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Abstract
Objectives—Conjugated equine estrogen (CEE) therapies when initiated among older women
have been shown to produce small decrements in global cognitive function. We are interested
whether these persist after cessation and extend to specific cognitive domains.

Design—Randomized controlled clinical trial

Setting—Fourteen clinical centers of the Women's Health Initiative

Participants—2,304 women aged 65-80 years and free of probable dementia at enrollment

Intervention—0.625 mg/day of CEE, with or without medroxyprogesterone acetate (MPA, 10
mg/day), and matching placebos

Measurements—Annual administrations of a battery of cognitive tests during and following the
trial

Methods—General linear models were used to compare on-trial and post-trial mean standardized
test scores between treatment groups, with adjustment for baseline risk factors for cognitive
impairment.

Results—Assignment to CEE-based therapies was associated with small mean relative
decrements in global and several domain-specific cognitive functions on-trial, which largely
persisted through up to 4 years post-trial. The strongest statistical evidence was for global
cognitive function: 0.07 standard deviation decrements both on-trial (p=0.007) and post-trial
(p=0.01). Among domain specific scores, the mean relative decrements were slightly smaller,
were less significant, and tended to be larger for CEE-alone therapy.

Conclusions—CEE-based therapies, when initiated after age 65 years, produce a small broad-
based decrement in cognitive function that persists after their use is stopped. The differences in
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cognitive function however are small and would not be detectable or have clinical significance for
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an individual woman. Differences in effects among cognitive domains suggest that more than one
mechanism may be involved.
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Postmenopausal hormone therapy; Cognitive function; Women's health

INTRODUCTION
The Women's Health Initiative Memory Study (WHIMS) randomized clinical trial found
that assigning conjugated equine estrogen (CEE) therapy, alone or combined with
medroxyprogesterone acetate (MPA), to women aged 65-80 years was associated with
slightly worse mean scores in global cognitive function compared to assigning placebo
therapy.1,2 These effects were observed within the first three to four years of the trial
follow-up and remained fairly constant several years thereafter. The Women's Health
Initiative Study of Cognitive Aging (WHISCA) examined whether these therapies
influenced domain-specific cognitive function at initial assessment, an average of 3.0 years
after randomization to CEE-based therapies or placebos, and subsequent age-related rates of
change in eight cognitive domains over the remaining average 2.6 years of on-trial follow-
up.3 Only small mean differences in cognitive test scores between treatment groups were
found at women's initial WHISCA assessments and for the rates that scores changed over
subsequent follow-up.4,5 Together, these findings suggest that if the use of these agents
produces an initial decrement in at least some aspects of cognitive function during the first
few years, this decrement does not markedly widen or diminish thereafter. Concerns
whether this initial on-trial decrement continues after hormone therapy is discontinued arise
from a recent report that the volumes of the frontal lobe and hippocampus were smaller
among a subset of these women, 1.4-3.0 years after the prescription of WHIMS CEE-based
therapies ended.6

In this paper, we re-analyze WHISCA data to estimate the average relative decrement in
cognitive function test scores associated with CEE-based therapies over the course of the
trial. We then examine the degree these relative decrements persist during up to 5 years of
post-trial follow-up. Scaling treatment effects in standard deviation units, we compare on-
trial and post-trial effect sizes across domains. Finally, we examine whether there are
differences between CEE alone therapy and CEE plus progestin therapy on the size and
duration of effects.

Methods
The WHIMS7 began enrolling its 7,145 participants from the parent Women's Health
Initiative (WHI) hormone therapy trials8 May, 1996. These women were between 65-79
years of age at initial screening, were appropriate candidates for postmenopausal hormone
therapy, and were free of dementia as assessed with a standard protocol. Women without a
uterus were randomly assigned with equal probability to take one daily tablet that contained
either 0.625 mg of CEE (Premarin™, Wyeth-Ayerst Philadelphia, PA) or a matching oral
placebo in the WHI CEE-Alone trial. In a similar manner, women with a uterus were
randomly assigned to take one daily tablet that contained either 0.625 mg of CEE with 2.5
mg medroxyprogesterone acetate (PremPro™, Wyeth-Ayerst Philadelphia, PA) or placebo
in the WHI CEE+MPA trial.

The WHISCA enrolled 2,304 participants from 14 of the WHIMS clinical sites beginning in
September, 1999. These women had been randomly assigned to WHI treatments an average
(standard deviation) of 3.0 (0.7) years prior to enrollment in WHISCA. The National
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Institutes of Health and Institutional Review Boards for all participating institutions
approved protocols and consent forms. Informed written consent was obtained from all
participants.

The WHI CEE+MPA trial was terminated earlier than planned, in July, 2002, because
significantly more non-cognitive adverse events occurred among women assigned to
hormone therapy compared to placebo.9 In February, 2004, the WHI CEE-Alone trial was
terminated earlier than planned because the excess risk of stroke in the hormone therapy
group was judged to be unacceptable for healthy women in the absence of benefit for
coronary heart disease, the primary outcome of the WHI hormone therapy trials.10 At the
conclusion of each trial, study medications were ceased and women were informed of
findings and encouraged to consult with their physicians.

Annual follow-up of the WHISCA women continued after the termination of the WHI trials.
Women were re-consented for extended follow-up during 2004-5, which continued until
September, 2007. Results from all cognitive assessments from initial WHISCA enrollment
to the end of extended follow-up are presented in this report.

Cognitive assessments
A battery of cognitive measures was collected annually on WHISCA participants.3 It
included the Primary Mental Abilities Vocabulary test to assess verbal knowledge;11 letter
and semantic fluency tests to assess verbal fluency;12,13 the Benton Visual Retention Test
(BVRT) to assess short-term figural memory;14 the California Verbal Learning Test (CVLT)
to assess verbal memory;15 the Digit Span Forward and Backward Test to assess attention
and working memory;16 the Card Rotations Test to measure spatial ability;17 the Finger
Tapping Test to assess fine motor speed;18 and the Modified Mini Mental State (3MS)
Exam to assess global cognitive function.19 Quality control was maintained through
recertification of test administrators twice during the first year and annually thereafter.

Demographic and clinical cognitive risk factors
Baseline demographic, lifestyle, and clinical factors related to the risk of cognitive
impairment were collected via self-report and standardized assessments.8

Statistical methods
The primary analysis defined in the WHISCA protocol compared the on-study rates of
change in domain-specific cognitive function between treatment groups.4 In this re-analysis,
we used a different approach. We examined mean differences between treatment groups in
the cognitive function scores over time to estimate average on-trial and post-trial relative
decrements associated with hormone therapy. We first standardized individual scores on
each outcome measure by dividing their difference from the cohort mean at the initial
WHISCA exam by the standard deviation (SD) of scores at this time. For cognitive domains
assessed by more than one outcome measure, we averaged the standardized scores of these
outcomes and renormalized these averages to have standard deviations of one. The means
(SD) of cognitive tests used to create these standardized domain scores were as follows.
Global cognitive function was based on the 3MS: 95.91 (3.70). Verbal knowledge was based
on the Primary Mental Abilities Vocabulary test: 36.48 (9.80). Verbal fluency was a
composite of letter and category tests: 39.64 (12.49) and 28.95 (6.25). Verbal memory was a
composite of CVLT-A, CVLT-A Long Delay, and CVLT-A Short Delay tests: 28.63 (6.37),
9.12 (3.08), and 8.37 (3.11). Figural memory was based on BVRT: 7.14 (3.80). Attention
and working memory was based on Digit Span forward and backward tests: 7.44 (2.05) and
6.66 (2.01). Spatial ability was based on the Card Rotations Test: 54.68 (27.70). Fine motor
was an average of finger tapping tests from the dominant and non-dominant hands: 37.50
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(6.69). Scores from the BVRT were subtracted from zero so that higher scores expressed
better performance. Covariate-adjustment was used to control for differences in the two
CVLT word lists that were alternated over time.

The balance of risk factors for cognitive impairment between treatment groups was assessed
with logistic regression. Cognitive score means over time (as measured from randomization
date) were developed from general linear models fitted by maximum likelihood estimation.
20 To reduce the effects of rare extreme scores, those exceeding ±4 SDs were re-coded to be
±4. Estimates of on-trial and post-trial average relative treatment effects were developed
from these models by including these markers as time-varying covariates. Because
WHISCA did not begin until a year after the completion of WHI enrollment, the only
baseline measure of cognitive function was the 3MS collected by WHIMS, which was
included as a covariate in all analyses. Additional terms were included in models to adjust
for the time on WHISCA (to control for learning effects). To contrast CEE-Alone and CEE
+MPA treatment effects, we additionally included risk factors for cognitive impairment in
models to account for differences in the trial cohorts. Women were analyzed according to
treatment assignment (i.e. intention to treat).

RESULTS
Table 1 presents a description of the 2,304 WHISCA participants at the time of their
enrollment in the WHI. Although there were differences in the characteristics of women
between trials with respect to many factors, within both trials randomization provided good
balance between active intervention and placebo. Figure 1 describes follow-up. Of the
original cohort, 1933 (84%) women consented to and attended at least one post-trial
cognitive assessment. With respect to the factors in Table 1 and compared to those who did
not participate in post-trial follow-up, these women at WHI enrollment tended to be
younger, non-smokers, free of diabetes or cardiovascular disease, and prior users of oral
contraceptives and to have higher 3MS scores (all p<0.05). Post-trial participation rates were
similar between women assigned to active versus placebo therapy (p=0.21). Among women
from the WHI CEE+MPA trial, the average (standard deviation) on-trial pre-WHISCA, on-
trial WHISCA, and post-trial follow-ups were 3.0 (0.7), 2.6 (0.9), and 4.0 (1.3) years.
Among women from the WHI CEE-Alone trial, these averages were 3.0 (0.7), 3.6 (0.4), and
2.4 (1.1) years. None of these averages differed significantly between women assigned to
active versus placebo therapy (all p>0.10).

Table 2 provides a comparison of the on-trial and post-trial mean test scores and the
estimated relative treatment effects for each standardized domain score, with mean effect
sizes expressed in terms of standard deviation units. During the trials, CEE-based therapies
were associated with a mean (standard error) relative decrement in global cognition of 0.073
(0.027) SD units; during post-trial follow-up, this relative decrement was 0.070 (0.025) SD
units and the average relative decrement across the full span of follow-up was 0.071 (0.025)
SD units. Each of these decrements in global cognitive function was statistically significant
p≤0.01 and the on-trial and post-trial mean decrements were of similar magnitudes (p=0.89).
Figure 2a portrays the fitted mean global cognitive function scores collected during
WHISCA follow-up. In this cohort, relative decrements occurred, on average, 3-4 years
from WHI enrollment and were maintained across time. Note that the termination of the
CCE+MPA trial occurred an average of 5.6 (1.0) years from WHI enrollment and the
termination of the CEE-Alone trial occurred an average of 6.6 (0.6) years from WHI
enrollment for these women. As indicated in the figure, 6 years from randomization only
32% of the measurements occurred during the trial and in later years, almost all occurred
after the termination of the trials.
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There was a mean on-trial relative decrement for each domain-specific cognitive function;
these reached statistical significance (p≤0.05) for verbal knowledge, verbal fluency, figural
memory, and fine motor speed. The magnitudes of effect sizes were uniformly smaller
during the post-trial and none were significant on their own, however on-trial and post-trial
decrements differ significantly only for verbal fluency (p=0.009). Figure 2b portrays the
pattern over time of the means for verbal fluency, for which the initial relative decrement,
which was apparent as early as Year 1, dissipated from 6 years on during follow-up.

There was little difference in the relative effects of CEE+MPA versus CEE on global
cognitive function, both during on-trial and post-trial follow-up (Table 3). For three
domains, however, there was some evidence of differences between the two drug regimens.
For figural memory (p=0.05), spatial ability (p=0.04), and fine motor speed (p=0.01), the
on-trial decrements appeared to be limited to CEE therapy and were not apparent for CEE
+MPA therapy. For the spatial ability, the differences in the effect sizes between regimens
persisted into the post-trial follow-up (p=0.01).

DISCUSSION
To investigate whether CEE therapies affected age-related cognitive decline, the WHISCA
investigators predefined rates of changes in annual cognitive test scores from the time of
WHISCA enrollment to be the primary outcomes of the trial. For women who had been
prescribed CEE-based therapies an average of 3 years earlier, they found that no significant
improvement in the trajectories of these slopes related to hormone therapy. Instead, CEE-
Alone appeared to have produced a small average relative decrement in spatial ability that
waned during WHISCA follow-up and CEE+MPA therapy was associated with a continued
small deleterious relative effect on age-related declines in verbal memory.4,6 Overall,
however, there was little evidence that continued prescription of the CEE-based therapies
produced widening differences in cognitive functions across multiple domains.

The analyses reported here differ from those pre-defined in the WHISCA protocol3 in four
important ways. First, they are focused on estimating differences in the average cognitive
scores over time rather than the slopes of these differences. Second, visits are ordered
according to time from initial prescription of WHI treatments, rather than time from
WHISCA enrollment. Third, rather than analyzing scores from individual tests, we have
combined some to form domain scores. Finally, both on-trial and post-trial data are
considered.

We derive three principal points, and take up each in turn. First, CEE-based therapies were
associated with small, but detectable, mean on-trial decrements in global cognitive function
that were largely maintained for several years after the conclusion of the trials. In pooled
analyses, CEE-based therapies were associated with on-trial decrements among the
individual domains whose magnitudes spanned those for global cognitive function and some
of which reached statistical significance on-trial, but none post-trial. Finally, while the
magnitude of the CEE-Alone and CEE+MPA effects on global cognition were fairly
comparable throughout follow-up, CEE-Alone therapy appeared to be associated with
greater adverse domain-specific effects.

Enduring Deficits in Global Cognitive Function
For the full WHIMS cohort, the pooled on-trial mean decrement in 3MS scores associated
with assignment to CEE-based therapies was about 0.05 SD units,1,2 which was slightly
lower than seen during follow-up of the WHISCA cohort. The reason for this is likely that
the first few years following randomization were included in the WHIMS estimates, when
differences were just beginning to emerge; the on-trial estimates from WHISCA more
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heavily reflect the later years of the WHIMS trial, when differences were more marked.
These average differences in cognitive function are small and would not be detectable or
have clinical significance for an individual woman. Of some concern is that these appear to
persist long after cessation of hormone therapy and likely are linked to the smaller regional
brain volumes as evident in MRI scans taken up to three years following the termination of
these trials. It appears that these smaller volumes are an expression of how CEE-based
therapies affect cognitive function: women who developed cognitive impairment after
assignment to these therapies have smaller brain volumes than non-impaired women while
women who developed cognitive impairment after assignment to placebo did not.21

The potential mechanisms for this broad-based effect are presently not known. Candidates
include disruption of balance between neurogenesis and apoptosis, a loss of estrogen
sensitivity and reversal of neuroprotective effects following prolonged hypoestrogenicity, or
actions of equine estrogens on glial cells.22-26 Despite the increase risk of (predominantly
ischemic) stroke associated with CEE-based therapies,27 data from the WHIMS-MRI study
suggest that the principal pathway for its adverse effect on cognition is not through an
increase of ischemic lesions.28 Whether these adverse effects are limited to initiation of
hormone therapy in women over the age of 65 and to only CEE-based therapies is unknown.
The magnitudes of these effects are small, however they may translate to significant
increases in the risk of dementia and mild cognitive impairment.29,30

Effects on Domain-Specific Cognitive Functions
Much has been written about the potential beneficial effects of hormone therapy on specific
cognitive domains in younger women and laboratory animals.22,31-33 In general, beneficial
effects have been most consistently found for verbal memory and attention, however
evidence for positive effects have been found for many domains. In older women, the
evidence for domain-specific benefit is less clear.22,32,34 In general, we found the on-trial
adverse effects of hormone therapy on individual cognitive domains to be more-or-less
comparable in magnitude to those on global cognitive function, but less statistically
significant. The lower power to detect differences for individual domains was not
attributable to measurement error (the within-subject longitudinal correlations of domain
specific tests were at least as high as for global cognitive function), but was likely due to the
lack of a domain-specific baseline test score for use as a covariate (using baseline global
cognitive function for this purpose did not improve power uniformly across all domains).
The smallest on-trial adverse effects were found for verbal memory, raising the possibility
that there may have been some moderation of the general adverse effect by other
mechanisms for this domain, however this is speculative.

Overall, the magnitudes of domain-specific post-trial adverse effects were smaller than on-
trial effects, but not significantly so, with one exception. The on-trial effect on verbal
fluency, which was the largest in magnitude of any domain, virtually disappeared during
post-trial follow-up. Laughlin, et al. have reported that higher levels of endogenous
hormones are associated with lower performance in verbal fluency,35 which may signal an
acute affect linked to elevated androgen levels, and these have been reported to suppress
verbal fluency.36,37 Thus, it is possible that this provides evidence a second mechanism is
involved whereby CEE-based therapies adversely affect cognition.

Differences between CEE+MPA and CEE-Alone Therapies
While CEE-Alone and CEE+MPA therapy had fairly comparable on-trial and post-trial
effects on global cognitive function, some differences appeared among domain-specific
tests. CEE-Alone therapy was associated with on-trial decrements in verbal knowledge,
verbal fluency, figural memory, spatial ability, and fine motor speed (all p≤0.05), while
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CEE+MPA therapy was not. Several possible explanations may exist. The longer duration of
the CEE-Alone trial (an average of 4.0 versus 3.0 years) is one: the means of on-trial effects
for the CEE-Alone women more heavily weight longer exposures, when treatment effects
were largest. Also, the women from the CEE-Alone trial, tended to have greater pre-trial risk
factors for cognitive impairment (including lower education, lower income, and more
prevalent hypertension and cardiovascular disease) and lower levels of global cognitive
function. These may identify women with greater levels of pre-existing disease
cerebrovascular disease, for whom the adverse effect of CEE-based therapies may be
greater.6 Finally, it may be that MPA offers some protection against domain-specific
adverse effects. If this is so, the strongest evidence for this may be for spatial ability: the on-
trial adverse effect of CEE-Alone therapy on spatial ability continued post-trial, however no
on-trial or post-trial effects for CEE+MPA therapy were seen. If MPA has a differential
effect among global and domain-specific functions, this may be evidence of additional
mechanisms linking hormone therapy to cognition.

Limitations
The WHISCA study was limited to postmenopausal women aged 65 years or older and only
0.625 mg/day CEE-based therapies. While we cannot rule out imbalances among treatment
groups among women who enrolled in WHISCA with respect to unmeasured characteristics,
none were detected among measured characteristics and extensive covariate-adjustment was
used to promote balanced comparisons. We have not included data on the use of hormone
therapies among WHISCA women following the WHI trials. Overall, this has been reported
to be quite low, e.g. only 4% of participants who had been assigned to CEE+MPA therapy
reported using any sort of hormone therapy one year after the termination of the trial.38 We
report the results from many inferences. Because of this, Type 1 error is inflated across the
individual tests. The magnitude of the estimated mean effects, <10% of a standard deviation,
are small and would be clinically undetectable for women.

Conclusions
CEE-based hormone therapies, when initiated among women aged 65 years or older and
provided for an average of 5 to 7 years, produced small average decrements in global and
several domain-specific cognitive functions that endured several years after cessation of use.
No evidence of benefit for any cognitive domain was found, however differences in how
CEE-Alone and CEE+MPA affect domain-specific cognitive test scores suggest that more
than one mechanism may be involved.
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Figure 1.
Follow-up during WHISCA and the WHISCA Extension
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Figure 2a.
Fitted mean (with 95% confidence intervals) standardized global cognition test scores over
time from women grouped by WHI treatment assignment with adjustment for baseline 3MS
score, trial (CEE+MPA vs CEE-Alone), age, education, race/ethnicity, smoking status, body
mass index, hypertension, alcohol intake, prior cardiovascular disease, diabetes, prior use of
hormone therapy, and prior use of oral contraceptives. The left-hand axis provides units in
the original scale. The lower panel provides the number of women who contributed to each
data point and the percentage of measurements that were collected during on-trial.
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Figure 2b.
Fitted mean (with 95% confidence intervals) standardized verbal fluency test scores from
women grouped by WHI treatment assignment with adjustment for baseline 3MS score, trial
(CEE+MPA vs CEE-Alone), age, education, race/ethnicity, smoking status, body mass
index, hypertension, alcohol intake, prior cardiovascular disease, diabetes, prior use of
hormone therapy, and prior use of oral contraceptives.
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