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Abstract

The current study examined how a gene relatedrictiftning of the dopaminergic
system, catechdD-methyltransferase (COMT) and estradiol were relébebrain functioning in
healthy postmenopausal women. Participants werénh&aBhy, cognitively normal
postmenopausal women between the ages of 50-6(.oftlen provided a blood sample for
COMT and estradiol analyses and underwent an M&i.s¢/orking memory performance and
related brain activation were measured with BOLORIMuring the N-back task. Results were
examined across each COMT genotype and a medidnvagl performed on the circulating
estradiol levels to create high and low estradioligs for each genotype. COMT genotype and
estradiol level were hypothesized to be proxy messsior brain dopamine levels with the
Met/Met and high estradiol group having the mogiatoine and Val/Val and low estradiol
group having the least dopamine. The fMRI resuitsaged that the N-back task activated the
expected bilateral frontal and bilateral parietarking memory network. However, no main
effects of COMT genotype or estradiol group wenanh. There was COMT-estradiol
interaction found in a small area of decreasedatotin in the right precentral gyrus (Brodmann
Area 6) that was related to the increasing hypabkdsdopamine level. Specifically, women
with a Met/Met genotype in the high estradiol grdwgal the least activation in this frontal lobe
working memory region. Women with a Val/Val genatyip the low estradiol group had greater
activation in this region relative to the othergps. Performance on the N-back task did not
show any group differences. These data indicateafter menopause COMT genotype and
potentially the menopause-related changes to thardmergic system are not related to
cognition. Future studies should examine how tkeiomship between COMT, estradiol, and

cognition around the menopause transition as #aerappear to be differences in this
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relationship for pre and postmenopausal women.
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1.1 Introduction

There appear to be large individual differencedextontributing to how the hormone
change at menopause is related to brain functiomiviglence for cognitive changes after
menopause is equivocal with some studies showinlinés in cognition after menopause (e.g.
Fuh et al. 2003; Greendale et al. 2009; Halbreici.e1995) while other studies showed no
changes from pre-menopausal levels of performaace €.9. Henderson et al. 2003; Kok et al.
2006; Luetters et al. 2007). What is clear fromgher literature on menopause and cognition is
that there are large individual differences in vileetor not women experience cognitive
changes. In an effort to begin to disentangle tidésidual differences in cognition after
menopause, the current study examined how a gahefluenced the functioning of the
dopaminergic system was related to brain functigmnhealthy postmenopausal women. The
dopaminergic system may be important for cognitifier menopause because age-related
changes in the dopaminergic system have been iat@tlan normal cognitive aging (Braver and
Barch, 2002). Perhaps understanding the role chmhapergic functioning on cognition will
elucidate mechanisms involved in individual difigces in cognition after menopause.

Studies have shown that dopaminergic system maguiabrking memory performance
through the striatal-frontal pathway (e.g. Coolsakt2007) and age changes in frontal lobe
dopamine systems are responsible for cognitivega(lmaver & Barch 2002). One mechanism
by which this age-related decline in dopaminergioction may occur is through age-related
changes in dopaminergic receptor availability thave been shown using positron emission
tomography (PET; e.g. Wong et al. 1984; Volkowlefl@98). These studies estimated a decline
of 12% D» receptor availability per decade, primarily in thiental cortex. The age-related

changes in Preceptor availability in the frontal cortex impiyat age changes in dopaminergic
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functioning may be related to age changes in cagnthat rely on the frontal cortex such as
working memory (Backman et al. 2006). In additionage-related changes in dopaminergic
systems, there are also sex differences dnmdgeptor binding particularly in the frontal corte
(Wong et al. 1984). These data implicate a potemtiee for gonadal steroid modulation of
dopaminergic functioning.

The current study “manipulated” dopaminergic fuoeing by examining genetic
variation related to the catechOkmethyltransferase (COMT) gene. The gene transsiioe
COMT enzyme involved in degradation of releasedatiope in the frontal cortex. COMT is
primarily localized to the frontal cortex of theabw and has a direct effect on prefrontal cortex
dopamine levels (Backman et al., 2006). The gedengdor COMT has at least five common
single nucleotide polymorphisms (SNPs) that leadifferent functionality of the enzyme and
have effects on cognition, arousal, pain sensytiand stress reactivity in humans and animal
models (Chen et al., 2011). The SNP most oftencéstsnl with cognition has a Val to Met
substitution at codon 158 (VAP®Met) and is the focus of this study. This SNP iafioes the
stability of the enzymen vitro and determines the enzymatic activityivo with the Met allele
having approximately one quarter the enzymatiosaygtof the Val allele (Chen et al., 2004;
Lachman et al., 1996; Lotta et al., 1995). ThudiMiduals with the Met/Met genotype compared
to Val/Met and Val/Val have greater dopamine avmiity and perform better on cognitive tasks
that are supported by the frontal lobes like wogkinemory and measures of executive
functioning (de Frias et al., 2005; Egan et alQ0For example, Met homozygotes performed
better than Val/Met or Val homozygotes on the Nk@st of working memory (Goldberg et al.,
2003), the Letter-Number Sequencing Test, and WisiodCard Sorting Test (Bruder et al.,

2005). Additionally, aging magnifies the relationshetween COMT genotype and cognitive
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performance with a greater performance deficitfal carriers compared to Met homozygotes
with increased age (Nagel et al., 2008; Raz ep@l1). COMT genotype effects in aging were
also magnified in frontal cortex activation on arking memory task during functional magnetic
resonance imaging (fMRI; (Sambataro et al., 2008Jer Val homozygotes had increased
working memory-related activation in the dorsolatg@refrontal cortex (DLPFC) and functional
connectivity compared to Met homozygotes and youpgeicipants (Sambataro et al. 2009).
Critically, this study did not include an analybigsex.

Sex also influences COMT effects on cognition. Warhave 20-30% less COMT
activity than men (Chen et al., 2004; Fahndrichlgt1980). Both Raz et al. (2011) O’Hara et al.
(O'Hara et al., 2006) found that sex interacteth WiOMT genotype such that older men who
had a Val allele showed greater negative effectsogmition compared to older women (Raz et
al. 2011). Thus, itis likely that gonadal steragshel the hormone change at menopause modulate
COMT activity. Estrogen directly influences COMTtiatty by inhibiting COMT gene
transcription through two estrogen response elesrienated on the COMT promotor (Jiang et
al., 2003; Weinshilboum, 2006; Xie et al., 1999us, the decline in estrogen levels after
menopause may result in increased COMT transcniaial decreased dopaminergic
functioning, and thereby impact cognitive process@sworking memory.

In addition to its role in catecholamine metaboli€2®MT is involved in metabolism of
estradiol and estrone. Estradiol is metabolizenl @attecholestrogens first by cytochrome P450
enzymes. Then catecholestrogens are then inadibgt®©-methylation by COMT creating
either 2-methoxyestradiol or 4-methoxyestrone (Leeid Ricci, 1996; Liehr and Roy, 1990).

There may be an important feedback relationshigvéat the functioning of the COMT enzyme
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and the transcription of the COMT gene that invslestradiol and therefore may be a
mechanism underlying cognitive changes after meamspa

There is one prior study that examined the relatigmbetween COMT, estrogen level,
and working memory in healthy younger premenopawsahen. Jacobs and D’Esposito (2011)
showed that hormone variation during the menstyele in premenopausal women interacted
with COMT genotype to influence working memory-telh brain activation and performance.
Performance measured by correct rejection of theeitams on an N-back test of working
memory was best for women with a Met/Met genotypthe low estradiol phase of the
menstrual cycle and while lowest performance was $er the Val/Val genotype and the low
estradiol phase of the menstrual cycle. The Met/yletp during the high estrogen phase of the
cycle had the greatest decrease in prefrontalxcad®vation. The group with the hypothesized
least amount of dopamine (Val/Val and low estrgdiald the greatest amount of activation.
Thus, activation was inversely related to the psgablevel of dopamine. The decreased frontal
activation as dopamine increased was interpretedoss cognitively “efficient”.

The current study was the first to examine how CQOjéhotype and estradiol are
associated with brain functioning in healthy postoausal women. We hypothesized that with
decreased circulating estradiol after menopaus®&IT@enotype relationship to cognition
would remain and perhaps become more exaggeratedifiSally, we hypothesized that
working memory related brain activation would dese as the hypothesized dopamine level
increased. That is, women with a Met/Met genotypeld have decreased activation and better
performance than women with a Val/Val genotypeorier to examine how estradiol is related
to brain functioning in a similar way to Jacobs &Bposito (2011) we created high and low

estradiol groups by doing a median split on theutating estradiol levels. We hypothesized that
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the high estradiol group with the Met/Met genotypmuld perform the best and have least
activation compared to the other groups. This gridmot perform the best in the Jacobs and
D’Esposito (2011) study because it was suggestedhis estradiol/ COMT genotype
combination represented excess dopamine and ksemfperformance. However, after
menopause when the overall estradiol levels arerdotivose postmenopausal women with
higher levels of circulating estradiol and the Wt genotype may have an advantage in

working memory and related brain functioning.

2. Materialsand Method
2.1 Participants

Participants were 118 cognitively normal postmeusal women, aged 50-60 years,
M(SD)= 56.18(2.6) (See Table 1 for demographic inforomgt Participants were recruited with
media advertisements in the Burlington, VT regiatrticipants were required to be
postmenopausal, without menses for one year, atibutisurgically-induced menopause. All
participants passed an initial telephone screemsoire they were post menopause and did not
have any contraindications for the MRI. Medicalles®n criteria were similar to our prior
studies (e.g.(Dumas et al., 2012) and included smyok history of breast cancer, use of
hormone therapy during the last year, and medicatibat have CNS effects. Participants were
required to not be taking any kind of postmenophbluisanone treatment currently or within the
past 12 months. Women were self-reported to beigdiys healthy nonsmokers and have no
cardiovascular disease other than mild hypertengitbparticipants met these criteria.

Twenty-two women had a prior history of postmengadinormone use for an average

duration of use of 1.45 yearS[=2.5 y). Seventy women were STRAW+10 Stage +lygrr$t
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menopause and 48 women were Stage +2 late pospaugswbased on their years since their
final menstrual period. Eight participants had deeital findings on the MRI that included
having more white matter hyperintensities than vesqgected for their age using the heuristic of
more than one hypterintensity per decade of lifzidged by the neuroradiologist (author JPN).
They were referred for appropriate follow up came gheir data were removed from the study.

All of the following assessments took place in shely day that lasted approximately
three hours. After signing consent forms at theversity of Vermont (UVM) Clinical Research
Center (CRC), participants provided a blood sarttpd¢ was used to ensure postmenopausal
status of FSH > 20 IU/L and for analysis of the COMal***VET SNP. Participants were then
cognitively evaluated using the Mini Mental Stateabh (MMSE; (Folstein et al., 1975) and the
Brief Cognitive Rating Scale (Reisberg and Fed#88), to establish a Global Deterioration
Scale score (GDS) which rated the degree of cagnithnpairment (Reisberg and Ferris, 1988).
Participants were required to have an MMSE scagatgr than or equal to 27 and a GDS score
of 1 or 2.

To assess general neuropsychological functionihgicmen completed the Repeatable
Battery for the Assessment of Neuropsychologicatust(RBANS; (Randolph et al., 1998) to
assess immediate memory, language, visuospatiatfcational ability, attention, and delayed
memory, as well as a global total neuropsycholddigectioning measure. Theetter-Number
Sequencing Testas be used as a standardized measure of workingprgebility. We used the
Wechsler Test of Adult Reading (WTAR; (HoldnackP2Dto assess reading and is used to
estimate premorbid 1Q. All participants were regdito score within one standard deviation of
the mean for their age on the neuropsychologigaitianing test to ensure they were not in the

beginning stages of Mild Cognitive Impairment (M@l dementia. Participants were required to
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have a score greater than 80 on the WTAR. All pidints passed the cognitive and
neuropsychological screening assessments.

Behavioral screening consisted of a Structuredi€innterview for DSM-IV-TR
(SCID; (First et al., 2002) to establish the preséabsence an axis | psychiatric disorder. In
addition, participants completed the Beck DepresBiwentory-11 (BDI-II; (Beck et al., 1996).
A cut off score of 10 was used for the BDI, andiipgrants scoring over this criterion were
discontinued from further participation. No womadtcurrent MDD or any other axis |
psychiatric disorder and 20 out of 110 women haditted major depressive disorder (MDD).
Women completed the Pittsburgh Sleep Quality INGRSQI; (Buysse et al., 1989) to assess
sleep quality over a one month interval, and a rpanse symptom checklist created in our
laboratory (Newhouse et al., 2013).

Blood draw procedures were standard proceduresrpafl by nurses at our CRC.
Blood for the FSH assay was drawn into a 4ml S®€ tand sent to the UVM Medical Center
laboratory for immediate analysis. Blood for th&&diol and estrone analyses was also drawn
into a 4 ml SST tube and allowed to clot for 30 mt@s. It was then centrifuged in ambient
temperature on the tabletop for 10 minutes at 3pA0 The serum was then transferred into a
pre-labeled 1.8 ml aliquot tube and put in an -8@@zer for later analysis. The estradiol and
estrone analyses were performed in a batch anhefethe study by Frank Stanczyk, Ph.D. at
the USC Reproductive Endocrinology Clinical Laborgt Estradiol and estrone were quantified
in serum a radioimmunoassay (RIA) method as prelodescribed (Probst-Hensch et al., 1999)
by the Stanczyk Reproductive Endocrinology Labosast the University of Southern
California. Prior to the RIA, steroids were extetivith hexane:ethyl acetate (3:2) and estradiol

was separated by Celite column partition chromaipolgy, using 40% ethyl acetate in isooctane.
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High specific activity tritiated estradiol (500 dpmas added to each serum sample before the
extraction step in order to follow and correct foocedural losses. Interassay coefficients of
variation for measurements of low, medium, and lgjgality control samples in the estradiol
RIA ranged from 9.0% to 12.0%, respectively. Thesg@vity of the estradiol RIA is 2 pg/ml.

Blood for the genetic analysis was drawn into arfl@DTA tube and was centrifuged at
4° C for 20 minutes at 3000 rpm. Using a transfpefpe, the plasma was removed from the tube
without disturbing the buffy coat above the redduffy coat was placed into a 1.8 ml screw
cap vial and placed into the -80 C for storagel @@MT analyses were run in a batch at the end
of the study. For the genetic analysis SNP rs468COMT was analyzed by the UVM Cancer
Center Advanced Genome Technologies Core DNA Amafgsility for g°PCR using TagMan
assay materials from Applied Biosystems.
2.2 fMRI Procedure

After completion of the cognitive and behaviorad@ssments at the CRC, participants
proceeded to the UVM MRI Center for Biomedical Inmagto complete the MRI portion of the
study. All participants were scanned on a PhilipsA8hieva d-Stream scanner and received the
following MR sequences as part of the imaging proto(1) A sagittal T1-weighted spoiled
gradient volumetric sequence oriented perpendi¢alére anterior commissure (AC)-posterior
commissure (PC) plane using a repetition time (01F9.9 ms, echo time (TE) of 4.6 ms, flip
angle of 8 degrees, number signal averages (NS#gld of view (FOV) of 256 mm, 256 X 256
matrix, and 1 mm slice thickness with no gap fod £éntiguous slices. (2) Fluid Attenuated
Inversion Recovery (FLAIR) sequence using a TR8{0ms, inversion time (TI) of 1650 ms,
and a TE of 260 ms. Resolution was 1.2 x 1.2 xrin2with a field of view of 250, NSA 2, and

280 slices. All images were reviewed by a boardi{tst neuroradiologist to exclude
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intracranial pathology. Eight participants had deeital findings including increased white
matter hyperintensities that were abnormal for d¢ese data were removed and not replaced.

fMRI was performed using EpiBOLD (echoplanar blang/genation level dependent)
imaging using a single-shot sequence (TR 2500 B35Tms, flip angle 90 degrees, 1 NSA for
197 volumes). Resolution was 3 mm x 3 mm x 3.5 mihirty-three contiguous slices 3.5 mm
thick with no gap were obtained in the axial obéquiane parallel to the AC-PC plane using a
FOV of 240 mm and a matrix size of 80 x 80. Fiela@pncorrection for magnetic
inhomogeneities was accomplished by acquiring imagth offset TE at the end of the
functional series.
2.3 fMRI Working Memory Task

The N-Back Test was used as the measure of vedraivg memory. In this task, the
participant saw a string of consonant letters (pkteW, and Y), one every three seconds
during 27-second blocks. Three conditions wereguresl: 0-back, 1-back, 2-back, and 3-back.
In each condition, the task was to decide whetinetdtter currently on the screen matched the
target in the 0-back or the letter that had beesgnmted 1, 2, or 3 back in the sequence. The N-
back task reliably activates a bilateral frontarietal, and cerebellar working memory network .
We have used it in a number of studies with postpansal women (Dumas et al., 2010; Dumas
et al., 2012; Dumas et al., 2008), and Jacobs &psito (2011) used it to examine the
interaction of estradiol levels and COMT genotypgaounger premenopausal women. The total
task time was 8.15 minutes.
2.4 fMRI Analyses

During preprocessing of the functional MRI data #olumes were realigned to the first

volume to minimize the effects of head movements.fédvuind that 17 women had head movement
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on more than 50% of the frames that was greater2han of movement or 2 degrees of rotation.
These participants were removed from the analysisiaeir data were not replaced. The final N was
93. Further preprocessing included spatial (4 mnmHRWsotropic Gaussian kernel) as well as
temporal filters to remove aliased signal correlatéth background respiration and heart rate.
Anatomical and functional images were co-registened normalized to Talairach space. Statistical
analysis was performed by multiple linear regraessibthe signal time course at each voxel. The
hemodynamic response function was accounted fitreise models.

The first level analysis attempted to model thecpdures of Jacobs & D’Esposito (2011)
who examined the load-related task blocks. Therashtve used was +4, +1, -5 for the 3-back, 2-
back and 0-back conditions, respectively. Secowel Igtatistical analyses were performed on the
first level data using a 3 (COMT genotype: MET/MBMET/VAL, VAL/VAL) X 2 (Estradiol
level: low and high) random effects ANOVA usingretard ANOVA procedures in Brain Voyager
(Brain Voyager QX, The Netherlands). To probe ti@\MI -estradiol interaction in the brain
imaging data we used the following linear contrest+3, +1, -1, -3, -5 for Met/Met high estradiol,
Met/Val high estradiol, Val/Val high estradiol, Metet low estradiol, Met/Val low estradiol,
Val/Val low estradiol, respectively. We utilizediaear model because Jacobs and D’Esposito
(2011) found a linear relationship between the CG&siradiol group and brain activation during
the N-back task.

To correct for multiple comparisons, we used thestelr-level statistical threshold
estimator from Brain Voyager QX to estimate a mimmcluster size threshold based on the
approach of Forman et al. (Forman et al., 1995%. phocedure estimated a minimum cluster size
of 8 voxels in functional space (3x3x3) at an alfgeel of 0.001 for the fMRI analyses

described below.
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2.5 Working Memory Performance Analysis

Working memory performance on the N-back task wedyaed using the signal detection
measures of sensitivitygl() and biasC; (Snodgrass and Corwin, 1988). Sensitivity is asoee of
how different two classes of items are as meadoyet] and is represented in standard deviation
units. Larged’s represent greater sensitivity and greater acgu@@s C) is the tendency for a
participant to endorse a letter as a match or ngmelso represented in standard deviation units.
Liberal response bias indicates that a participalts a large number of responses matches in
contrast to conservative bias indicating that theigipant makes many mismatch responses. Bias

scores of greater than 0 are conservative while $tares less than 0 are liberal.

3. Results
3.1 COMT Genotype

When we examined the COMT genotype distributionfausd 23 women were
Met/Met, 44 women were Met/Val, and 26 women wead/Wal which met the Hardy-Weinberg
Equilibrium (X?=0.26, df=1, n.s.). We examined differences betvibese three groups on the
RBANS, Letter Number Sequencing, BDI, and BAI aadrfd no group differences on any of
these neuropsychological or mood measures (laFg2€00) = 2.08p=.13 for the BDI).

We also examined the estradiol and estrone leMelkst, we probed for differences in
hormone levels for the three genotypes and founsigraficant differences between the groups
for estradiol F(2,90)=0.43p = .65), and a trend for a difference in estrdA@,00) = 2.65p
=.07) indicating that the Met/Met group had numaiichigher estrone levels.

To extend the findings of Jacobs and D’Espositd {20n premenopausal women to our

postmenopausal sample, we examined the relatiohgtvpeen the COMT groups, estradiol
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levels, and working memory brain activation andg@@nance. We performed a median split on
the estradiol levels and created six groups: Mettitgh estradiol, Met/Val high estradiol,
Val/Val high estradiol, Met/Met low estradiol, M&#l low estradiol, and Val/Val low estradiol.
3.2 Activation Data

First we examined working memory-related brainvedton during the N-back across all
six groups to demonstrate that the task had theate@ working memory load effect. In our
sample of healthy postmenopausal women, when waierd the 3-back and 2-back working
memory load conditions compared to the 0-back medeidition we found the expected bilateral
frontal, parietal, and cerebellar working memorywuoek (Figure 1; (Cohen et al., 1997).

To test our hypothesis that higher levels of irddrdopamine would influence brain
functioning, we examined main effects and the axteon of COMT genotype and estradiol
group. We found no brain regions representing re#iegcts of COMT genotype or estradiol
group. When we examined the interaction of COMT esttladiol, we found one small region in
the left precentral gyrus (BA 6) that had decreassiVation as the hypothesized dopamine level
increased (Figure 2, Table 2).

3.3 Working Memory Performance

Data were analyzed with a 3(COMT genotype: Met/Nigt/Val, Val/Val) x 2(Estradiol
level: high vs low) x 4(Working Memory Load: 0-badkback, 2-back, 3-back) ANOVA fat',

C, and proportion correct (Figure 3). For all depamtdneasures there were the expected effects
of working memory load which indicated the accurdegreased as the working memory load
increasedd’: F(3,261) = 85.03p < .001, CF(3,261) = 8.27p < .001; proportion correct:
F(3,261) = 32.44p < .001). There were no main effects or interadimwolving COMT or

estradiol level.
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3.4 Neuropsychological Test Performance

When we examined the RBANS performance (Tabl®BjHe relationship between
COMT and estradiol, we found a main effect of efitlagroup for the RBANS Total score
(F(1,87) = 4.83p = .04) and the Visuospatial/Constructional scé(@,87) = 6.21p = .02). In
both cases, the group with lower estradiol perfattoetter than the higher estradiol group. The
RBANS total score is simply a total of all of thabscales and thus, this estradiol difference is
likely related to differences on the VisuospatialStructional score.
4. Discussion

The current study was the first to examine how COjéhotype and estradiol in
postmenopausal women were related to brain funaipil he results revealed that the primary
outcome measures mostly showed no effects of COnMiTeatradiol on working memory
performance and brain activation in healthy postpansal women. There was one small region
of decreased activation as the hypothesized dogaleve! increased in a frontal lobe working
memory region. Specifically, women with a Met/Mehgtype in the high estradiol group had
the least activation in the right precentral gymisle women with a Val/Val genotype in the low
estradiol group had greater activation in thiseagelative to the other groups. Performance on
the N-back task did not show any COMT or estraditdcts. These data extend what is known
about dopaminergic functioning and cognition to veomvho are postmenopausal and
demonstrate how the role of COMT and its interactiath estradiol might be different in
women post menopause.

We hypothesized that higher levels of dopamine dde beneficial to cognition in
postmenopausal women. We operationalized incrdasets of dopamine with being Met/Met

homozygous for the COMT gene. Women who are hommzydor Met have less transcription
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of the COMT enzyme than those who are Val homoagy@€Chen et al., 2004; Lachman et al.,
1996; Lotta et al., 1995). COMT is also primaribghted in the frontal lobes of the brain and is
therefore likely to influence frontal lobe dopamiegels (Matsumoto et al., 2003). In addition,
we examined levels of estradiol and operationallagtier levels of dopamine with having
higher levels of estradiol. There is an estrogepoase element on the COMT promotor region
(Jiang et al. 2003; Xie et al. 1999; Weinshilboudd®). Thus, when estrogen is present COMT
transcription does not occur and there is more ohiqpais available in the synapse. Our data
showed that the hypothesized dopamine level wasrsely related to brain activation during the
N-back task which has been interpreted in priodisgias more efficient brain functioning
(Jacobs and D'Esposito, 2011). However, performancaur task was not related to inferred
dopamine level. Below we hypothesize about why dlais pattern was observed, how it relates
to the prior literature, and the contribution itkea to what is known about individual
differences in cognition after menopause.

Jacobs and D’Esposito (2011) used COMT genotypeesattddiol levels as proxy
measures for dopamine in younger normal cyclingnerepausal women. Their imaging data
showed a linear decrease in the middle frontal ggssociated with an increase in inferred
dopamine across groups with the Met/Met high egitaploup having greatest decreased
activation and the Val/Val low estradiol group haythe least decrease with the other groups in
the middle. For the performance analysis, they éxedncorrect rejection of lures during the N-
back task and not an overall accuracy measureliteortion correct or sensitivity. Their results
showed that the Met/Met low estradiol group perfednbest on the lure items and the
relationship between dopamine and working memorfopmance was an inverted-U as is often

found in the relationship of neurotransmitter levahd cognitive functioning. They emphasized
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the importance of the COMT genotype in understamtiie role of estrogen on cognition in
premenopausal women.

Overall, the results in the current study from pastopausal women were similar to the
younger premenopausal women with regard to thetitire of the brain imaging activation
pattern, but the specific region was different #dralsize of the effect in postmenopausal women
appears to be smaller. We did find a dopamine-8easlecrease in the right precentral gyrus
(BA 6). Jacobs and D’Esposito (2011) found activain the bilateral MFG. In postmenopausal
women this dopamine sensitive region was smalleizi@, more posterior, and right lateralized.
In addition, we also found no effect of COMT antr&diol on working memory accuracy
performance as measured by sensitivity, bias, aploption correct. We did not build lure items
into our task so we were not able to examine thesgonses similar to Jacobs and D’Esposito
(2011). Thus, in the presence of postmenopausaldestlevels, COMT genotype may be less
important for explaining individual differencesdngnition compared to premenopausal women.
As the fluctuating levels of estradiol during themstrual cycle cease to occur, estradiol’s
relationship with dopaminergically-driven cognitialso appears to decline.

There have been attempts to stimulate the dopagingystem to influence cognition in
women around menopause who have subjective congpkdout their cognition by Epperson
and colleagues (Epperson et al., 2011; Eppersah, @015). In peri- and postmenopausal
women, Epperson and colleagues found that atommexaatment for six weeks compared to
placebo improved subjective reports of memory atehtion but had no effect on objective
performance (Epperson et al., 2011). They alsoddisdexamphetamine for four weeks
compared to placebo improved subjective cognitowaell as delayed recall in postmenopausal

with menopause related subjective cognitive decllinis, studies are beginning to examine
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methods other than hormonal treatment after mersgptuimprove cognition and methods that
modulate the dopaminergic system may be usefliignendeavor. It may be the case the
personalization of treatments for cognition asgedavith the hormonal change at menopause
may be possible by considering a woman’s COMT ggyeand circulating estradiol. Further
work is needed to examine when the COMT-estraditdénce on brain functioning and
cognition changes as women age through the menepaunsition.
4.1 Conclusion

The current study examined how COMT genotype atrddis| in postmenopausal
women were associated with working memory-relataihtfunctioning. The data showed that
neither COMT nor postmenopausal estradiol wergaélto working memory-related brain
functioning. There was one brain region showingnéeraction between COMT and estradiol
that showed decreasing activation associated wateasing dopamine. However, there were no
relationships between COMT, estradiol, and workmgmory performance. We propose that this
COMT-estradiol relationship may underlie individafferences in cognition before menopause
as shown by Jacobs and D’Esposito (2011). Howavg@ostmenopausal women, the COMT-
estradiol interaction appears to be less importaakplaining individual differences in
cognition. The structural (Volkow et al., 1998; VWpet al., 1984) as well as functional
(Backman et al., 2006) changes in the dopaminergitem will continue into old age. Further
studies are needed to determine when estradidtéiBaeship with working memory performance
changes as its levels decrease after menopauseinfdrimation may influence the development

of personalized methods for the treatment of cognithanges after menopause.
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Table 1. Demographic data (means and standardtaegaand hormone values for the
postmenopausal women by COMT genotype and estrgabap. One interaction was found for
the Wechsler Test of Adult Reading (WTAR(2,87) = 5.08p = .008). Abbreviations:
Wechsler Test of Adult Reading (WTAR), Body Masddr (BMI), Pittsburch Sleep Quality

Inventory (PSQI), Follicule Stimulating Hormone (S

Met/Met Met/Val Val/Val Met/Mei Met/Val Val/Val
Low E2 Low E2 Low E2 High E2 High E2 High E2
N=14 N=21 N=13 N=9 N=23 N=13
Age (Y) 57.01(24) 56.0((2.E) 56.3:(2.3) 55.7¢(25) 5617(3.1) 55.8¢(2.3

Years since 5.€9 (2.8 7.14 (5.9 4.57 (3.9 5.67(4.) 6.26 (4.9 5.69 (2.9)
Menopause (Y)

Education (y  15.57(25) 16.61(26) 1677(1.9 1511 (1.9 1574(2.45 16.31(2.49)
WTAR (IQ)* 121.2] 116.1¢ 117.8E 111.3¢ 117.7¢ 118.4¢
(4.6) (8.9) (5.8) (8.5) (6.9) (6.7)

BMI (kg/m®)  27.0i(5.7) 2507 (4.1 24.6((3.€) 27.8:(45) 24.€7(41) 26.65(4.9

PSQI (Total) 457 (23) 5.62(3.6) 5.46(3.5) 4.44(3.1) 6.04(3.2) 4.08(3.5)

FSH (IlU/ml)  75.4 (20.4) 75.22 (17.6) 94.45 (23.7) 76.60 (28.0) 85.91 (26.9) 77.95 (21.9)

Estradiol(pg/ml  4.24 (1.)  35C(1.1)  4.06(10) 14.9((6.3) 14.3¢(5.8) 1137(5.9)
Range 4.08 3.40 2.86 18.14 18.93 15.05

Estrone (pg/m  40.4%(9.4) 34.27(9.6) 3474(7.6) 3781(12.6 31.97(14.5 31.1¢(136)

Range 33.34 35.30 26.96 32.38 66.66 45.84

*interaction of COMT and estradiol group(@,87) = 5.08p = .008)
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Table 2. Activation related to the hypothesized increasgapamine across the COMT
genotype and estradiol groups during the workingory load conditions of the N-back task
including Talairach coordinates, cluster size, saglescription (Brodmann’s area, BA)alues,
and corrected voxel-levelvalue. Increasing dopamine refers to a linearrashicross groups
from high to low inferred dopamine: Met/Met highrasliol, Met/Val high estradiol, Val/Val

high estradiol, Met/Met low estradiol, Met/Val loestradiol, and Val/Val low estradiol.

Contrast Coordinates Cluster Region Description t p value
Extent value
Xy z
Increasing
Dopamine
Decreasing

Activation 57 -4 31 155 Right precentral gyrus (BA 6) -4.08 <.001
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Table 3. Performance (Mean(Standard Deviation)on the RegdBattery for the Assessment of

Neuropsychological Status (RBANS) for each COMTaigpe and estradiol group. Group

differences were found for the main effect of edithgroup on the RBANS total score and the

Visuospatial/Constructional factor score that shbee low etradiol group performed better

than the high estradiol group on these measpees (05).

Met/Met Met/Val Val/Val Met/Mei Met/Val Val/Val
Low E2 Low E2 Low E2 High E2 High E2 High E2
Immediate 110.36 108.19 104.3: 100.67 106.17 107.69 (9.4
Memory (14.2) (14.7) (12.1) (11.4) (11.6)
Visuospatial/ 115.21 117.176 18.38 103.11 114.43 114.00
Constructiondl (17.0) (8.2) (7.7) (10.2) (13.9) (12.8)
Languag 110.00 109.43 110.46 106.89 105.35 108.08
(15.5) (11.2) (8.8) (9.7) (11.7) (10.6)
Attentior 115.43 111.00 112.85 107.11 111.22 114.46
(13.2) (14.0) (11.4) (11.3) (10.3) (9.3)
Delayed 108.71 106.86 101.46 97.33 105.00 105.08
Memory (13.7) (11.3) (17.3) (9.0 (15.3) (9.0)
Totaf’ 118.50 115.38 113.46 104.00 113.68 114.15
(16.6) (10.9) (10.7) (11.5) (11.9) (10.1)

# Main effect of estradiol group, Visuospatial/Canstional €(1,87) = 6.21p = .02), Total

(F(1,87) = 4.48p = .04).
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Figure L egend.

Figure 1. Activation map showing the N-back task effectdfrparticipantsf < .001; cluster
corrected k=8). The +4 (3-back) +1 (2-back) -5(@d)aontrast activated the expected bilateral
frontal, parietal, and cerebellar regions. Oranglers represent regions where the activation is
increased for the 2- and 3-back conditions comptrélke 0-back. Blue colors represent
activation that is decreased for the 2- and 3-lwackpared to the 0-back.

Figure 2. Activation map for hypothesized increase in dojp@nacross groups during the
working memory load coditions of the N-back tagk(.001; cluster corrected k=8). Blue colors
represent decreasing activation as the hypothesdizgamine level increased in the right
precentral gyrus (BA 6). Greatest hypothesized dopa in the Met/Met high estradiol group
and lowest hypothesized dopamine in the Val/Val éstradiol group.

Figure 3. Sensitivity ¢I’; Figure 3a), bias; Figure 3b), and proportion correct (Figure 3cihwi
standard errors on the 0-, 1-, 2-, and 3-back ¢mmgdi for the Met/Met high estradiol, Met/Val
high estradiol, Val/Val high estradiol, Met/Met Iastradiol, Met/Val low estradiol, and Val/Val

low estradiol groups.
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