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Abstract

Objective—Perimenopausal and postmenopausal women frequently report midlife onset of

impairments of attention, organization, and short-term memory. We sought to determine whether

these cognitive symptoms in healthy women in the menopause transition without a history of

attention-deficit/hyperactivity disorder (ADHD) would respond to treatment with atomoxetine

(ATX), a medication demonstrated to be effective in reducing similar cognitive impairments in

adults with ADHD.

Methods—Sixteen healthy women with complaints of midlife-onset subjective difficulties in

memory and concentration/attention and without a history of ADHD or other psychiatric disorders

were enrolled in a double-blind, placebo-controlled crossover study of ATX 80 mg/day. Treatment

arms were 6 weeks long, separated by a 4-week washout. The Brown Attention Deficit Disorder

Scale (BADDS) was used to systematically elicit self-report of perceived cognitive difficulties in

executive function. Participants also underwent neuropsychological testing, behavioral

assessments, and vital signs monitoring.

Results—Mean baseline BADDS scores were 37.9 for all 16 participants and 42.3 for the 12

who completed both arms of the study. Total BADDS scores decreased significantly from baseline

during ATX treatment but not placebo treatment. ATX treatment was superior to placebo in

reducing the BADDS working memory cluster score, whereas there was a trend for ATX

superiority for the BADDS attention/concentration cluster score. ATX did not differ from placebo

with respect to effects on neuropsychological tests, behavioral assessments, or cardiac vital signs.

Conclusions—Perimenopausal and postmenopausal women presenting with midlife-onset

subjective cognitive difficulties may experience significant subjective improvement in memory

and attention/concentration with ATX treatment.
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In clinical practice, midlife onset of decline in cognitive functions, particularly short-term

memory, sustaining attention, and activating/organizing for work, is a frequent complaint of

perimenopausal and postmenopausal-aged women. Mitchell and Woods1 reported that 60%

of their sample of women transitioning through menopause reported increased memory

problems; others have reported similar concerns.2,3 Such impairments occurring for the first

time during midlife can cause affected women difficulties in their professional and personal

lives; they can also cause unwarranted fears of early-onset dementia.

However, despite the high frequency of such clinical complaints, research on links between

menopause and cognitive impairments has yielded contradictory results. Several studies

found no differences cross-sectionally among premenopausal, perimenopausal, and

postmenopausal women in their performance on cognitive tests.4-6 In contrast, others have

reported significant differences among these groups on one or more tests of cognitive

performance.7,8 Luetters et al6 speculated that such contradictory findings may be due to

variation in the menopausal stages compared, inadequate assessment of covariates, and/or

use of a wide variety of cognitive tests, each of which taps discrete cognitive functions.

This study assessed perimenopausal and postmenopausal women who reported midlife onset

of impairments of concentration/attention, memory, and work organization. For our primary

measure, we used a normed, self-report rating scale used to assess cognitive impairments of

attention-deficit/ hyperactivity disorder (ADHD) in adults, which has been demonstrated to

be effective in capturing similar cognitive impairments in adults with ADHD. In addition to

this primary measure, this study also used a number of neuropsychological tests used in

previous studies to assess cognition in postmenopausal women.

It has been proposed that a menopause-related decline in estrogen input to the prefrontal

cortex9,10 may reduce the effectiveness of neurotransmitters implicated in attention, arousal

regulation, organization, and working memory, aspects of cognition often referred to as

executive functions.11-14 Although there is a wealth of preclinical evidence demonstrating

the neuroprotective and cognitive enhancing role of estradiol,15-18 data from clinical

populations have been conflicting and thus difficult to interpret.19-22 Moreover, even if

estrogen therapy (ET) were unambiguously helpful in improving menopausal-onset

cognitive difficulties, a substantial proportion of perimenopausal and postmenopausal

women are wary of ET and/or have medical contraindications that limit their ability to use

hormone therapy (HT).22 Thus, an alternative to HT for these midlife-onset cognitive

concerns could be useful.

Atomoxetine (ATX; Strattera, Eli Lilly & Company, Indianapolis, IN), a selective

norepinephrine reuptake inhibitor,23,24 has demonstrated efficacy in the treatment of ADHD

symptoms, including cognitive impairments in children and adults.25-27 Acute and chronic

administration of ATX increases both extracellular norepinephrine and dopamine levels in

the prefrontal cortex, but not the striatum.23,28 We examined the effects of ATX on
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subjective reports of executive function and cognitive performance on neuropsychological

tests in perimenopausal and postmenopausal women who had no history of ADHD but were

distressed by what they perceived as deterioration in their short-term memory,

organizational skills, and ability to sustain attention to tasks after onset of the menopausal

transition.

METHODS

Participants

Perimenopausal and postmenopausal women were recruited by fliers, paid advertising, and

word of mouth to the Yale Program for Women's Reproductive Behavioral Health.

Recruitment material indicated that women between the ages of 45 and 60 years who were

“worried about their memory and concentration” may be eligible to participate in a

“nonhormonal medication study of cognitive difficulties in menopausal women.” Cognitive

symptoms had to represent a subjective change from the woman's previous norm and

coincide with her transition to menopause. All participants were English speaking and

signed a written informed consent form for this study, which was approved by the Yale

University School of Medicine Human Investigations Committee. Women whose last

menstrual period (LMP) was less than 12 months were required to have menstrual

irregularity for at least 6 months, a cycle duration of 21 or fewer days or 35 or more days,

and a serum follicle-stimulating hormone (FSH) level of greater than 20 IU/L. Otherwise, all

women had FSH levels greater than 35 IU/L. Women who reported ET, HT, or psychotropic

medication use within the previous 12 months were excluded.

Participants underwent physical examination and electrocardiogram. Women with

hypertension, cardiac disease, electrocardiographic abnormalities, neurological

abnormalities, or serious medical illness were excluded. A Mini Mental Status Examination

score of 26 or lower, a Wechsler Abbreviated Scale of Intelligence score of 80 or lower, and

a psychiatric or substance abuse disorder within the previous year, as assessed with the

Structured Clinical Interview for Diagnosis, Non-patient Version,29 were grounds for

exclusion. The Kiddie Schedule for Affective Disorders and Schizophrenia30 module for

ADHD, a structured interview segment often used to assess history of ADHD in adults,31

was administered. Participants with a history of ADHD were excluded so we could assess

midlife onset of these cognitive impairments in women with no previous history of such

cognitive problems.

Cognitive symptom assessment

The Brown Attention Deficit Disorder Scale (BADDS) for Adults, our primary measure of

cognitive impairments, is a normed and validated measure of ADHD-related executive

function impairments,32 many of which are similar to the cognitive problems reported by

perimenopausal and postmenopausal women. Comparative validity and reliability and utility

of the BADDS were tested and reported by Kooij et al.33 The BADDS has been found to be

effective in assessing ADHD in adults and has been used successfully in several clinical

trials of various medications for ADHD.34-36 This 40-item measure elicits self-report data

on the frequency and severity of five clusters of executive functions often impaired in
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ADHD. Individuals are asked to respond to each question using a scale of 0 to 3, with

anchors being “no problem or never” and “kind of a big problem or almost every day.” The

five clusters include the following:

1. Organizing and Activating for Work: nine items tap for excessive difficulties in getting

organized and getting started on work-related tasks or undue problems in self-activating for

daily routines.

2. Sustaining Attention and Concentration: nine items query for chronic problems in

sustaining attention to work-related tasks (eg, excessive daydreaming or distractibility when

listening or when doing required reading) or repeatedly losing track and needing to re-read

assigned material.

3. Sustaining Alertness, Effort, and Processing Speed: nine items assess problems in keeping

up consistent alertness and effort for work-related tasks, daytime drowsiness, slow

processing of information, or inadequate task completion.

4. Managing Affective Interference: seven items assess difficulties with mood and

sensitivity to criticism, apparent lack of motivation, excessive frustration, or

discouragement.

5. Using Working Memory and Accessing Recall: six items inquire about forgetfulness in

daily tasks and routines, problems in recall of learned material, and losing track of needed

items.

The BADDS was administered by a member of the research staff at baseline and upon

completion of each treatment arm. Staff members were blind to the status of participants

throughout the data collection process. The reference period for the BADDS was the past

month. Total BADDS scores were reported as total raw scores (range, 0-120). Raw scores

for clusters 1, 2, and 3 range from 0 to 27; for cluster 4, the range is 0 to 21; and for cluster

5, the range is 0 to 18. Raw scores for the BADDS clusters are converted to t scores, which

range from 50 to 99. The mean (SD) total raw score in the nonclinical standardization

sample for the BADDS was 30.9 (15.8), whereas the mean total raw score for the clinical

ADHD sample was 77.9 (16.3).32

Neuropsychological testing

Cognitive performance was also assessed with a battery of neuropsychological tests

administered at baseline and after each phase of treatment; we used three different versions

of each task to minimize the effects of practice on performance. Verbal learning and

memory were assessed with the Verbal Paired Associates Task, whereas the Digit Symbol

Coding and Symbol Search Tasks from the Wechsler Adult Intelligence Scale-III37 gave

measures of cognitive processing speed and attention/focus. Verbal working memory was

tested using the Letter-Number Sequencing subtest from the Wechsler Memory Scale

Revised.38 The Controlled Oral Word Association Test provided a measure of verbal

fluency. These tasks were chosen because they probe for domains of possible cognitive

impairments, which have been frequently studied in adults with ADHD39 and in

postmenopausal women in various hormonal states.6,40-44
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Behavioral assessments

Depression and anxiety symptoms are common in perimenopausal women, particularly

those in the early and mid menopausal transition periods.45 Although women with a current

psychiatric diagnosis were excluded, we were interested in the potential effects of ATX

administration on subclinical mood symptoms, as depression and anxiety are known to have

adverse effects on cognitive performance.46 Women completed the Beck Depression

Inventory,47 the Beck Anxiety Inventory,48 and the Profile of Mood States (POMS)49 at

baseline and then again after ATX and placebo treatments.

Randomization and medication treatment

Upon completion of baseline assessments, participants were randomized in a

counterbalanced, double-blind fashion to the ATX or the placebo group. After 6 weeks, all

participants were withdrawn over the course of 4 days from medication treatment and

remained drug-free for 4 weeks before being crossed over to the other treatment condition

for 6 weeks. During the ATX phase of the study, participants were started on 40 mg/day for

the first week and then increased to 80 mg/day. A similar change occurred in the placebo

group in that they were taking one look-alike capsule the first week and two capsules the

second week. Weight, blood pressure, and heart rate were measured at baseline and at the

end of each treatment phase.

Statistical analysis

The effects of ATX on behavioral measures, neuro-psychological tests, blood pressure, heart

rate, and weight were evaluated using the nonparametric method for repeated measures by

Brunner et al,50 where the data were first ranked and then fitted using a mixed-effects model

with an unstructured variance–covariance matrix and P values were adjusted for analysis of

varianceYtype statistics (ATS). The non-parametric approach was chosen based on the small

sample size and deviations from normality. Models included treatment (baseline, placebo,

and ATX) as a within-subjects explanatory variable and random subject effects. Potential

order effects were also tested but were not significant. The analyses were performed on an

intent-to-treat basis for the 14 participants who were randomized and had at least one

postrandomization visit where behavioral measures were assessed. We further explored the

impact of treatment on the five BADDS clusters in the sample of study completers (n = 12),

using the same models described previously. Data were analyzed using SAS, version 9.1.

RESULTS

Participants

Of 23 women who appeared, through telephone screen, to meet the study criteria, 16

proceeded to randomization, and 14 had data from at least one postrandomization visit (Fig.

1). None were excluded on the basis of meeting criteria for ADHD. Participant

characteristics, including mean age, years of education, number of months since LMP,

menopause status, and baseline FSH and estradiol levels, are depicted in Table 1. One 58-

year-old woman had a partial hysterectomy at the age of 38 years; therefore, LMP could not
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be used to confirm menopause status. FSH and estradiol level indicated that she was

postmenopausal. All participants were white, except for one African American participant.

Self-reported cognitive symptoms

Although exclusion criteria ensured that all participants were without any history of ADHD

and any current history of other psychiatric diagnoses, baseline mean ± SD BADDS scores

were 37.9 ± 20.1 for all 16 enrolled women and 42.3 ± 19.1 for the 12 completers. Scores

ranged from 8 to 71, with more than half of women reporting symptom severity above the

normed mean of 31. Of the 12 study completers, 3 had baseline scores greater than 50,

indicating a degree of impairment in executive function similar to that in adults with ADHD.

Baseline BADDS scores were 24, 24, 8, and 43 in the four women who did not complete the

entire study.

With respect to total BADDS scores (mean ± SD), there was a significant treatment effect

(numerator degrees of freedom [num df ] = 2, ATS = 3.52, P = 0.03), demonstrating that

ATX treatment significantly reduced BADDS scores from a baseline mean of 38.6 (±20.2)

to 25.5 (±16.0; num df = 1, ATS = 6.8, P = 0.009). In our study, BADDS scores decreased

to 30.1 (+/− 16.0) in the placebo treatment arm; this change from baseline was not

statistically significant (num df = 1, ATS = 1.67, P = 0.20) (Fig. 2).

At baseline, there were three clusters of ADHD-related cognitive symptoms, as measured

using the BADDS, for which participants reported the greatest level of impairment. These

were cluster 1, Organizing and Activating for Work; cluster 2, Sustaining Attention and

Concentration; and cluster 5, Using Working Memory and Accessing Recall. Nonparametric

tests for repeated measures revealed a significant group effect (num df = 1.74, ATS = 9.7, P

= 0.001) for the working memory cluster, with women reporting improved memory with

ATX treatment compared with both baseline (num df = 1, ATS = 23.5, P < 0.0001) and

placebo (num df = 1, ATS = 11.0, P = 0.0009). There was a trend (num df = 1.7, ATS =

2.88, P = 0.06) for a treatment effect on the attention/concentration cluster, with ATX

significantly reducing symptoms from baseline (num df = 1, ATS = 9.88, P = 0.002). There

was no significant improvement in attention/concentration during placebo treatment (num df

= 1, ATS = 1.17, P = 0.28). Women scored lower on the affective interference cluster during

both ATX (num df = 1, ATS = 10.4, P = 0.001) and placebo (num df = 1, ATS = 10.1, P =

0.002) treatments compared with baseline. Results are displayed in Table 2.

Neuropsychological testing

There were no significant effects of treatment condition (ATX vs placebo) on any of the

following tasks: Symbol Search, Letter-Number Sequencing, Digit Symbol Coding, or

Controlled Oral Word Association Test (Table 3). There was a significant effect of time on

Verbal Paired Associates Task performance (num df = 1, ATS = 8.0, P = 0.0004), indicating

considerable improvement with practice regardless of treatment condition. These results are

consistent with reports that neuropsychological tests are not generally very sensitive to

cognitive impairments of ADHD because they tend to have low ceilings and do not

adequately address the complexity of managing tasks of daily life.51,52
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Behavioral measures

There was no significant effect of ATX on depression or anxiety as measured with the Beck

Depression Inventory and Beck Anxiety Inventory, respectively. Similarly, there was no

effect of treatment on Profile of Mood States subscores for tension, depression, anger,

fatigue, vigor, and confusion.

Cardiovascular and weight effects

Although one woman dropped from the study during the ATX arm out of concern regarding

an increase in blood pressure (baseline, 110/80 mm Hg; placebo, 124/60 mm Hg; and ATX,

138/88 mm Hg), there was no significant effect of ATX treatment on blood pressure or heart

rate for the group as a whole. Likewise, participant weight was stable across the study

(Table 3).

DISCUSSION

The principal finding of this pilot study is that ATX significantly reduced subjective

appraisal of short-term working memory difficulties in women presenting with concerns

about their memory and concentration during the menopausal transition. Although women

reported improvement in attention and concentration during the ATX treatment arm and not

the placebo arm, the improvement with ATX versus placebo on that cluster did not reach

significance in this small study. In these healthy, nondepressed perimenopausal and

postmenopausal women, ATX had no observable effect on levels of depression or anxiety.

Results from this study indicating an effect of ATX over placebo on subjective working

memory difficulties but no measurable effect on neuropsychological tasks in women with

midlife-onset cognitive concerns are consistent with previous research on assessing

cognitive impairments in adults. Shallice53 demonstrated that individuals with frontal lobe

damage were unable to perform adequately everyday errands that require planning and

multitasking, even though they achieved average or well above-average scores on traditional

neuropsychological tests. Burgess and Rabbit54 argued that neuropsychological tests tend to

be insufficiently sensitive to cognitive impairments in attention, organization and getting

started on tasks, utilization of working memory, and others that are reported by older adults.

Other investigators demonstrated that patient report provided more adequate data on real-

world cognitive impairments of ADHD than did neuro-psychological tests.55 Biederman et

al52 additionally showed that neuropsychological tests assess different impairments of

cognitive functions in ADHD than do self-report rating scales. Brown32 has discussed the

reasons that self-report measures are more likely to capture cognitive impairments identified

as “executive functions” than are neuropsychological tests.

Although we did not observe objective effects of ATX treatment (ie, enhanced performance

on neuropsychological tests), results from this pilot study suggest that subjective difficulties

with working memory and possibly attention/ concentration reported by perimenopausal and

postmenopausal women may be alleviated significantly by ATX, a medication approved by

the Food and Drug Administration for the treatment of ADHD. This is not to say that these

women had ADHD, a syndrome involving symptoms that usually become apparent in
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childhood or early adolescence.56 Rather, these findings suggest that some women report a

syndrome of cognitive difficulties emerging in midlife that bear strong resemblance to

cognitive impairments commonly reported by adults with ADHD and that may be

significantly alleviated when treated with a medication demonstrated to be effective for

treatment of ADHD. Our study also showed that treatment with ATX in this sample of

women was reasonably well tolerated. One participant experienced an increase in blood

pressure that contributed to her discontinuation in the study, and two others experienced

mild nausea. Although we did not observe an effect of ATX on blood pressure in the group

overall, this is a small study, and blood pressure monitoring in future studies would be

prudent.57 Subjective improvement in reported executive functions with relatively few

adverse effects suggests that ATX could significantly improve the quality of life of middle-

aged women with new-onset concerns regarding their memory and concentration.

Limitations of this pilot study include the small sample size, the relatively short duration of

treatment, and the relatively low dose of ATX. Research reported subsequent to initiation of

this study has shown that some adult individuals with ADHD benefit from higher doses of

ATX than were administered in this study and that the full benefits of ATX for alleviation of

ADHD symptoms are sometimes not fully apparent until up to 3 months of treatment.58

Whether dose and duration of ATX treatment are crucial for midlife women who do not

meet criteria for ADHD is unknown. Another limitation is that relying on women's recall to

distinguish the onset of “cognitive or memory” complaints with relation to the menopausal

transition has obvious limitations. That we included women who were largely within 5 years

of their LMP reduces, but does not negate, this concern.

CONCLUSIONS

Despite the limitations of this study, these pilot data suggest that further research on midlife

onset of cognitive impairments in perimenopausal and early postmenopausal women is

warranted. Such research could be useful to test whether self-report elicited with ADHD

rating scales may capture midlife-onset cognitive impairments of women that may not be

captured adequately by neuropsychological tests. Further research with higher doses of ATX

and studies using other medications approved for treatment of ADHD in adults might also

be useful in developing an effective protocol for women reporting midlife onset of

distressing memory and concentration difficulties that subjectively impair their daily

functioning.
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FIG. 1.
Study participant flow.
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FIG. 2.
Mean total Brown Attention Deficit Disorder Scale (BADDS) scores at baseline, and at the

end of each treatment arm for the intent to treat group (n=14). Line bars represent standard

errors. *Mean BADDS scores were significantly reduced from baseline at the end of

atomoxetine treatment (num df = 1, ATS = 6.8, P = 0.009).
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TABLE 1

Participant characteristics

Mean (SD) Range

Age, y 54.0 (2.8) 50-58

Education, y 16.4 (3.2) 12-20

LMP, mo 29.3 (20.5) 2-60

FSH, IU/L 76.0 (33.8) 24-163

Estradiol, pg/mL 31.9 (32.9) <20-128a

WASI-Full Scale IQ 115.1 (14.3) 94-141

BADDS baseline 38.6 (20.2) 8-71

n (%)

Perimenopausal 4/14 (28.6)

Postmenopausal 10/14 (71.4)

Previous OCP use 11/14 (78.6)

Previous HT use 4/14 (28.6)

LMP, last menstrual period; FSH, follicle-stimulating hormone; WASI, Wechsler Abbreviated Scale of Intelligence; BADDS, Brown Attention
Deficit Disorder Scale; OCP, oral contraceptive pill; HT, hormone therapy.

a
Estradiol levels <20 pg/ml were converted to 19 pg/ml to compute mean circumference.
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TABLE 2

Baseline and posttreatment t scores for the BADDS clusters

Baseline ATX Placebo Num df ATS P

Organizing/activating 60.7 (11.6) 55.6 (8.9) 56.3 (8.9) 1.61 1.68 0.19

Attention/concentration 58.8 (8.7) 52.1 (4.0)a 56.4 (7.1) 1.70 2.88 0.06

Alertness/effort/processing 57.4 (10.0) 54.2 (5.5) 54.7 (7.9) 1.68 0.82 0.42

Managing affect interference 55.3 (7.9) 51.8 (4.5)b 51.6 (3.8)c 1.95 6.28 0.002

Working memory/recall 61.3 (10.0) 52.4 (5.3)d 59.6 (10.3)e 1.74 9.70 0.0001

Effect of treatment condition is reported, as well as significant post hoc comparisons. Baseline, ATX, and Placebo data given as mean (SD).
BADDS, Brown Attention Deficit Disorder Scale; ATX, atomoxetine; ATS, analysis of variance-type statistics.

a
ATX versus baseline (ATS, 9.88; P < 0.002).

b
ATX versus baseline (ATS, 10.35; P < 0.001).

c
Placebo versus baseline (ATS, 10.1; P < 0.002).

d
ATX versus baseline (ATS, 23.5; P < 0.0001).

e
ATX versus placebo (ATS, 11.01; P < 0.001).
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TABLE 3

Baseline and posttreatment raw scores for neuropsychological, behavioral, and physiological measures

Baseline Atomoxetine Placebo Num df ATS P

Neuropsychological tasks

    Verbal Paired Associates 17.3 (9.0) 21.2 (8.0) 22 (6.5) 1.89 8.04 0.0004

    Digit Symbol Coding 65.5 (16.5) 69.8 (16.1) 73.1 (21.5) 1.98 1.90 0.15

    Symbol Search 30.1 (6.9) 34.8 (9.5) 32.6 (10.2) 1.91 2.12 0.12

    COWAT 44.8 (12.9) 44.9 (13.1) 44.9 (12.7) 1.77 0.13 0.85

    Letter-Number Sequencing 11.8 (3.0) 12.3 (2.1) 12.8 (2.2) 1.61 1.27 0.28

Behavioral assessments

    Beck Depression 6.53 (4.2) 4.5 (4.2) 5.4 (4.9) 1.66 1.29 0.27

    Beck Anxiety 5.3 (5.3) 6.5 (6.4) 7.0 (6.3) 1.57 0.72 0.46

    POMS-Tension 2.93 (1.9) 5.1 (7.9) 4.4 (4.5) 1.49 0.04 0.92

    POMS-Depression 3.29 (5.2) 3.6 (10.1) 1.7 (2.6) 1.64 0.38 0.91

    POMS-Anger 1.79 (3.0) 3.2 (7.5) 1.4 (3.2) 1.61 0.33 0.67

    POMS-Fatigue 4.14 (4.9) 4.0 (7.3) 4.1 (4.6) 1.31 1.19 0.29

    POMS-Vigor 13.7 (5.5) 14.9 (7.8) 14.3 (7.3) 1.91 0.61 0.54

    POMS-Confusion 4.64 (2.6) 4.1 (4.6) 3.8 (2.2) 1.84 0.80 0.44

Physiological monitoring

    Systolic BP, mm Hg 118.8 (12.5) 116.7 (11.3) 120.3 (8.5) 1.83 0.62 0.52

    Diastolic BP, mm Hg 74 (10.0) 69.8 (7.7) 70.7 (5.2) 1.66 0.62 0.51

    Heart rate, beats/min 63 (3.2) 68.8 (8.2) 66.3 (5.5) 1.76 1.26 0.28

    Weight, lb 160.1 (41.8) 158.1 (44.4) 159.8 (42.6) 1.91 0.85 0.42

Baseline, Atomexetine, and Placebo data given as mean (SD). ATS, analysis of variance-type statistics; COWAT, Controlled Oral Word
Association Test; POMS, Profile of Mood States; BP, blood pressure.
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