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Abstract
Rationale Reports of cognitive decline, particularly in the do-
mains of executive functions (EFs), are common among men-
opausal women.
Objective This study aims to determine the impact of the
psychostimulant lisdexamfetamine (LDX) on subjective and
objective cognitive function among menopausal women who
report new-onset EF complaints.
Methods Thirty-two healthy perimenopausal and early post-
menopausal women experiencing mid-life-onset executive
function difficulties as measured using the Brown Attention
Deficit Disorder Scale (BADDS) were administered LDX 40–
60 mg/day for 4 weeks in this double-blind, placebo-con-
trolled, cross-over study. Diagnosis of lifetime ADHD was
exclusionary. BADDS total and subscale scores and

performance on verbal memory and working memory tasks
were outcomes of interest.
Results Analyses revealed a significant effect of LDX treat-
ment over placebo for total BADDS scores (p=0.0001) and
for four out of the five BADDS subscales (all p<0.004). LDX
treatment also resulted in significant improvement in delayed
paragraph recall (p=0.018), but there was no significant effect
of treatment on other cognitive measures. Systolic blood pres-
sure (p=0.017) and heart rate increased significantly (p=
0.006) when women were on LDX but remained, on average,
within the normal range.
Conclusions LDX 40–60 mg/day was well tolerated and im-
proved the subjective measures of executive function as well
as objective measures of delayed verbal recall in this sample
of healthy menopausal women.
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Introduction

Cognitive complaints are common among menopausal wom-
en, but until recently it has been unclear to what degree the
menopause or aging itself contributes to these symptoms
(Luetters et al. 2007; Greendale et al. 2011; Epperson et al.
2013; Maki et al. 2010; Weber et al. 2014). We previously
reported findings from a large community cohort confirming
an age-independent decline in immediate and delayed verbal
recall despite controlling for mood, education, race, and body
mass index (Epperson et al. 2013). Loss of estradiol is
suspected to contribute, albeit in part, to this phenomenon as
estradiol has potent modulatory effects on multiple
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neurotransmitter systems and brain regions implicated in
learning and memory (Shanmugan and Epperson 2014).
However, the cognitive benefits of postmenopausal estradiol
treatment (ET) are debatable and depend upon the age of
menopause, the type of estrogen used, the duration of
hypogonadism, and the overall health of the central nervous
system at the time of ET initiation (Weber et al. 2014).
Moreover, systemic ET is contraindicated in womenwho have
had or are at risk for gynecologic cancer.

We previously reported that cognitively intact perimeno-
pausal and early postmenopausal women reported new-onset
executive function (EF) difficulties in the domains of organi-
zation, working memory, focus, and attention (Epperson et al.
2011). The severity of executive dysfunction in a subset of
women was consistent with that observed in adults diagnosed
with attention deficit hyperactivity disorder (ADHD).
Although the true prevalence and severity of mid-life onset
of EF difficulties among women experiencing a natural men-
opause are not known, complaints are likely to be more severe
in a minority of women and depend upon factors such as
baseline intelligence, education, and age of menopause
(Rapp et al. 2013; Ryan et al. 2014; Weber et al. 2014;
Wegesin and Stern 2007). The risk for cognitive difficulties
with menopause is accentuated in those women who experi-
ence an early and/or abrupt transition to hypogonadism (Ryan
et al. 2014; Sherwin 2005). Women who undergo a premature
menopause as defined by being 40 or younger at the final
menstrual period (FMP) are at heightened risk of poor cogni-
tion later in life (Ryan et al. 2014). Interestingly, estradiol
treatment (ET) protected some, but not all, aspects of cogni-
tion in these prematurely postmenopausal women.

With 52 as the average age of natural menopause, roughly 45
million postmenopausal women live in the USA alone, and the
vast majority of these women are living at least a third of their
lives in the postmenopausal state. Hence, promoting healthy cog-
nitive aging amongmenopausal women should be amajor public
health goal. At present, our ability to predict which women will
have the gravest difficulties with hypogonadism is minimal, and
few interventions other than ET have been tested.

To this end, we sought to determine whether treatment with
the psychostimulant lisdexamfetamine (LDX; Shire®) would im-
prove EFs among healthy perimenopausal and early postmeno-
pausal women reporting subjective cognitive difficulties.
Psychostimulants are primarily marketed for the treatment of
ADHD but have been utilized with variable success to treat
radiation- or chemotherapy-induced fatigue or cognitive difficul-
ties in cancer patients (Gehring et al. 2012) including postmeno-
pausal women (Johnson et al. 2010). The primary mechanism of
action of psychostimulants in the treatment of EF difficulties is
through enhancement of prefrontal cortex (PFC) dopaminergic
tone, which is impaired in ADHD and other disorders character-
ized by EF difficulties (Arnsten 2009). Similarly, estradiol has
potentmodulatory effects on PFCdopaminergic function (Jacobs

and D’Esposito 2011). Whether altered dopaminergic function is
responsible for unmaskingEF difficulties or is a target for therapy
in some menopausal women is not known, but of considerable
interest. We therefore sought to determine the impact of LDX on
subjective complaints of executive dysfunction among late peri-
menopausal and early postmenopausal women who report im-
pairment in these domains.While the literature suggests the value
of normed, self-report, ecologically based scales in assessing EF
impairments (Barkley and Murphy 2010), objective measures of
cognitive function have been included as secondary outcomes.

Methods

Participants

Women between the ages of 45 and 60 who reported onset of
EF difficulties during the menopause transition and were with-
in 5 years of their FMP were recruited to the Penn Center for
Women’s Behavioral Wellness. Perimenopausal women were
required to have had irregular menstrual cycles for at least the
past 12 months, with no period for at least 3 months, and a
serum follicle stimulating hormone (FSH) level of≥20 IU/L.
LMP of ≥12months and serum FSH levels ≥35UI/L indicated
postmenopausal status. The Brown Attention Deficit Disorder
Scale (BADDS) was used to assess the severity of the subjec-
tive symptoms of EF difficulties. A BADDS score of 20 or
greater with onset of symptoms reported to coincide with the
initiation of menstrual cycle irregularity was required. The
participants were English-speaking and gave written informed
consent for participation in this study, which was approved by
the Perelman School of Medicine at the University of
Pennsylvania Institutional Review Board.

Structured Clinical Interview for Diagnosis—DSM-IV
(SCID)-Non-patient Version (First et al. 1995) was adminis-
tered, and women with a lifetime history of a psychotic disor-
der, substance abuse disorder within the previous year, life-
time diagnosis of psychostimulant abuse, or present Axis I
psychiatric disorder were excluded. The study psychiatrist
confirmed via clinical interview that the participants did not
meet the criteria for ADHD. Likewise, regular use of psycho-
tropic medications, use of ET within the previous 6 months,
positive urine pregnancy test (perimenopausal women), Mini-
mental Status Examination score of<26, full-scale IQ of≤90
based upon the Wide Range Achievement Test, history sei-
zures, cardiac disease, active hypertension, or an abnormal
electrocardiogram at screening were all exclusionary.

Assessment of subjective executive function

The BADDS is a validated subjective measure of EFs (Sandra
Kooij et al. 2008) and has been used successfully to assess
ADHD-related EF impairments in adults and in clinical trials
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of ADHD medications (Brown and Perrin 2007; Brown and
Landgraf 2010; Brown et al. 2010; Brown et al. 2011). The
BADDS is a clinician administered 40-item questionnaire that
assesses the frequency and severity of five clusters of symp-
toms reflective of executive dysfunction reported by individ-
uals with ADHD. These subscales focus on difficulties in (1)
organization and activating for work, (2) sustaining attention
and concentration, (3) sustaining alertness, effort, and process-
ing speed, (4) managing affective interference, and (5) using
working memory and accessing recall. Respondents are asked
to rate the frequency and severity of a symptom on a scale
from 0 to 3, with 0 meaning that the problem described does
not relate to them and 3 indicating that the problem is very true
for them and occurs almost daily. The range of severity for the
total BADDS score is 0 to 120, with scores of 55 and above
being consistent with full-syndrome ADHD (Brown et al.
2009). The total BADDS score served as the primary outcome
variable, while subscale scores were examined to more fully
determine the impact of LDX treatment on various domains of
EF and to determine whether any sub-categories of executive
difficulty were more responsive to LDX treatment (Brown
and Perrin 2007; Brown et al. 2010; Epperson et al. 2011).
The cutoff of 20 on the BADDS was chosen for this study as
this severity of symptoms is consistent with cognitive com-
plaints among middle-aged women who do not carry the di-
agnosis of ADHD but report symptom interference in their
daily life (Epperson et al. 2011).

Neurocognitive testing

Penn Continuous Performance Test—number and letter
version (sPCPT-nl (Kurtz et al. 2001)) The sPCPT-nl is a
measure of visual attention and vigilance. In this task, a series
of red vertical and horizontal lines flash in a digital numeric
frame (resembling a digital clock). The participant must press
the spacebar whenever these lines form complete numbers or
complete letters. The sPCPT-nl is scored based on the number
of true/false positives and true negative responses and their
respective median response times.

Letter N-back task (LNB (Ragland et al. 2002)) The LNB3
is a measure of attention and working memory. In this task,
participants are asked to pay attention to flashing letters on the
computer screen, one at a time, and to press the spacebar
according to four different principles or rules: the 0-back,
the 1-back, the 2-back, and the 3-back. The total number
and median response time of true positives were outcomes
of interest, assessed separately at each task level as cognitive
load is likely to impact on detection of treatment effects on
performance (Barrouillet et al. 2007).

NYU Paragraph Recall Task (Kluger et al. 1999) Subjects
hear two brief narratives, each containing 19–21 informational

bits, and are asked to recall as many details as possible imme-
diately after hearing each paragraph (A and B) and again fol-
lowing a 30-min delay. Subjects receive credit for each infor-
mational bit recalled verbatim. Different paragraphs were read
at each assessment.

Behavioral assessments

At screening, and prior to randomization (baseline), partici-
pants were administered the Hamilton Depression (HAM-D
(Hamilton 1967)) and Anxiety (HAM-A (Hamilton 1959))
Scales. Participants completed the Beck Depression and
Anxiety Inventories (BDI (BECK et al. 1961), BAI (Beck
et al. 1988)) and Pittsburgh Sleep Quality Index (PSQI
(Buysse et al. 1989)) at baseline and after each treatment
arm to account for depression and anxiety symptoms and
sleep quality as possible confounding factors affecting cogni-
tive performance. The PSQI is a ten-item self-rated question-
naire focusing on perceived sleep quality within the previous
month. At baseline and at the end of each treatment trial,
individuals were queried regarding their sleep over the previ-
ous month or 2 weeks, respectively. Scores greater than 5
reflect relatively poor sleep quality.

Safety measures

Weight and resting blood pressure and heart rate were mea-
sured at study visits. Likewise, participants were queried re-
garding side effects, including but not limited to headache,
jitteriness, dry mouth, appetite change, insomnia, racing heart
or palpitations, and upset stomach.

Randomization and medication treatment

Randomization and medication dispensing was conducted by
the Penn Investigational Drug Service. Study investigators,
clinical research coordinators, and participants were blind to
group assignment. Participants began each treatment trial by
taking one pill of the study medication (LDX 20 or look-alike
placebo) for the first week and two pills (40 mg total) each
morning for the second week. Dosage was increased to three
pills (60 mg/day) for the final 2 weeks of each trial if tolerated.
Upon completion of the first 4-week trial, participants
underwent a 2-week washout and were then crossed over to
the other treatment condition.

Statistical analysis

Statistical power and sample size were determined assuming the
cross-over design, i.e., two replicate measures per woman, active
baseline and placebo baseline, and a two-sided type I error rate of
5 %. Assuming perfect correlation among the measures, this
study has 80 % power to detect an effect size of 1/2 SD.
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Because the primary and secondary outcome measures of
BADDS scores and cognitive test results utilize ordinal (as op-
posed to interval) measures and are not normally distributed, we
employed nonparametric mixed effects models to compare the
ranks of change-from-baseline scores measured at the end of the
active drug trial vs. those measured at the end of the placebo
phase for each participant, which accounts for within-woman
correlation among repeated measures; p-values were adjusted
for analysis of variance-type statistics (ATS) (Brunner et al.
2002). All results reported are from models containing the base-
line outcomemeasure as a covariate, as well as a binary indicator
of treatment sequence. The latter is included to ensure that the
“washout” period between trials was sufficient to prevent any
carryover effects from an initial active drug trial into a subse-
quent placebo trial. Except as noted, this treatment sequence
indicator was not statistically significant.

In order to test whether baseline levels of EF difficulties had
a moderating effect on treatment, we utilized a median split for
the BADDS total score and each of the five subscales in models
with interaction terms. For consistency, we used the same type
of nonparametric mixed effects models comparing ranks of
change-from-baseline levels to investigate the drug treatment
effect on participants’ vital signs (systolic and diastolic blood
pressure, heart rate, and weight), as well as in those models
testing for interactions with mood or sleep problem indicators.

In addition to the above analysis, we determined the relative
impact of LDX versus placebo treatment on responder status,
with response being defined as having at least 50 % reduction
in total BADDS score from baseline to the end of a treatment
arm. We used this binary outcome in a repeated-measures lo-
gistic regression, again controlling for treatment sequence.

We tested the primary outcomes of BADDS total score and
subscales using both an intent-to-treat (ITT) analysis (N=35)
and a completers-only analysis (N=32), with completers de-
fined as those women for whom we have BADDS results at
baseline and at the end of both trials. Since the results of these
two analyses were nearly identical, we conducted the remain-
ing analyses using only the 32 completers (refer to
Supplemental Materials for other ITT analyses). Study data
were stored and managed using REDCap electronic data cap-
ture tools (Harris et al. 2009) hosted at the University of
Pennsylvania. All statistical analyses were conducted using
SAS version 9.3, with two-sided p-values <0.05 considered
as statistically significant.

Results

Participants

Of the 55 subjects who were consented for screening, 20
(36.4 %) were excluded for the following reasons: BADDS
score <20 (n=3), abnormal electrocardiogram (n=1),

exclusionary psychiatric or substance use disorder (n=4),
FSH<20 pg/ml (n=6), decided not to participate (n=4), med-
ical contraindication to psychostimulant treatment (n=1), and
other (n=1). Of the remaining 35 subjects, 32 completed both
active and placebo treatment trials. Two participants (both on
LDX) dropped out, one due to reported jitteriness and the
other secondary to a personal issue, while one participant
(on placebo) dropped out cit ing time constraints
(CONSORT figure; Online Resource 1). Baseline characteris-
tics for the 32 women who completed both active LDX and
placebo conditions are depicted in Table 1. In summary, mean
(standard deviation, SD) age and number of months since the
FMP were 53.1 (2.8) years and 24.8 (19.7) months, respec-
tively, at study enrollment. Respectively, mean (SD) FSH and
estradiol levels at baseline were 80.0 (29.7) mIU/ml (range

Table 1 Participant characteristics

Mean (SD) or number (%)

Age (years) 53.1 (2.8)

Time since last menstrual period (months) 24.8 (19.7)

Intelligence quotient 113.3 (10.9)

Mini-mental state examination 28.9 (1.2)

Marital status

Single 6 (18.8)

Married 20 (62.5)

Divorced/separated 4 (12.5)

Widowed 1 (3.1)

Did not disclose 1 (3.1)

Menopause status

Perimenopause 9 (28.1)

Postmenopause 23 (91.9)

Race

Caucasian 22 (68.8)

African American 7 (21.9)

American Indian/Alaska native 1 (3.1)

Others 2 (6.3)

Ethnicity

Hispanic 2 (6.2)

Non-Hispanic 30 (93.8)

Education

High school diploma 2 (6.2)

Some college/vocational 5 (15.6)

College graduate/some graduate school 14 (43.8)

Graduate/professional degree 11 (34.4)

Household income

Unknown or preferred not to disclose 7 (21.9)

< $50,000 4 (12.5)

$50,000 to $100,000 6 (18.8)

$100,000 to $200,000 12 (37.5)

> $200,0000 3 (9.3)
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27–152) and 25.7 (14.2) pg/ml, consistent with peri- or post-
menopausal status. Only three women reported having ever
used hormone therapy in the peri- or postmenopause. The
majority (68.8 %) were Caucasian, presently married
(62.5 %), and highly educated, with 34.4 % having a graduate
or professional degree. Final LDX and placebo dose was
60 mg or three pills per day for all participants excepting
two, one who remained at 20 mg/day and another who
remained at 40 mg/day of LDX due to side effects of feeling
jittery/activated.

Executive function

Mean baseline total BADDS score was 35.7 (16.8) with
37.5 % scoring above 40 and 5.5 % scoring above 55. There
was a significant effect of LDX treatment on total BADDS
scores, with participants having a mean total score of 21.2
(16.8) while on the active drug versus a mean of 29.8 (17.7)
while on placebo (Table 2). Change-from-baseline BADDS
scores with active drug were significantly lower than
change-from-baseline with placebo (numerator degrees of
freedom [num df ]=1, ATS=15.42, p<0.001) (Fig. 1).
Similarly, four out of the five BADDS subscales also showed

significant treatment effects (all p<0.004) (Fig. 2). In addition,
women were significantly more likely to respond to the active
treatment than to the placebo, with responders defined as those
who had at least 50 % reduction from baseline in their total
BADDS score (O.R.=7.36 (2.46–22.07), p=0.0004.)

Neither the total BADDS score nor any of the five sub-
scales showed a statistically significant effect of the treatment
sequence; this implies that the washout period between trials
was sufficient to prevent any carryover effects. In all cases
except for the organization/activation for work subscale, the
main effect of baseline BADDS score was significant when
included in the model, and in all cases the beta-estimate for
this baseline parameter was negative, meaning that, on aver-
age, those with more severe symptoms at baseline showed
more improvement from baseline during the trial periods.
When we tested for an interaction of baseline severity of
BADDS symptoms with the LDX treatment effect, the inter-
action term was only significant in the attention/concentration
subscale model. That is, the LDX treatment was significantly
associated with improvement in this domain only for those
women whose baseline scores were above the median of 10,
indicating more problems with attention and concentration at
baseline (interaction num df=1, ATS=7.04, p=0.008). There

Table 2 Assessments at
baseline and after each
treatment arm

Baseline mean (SD) Activea mean (SD) Placebo mean (SD)

Brown Attention Deficit Disorder Scale (total) 35.7 (16.8) 21.2 (16.8)a 29.8 (17.7)

Subscales

Organization and motivation for work 8.4 (5.3) 5.2 (5.4)a 6.8 (5.6)

Attention and concentration 10.8 (5.5) 5.6 (4.6)a 8.6 (5.5)

Alertness, effort and processing speed 5.5 (4.3) 3.3 (3.9)a 4.8 (4.3)

Managing affective interference 3.9 (2.9) 2.8 (2.7) 3.6 (3.6)

Working memory and accessing recall 7.1 (3.7) 4.3 (3.5)a 6.1 (3.5)

Neurocognitive measures

Immediate paragraph recall A 7.09 (2.56) 7.48 (2.63) 7.00 (2.70)

Immediate paragraph recall B 6.38 (2.12) 7.45 (3.20) 6.75 (2.53)

Delayed paragraph recall A 4.68 (2.65) 5.90 (3.38)a 4.94 (3.02)

Delayed paragraph recall B 7.81 (3.58) 9.77 (3.53)a 8.47 (2.97)

Continuous performance task (CPT; # correct) 53.29 (3.78) 56.37 (3.59) 56.21 (3.27)

CPT (reaction time correct responses; ms) 503.23 (50.21) 495.02 (48.71) 497.75 (50.15)

N-back: 0-back # correct 14.07 (2.91) 14.68 (0.79) 14.45 (1.18)

N-back: 0-back reaction time (ms) 540.34 (97.32) 523.40 (81.93) 524.13 (95.89)

N-back: 2-back # correct 9.79 (3.17) 9.94 (3.39) 10.35 (3.60)

N-back: 2-back reaction time (ms) 734.29 (169.88) 694.29 (141.30) 672.87 (136.14)

N-back: 3-back # correct 9.21 (2.53) 9.81 (3.09) 9.19 (3.33)

N-back: 3-back reaction time (ms) 688.31 (148.07) 703.84 (170.78) 702.23 (150.83)

Behavioral measures

Pittsburgh sleep quality inventory 6.9 (3.5) 5.4 (2.5) 6.0 (3.4)

Beck depression inventory 6.8 (5.1) 5.1 (4.4) 5.9 (6.7)

Beck anxiety inventory 7.7 (5.5) 7.8 (6.1) 6.9 (6.0)

a Significant active treatment effect (all p<0.05)
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were no significant interactions between participant character-
istics such as age, education, race, ever use of oral contracep-
tives or hormone therapy, and treatment effect on BADDS
scores.

Cognitive performance

The impact of LDX treatment on performance on the delayed
aspect of the NYU Paragraph Recall Task (Fig. 3) was signif-
icant for both paragraph A (num df=1, ATS=4.07, p=0.044)
and paragraph B (num df=1, ATS=5.59, p=0.018), but there

was no impact of treatment on the immediate recall tasks.
Delayed recall of paragraphs was the only neuropsychological
test administered in this study, which showed any statistically
significant differences in performance with LDX treatment vs.
placebo.

Depression and anxiety

Consistent with enrollment criteria, at screening, depression
and anxiety levels were within the asymptomatic range and
remained so on average across the study, as measured by BAI
and BDI following each 4-week treatment phase (Table 2).

Sleep quality

Baseline scores on the PSQI ranged from 2 to 13, with a mean
of 6.9 (3.5) and numerically, but not statistically significant,
lower scores during LDX 5.4 (2.5) than placebo 6.0 (3.4) trials
(p=0.183) (Table 2). However, when we tested a model in-
cluding the interaction of treatment and baseline score, the
interaction term was significant (num df=1, ATS=12.62,
p<0.001). Specifically, those women who had baseline
PSQI scores above the median level of 6 showed significantly
more improvement in sleep quality with the LDX treatment
than with placebo (Supplemental Materials).

Safety measures

There was a significant treatment effect of LDX vs. placebo
on systolic blood pressure (SBP) (num df=1, ATS=5.66, p=

Fig. 1 BADDS scores across the study. Non-parametric mixedmodels to
compare ranks of change-from-baseline scores indicate a significant
effect of active treatment on total BADDS scores (numerator degrees of
freedom (num df=1, ATS= 15.42, p<0.001). Bars represent standard
deviations

Fig. 2 Lisdexamfetamine treatment effects on five domains of executive
function as assessed by the BADDS subscale scores. Change from
baseline was greater with LDX versus placebo for all BADDS
subscales except for managing affective interference (p=0.11). For
organization and activation, num df=1, ATS=8.69, p=0.003; for

attention and concentration, num df=1, ATS=11.46, p<0.001; for
alertness/effort/processing speed, num df=1, ATS=10.89, p=0.001; for
working memory/accessing recall, num df=1, ATS=10.89, p=0.001.
Bars represent standard deviations
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0.017) and heart rate (HR) (num df=1, ATS=7.60, p=0.006),
with both increasing from baseline to the end of LDX treat-
ment. The mean increase in SBP was 2.9 (14.7) for patients
during the LDX phase versus a decrease of 2.2 (15.7) while on
placebo. For heart rate, the mean increase was 4.2 (12.0) for
patients during the LDX phase versus a decrease of 1.5 (10.0)
while on placebo. The sequence of treatment had no clinically
significant effect on blood pressure or heart rate.

Women lost an average of 3.2 (4.7) pounds during the
active phase vs. a decrease of 1.0 (4.5) pounds during the
placebo phase (num df=1, ATS=10.51, p=0.001). Here, we
did observe a significant effect of treatment sequence (num
df=1, ATS=6.96, p=0.008), with women who were random-
ized to the active drug first losing an average of 7.9 (8.1)
pounds across both trials vs. only 0.8 (7.1) pounds across both
trials for women who received the placebo treatment in the
first trial (data not shown).

Discussion

To our knowledge, this is the first study to examine the impact
of a psychostimulant on EF difficulties reported to have
emerged de novo during the natural transition to menopause.
Women experienced significantly greater improvement during
the LDX versus placebo arms of the study with respect to
overall EF difficulties as assessed by the BADDS and with
respect to organization/activation, attention/concentration,
alertness/effort/processing speed, and working memory/
recall in specific. The treatment effect failed to reach statistical

significance for the subscale focusing on affective interfer-
ence, a domain that is receiving considerable attention in ad-
olescent and adult ADHD research as a predictor of functional
impairment and psychopathology (Brown 2014). While a
common problem among individuals with ADHD, our study
cohort scored the cluster of symptoms related to managing
affective interference as the lowest in severity of all the symp-
tom clusters. Whether relatively intact management of affec-
tive interference in the context of other EF difficulties is a
phenomenological distinction between women with mid-life-
onset EF difficulties and adults with ADHD or is secondary to
our exclusion of women with frank mood disorders is not
known. Improvement in attention/concentration was signifi-
cant only in those women who experienced the more severe
symptoms in this domain at baseline, suggesting that LDX
treatment may be useful in women with complaints of atten-
tion and concentration difficulties in particular. Interestingly,
the domain that is most consistent with our participants’ orig-
inal complaints during screening is the subscale focusing on
working memory and accessing recall. This subscale is com-
prised of the fewest questions and practically tied for mean
score per question with the subscale focusing on attention/
concentration (1.18 compared to 1.19), suggesting that this
instrument has ecological validity in capturing the subjective
cognitive experience of this population.

With respect to performance on neurocognitive measures,
the benefit of LDX treatment was limited to the verbal mem-
ory domain, specifically the more challenging delayed recall
task. Interestingly, our group (Epperson et al. 2013) recently
reported that the natural menopause transition exerts an age-
independent, detrimental effect on both immediate and de-
layed verbal memory with significance noted in delayed recall
relatively early in the menopause transition when women are
experiencing initial changes in their menstrual cycle length.
Verbal memory declines have been documented with both
natural (Epperson et al. 2013) and surgical menopause
(Sherwin 2005) and may be particularly amenable to improve-
ment if addressed early in the menopause transition. Similarly,
a previous study (Epperson et al. 2011) demonstrated that
atomoxetine, a non-stimulant medication FDA-approved for
the treatment of ADHD (Asherson et al. 2014) and studied
with variable success in other disorders (Beglinger et al. 2009;
Marsh et al. 2009; Stahl 2003), significantly improved subjec-
tive EFs and performance on the verbal paired associates
memory task in a similar sample of menopausal women.

While these findings are compelling, there are several as-
pects of the study design that limit our ability to generalize these
data to all women with cognitive complaints during the meno-
pause transition. Probably the most obvious concern is that
womenmay have been able to identify whether they were being
treated with LDX or placebo, contributing to the overall effica-
cy of LDX over placebo.We believe that the relative tolerability
of the LDX even at 60 mg/day aided us in maintaining the

Fig. 3 Delayed verbal recall at baseline and at the end of each treatment
arm. Means and standard deviations for the NYU Paragraph Recall Task
(delayed). Non-parametric mixed models to compare ranks of change-
from-baseline scores indicate a significant effect of active treatment on
performance on paragraph A (num df=1, ATS=4.07, p=0.44) and
paragraph B (num df=1, ATS=5.59, p=0.018). Bars represent standard
deviations. Bars represent standard deviations
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blind. Likewise, there was no order effect for our primary be-
havioral outcomes, suggesting that women did not adjust their
report of EF symptoms based upon knowing when they were
on active medication. For our participants, the menopause oc-
curred naturally around the average age of menopause of 52.
Whether LDX would be beneficial in women who are under-
going a premature and/or abrupt menopause is not known but
of interest as these women are at even greater risk of cognitive
decline, particularly if ET is not used (Ryan et al. 2014).

Another limitation is that we could not fully confirm that
women enrolled in this study were without EF difficulties
prior to moving into the menopause transition. However, the
fact that all participants were seeking treatment for their cog-
nitive difficulties for the first time and they had functioned
well in their professions for their entire adult life diminishes
the likelihood that significant EF difficulties were present pri-
or to menopause. Our careful clinical interview regarding ear-
lier history of inattentiveness, hyperactivity, or academic dif-
ficulties would have identified women with possible child-
hood ADHD. Whether menopausal women who present with
new-onset EF difficulties are phenotypically distinct or have a
distinct response to LDX compared to age-matched individ-
uals seeking treatment for the first time for ADHD cannot be
determined without the ADHD comparison group. To our
knowledge, there are no studies indicating the severity of EF
difficulties among non-treatment-seeking menopausal wom-
en. We chose a cutoff of 20 on the BADDS for study enroll-
ment based upon our previous experience with menopausal
women who participated in our RCT of atomoxetine in the
treatment of new-onset EF difficulties. This degree of severity
is considerably lower than that reported by adults with ADHD
(Brown et al. 2009) but appears to be consistent with subjec-
tive distress among women for whom these types of symp-
toms represent a change from their lifetime norm.

Finally, mean immediate paragraph recall scores at baseline
were similar (7.1 bits of information) with the mean scores
(7.6 bits of information) from a normative sample of older
individuals with an above average IQ (Mathews et al. 2013).
This later observation diminishes the possibility that partici-
pants in the present study were experiencing early signs of
pathological cognitive decline. The robust response to LDX
observed in this group of menopausal women is further reflec-
tive of their overall cognitive health as psychostimulants have
not been shown to significantly improve cognition among
individuals with dementia (Dolder et al. 2010).

Although anxiety and depression are common among men-
opausal women, those with a current affective disorder were
excluded from participation. One of the most common reasons
women did not meet the study criteria was the use of psycho-
tropic medications, particularly antidepressants. Hence, the
impact of depression, anxiety, or antidepressant use on out-
comes of interest could not be determined but is worthy of
consideration in future research as psychostimulants have

been shown to impact anxiety and depression. Finally, the
educational status of the participants in this study was high
and therefore not representative of the general population. Not
surprisingly, the participants performed well on all cognitive
measures at baseline, making it difficult to detect an objective
benefit of LDX on cognitive tasks performance. Based upon
their professional status, women presenting for this study are
typically functioning at the highest cognitive levels. As cog-
nitive load increases, so do demands on the prefrontal cortex,
perhaps making these women particularly vulnerable to EF
difficulties or at least more likely to notice even relatively
small changes in EFs (Rypma et al. 2002). Mid-life-onset
cognitive difficulties experienced by some women during
and after menopause are not insignificant and contribute to
needless concerns regarding early-onset dementia (Brown
2014). Such concerns can be a source of considerable stress
and may interfere with multiple aspects of occupational and
social role functioning.

In summary, these data provide the first evidence that a
psychostimulant is well tolerated and improves EFs in healthy
menopausal women who report an unprecedented subjective
decline in EFs. Further research is needed to ascertain whether
psychostimulants other than LDX are helpful and well toler-
ated in this population and whether such treatments may be
beneficial for women who experience EF difficulties after
surgery- or chemotherapy-induced menopause. While
psychostimulants enhance dopaminergic and noradrenergic
function in the PFC, the mechanism by which LDX was ben-
eficial in this sample of mid-life women is not known but may
be investigated, albeit indirectly, using neuroimaging tech-
niques. Additional research could also be helpful to determine
whether particular domains of EF such as attention/
concentration or other phenotypic characteristics are predic-
tive of overall LDX treatment response among menopausal
women and distinguish them from adults with ADHD.
Although the tolerability and safety profile of short-term
LDX treatment was observed in this study, long-term studies
of menopausal women receiving LDX would be required to
confirm a positive risk–benefit profile like that observed for
the drug among adults with ADHD (Maneeton et al. 2014).
Moreover, it is important for clinicians to confirm that a
woman’s complaints of worsening memory are temporally
related to the menopause transition and are not the harbinger
of some other pathological cognitive impairment before pre-
scribing a trial of LDX.
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