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Abstract
Background—Calcium and vitamin D are thought to play important roles in neuronal
functioning. Studies have found associations between low serum vitamin D levels and reduced
cognitive functioning, as well as high serum calcium levels and reduced cognitive functioning.

Objectives—To examine the effects of vitamin D and calcium on cognitive outcomes in elderly
women.

Design—Post-hoc analysis of a randomized double-blinded placebo-controlled trial.

Setting—40 Women’s Health Initiative clinical centers across the U.S.

Participants—4143 women aged 65 years and older without probable dementia at baseline who
participated in the WHI Calcium and Vitamin D trial and the Women’s Health Initiative Memory
Study.

Interventions—2034 women were randomized to 1000 mg of calcium carbonate combined with
400 IU of vitamin D3; 2109 women were randomized to placebo.

Measurements—Primary: classifications of probable dementia or mild cognitive impairment
via a 4-phase protocol that included central adjudication. Secondary: global cognitive function and
individual cognitive subtests.
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Results—Mean age of participants was 71 years. During mean follow-up of 7.8 years, there were
39 cases of incident dementia among calcium plus vitamin D subjects compared to 37 cases
among placebo subjects (hazard ratio=1.11, 95% CI: 0.71–1.74, p=0.64). Likewise, there were 98
cases of incident mild cognitive impairment among calcium plus vitamin D subjects compared to
108 cases among placebo subjects (hazard ratio=0.95, 95% CI: 0.72–1.25, p=0.72). There were no
significant differences in incident dementia or mild cognitive impairment, or in global or domain-
specific cognitive function between groups.

Conclusion—There was no association between treatment assignment and incident cognitive
impairment. Further studies are needed to investigate the effects of vitamin D and calcium
separately, on men and in other age and ethnic groups, and with other doses.
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INTRODUCTION
Vitamin D and calcium are often taken together, as vitamin D acts to significantly increase
calcium absorption in the intestines, and both vitamin D and calcium are thought to
influence neuronal functioning. Vitamin D is thought to protect against neuronal
degeneration through a number of mechanisms, including enhancement of antioxidant
pathways, increased production of neuron growth factor, and decreased levels of
inflammatory biomarkers.1 In vitro mouse studies have demonstrated that vitamin D is
active in the hippocampus, reversing inflammatory changes related to aging2 and protecting
against glucocorticoid-induced neuronal death.3 However, in a small trial involving human
subjects with Alzheimer’s disease, high-dose vitamin D2 was not associated with significant
changes in cognition or function4, and studies of the relationship between 25-
hydroxyvitamin-D (25(OH)D) levels and cognitive function have reported conflicting
results.5

While calcium is necessary for neuronal functioning, elevated intraneuronal calcium can
lead to compromised synaptic function and ultimately neuronal death, and it is becoming
apparent that dysregulation of neuronal calcium homeostasis is a hallmark of Alzheimer’s
pathology.6 Disturbances in the calcium homeostasis of Alzheimer’s patients may influence
the metabolism and production of amyloid-beta peptide and tau, two pathological proteins
associated with Alzheimer’s disease.7–8 Two clinical studies have found inverse associations
between serum calcium and cognitive functioning.9–10

Cognitive decline in the elderly is a major public health problem, and unfortunately there are
currently no known preventative treatments. To our knowledge, no randomized trial has
examined the effect of vitamin D and calcium supplementation on cognitive outcomes. We
report here the long-term effects of vitamin D and calcium supplementation on incident
dementia, mild cognitive impairment, global cognitive function and domain-specific
cognitive function in a large multi-center randomized trial of elderly women.

METHODS
Participants

The Women’s Health Initiative (WHI) Calcium and Vitamin D (CaD) trial is a large
randomized trial designed to determine whether calcium plus vitamin D3 supplementation
prevents hip fracture and colorectal cancer in postmenopausal women.11–12 Main study
results have demonstrated a modest benefit for calcium and vitamin D supplements in
preserving bone mass and preventing hip fractures in certain groups, but no benefit in
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prevention of colorectal cancer or other types of fracture. In this manuscript, we report
cognition-related outcomes in all 4143 WHI CaD trial participants who were also enrolled in
the Women’s Health Initiative Memory Study (WHIMS), an ancillary study to WHI.13–14

The eligibility and recruitment methods for the WHIMS and CaD trials have been described
in detail.11, 14 All WHIMS participants, and thus all participants in this study, were also
participants in the WHI Hormone Therapy trials.15 Some were also participants in a third
trial of dietary modification to compare a low-fat eating pattern to a usual ad-libitum diet.16

All participants were 65 years or older and did not have cognitive impairment at baseline.14

Major exclusion criteria have been described previously and included those related to
diseases associated with significantly increased risk of mortality (invasive cancer in the
previous 10 years; any history of breast cancer or a suspicion of breast cancer at the time of
screening; acute myocardial infarction, stroke or transient ischemic attacks in the previous 6
months; or known chronic active hepatitis or severe cirrhosis), safety (blood cell counts
indicative of disease; severe hypertension; or current use of oral corticosteroids), and
adherence or retention (unwillingness or inability to complete baseline study
requirements)11, 14. Participants were enrolled between 1994 and 1999. Annual cognitive
assessments were conducted until the end of the WHI Hormone Therapy trials (in 2002 for
the estrogen/progestin trial and 2004 for the estrogen alone trials17–18). Participants were
then asked to re-consent and enroll for clinic-based annual post-trial cognitive assessments,
which continued through September, 2007.

In addition, we analyzed the subset of the 1420 CaD participants who also participated in
The Women’s Health Initiative Study of Cognitive Aging (WHISCA) to examine any effect
of randomization to calcium and vitamin D on specific areas of cognitive function.
WHISCA is an ancillary study of WHIMS examining whether hormone therapies influence
domain-specific cognitive function. WHISCA enrolled 2,304 participants from 14 of the
WHIMS clinical sites beginning in September, 1999. Women joined WHISCA an average
of 3.0 years after randomization into the WHI Hormone Therapy trials and were followed
annually with assessments of eight cognitive domains.19 Following the completion of the
WHI Hormone Therapy Trials, WHISCA participants were asked to re-consent and enroll in
post-trial follow-up to continue the annual cognitive assessments through September, 2007.

Interventions
Participants in the WHI CaD trial were randomized to receive either two combination tablets
containing a total of 1000 mg of calcium carbonate and 400 IU of vitamin D3 per day or
identical placebos. These doses were chosen in the early 1990s to evaluate the primary effect
of supplementation on hip fracture, with vitamin D3 provided to aid in calcium absorption.
Use of personal supplemental calcium up to 1000 mg per day and vitamin D up to 600 IU
per day (increased to 1000 IU per day in 1999) was also allowed.20

Outcome Assessment
Participants were assessed via annual clinical visits. The primary outcome measures of
WHIMS were classifications of probable dementia, mild cognitive impairment (MCI) and
cognitively normal as defined by a protocol that consisted of 4 phases and has been
described in detail.14 Diagnoses of dementia were based on Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria.21 Diagnoses of MCI were
based on accepted criteria at the time of WHIMS initiation, operationally defined as
performance in the 10th or lower percentile on at least 1 CERAD (Consortium to Establish a
Registry for Alzheimer’s Disease) test based on CERAD norms22, a report from the
designated informant of functional impairment on the part of the subject that did was not
severe enough to interfere with basic activities of daily living, no evidence of a psychiatric
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or medical condition that could account for the cognitive decline, and an absence of
adjudicated dementia.23–24 Classifications were made by a central adjudication panel of
experts at the WHIMS Clinical Coordinating Center at Wake Forest School of Medicine,
Winston-Salem, NC.

Secondary outcome measures were global cognitive function as assessed annually using the
Modified Mini Mental State Exam (3MSE),25 and domain-specific cognitive functions as
assessed annually in a subset of 1420 CaD participants via the WHISCA cognitive battery.19

The WHISCA cognitive battery included the Digit Span Forward and Backward Test to
assess attention and working memory, the Primary Mental Abilities Vocabulary test to
assess verbal knowledge, the Card Rotations Test to measure spatial ability, letter and
semantic fluency tests to assess verbal fluency, the California Verbal Learning Test to assess
verbal memory, the Benton Visual Retention Test to assess short-term figural memory, and
the Finger Tapping Test to assess fine motor speed.19

Baseline demographic information, medical history and lifestyle variables were primarily
obtained via self-report and clinical measurements using standardized study forms as
detailed elsewhere.26 Body mass index was calculated as weight (kg)/height (m)2.
Adherence was assessed annually via a structured interview as well as weighing remaining
pills.27 Depressive symptoms were measured using the Burnam screening algorithm, which
consists of six items from the 20-item Center for Epidemiologic Studies Depression Scale
and two items from the National Institute of Mental Health’s Diagnostic Interview
Schedule.28 The Burnam screen, initially developed for the National Study of Medical Care
Outcomes, uses a logistic regression algorithm and provides a composite score between 0
and 1. Using a cutpoint of 0.06, this screening instrument has shown excellent sensitivity for
detecting depressive disorder in the past month in primary care and mental health settings.28

Data Analysis
Proportional hazards regression was used to assess the differences in the distribution of time
until the first occurrence of any impairment (i.e. either mild cognitive impairment or
probable dementia), with covariate adjustment for treatment assignment in the other WHI
trials. Censoring was defined by the last cognitive assessment. Differences in cognitive
function test scores over time were assessed using general linear models29 with adjustment
for baseline 3MSE, other WHI trial assignments, and other covariates as described below.
To facilitate comparisons of associations among different cognitive domains, scores on tests
were standardized by dividing the difference of individual scores from the cohort mean by
the standard deviation.

RESULTS
A total of 4143 WHIMS participants were randomly assigned with equal probability to
either combined calcium and vitamin D or placebo (Figure 1). These postmenopausal
women had a mean age at screening of 71 years and an age range of 65 to 80 years (Table
1). There were no significant differences in age, ethnicity, education, medical co-morbidity,
body mass index, alcohol consumption, physical activity or depression scores between
treatment and placebo groups at baseline. There were no significant differences in
assignments to other WHI trials or enrollment in WHISCA between placebo and treatment
groups.

More women in the active treatment group were current or former smokers compared to the
placebo group. A higher proportion of the placebo group reported past supplemental calcium
and vitamin D use, but there were no significant differences in baseline dietary or total
(dietary plus supplemental) calcium or vitamin D intake between groups. Baseline 25(OH)D
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levels did not differ between treatment and placebo groups in the subsample of women in
whom these levels were obtained (mean level of 20.0 ng/mL (± 8.8) in treatment group,
N=2034 vs. 19.2 ng/mL (± 8.4) in placebo group, N=2109; p=0.36; see Table 1). Women in
the placebo group were slightly more adherent to calcium and vitamin D study medication
than women in the treatment group (75.5% were ≥80% adherent versus 72.3%, respectively;
p=0.02). In contrast, there was no difference in mean adherence rates throughout follow-up
between groups for hormone therapy medications.

As shown in Table 2, the incidence of cognitive impairment (probable dementia or MCI) did
not differ significantly between placebo and treatment groups, with 4.8% of calcium plus
vitamin D subjects (62.2 per 10,000 person years) and 5.1% of placebo subjects (65.9 per
10,000 person years) developing cognitive impairment during a mean follow-up time of 7.8
years (hazard ratio=0.94, 95% CI: 0.72–1.24, p=0.68). As seen in Figure 2, incidence of
cognitive impairment was similar between treatment groups throughout follow-up. The
incidence of dementia or MCI also did not differ significantly between groups after
censoring follow-up time for women when adherence was <80% (see Table 2). During
follow-up, there were 39 cases of incident dementia among vitamin D and calcium subjects
compared to 37 cases among placebo subjects (hazard ratio=1.11, 95% CI: 0.71–1.74,
p=0.64). Likewise, there were 98 cases of incident MCI among vitamin D subjects
compared to 108 cases among placebo subjects (hazard ratio=0.95, 95% CI: 0.72–1.25,
p=0.72). During the course of follow-up, 16 women in the treatment group and 16 women in
the control group were diagnosed with MCI at one visit and dementia at a separate visit.

The mean unadjusted 3MSE scores did not differ between placebo and treatment groups at
baseline or in each of the 8 years following enrollment (Table 3). Mean scores on the 3MSE
ranged from 95.4 to 96.7, indicating well-preserved global cognitive function overall. After
adjustment for several levels of covariates, ranging from a model including only baseline
3MSE, smoking and year to a model including all of the baseline covariates in Table 1, there
were no significant differences in 3MSE scores between treatment groups (results not
shown).

Domain-specific measures of cognitive function were obtained in the 1,420 women who
were enrolled in both the CaD trial and WHISCA and are shown in Table 4. These
participants were seen for an average of 4.9 (Ca/Vit D) and 5.0 (Placebo) annual visits
through 2007. There were no significant differences in any domain-specific cognitive scores
between treatment groups either in unadjusted analyses (not shown) or after adjustment for
age, smoking, baseline 3MSE and treatment assignment in the hormone or diet modification
trials.

DISCUSSION
In this large, randomized, double-blinded placebo-controlled trial, there was no effect of
randomization to combined calcium and vitamin D versus placebo on incident cognitive
impairment in elderly women. Women randomized to the combination of calcium and
vitamin D or to placebo developed dementia or MCI at statistically similar rates over the
long follow-up time of 7.8 years. Randomization also did not affect cognitive function on a
global test or on seven domain-specific tests of cognitive function.

We are aware of no previous randomized controlled trials of calcium and vitamin D that
examined cognitive outcomes. A recent interventional trial of vitamin D without calcium
randomized 32 subjects with mild-to-moderate Alzheimer’s disease to 6000 IU of vitamin
D2 or placebo for 8 weeks (in addition to baseline 1000 IU of D2 taken by all subjects for 8
week run-in and 8 week trial), followed immediately by randomization to intranasal insulin
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60 IU four times daily or placebo for 2 days.4 This study found no association between high-
dose vitamin D and changes in cognition or functioning.

Other studies of calcium and vitamin D and cognition have been observational, and the
interpretation of these results has therefore been limited by the multiple potential
confounders that can accompany these studies. Studies of vitamin D have generally
demonstrated an association between low levels of 25(OH)D and increased odds of
cognitive impairment in older adults,30–35 although some have found no evidence of an
association.36–37 One population-based study of 5596 community-dwelling elderly women
found that those with inadequate dietary vitamin D intake (defined as <35 mcg/week
(approximately 200 IU/day)) had lower mean cognitive scores and a greater likelihood of
cognitive impairment than their counterparts with adequate vitamin D intake.38 Another
study of 6257 community-dwelling elderly women found women with lower baseline
25(OH)D levels had higher risk of global cognitive decline but not decline of executive
function.35 In a recent longitudinal study, 40 high-functioning older women were divided
into two groups based on serum 25-OH-D levels (above or below 10 ng/ml) at baseline.39 6
women went on to develop non-Alzheimer’s dementia over 7 years, and 4 women developed
Alzheimer’s. More non-Alzheimer’s dementias were observed in women with vitamin D
deficiency, while there was no between-group differences in the onset of AD.39

Regarding calcium, a prospective study of two independent population-based cohorts with
3994 subjects and 560 subjects, respectively, found an association between high serum
calcium and poorer baseline global cognitive function as well as a greater rate of cognitive
decline in people over the age of 75, but not in younger subjects.10 A second study
demonstrated that slightly elevated serum ionized calcium (>1.29 mmol/L) was associated
with cognitive decline over ten years of follow-up in subjects with baseline ages of 75–85
years.9 A third study of women aged 75 years and older found no evidence of association
between serum calcium levels and cognitive impairment. 30 One way that calcium might
increase the risk of cognitive impairment is via increasing risk of vascular cerebrovascular
events. In a meta-analysis of 11 randomized controlled trials involving 12,000 subjects,
calcium supplements were associated with a 30% increased risk of myocardial infarction,
and with smaller nonsignificant increases in risk of stroke and mortality.40

There are several potential limitations to our study. Relatively few women converted to
dementia in this study, so while there was sufficient power to detect a one-third lower risk
for cognitive impairment in this study, power was limited for detecting smaller effects. The
low rate of conversion to dementia is likely related to the relatively young age and the
relatively high levels of baseline and maintained cognitive function of this population.

Women in this study were randomized to both vitamin D and calcium or to placebo, so it is
difficult to determine what, if any, effect supplementation with vitamin D alone may have
on cognition. In addition, the dose of vitamin D supplement of 400 IU per day was relatively
low and may have not been enough to have an effect on cognitive function. Women in this
study were generally not calcium or vitamin D deficient at the beginning of the intervention,
so it is not possible to generalize the results of this study to women with calcium or vitamin
D deficiency. Serum 25(OH)D levels were not measured later in the study, so we do not
know how much the study supplementation affected serum levels.

Participants were able to take their own calcium and vitamin D supplements, which may
have blunted any differences between the treatment groups. However, baseline dietary and
total (dietary plus supplemental) calcium or vitamin D intake did not significantly differ
between groups. In addition, a previously published comparison of 2-year post-enrollment
serum 25(OH)D levels from 227 women randomized to calcium plus vitamin D versus 221
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women taking placebo in the WHI CaD trial found that the mean 25(OH)D level was 28%
higher among women on active drug compared to the mean level of women assigned to
placebo11, suggesting that the supplement dose and adherence rate was sufficient to cause a
difference in serum vitamin D levels between groups. Non-adherence may have biased our
results toward the null, but repeating our analyses after excluding non-adherent participants
did not change our findings.

Women in the calcium and vitamin D treatment group were more likely to have been current
or former smokers, and smoking has been associated with lower serum 25(OH)D and
1,25(OH)2D levels.41 However, there was less than a 5% difference in smoking rates
between groups (51.8% of women in the calcium and vitamin D group smoked compared to
56.3% in the placebo group), and even after adjusting for smoking in the models, there was
no difference in outcomes between placebo and treatment groups.

Participants were exclusively women, which may limit the generalizability of these findings
to men, and were primarily non-Hispanic Caucasian, which may limit the generalizability to
other ethnic groups.

In summary, there was no association between treatment assignment and incident dementia
or MCI or cognitive function in this large prospective randomized trial of calcium and
vitamin D in elderly women. Further investigations are needed to investigate the association
between calcium and vitamin D and cognition in men and in other age and ethnic groups,
and to examine the effects of calcium and vitamin D separately, especially higher doses of
vitamin D without calcium supplementation among persons with low serum levels of
vitamin D.
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Figure 1.
Study Flow Diagram.
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Figure 2. Incidence of Mild Cognitive Impairment or Probable Dementia: All Women by
Treatment Assignment (Placebo versus Calcium/Vitamin D)*
*p=0.68
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Table 1

Baseline Characteristics of Participants Grouped by Treatment Assignment.

Characteristics Calcium/Vitamin D N=2034 Placebo N=2109 P-value

Age at screening, years

 Mean age 70.7 70.9 0.22

 65–69 1003 (49.4%) 984 (46.7%)

 70–74 692 (34.1%) 774 (36.7%) 0.16

 75–80 337 (16.6%) 351 (16.6%)

Race/ethnicity

 American Indian/Alaskan 9 (0.4%) 7 (0.3%)

Native

 Asian/Pacific Islander 37 (1.8%) 38 (1.8%)

 Black/African-American 128 (6.3%) 121 (5.7%)

 Hispanic/Latino 41 (2.0%) 59 (2.8%) 0.61

 White, non-Hispanic 1792 (88.2%) 1859 (88.2%)

 Other 26 (1.3%) 25 (1.2%)

Education

 Not high school grad 141 (7.0%) 146 (6.9%)

 High school grad 444 (21.9%) 469 (22.2%) 0.98

 Post-HS 812 (40.0%) 847 (40.2%)

 College graduate 633 (31.2%) 647 (30.7%)

Medical co-morbidity

 History of myocardial infarction 63 (3.1%) 68 (3.2%) 0.82

 History of stroke or TIA 75 (3.7%) 69 (3.3%) 0.47

 Diabetes 148 (7.3%) 167 (7.9%) 0.43

 Hypertension 986 (48.5%) 1029 (48.8%) 0.84

Body mass index, kg/m2

 < 25.0 565 (28.0%) 599 (28.5%)

 25.0–29.9 729 (36.1%) 741 (35.3%) 0.84

 ≥ 30.0 724 (35.9%) 761 (36.2%)

Cigarette smoking

 Never 1039 (51.8%) 1174 (56.3%)

 Former 809 (40.4%) 784 (37.6%) 0.007

 Current 156 (7.8%) 127 (6.1%)

Alcohol use, drinks/day

 None 946 (46.6%) 964 (45.8)

 ≤2 990 (48.8%) 1061 (50.4) 0.36

 >2 92 (4.5%) 80 (3.8)
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Characteristics Calcium/Vitamin D N=2034 Placebo N=2109 P-value

Burnam score for depressive symptoms

 ≤0.06 1880 (92.4%) 1953 (92.6%) 0.83

 >0.06 154 (7.6%) 156 (7.4%)

Recreational physical activity, METS/week

 0–3.5 657 (32.4%) 674 (32.0%)

 3.6–12.5 673 (33.2%) 729 (34.6%) 0.59

 ≥12.5 699 (34.4%) 702 (33.4%)

Supplement use

 Calcium 1061 (52.2%) 1196 (56.7%) 0.003

 Vitamin D 929 (45.7%) 1047 (49.6%) 0.01

Dietary calcium intake, mg/day*

 <600 686 (38.7%) 702 (38.0%)

 600–799 359 (20.2%) 351 (19.0%) 0.61

 800–1199 447 (25.2%) 480 (26.0%)

 ≥1200 281 (15.8%) 315 (17.0%)

Total calcium intake (supplements + diet), mg/day

 <600 423 (23.9%) 435 (23.5%)

 600–799 259 (14.6%) 241 (13.0%) 0.26

 800–1199 463 (26.1%) 464 (25.1%)

 ≥1200 628 (35.4%) 708 (38.3%)

Dietary vitamin D intake, IU/day

 <200 380 (21.4%) 355 (19.2%)

 200–399 594 (33.5%) 646 (35.0%) 0.08

 400–599 444 (25.0%) 430 (23.3%)

 ≥600 355 (20.0%) 417 (22.6%)

Total vitamin D intake (supplements + diet), IU/day

 <200 256 (14.4%) 227 (12.3%)

 200–399 213 (12.0%) 197 (10.7%) 0.09

 400–599 331 (18.7%) 348 (18.8%)

 ≥600 973 (54.9%) 1076 (58.2%)

Dietary modification trial assignment

 Control 306 (15.0%) 301 (14.3%)

 Intervention 178 (8.8%) 228 (10.8%) 0.08

 Not in trial 1550 (76.2%) 1580 (74.9%)

HT treatment assignment

 CEE-alone placebo 385 (18.9%) 415 (19.7%)

 CEE-alone 396 (19.5%) 367 (17.4%) 0.06

 CEE+MPA placebo 587 (28.9%) 677 (32.1%)
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Characteristics Calcium/Vitamin D N=2034 Placebo N=2109 P-value

 CEE+MPA 666 (32.7%) 650 (30.8%)

Adherence to HT study drugb

 <80% adherent 500 (24.6%) 507 (24.1%) 0.67

 ≥80% adherent 1529 (75.4%) 1599 (75.9%)

Adherence to CaD study drugb

 <80% adherent 555 (27.7%) 509 (24.5%) 0.02

 ≥80% adherent 1446 (72.3%) 1566 (75.5%)

WHISCA enrollment

 No 1344 (66.1%) 1379 (65.4%) 0.64

 Yes 690 (33.9%) 730 (34.6%)

Baseline 25(OH)D level, ng/mL

Sample size N=150 N=143

Mean level (± SD) 20.0 (± 8.8) 19.2 (± 8.4) 0.36c

Tertile 1 (<15.0) 49 (32.7%) 49 (34.3%)

Tertile 2 (15.0–22.5) 52 (34.7%) 46 (32.2%) 0.90

Tertile 3 (>22.5) 49 (32.7%) 48 (33.6%)

a
Data are expressed as number (percentage) unless otherwise specified. Numbers across categories may not sum to the given totals because of

missing data.

b
Mean adherence throughout follow-up.

c
Based on log-transformed levels.
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Table 2

Incidence of Probable Dementia or Mild Cognitive Impairment (MCI) by Treatment Assignment

Calcium/Vitamin D N=2034 Placebo N=2109 HR (95% CI)

Intent-to Treat Analysis

Probable Dementia or Mild Cognitive Impairment, No. (%) 98 (4.8%) 108 (5.1%)

0.94 (0.72, 1.24)
P=0.68Follow-up, mean, years (± SD) 7.7 (± 2.5) 7.8 (± 2.5)

Rate per 10,000 person-years 62.2 65.9

Analysis Excluding Follow-Up Time for Non-Adherent Participantsa

Probable Dementia or Mild Cognitive Impairment, No. (%) 62 (3.1%) 62 (2.9%)

1.05 (0.74, 1.49)
P=0.79Follow-up, mean, years (± SD) 6.4 (± 1.7) 6.44 (± 1.6)

Rate per 10,000 person-years 48.0 45.7

a
Participants excluded 6 months after nonadherence detected
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