ratios [HR]) of CaD supplementation of >0.86, 0.64, and 0.78 in the
overall CaD cohort, the low-risk, and high-risk subgroups, respec-
tively.”* Given a 2-tailed a priori hypothesis testing, the study was
powered at 80%, type I error of 0.05, to detect interaction effect sizes
of 21.52 when CaD effect is stronger in the high-risk compared with
the low-risk group or <0.66 when CaD effect is stronger in the low-
risk compared with the high-risk group.”

Statistical Analysis

All main analyses were performed based on an intention-to-treat
approach. Chi-square and Student ¢ test were performed to assess
the balance of potential confounders between trial arms for the
entire CaD cohort and by stratified subgroups. Cox proportional
hazard regression models were used to estimate the effect (HR)
of the intervention on HF. Both graphical, Kaplan—-Meier curves
(Figure 2) and Schoenfeld residuals plots (Figure I in the Data
Supplement) and time-dependent proportionality tests (study co-
hort [P for interaction]; overall cohort (0.45), low risk [0.80], high
risk [0.44]) were used to evaluate whether the proportionality as-
sumption was violated by the intervention variable. Formal test of
interaction between the randomization status and a binary indica-
tor of baseline HF risk status was performed by including a prod-
uct term between the 2 variables in the Cox proportional hazard
models. All HRs were estimated from unadjusted Cox proportional
hazard models because all potential covariates evaluated were bal-
anced between the 2 arms of the study.

We also evaluated whether personal consumption of vitamin D or
calcium supplements at baseline modified the effect of CaD on HF
incidence because participants were allowed to continue consuming
their personal calcium and vitamin D supplements after enrolling in
the CaD trial. In addition, we tested whether total (diet plus supple-
ments) vitamin D or calcium intake modified the effect of CaD on
HF incidence. We also estimated a potential effect modification by
self-reported postmenopausal hormone therapy and randomization to
receive intervention in the hormone replacement therapy trial.

Sensitivity analyses were performed by restricting the analyses to
only participants who achieved >80% adherence rate to study medi-
cation (n=23601, 65.6%). To estimate CaD effects (HRs) indepen-
dent of censoring information, the inverse probability of censored
weights method was implemented.'®?® The inverse probability of cen-
sored weights model was adjusted for some of the factors previously
reported as strong predictors of adherence to study medication in the
CabD trial—age, education level, use of personal calcium, vitamin D
or multivitamin supplements, history of HF risk factors, family his-
tory of CVD, and enrollment in other clinical trials.”

Results
Baseline sociodemographic, physical/lifestyle, and clinical
factors were proportionally distributed between the 2 study
arms for the entire CaD cohort (Table I in the Data Supple-
ment) and in the 2 stratified subgroups of participants with
and without major precursors of HF (Table II in the Data
Supplement). Baseline known CVD risk factors were more
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Figure 2. Kaplan—-Meier curves comparing the cumulative incidence of heart failure between the vitamin D plus calcium (CaD) and pla-
cebo arms during follow-up period in the overall CaD cohort (A) and stratified baseline subgroups (B). Cl indicates confidence interval;

and HR, hazard ratio.

prevalent in the high-risk group compared with the low-risk
group; however, personal calcium and vitamin D supplements
consumption was proportional between these subgroups
(Table 1). There were 744 HF cases (29.0/10000 person-
years) during a median follow-up of 7.06 years (interquartile
range: 1.61); 363 (28.2/10000 person-years) of these occurred
in the intervention arm versus 381 (29.8/10000 person-years)
in the placebo arm. When stratified by baseline risk status,
more HF cases occurred in the high-risk subgroup (587 [302
intervention; 285 control]) than in the low-risk subgroup of
women (157 [61 intervention; 96 control]), P value of differ-
ence <0.001.

Supplementation with CaD was not associated with risk
of HF hospitalization in the overall cohort, HR, 0.95 (95%
confidence interval [CI], 0.82-1.09); P=0.46. The effect of
CaD, however, was modified (P for interaction=0.005) by
baseline risk status of HF (defined by the presence or absence
of CHD, other CVD, hypertension, or diabetes mellitus) at
baseline. When stratified by baseline risk status, CaD was
associated with a statistically significant 37% lower risk of
HF, HR, 0.63 (95% CI, 0.46-0.87); P=0.005 (number needed-
to-treat, 255 [95% CI, 174-723] in the low-risk subgroup),
but not in the high-risk subgroup (HR, 1.06 [95% CI, 0.90—
1.24]) (Figure 3). Consumption of personal vitamin D (P for
interaction=0.33) or calcium (P for interaction=0.11) supple-
ments did not modify the effect of CaD on HF incidence.
The effects of CaD were also not modified by baseline self-
reported total (diet plus supplements) consumption of vitamin
D (P for interaction=0.26) or calcium (P for interaction=0.81;
Table 2). Neither assignment to receive the intervention
(estrogen alone or estrogen plus progestin) nor self-reported

use of postmenopausal hormone therapy at baseline modified
the effect of CaD on HF incidence (Table 2). Baseline covari-
ates also did not confound these associations in multivariable-
adjusted Cox proportional hazard regression models.

The intention-to-treat and per-protocol results were similar
(Table 3). In the per-protocol analysis, CaD was not also associ-
ated with HF in the overall cohort or in the high-risk subgroup
but was associated with a significantly reduced risk of HF in the
low-risk subgroup (Table 3). Similar CaD effects were observed
among women who did not report taking personal vitamin D
and calcium supplements and were also independent of com-
peting events when estimated with the inverse probability of
censored weights methods (Table IIT in the Data Supplement).
Regardless of baseline risk status of HF, mean total calcium and
vitamin D intake and serum 25(OH)D levels (available for only
2012 women) were relatively lower in the incident HF cases
compared with the noncases (Table IV in the Data Supplement).

Discussion
Vitamin D and calcium supplementation was associated
with lower risk of HF in a subgroup of women without pre-
existing HF precursors at baseline but had no effect in those
with these conditions. These findings were independent of
baseline total vitamin D and calcium intake and persisted in
per-protocol analysis. Results from a recent meta-analysis of
17 trials (n=12440), including the Medical Research Council
Randomised Evaluation of Calcium Or vitamin D (RECORD)
trial, showed that vitamin D alone (versus placebo) was asso-
ciated with a 21% lower risk of cardiac failure (HR, 0.79
[95% CI: 0.60-0.98]; P=0.03) among men and women with
a mean/median age >60 years old.?® It is not clear whether the
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HF Precursors{%participants) Cumulative HF Incidence Rate
{per 10.000 persom. years]
CaD Placebo

CHD history

None (85) 248 264

CHD (5) 103 103
Diabetes history

None (S4) 23 21

Diabetes (6) 122 105
Hypertension history

None (58) 148 17.4

Hypertension (41) 485 485
CVD history

None (88) 20.5 232

CVD (12) 781 71.1
Baseline HF risk status

High-risk (48) 495 469

Low-risk (52) 7 1.7
Overal cohort (100) 282 208

Definitions:

High-risk; composite of hypertension, CHD, CVD, diabetes
Low-risk; complement of high-risk
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Hazard Ratio(95% CI) Hazard Ratio
P

0.77
0.91(0.77-1.08) ——
1.01(0.67-1.51) —_—

0.16
0.91(0.76-1.08) —
1.02(0.71-1.42) —_—

0.33
0.85(0.65-1.11) —e—
0.97(0.80-1.17) e

0.21
0.87(0.74-1.05) —t
1.1(0.83-1.47) —_——

0.005
1.06(0.90-1.24) .
0.63(0.46-0.87) ——
0.95(0.82-1.09) ——
T v T
04 1 18

<~CaD better : Placebo better->

Abbreviations: HF, heant faiture; CHD, coronary heart disease; CVD, cardiovascular disease;

P, P for interaction

Figure 3. Forest plot of hazard ratios for effect of vitamin D plus calcium (CaD) supplementation on heart failure (HF). CHD indicates coro-
nary heart disease; Cl, confidence interval; and CVD, cardiovascular diseases.

observed effect of vitamin D supplementation might have dif-
fered between baseline populations stratified by pre-existing
HF precursors in the meta-analysis population.

The basis for the differential effects of CaD intervention
on HF incidence by baseline risk status is uncertain. Data
from animal models suggest vitamin D may regulate cardiac
functions, at least partially, via interaction with the vita-
min D receptors in cardiaomyocytes.>* Through a receptor-
mediated mechanism, 1,25(OH),D regulates intracellular
calcium homeostasis and calcium ion uptake in ventricular
cardiac muscle cells to modify cardiac contractility.”? An

intermediate pathophysiological model involving the upreg-
ulation of the renin—angiotensin—aldosterone system has
been observed in both human and animal studies. Renin—
angiotensin—aldosterone system plays a major role in HF
pathogenesis by regulating BP, cardiac contractility, electro-
lyte homeostasis, and eccentric hypertrophy of the myocar-
dium.*3! It has been demonstrated that a knockout model
of mice without the vitamin D receptors develop high BP,
cardiac enlargement, and experience increased activation of
the renin—angiotensin—aldosterone system.*> The activation
of renin—angiotensin—aldosterone system by low vitamin

Table 2. Effects of the Intervention Stratified by Baseline Supplements (Calcium and Vitamin D) and Postmenopausal Hormone

Therapy Use
Overall Low Risk High Risk
Baseline Supplement Intake 95% Cl PValue 95% Cl PValue 95% Cl PValue  Plnteraction
Nonprotocol calcium supplements 0.11
No (n=16218) 1.07 (0.87-1.31) 0.54 0.73 (0.46-1.16) 0.18 1.19 (0.95-1.50) 0.14
Yes (n=19765) 0.85 (0.69-1.03) 0.102 0.55 (0.36-0.87) 0.01 0.94 (0.75-1.18) 0.58
Nonprotocol vitamin D supplements 0.33
No (n=18558) 1.01(0.83-1.23) 0.91 0.74 (0.47-1.14) 0.17 1.12 (0.90-1.39) 0.33
Yes (n=17425) 0.88 (0.71-1.08) 0.22 0.53 (0.33-0.85) 0.01 0.99 (0.78-1.26) 0.93
Hormone therapy trial assignment 0.83
Not randomized or randomized to receive 0.94 (0.80-1.11) 0.45 0.76 (0.52-1.09) 0.14 0.99 (0.82-1.19) 0.88
placebo (n=27929)
Randomized to receive intervention (n=8054)  0.97 (0.73-1.30) 0.86 0.36 (0.18-0.71) <0.01 1.32 (0.94-1.84) 0.1
Self-reported postmenopausal hormone therapy 0.36
use ever
No (n=17252) 0.89 (0.74-1.08) 0.23 0.57 (0.37-0.89) 0.01 1.01 (0.81-1.25) 0.95
Yes (n=18731) 1.02 (0.82-1.27) 0.86 0.70(0.44-1.13) 0.14 1.12(0.88-1.44) 0.36

Cl indicates confidence interval; HR, hazard ratio; and P, interaction, P value for interaction with intervention.
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Table 3. Results of Intention-to-Treat and Per-Protocol Analysis Estimating the Association Between CaD Supplementation and
Heart Failure Incidence—The Vitamin D and Calcium (CaD) Trial of the Women’s Health Initiative (WHI) Study, 1995 to 2005

Intention-to-Treat Analysis

*Per-Protocol Analysis

(N=35983) (N=23601)
HF Cases, n HF Cases, n (Rate/10000

Study Population Total (Rate/10000 Person-Years) HR (95% Cl) Total Person-Years) HR (95% Cl)
Overall

Control 17960 381(29.8) 1.00 11993 190 (21.9) 1.00

CaD 18023 363 (28.2) 0.95 (0.82-1.09) 11608 188 (22.4) 1.02 (0.84-1.25)
Low risk

Control 9227 96 (11.7) 1.00 6320 51 (11.0) 1.00

CaD 9307 61(7.0) 0.63 (0.46-0.87) 6186 30 (6.6) 0.60 (0.38-0.94)
High risk

Control 8733 285 (46.9) 1.0 5673 139 (34.4) 1.00

CaD 8716 302 (49.5) 1.06 (0.90-1.24) 5422 158 (40.9) 1.19(0.95-1.49)

CaD indicates calcium plus vitamin D trial; Cl, confidence interval; HF, heart failure; and HR, hazard ratio.
*Analysis is based on data from women with >80% adherence to study protocol.

D status has recently been suggested in humans based on
observational studies.*** However, a meta-analysis of 10 tri-
als did not show an association between vitamin D (alone or
with calcium) supplementation and reduction in either sys-
tolic or diastolic BPs.!¢

Hyperparathyroidism has also been postulated as an inter-
mediate process in the vitamin D-HF pathophysiology. Data
from patients with end-stage renal disease suggests second-
ary hyperparathyroidism, and elevated parathyroid hormone
levels were associated with low vitamin D levels caused by
failure of the kidneys to convert 25(OH)D to the metabolically
active form of 1,25(OH)D,.>*'° Chronic exposure to parathy-
roid hormone has been reported to be associated with poor
myocardial structure and functioning, as well as elevated BP
and accelerated atherosclerosis. It is, therefore, plausible the
lower risk of HF observed in the low-risk subgroup is a result
of the ability of the vitamin D supplements to prevent or miti-
gate the process of hyperparathyroidism.

We expected that the high-risk subgroup would benefit
more from the intervention, based on evidence that vitamin D
deficiency is relatively higher in this subgroup in the general
population, but our data did not confirm this hypothesis. One
plausible explanation for the lack of an association between
CaD and HF incidence in the high-risk subgroup is that HF
pathogenesis was already too advanced to be influenced by
the CaD supplements. Thus, in this high-risk population, any
potential benefit related to HF prevention may have been
diminished. Our data suggest that the high-risk group may
indeed have poorer health status compared with those free
of these comorbidities; baseline factors associated with poor
health and risk of HF, such as older age, obesity, and hyper-
cholesterolemia, were predominantly prevalent in this high-
risk subgroup (Table 1).

It is also plausible that medical therapy for management
of the cardiovascular risk factors in the high-risk group may
have modified the effect of CaD intervention on HF. We,
therefore, evaluated whether the use of CVD medications such
as angiotensin-converting enzymes inhibitors, angiotensin II
receptor blockers, statins, (3-blockers, or calcium channel

blockers were effect modifiers. Individually and collectively
(composite of CVD medications), CVD medications did not
significantly interact with CaD in relation to HF except angio-
tensin II receptor blockers (P for interaction=0.04; Material in
the Data Supplement). This supports the possibility that CaD
supplementation may interact with medications used to treat
comorbidities, thus making any direct effect of the interven-
tion on HF outcome more difficult to detect. Additional stud-
ies on this topic are warranted.

This study contributes to the growing literature on the associ-
ation between vitamin D and lower incidence of HF. This study
is probably the first to demonstrate that CaD supplementation
may be associated with lower risk of HF among postmeno-
pausal women without pre-existing hypertension, diabetes mel-
litus, CHD, or other CVD but not in those with these conditions.
The study had adequate statistical power to perform the pre-
specified subgroup analysis. The randomized trial design nature
of the data minimized the effect of potential confounders.

Despite the strengths of this randomized trial, limitations of
the study also warrant consideration. First, as a result of com-
bining calcium with vitamin D as the intervention, it is unclear
whether the observed associations are because of one or both
of these dietary supplements. However, based on the meta-
analysis® report that suggested an association between vita-
min D (alone) supplementation and lower risk of HF and other
reports that suggest calcium (alone) may be associated with
increased risk of CVD events, it can be inferred that vitamin
D was the active agent responsible for the prevention of HF
in the Women’s Health Initiative trial. Second, the CaD trial
was limited to postmenopausal women, 50 to 79 years old,
which may preclude generalizability of the findings to men or
to younger women. Last, for ethical reasons, participants were
allowed to continue consumption of both vitamin D and cal-
cium supplements within the recommended dietary allowance
guidelines put forth by the Institute of Medicine. However,
consumption of personal vitamin D and calcium supplements
did not modify the effect of CaD on HF incidence.

Our findings suggest that a low cost daily supplementation
with vitamin D (400 IU) plus calcium (1000 mg) may be an
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effective primary prevention strategy for HF in postmeno-
pausal women free of pre-existing cardiovascular conditions.
However, it seems to be of little value in preventing HF in the
overall trial population and the subgroup of postmenopausal
women who already have CVD conditions, including CHD,
diabetes mellitus, and hypertension. These findings, if con-
firmed by other research, may have important public health
and clinical implications.
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CLINICAL PERSPECTIVE

We analyzed data from the Women’s Health Initiative’s Calcium and Vitamin D trial, a large-scale randomized controlled
trial of supplementation with 1000 mg/d calcium and 400 IU/d of vitamin D among postmenopausal women, to test whether
vitamin D plus calcium supplementation is associated with lower rates of heart failure in postmenopausal women and
whether the effects differ between those at high versus low risk for heart failure. Our findings suggest that a low cost daily
supplementation with vitamin D plus calcium may reduce the incidence of heart failure among those without pre-existing
major risk factors for heart failure (coronary heart disease, diabetes mellitus, or hypertension) but may be of little value
among those who already have one or more of these heart failure precursors. There is currently strong interest in vitamin D
deficiency as a heart failure risk factor and vitamin D supplementation as preventive therapy, but outcomes data from large
randomized controlled trials are lacking. This study adds importantly to this sparse database. These findings, if confirmed by
other research, may have important public health and clinical implications.




