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Abstract
The Women’s Health Initiative Memory Study-Younger (WHIMS-Y) was designed to assess the
effect of prior random assignment to hormone therapy (HT) (conjugated equine estrogen (CEE)
alone or CEE plus medroxyprogesterone acetate (MPA)) on global cognitive function in younger
middle-aged women relative to placebo. WHIMS-Y was an ancillary study to the Women’s Health
Initiative (WHI) HT trial and enrolled 1361 women who were aged 50-54 years and
postmenopausal at WHI enrollment. WHIMS-Y will examine whether an average of 5.4 years of
HT during early menopause has longer term protective effects on global cognitive function and if
these effects vary by regimen, time between menopause and study initiation, and prior use of HT.
We present the study rationale and design. We describe enrollment, adherence to assigned WHI
therapy, and compare risk factor characteristics of the WHIMS-Y cohort at the time of WHI
enrollment to similar aged women in the WHI HT who did not enroll in WHIMS-Y. Challenges of
WHIMS-Y include lower than expected and differential enrollment. Strengths of WHIMS-Y
include balance in baseline risk factors between treatment groups, standardized and masked data
collection, and high rates of retention and on-trial adherence and exposure. In addition, the
telephone-administered cognitive battery showed adequate construct validity. WHIMS-Y provided
an unprecedented chance to examine the hypothesis that HT may have protective effects on
cognition in younger postmenopausal women aged 50-54 years. Integrated into the WHI,
WHIMS-Y optimized the experience of WHI investigators to ensure high retention and excellent
quality assurance across sites.

Keywords
Postmenopausal hormone therapy; Cognitive function; Aging

1. Introduction
Although early termination and publication of the Women’s Health Initiative Memory Study
(WHIMS) primary results showed increased risk of probable dementia and no protection of
global cognitive function following initiation of post-menopausal hormone therapy (HT)
(Espeland et al., 2004; Rapp et al., 2003; Shumaker et al., 2003; 2004), there is continued
speculation that HT may still protect cognitive function in women if initiated during the
peri-menopausal or recent post-menopausal period (Craig et al., 2005; Joffe et al., 2006).
This speculation has led to recent calls for studies that examine the possible protective
effects of HT on cognitive function in peri-menopausal and recent post-menopausal women.
(Henderson et al., 2007; Lord et al., 2008; Resnick & Henderson, 2002). The WHIMS Study
of Younger Women (WHIMS-Y) provides a unique and cost-effective opportunity to
evaluate the impact of HT on cognitive function in younger postmenopausal women
enrolled in the Women’s Health Initiative (WHI) HT trials at ages 50-54 years. It will assess
the long-term impact of randomized assignment to HT among these women, and thus will
provide critical information regarding the clinical treatment of younger post-menopausal
women and potential mechanisms for how HT may affect cognitive function.
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1.2 Objectives of WHIMS-Y
The primary objective of WHIMS-Y is to test the hypothesis that conjugated equine
estrogen (CEE)-based HT (CEE-Alone or CEE + MPA (medroxyprogesterone acetate)) in
postmenopausal women aged 50-54 years has a long-term effect on women’s global
cognitive function. Specifically, WHIMS-Y tests whether randomized assignment to CEE
+MPA and/or CEE-alone in younger postmenopausal women may confer the proposed
protection relative to placebo.

Secondary objectives are to determine whether effects on cognitive function vary according
to prescription of unopposed or opposed CEE, years between menopause and the initiation
of study-prescribed therapy, and prior use of HT. WHIMS-Y will also identify incident
cases of probable dementia (PD) and mild cognitive impairment (MCI), however it is not
expected to provide sufficient statistical power to detect differences in the rates of these.

In this paper that focuses on the design of WHIMS-Y, we describe the enrollment of the
cohort and compare selected characteristics of the cohort at the time of their WHI HT
enrollment with characteristics of similar-aged women in the WHI HT who declined
enrollment in WHIMS-Y. We also describe adherence to assigned WHI therapy, using pill
counts and length of enrollment in the WHIMS-Y cohort.

2. Results
Here, we report on the design of WHIMS-Y, including enrollment of the cohort, the
comparison of cognitive risk factors and adherence patterns of WHIMS-Y enrollees and
non-enrollees and CEE and CEE/MPA groups at WHI enrollment, and baseline cognitive
characteristics of WHIMS-Y women at the initiation of cognitive testing. In addition, we
describe the results of factor analytic analyses of the cognitive battery. In year 1, N = 1732
currently active participants of the WHI Extension Study agreed to initial contact by the
WHIMS coordinating center, and N = 1361 (78.6%) agreed to participate. Of these, N =
1264 (93.1%) completed the test battery in Year 1, with a small percentage lost to follow-up
after eight attempts to contact. An additional N = 62 participants included in the analyses
completed the test battery for the first time in years 2 or 3.

In the comparison of WHIMS-Y enrollees and non-enrollees at the time of their WHI
enrollment, a number of risk factors were examined; including age, age at last menstrual
period, education, race and ethnicity, smoking status, alcohol intake, body-mass index
(BMD), hypertension status, prior cardiovascular disease (CVD), hysterectomy, years since
last regular menstrual period, prior HT at recruitment, and adherence. As seen in Table 1, at
WHI enrollment there was no difference in the distributions of important potential
confounds between women in the placebo and the HT groups. When we compared WHIMS-
Y enrollees to non-enrollees, there were significant or marginal differences in several
variables, including: age at last menstrual period, education, race and ethnicity, alcohol
consumption, BMI, years since last regular menstrual period, prior HT at WHI recruitment,
and adherence. Overall, WHIMS-Y enrollees reported being slightly older at their last
menstrual period (M = 45.1, SD = 6.2) than non-enrollees (M = 44.4, SD = 6.5), p = 0.04.
Enrollees reported a lower percentage having only a high school education or less (15.9%)
than non-enrollees (25.1%), p < 0.001. A lower percentage of enrollees were African
American (12.5%) than non-enrollees (20.1%), and Hispanic (4.4%) than non-enrollees
(9.9%), p = < 0.001 for race overall. A higher percentage of enrollees reported < 1 drink per
day (66.1%) than non-enrollees (59.7%), p = 0.008. A higher percentage of enrollees
(28.5%) than non-enrollees (23.3%) had BMI’s of 20-25 kg/m2, p = 0.06 overall. For
enrollees, years since last regular menstrual period for women with prior hysterectomy were
somewhat fewer (M = 12.6, SD = 6.1) than non-enrollees (M = 13.6, SD = 5.8), p = 0.05.
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There was a greater percentage of enrollees (54.6%) than non-enrollees (51.8%) who were
0-5 years since their last regular menstrual period, and a greater percentage of enrollees
(21.5%) than non-enrollees (17%) who were 6-10 years since their last regular menstrual
period, and a smaller percentage of enrollees (23.9%) than non-enrollees (30.1%) who were
11 plus years since last regular menstrual period, p=.003 overall.Prior HT at WHI
recruitment was less in enrollees (34.4%) than in non-enrollees (38.6%), p = 0.001. On-trial
adherence and exposure based on average pill counts was greater in enrollees (M = .82, SD
= .21) than in non-enrollees (M = .79, SD = .23), p = 0.003, as was length of enrollment in
number of years on study, (M = 5.43, SD = 2.48) and (M = 5.08, SD = 2.54), p = 0.002.

In the comparison of WHIMS-Y enrollees by arm (CEE vs. CEE+MPA), there were
significant differences in age, age at last menstrual period, education, race, BMI,
hypertension status, years since last regular menstrual period, prior HT at WHI screening,
and years of adherence. Women in the CEE group were slightly younger (M = 51.9, SD =
1.4) than in the CEE+MPA group (M = 52.2, SD = 1.3), p = .002, were younger at their last
menstrual period (M = 39.1, SD = 6.0) than in CEE+MPA (M = 48.2, SD = 3.4), p < .001,
and had less education (77.9% with some college) than in CEE+MPA (87.4% with some
college), p = .001. A higher percentage of African American women were in the CEE group
(17.4%) than CEE+MPA (9.1%), and a slightly lower percentage of Hispanic women were
in the CEE group (3.8%) than CEE+MPA (4.4%), p = .007 for race overall. The percentage
of CEE women with BMI 20-25 kg/m2 was lower in enrollees (24.8%) than non-enrollees
(33.2%), p < 0.001. A higher percentage of CEE women had hypertension (26.9%) than
CEE+MPA (17.5%), p = .003. A lower percentage of CEE women were 0-5 years since
their last regular menstrual period (13.7%) than CEE+MPA (76.6%), and a higher
percentage of CEE women were 6-10 years since their last regular menstrual period (28.0%)
than CEE+MPA (17.3%) and 11+ years since their last regular menstrual period (58.2%)
than CEE+MPA (6.1%), p < .001 overall. In the CEE group, a smaller percentage of women
(45.1%) reported never having had prior HT at screening than in CEE+MPA (56.4%), p = .
01 overall. Years of adherence was greater in the CEE group (M = 6.12, SD = 2.69) than
CEE+MPA (M = 5.11, SD = 2.21), p < .001, although the percentage of women adhering
did not differ (p = .70).

Baseline cognitive characteristics of the WHIMS-Y participants at the first test are included
in Table 2. These include measures of memory: the East Boston Memory Test (EBMT) total
score and the EBMT recall score; attention and executive function: the Trails Part A and
Part B seconds; working memory: Digits Forward and Digits Backward span scores; and
verbal fluency: Verbal Fluency Animals (VFA) word counts.

A confirmatory factor analysis (CFA) of the cognitive measures was performed using Mplus
version 6.2 (Muthén & Muthén, 2011) to examine the underlying construct as well as the
amount of variance in cognition explained by the different measures (see Table 3). First, the
overall omnibus fit of the model (e.g., whether or not the sample variance-covariance matrix
S is similar to the population variance-covariance matrix Σ) was tested. Typically a non-
significant chi-square is the gold standard for determining model fit, but chi-square is
sensitive to sample size. With large sample sizes (>1000), the chi-square values may be
inflated (statistically significant), and erroneously imply a poor data-to-model fit
(Schumacker & Lomax, 2004). A number of additional indices were examined to determine
model fit, including the Root Mean Square Error of Approximation (RMSEA), the
Standardized Root Mean Square Residual (SRMR), and the Comparative Fit Index (CFI).
The RMSEA and SRMR were evaluated for overall fit. The RMSEA, widely reported,
estimates the amount of error of approximation (the lack of fit between the hypothesized
model and the population covariance matrix) per model degree of freedom, taking sample
size into account (Kline, 2005). A value of less than or equal to 0.05 indicates a good fit.
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The SRMR is the standardized difference between observed and predicted covariances. Low
SRMR values indicate that the residual matrix of S used to estimate Σ is near zero in a good
model. A CFI close to 1.0 indicates a high degree of fit. A one-factor model of cognitive
function fit the data, X2 = 17.36, df = 11, p = 0.10 (RMSEA = .02; 90% CI = .000 - .039;
SRMR = .02; CFI = .99). All of the fit indices reported here indicate that model fit is good to
excellent. The significance of the individual parameters (path estimates) was also evaluated
for their contribution to the model. Each factor loading was significant (all p’s < 0.001), and
each measure explained a significant amount of variance in the model, all p’s < 0.005,
indicating that the construct of cognitive function was well-measured by the telephone-
administered cognitive battery.

3. Discussion
The analyses presented in this paper reveal several challenges to the WHIMS-Y study.
Recruitment was lower than projected, potentially resulting in less statistical power, and
limiting the ability to make comparisons between study arms. Post hoc assessments of
power may be important to interpret results. There were marked differences between women
who did and did not enroll in WHIMS-Y with respect to characteristics at the start of the
WHI. As in many other settings (e.g., Lovato et al., 1997), enrollees tended to be more
highly educated, of majority ethnicity, and differed with respect to several health-related
characteristics. If enrollment over-sampled women who had high levels of cognitive
function, the ability to detect intervention effects may be limited. However, we are
encouraged in this regard from results of the post-trial follow-up of the WHIMS cohort,
which found that on-trial treatment-related deficits in the women were largely maintained
during post-trial follow-up (Espeland et al., 2010). Importantly, with respect to the factors
that we considered, the original balance between active and placebo treatment groups
afforded by randomization appeared to be maintained. This balance would be expected to
extend to cognitive function at baseline, which was not measured. The time between age at
last regular period and age at screening varied greatly among women and, for women with
prior hysterectomy, averaged over 12 years. This, coupled with use of HT during this period
that was not controlled by study design, may complicate how WHIMS-Y study results can
be applied to a window of opportunity hypothesis. We would have greater power (and
require fewer participants) if we had baseline measures of cognitive function to use as
covariates (or to produce change scores) in our analyses. WHIMS-Y, however, has been
designed to provide adequate power, as described above, and the WHI collected data on
many baseline factors shown to be strong correlates of cognitive function, which we can use
as covariates in analyses to reduce variability. These include age, hypertension, education,
ethnicity, smoking, alcohol intake, diabetes status, and history of stroke. Including these
measures in analyses increases the alignment of groups with respect to baseline levels of
cognitive function and increases power. An additional non-statistical concern is that our
results may be discounted by some because of the lack of baseline data to express changes.
We will address this issue directly in publications, citing examples of the demonstrated
validity of post-randomization add-on measures, including the many WHI post-trial
publications.

4. Methods and Materials
4.1 Design of the Women’s Health Initiative (WHI) hormone therapy (HT) trials

The WHI randomized trials were designed to evaluate postmenopausal hormone therapy and
prevention of disease, with coronary heart disease as the primary outcome and breast cancer
as the primary adverse outcome (Wactawski-Wende, 1998). Secondary outcomes included
hip fracture, other fractures, other cardiovascular diseases, and endometrial, colorectal, and
other cancers. Postmenopausal women, aged 50 - 79 at baseline, were randomized to either
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placebo or oral CEE 0.625 mg/day if they did not have a uterus, and women with a uterus
were assigned randomly to either placebo or oral CEE plus MPA 2.5 mg per day (PremPro,
Wyeth Pharmaceuticals, Philadelphia, PA). Enrollment began in 1993 and continued
through 1998. Both trials were scheduled to continue through 2005, however study
medications were terminated on July 9, 2002 in the CEE plus MPA trial after 5.2 years of
follow-up due to an increase in the global risk (increased risks of invasive breast cancer,
coronary heart disease, stroke and pulmonary embolism) (WHI, 2002) and study
medications in the CEE only trial were terminated February 29, 2004 after a mean of 6.8
years of follow up due to a lack of benefit and a significantly increased risk for stroke
(Anderson et al., 2004).

At that time, all participants enrolled in one or more of the original WHI study components
(including the Hormone Therapy Trials) who were willing to provide written informed
consent could join the first WHI Extension Study for an additional 5 years of follow-up. In
2010, the current participants were invited to continue for an additional 5 years for the
second Extension Study. The longer follow-up continues to provide important information
on outcomes that might be affected by study treatments years after the initiation of
intervention, and on outcomes that were too uncommon for clear results to emerge during
the initial follow-up period.

4.2 Design of the Women’s Health Initiative Memory Study-Younger (WHIMS-Y)
4.2.1 Participants—WHIMS-Y volunteers had enrolled in the Women’s Health Initiative
HT Trial (WHI, 1998) when they were aged 50-54 years. To be eligible for WHIMS-Y, they
were required to be currently active participants of the WHI Extension Study, allow a friend
or family member to be contacted, have adequate hearing acuity to participate in the
telephone interviews, and agree to undergo annual 60 minute telephone-based assessments
of their cognitive function. Enrollment began in January, 2009 and continued through
September, 2011. All women provided written informed consent and all protocols were
approved by local Institutional Review Boards.

4.2.2 Procedures—A brief hearing screening test, performed annually, determined the
participant’s ability to hear over the telephone. Each woman was asked standard questions
(e.g., Do you have difficulty hearing others in a quiet room?) and administered a brief
hearing screening test requiring participants to repeat several phrases over the phone (e.g., “I
have a dog so all I need is a cat.”). Women who reported no or minimal hearing difficulty
and who repeated the phrases correctly were enrolled and given the telephone-based
cognitive testing. Women who were unable to successfully complete the hearing screening
test after attempts to compensate for their hearing loss were ineligible to participate.

4.2.3 Cognitive test battery—The telephone cognitive battery included tests of global
cognitive functioning, verbal memory, attention, executive function, verbal fluency, and
working memory plus self-report measures of perceived memory problems, depressive
symptoms, sleep disturbance and health-related quality of life. A detailed description of each
of the measures and their outcomes is included in Supplementary Data. Test-retest
reliability, concurrent validity, and relative bias associated with telephone administration has
been evaluated in older women and it has been found to be both reliable and valid (Rapp et
al., 2012).

4.2.4 Adjudication of Mild Cognitive Impairment and Dementia—The Dementia
Questionnaire (DQ) (Kawas et al., 1994) is a semi-structured interview designed for a
knowledgeable proxy to provide information needed to make dementia and mild cognitive
impairment diagnoses and to identify selected causes of cognitive impairment. It covers six
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domains: memory and cognition, verbal expression, daily functioning, recognition of
problems/insight, other medical and psychiatric problems, and medical contacts.
Knowledgeable friends or family members also estimate the years of symptom onset. The
DQ has been validated against the gold-standard of a clinical evaluation with sensitivities
and specificities >90% and inter-rater (face to face vs. phone) agreement of >94% (Kawas et
al., 1994; Ellis et al., 1998; Khachaturian et al., 2000). Proxy data from the DQ (Kawas et
al., 1994) were collected on participants scoring below the cut-point (<31) on the Telephone
Interview for Cognitive Status – modified (TICSm) (Welsh et al., 1993; DeJager et al.,
2003a).

The TICSm with the DQ has been previously validated for identifying dementia cases in
community samples in older adults age 65 and over (Kawas et al., 1994; Khachaturian et al.,
2000; Fritsch et al., 2005) with sensitivity of 83%, specificity of 100%, and agreement with
face-to-face clinical evaluation of 89% (Crooks et al., 2005). Additional data on the utility of
the TICS to detect cognitive impairment in older adults > 60 showed a normal distribution
of test scores and less constraint from ceiling effects than the MMSE and the CAMCOG (de
Jager, Budge, & Clarke, 2003). A scoring algorithm based on selected DQ responses was
used to pre-classify all participants as potential probable dementia or minor cognitive
impairment cases. Final adjudication of the pre-classified cases was made by a panel of
specialists comprised of clinicians with recognized expertise in dementia. The adjudication
panel made the final determination in cases of conflicting classifications.

4.2.5 Sample size justification—WHIMS-Y targeted the recruitment of approximately
2,200 women. Power was projected for comparing mean differences between treatment
groups on the primary outcome (TICSm) across the first two annual administrations. Data
from an alternative measure of global cognitive function, the Modified Mini-Mental State
Exam (3MS) (Teng et al., 1987) collected by the WHIMS (Shumaker et al., 2003), was
substituted for TICSm to project power. Variance estimates were derived from 3,408
WHIMS enrollees who were aged 65-69 at enrollment. Of these, 3,223 (94.6%) provided a
one-year cognitive assessment. The standard error associated with a contrast of mean
differences in 3MS scores over the two assessments between women assigned to HT versus
placebo was 0.125 units. Based on this, 2,200 women would be expected to provide a
standard error of 0.150 units. For z-tests of this contrast (2-sided Type 1 error = 5%), powers
of 76%, 91%, and 98% power were projected to detect a mean difference of 0.4, 0.5, and 0.6
units, respectively, which corresponded to approximately 0.08 to 0.12 standard deviation
units.

4.2.6 WHIMS-Y analysis plans—The primary outcomes for WHIMS-Y are global
cognition scores from the TICSm, which will be collected twice, approximately one year
apart. The primary contrast for these data will be the mean difference in TICSm scores over
time between women grouped by WHI treatment assignment (i.e. HT versus placebo), based
on general linear models [Littell, 1996]. Time between WHI enrollment and the date of
WHIMS-Y enrollment is a covariate. Type I error will be set to be 0.05 for the primary
comparison of these mean differences. Analyses will be supported by examining patterns of
missing data (i.e. individuals for whom the second exam was not conducted), to assess
whether these are balanced across intervention groups. In addition, the characteristics of
women who chose to enroll in WHIMS-Y will be compared to non-enrollees to assess
whether there may have been differential enrollment between intervention groups, which is
described in this paper.

Data from the remaining cognitive assessment instruments collected by WHIMS-Y will be
analyzed in a similar manner. To protect against Type I error and to demarcate clearly the
primary outcome measure, these secondary outcomes will be tested against a significance
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level of 0.01. Results from central adjudications to detect cases of MCI and PD will be
summarized, however it is anticipated that the power for any comparisons between treatment
groups will be low for these outcomes.

Three subgroup comparisons were pre-specified to examine the consistency of any effects of
HT among women grouped by 1) age of menopause, 2) prior use of HT, and 3) WHI trial
(i.e. CEE+MPA versus CEE-Alone), using tests of interaction terms.

5. Conclusions
WHIMS-Y provides a critical opportunity to test the hypothesis that younger
postmenopausal women aged 50-54 may benefit from hormone therapy. This data will have
clinical significance for the timing and administration of HT as it relates to weighing the
health risks versus benefits of the intervention. The integration of WHIMS-Y into the WHI
suite of studies offers a cost-effective way to examine this hypothesis. In addition, it
capitalizes on the experience of WHI and WHIMS investigators and staff in ensuring high
retention and excellent quality assurance across sites. Important strengths of the WHIMS-Y
design include a distribution of risk factors for cognitive impairment at the time of WHI
enrollment unrelated to treatment assignment, as well as the construct validity of the
telephone-administered cognitive battery. Related strengths include a high retention rate and
better than average on-trial adherence and exposure in enrollees. Challenges of conducting
WHIMS-Y include lower than projected enrollment, as well as differential enrollment
between WHIMS-Y enrollees and non-enrolles (although differential enrollment favored
this study in certain instances (e.g., lower levels of prior HT, greater on-trial adherence and
exposure, and more years on study).

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 2

Descriptive statistics for the dependent measures used in the confirmatory factor analysis of Cognitive
Function (N = 1326).

Measure of Cognitive
Function

Mean SD Skewness Kurtosis

EBMT 10.08 1.68 −0.88 1.27

VFA 20.18 5.79 0.50 0.80

TRAILSA 8.57 2.21 2.67 16.98

TRAILSB 37.69 29.73 5.49 41.79

DIGITSF 8.64 2.55 0.20 −0.70

DIGITSB 7.13 2.58 0.65 0.07

ERECALL 9.68 1.93 −1.25 3.37

Note. EBMT = East Boston Memory Test Total Score; VFA = Verbal Fluency Animals word count; TRAILA = Trails Part A time in secs.;
TRAILSB = Trails Part B time in secs.; DIGITF = Digits Forward score; DIGITB = Digits Backward score; ERECALL = East Boston Memory
Test recall score.
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Table 3

Fit indices and factor loadings for the confirmatory factor analysis model of Cognitive Function in WHIMS-Y
participants at first visit (N = 1326).

Model df X2 RMSEA SRMR CFI

a. One factor Cognitive
Function

11 17.36, p =
.10

.02 (90%
CI = .000
−.039)

.02 .99

Factor and item Factor loading (p
value)

CF → EBMT .28 (.000)

CF → VFA .68 (.000)

CF → TRAILSA −.21 (.000)

CF → TRAILSB −.72 (.000)

CF →DIGITSF .27 (.000)

CF → DIGITSB .26 (.000)

CF → ERECALL .31 (.000)

Correlations between
specified measures in the
model

TRAILSB ↔ VFA .61 (.000)

DIGITSB ↔ DIGITSF .58 (.000)

ERECALL ↔ EBMT .68 (.000)

Note. EBMT = East Boston Memory Test Total Score; VFA = Verbal Fluency Animals word count; TRAILA = Trails Part A time in secs.;
TRAILSB = Trails Part B time in secs.; DIGITF = Digits Forward score; DIGITB = Digits Backward score; ERECALL = East Boston Memory
Test recall score.
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