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Abstract
Sex hormones have actions in brain regions important for emotion, including the amygdala and
prefrontal cortex. Previous studies have shown that cyclic sex hormones and hormone therapy after
menopause modify responses to emotional events. Thus, this study examined whether hormone
therapy modified emotion-induced brain activity in older women. Functional magnetic resonance
imaging (fMRI), behavioral ratings (valence and arousal), and recognition memory were used to
assess responses to emotionally laden scenes in older women currently using hormone therapy (HT)
and women not currently using hormone therapy (NONE). We hypothesized that hormones would
affect the amount or persistence of emotion-induced brain activity in the amygdala and ventrolateral
prefrontal cortex (VLPFC). However, hormone therapy did not affect brain activity with the
exception that NONE women showed a modest increase over time in amygdala activity to positive
scenes. Hormone therapy did not affect behavioral ratings or memory for emotional scenes. The
results were similar when women were regrouped based on whether they had ever used hormone
therapy versus had never used hormone therapy. These results suggest that hormone therapy does
not modify emotion-induced brain activity, or its persistence, in older women.
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Introduction
Sex hormones affect emotion in younger and older women. Perceptual identification of fearful
faces is worse in the pre-ovulatory phase of the menstrual cycle, when estrogen is high, than
during menstruation, when estrogen is low (Pearson and Lewis, 2005). Additionally, amygdala
activity induced by negative scenes is lower at the high estrogen phase (as compared to neutral
scenes) than the low estrogen phase of the menstrual cycle (Goldstein et al., 2005). Hormones
affect emotional responses in older women as well. We recently showed that women on
hormone therapy rate negative scenes as more arousing than positive scenes, and find negative
scenes more arousing than do women not on hormone therapy (Pruis et al., 2009). Depression
and anxiety disorders increase in women during hormonal transitions in their lives, including
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puberty (Birmaher et al., 1996), the post-partum period (O'Hara and Swain, 1996), and the
menopausal transition (Freeman et al., 2006), suggesting that hormones influence mood and
emotion. However, some studies report no effects of hormone therapy on emotion, including
memory for emotional faces (LeBlanc et al., 2007) and depressed mood, anxiety, and well-
being (Nielsen et al., 2006).

Estrogen may influence the structural and functional changes that occur with normal aging in
brain areas (e.g. prefrontal cortex, amygdala) that are important for emotional regulation.
Structural changes of aging include cortical thinning (Salat et al., 2004); loss of cortical volume
(Resnick et al., 2003); loss of white matter in the cortex (Walhovd et al., 2005); and loss of
volume in the amygdala (Mu et al., 1999). Estrogen modifies these changes in the prefrontal
cortex. Women using estrogen therapy have larger cortical volumes (Erickson et al., 2005),
more cortical white matter (Ha et al., 2007), and less shrinkage of the prefrontal cortex (Raz
et al., 2004) than women not using estrogen therapy. However, as a counter example, Low et
al. (2006) found no differences in grey matter volume, white matter volume, or in frontal
atrophy among women currently using hormone therapy, women that used hormone therapy
in the past, and women that never used hormone therapy. Fewer studies have examined the
effects of estrogen on the human amygdala. Available evidence suggests that amygdala volume
is not affected by estrogen either opposed (Low et al., 2006) or unopposed by a progestin
(Lord et al., 2008). However, estrogen receptors are present in the human amygdala (Osterlund
et al., 2000;Perlman et al., 2004) and may have other functional effects. Certainly, numerous
behavioral, neuroanatomical, and physiological effects of estrogen have been found in the
prefrontal cortex in studies using nonhuman primate (Hao et al., 2006;Hao et al., 2007;Rapp
et al., 2003) and rodent models (for review see Rissman, 2008). A placebo-controlled crossover
study (Smith et al., 2006) and a cross-sectional study (Joffe et al., 2006) show that hormone
therapy is associated with higher activation in frontal regions during working memory tasks
in middle-aged post-menopausal women. Additionally, older post-menopausal women taking
estrogen therapy have higher resting cerebral blood flow in the left orbital frontal cortex than
women not taking estrogen therapy (Eberling et al., 2004). Thus, sex hormones can act in brain
areas involved with emotion and can alter the structure and function of those areas as they age.

Emotion processing differs between younger and older adults. Older adults rate negative scenes
as less arousing (Mather et al., 2004) and remember proportionately more positive than
negative material (Charles et al., 2003;Leigland et al., 2004), as compared to young adults.
They also attend more to positive and less to negative stimuli (Isaacowitz et al., 2006) and have
lower physiological responses to emotion than younger adults (Levenson et al., 1994;Neiss et
al., 2007;Tsai et al., 2000). Neuroimaging studies suggest that these age differences are due to
higher prefrontal activity and/or diminished amygdala activity in response to emotion in older
adults. In younger adults, the amygdala is activated most consistently and strongly by negative
emotional stimuli, such as negative scenes (Liberzon et al., 2000) and fearful faces (Morris et
al., 1996), but it is also activated by positive stimuli (Hamann et al., 1999). The amygdala
response decreases over time (i.e. habituates) to repeated emotional stimuli of the same valence
category, regardless of whether the stimuli are negative or positive (Breiter et al., 1996;Whalen
et al., 1998). The prefrontal cortex is activated by emotion (Lane et al., 1997) and habituates
to emotional stimuli in young adults (Wright et al., 2001). However, older adults have less
amygdala activation to negative emotional stimuli than younger adults (Mather et al.,
2004;Roalf et al., under review;Tessitore et al., 2005) and do not always activate the amygdala
when discriminating faces expressing negative emotion (Gunning-Dixon et al., 2003;Iidaka et
al., 2002). Older adults activate prefrontal regions in response to emotion, in some cases more
so than young adults (Roalf et al., under review;Tessitore et al., 2005). The possibility that
hormone therapy contributes to the changes in brain activity induced by emotion in older
women has not been examined.

Pruis et al. Page 2

Horm Behav. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The current study examines whether hormone therapy modifies brain activity, as measured by
functional MRI, while viewing emotional scenes. Hormone therapy could modify activation
in the prefrontal cortex or amygdala by amount or persistence of activity to repeated emotional
stimuli. We also assessed behavioral measures of valence, arousal, and recognition.

Methods
Participants

Women aged 65-85 participated in the study. Participants were recruited through phone
contact, from a database of previous study participants, and through advertisements (see
participant characteristics in Table 1). Inclusion criteria required that women were healthy and
post-menopausal, either currently using hormone therapy (HT; n = 11) or not currently using
hormone therapy (NONE; n = 12). Menopausal status and use of hormone therapy was obtained
by self-report. All women were many years post-menopausal. HT women were recruited on
their physician-prescribed hormone therapy and remained on their hormone regimen during
the study. Other inclusion criteria included fluency in English and adequate vision (with
correction if necessary) to view computer tasks. Health histories were obtained via phone
interview and confirmed in person. Exclusion criteria included: smoking or having quit less
than one month from the study date; consuming >3 alcoholic beverages per day; depression
score >10 on the Geriatric Depression Scale (Yesavage et al., 1983); Mini-Mental Status
Examination score < 26 (Folstein et al., 1975); psychiatric conditions (e.g. schizophrenia or
mood disorders); significant medical problems (e.g. uncontrolled hypertension); current use
of medications likely to affect cognition (e.g. anti-depressants or anxiolytics); history of
neurological problems (e.g. stroke, seizure, or head trauma); and exclusions for MRI, such as
claustrophobia and electrical or magnetic metal devices implanted in the body (e.g. pace
maker). HT and NONE groups were matched for age, years of education, and the WAIS-R
Vocabulary subtest (Wechsler, 1981; see Table 1).

Since five NONE women had used hormone therapy in the past, we did an exploratory re-
analysis that grouped the women by those that had ever used hormone therapy for any period
of time (EVER) and those that had never used hormone therapy for any period of time
(NEVER). With this regrouping, the EVER women were older than NEVER women (mean=74
vs. 69 yrs., respectively), and there were unequal sample sizes. Hormone information about
these exploratory groups, as well as the HT and NONE women, can be found in Table 1.

Six additional women were recruited for the study but were dropped from all analyses. Three
were dropped due to MRI susceptibility (1 from HT, 2 from NONE). The amygdala is near an
air-tissue interface, which makes it prone to susceptibility artifact in EPI-BOLD imaging
(Ojemann et al., 1997), especially at high fields (Krasnow et al., 2003). One additional subject
was dropped from all analyses because their data was an outlier for amygdala signal change
(> 2SD from mean). Two other subjects were dropped as well; one for a large, previously
unknown lesion that was discovered during imaging and one for excessive head movement.
These six subjects were not included in the demographics above (e.g. final N=11 HT, 12
NONE; 16 EVER, 7 NEVER).

This study was approved by the Institutional Review Board of Oregon Health & Science
University. All participants provided written informed consent and were paid for their time
and involvement in the study. Authors have no actual or potential conflicts of interest.

Task design
During functional MRI, women viewed 240 scenes (80 negative, 80 neutral, 80 positive)
selected from the International Affective Picture System (IAPS; Lang et al., 1999). A large
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number of scenes were needed, because, in this design, different scenes of the same valence
were repeated to assess habituation to that valence category as opposed to an individual
exemplar. This is in contrast to other studies where the same stimulus of a single valence was
repeated (Breiter et al., 1996;Fischer et al., 2003;Wedig et al., 2005;Wright et al., 2001). These
scene sets represented distinct valence categories based on the published norms that were
derived from a college-aged sample (Lang et al., 1999). The norms utilize 1 to 9 scales for
valence (1 = most negative, 5 = neutral, 9 = most positive) and arousal (1 = least arousing or
calming, 5 = neither calming nor arousing, 9 = most arousing). The average normative valence
ratings were 2.31 for negative (range: 1.45-2.98), 5.16 for neutral (range: 4.53-5.93), and 7.41
for positive (range: 6.82-8.34) scenes. Negative scenes had lower valence ratings than neutral,
which had lower ratings than positive scenes (F (2, 158) = 3157, p < 0.001; pair wise post hoc
comparison: ts (79) >38, ps < 0.001). The average normative arousal ratings for the scenes
used were 5.83 for negative (range: 4.00-7.35), 3.37 for neutral (range: 2.17-4.93), and 5.09
for positive (range: 3.98-6.65). Negative scenes had higher arousal ratings than positive, which
had higher ratings than neutral (F (2, 158) = 213, p < 0.001; pair wise post hoc comparisons:
ts (79) > 5.6, ps < 0.001).

The 240 scenes were separated into 6 blocks of 40 scenes each, two blocks for each valence
category. Both blocks were matched for valence (Fs (1, 78) < 0.93, ps > 0.33) and arousal
(Fs (1, 78) < 0.41, ps > 0.52). Although the scenes were not chosen specifically for content,
both blocks had similar numbers of scenes containing people or animals. Each block was
separated by a series of 10 crosshairs, and 10 crosshairs were shown at the beginning and end
of the entire block series (70 crosshairs total). Each scene or crosshair appeared for 1500 msec
with a 500 msec interstimulus interval (ISI). The last three blocks of unique scenes were shown
in the reverse order as the first three blocks with respect to valence category (Figure 1). This
was done to help alleviate the possibility of drift in the scanner signal during acquisition, which
would preclude interpretation of the habituation analysis. All subjects saw the blocks in the
same order. We did not assess attention to each stimulus with a behavioral response during
scanning because prior studies show that responding during emotional stimuli modifies activity
in the amygdala and prefrontal cortex (Taylor et al., 2003), which would again preclude
interpretation of our functional imaging data. To assess habituation, each block of 40 scenes
was split in half. The first 20 scenes were designated as “early” scenes and the last 20 as “late”
scenes (Fischer et al., 2003;Wedig et al., 2005;Wright et al., 2001). The comparison of early
and late scenes served as the index of habituation, such that a loss of activity indicated
habituation (early > late), while no change in activity indicated persistence (early = late). The
early and late scenes of each block were matched for normative valence (Fs (1, 78) < 2.86,
ps > 0.10) and arousal (Fs (1, 78) < 2.33, ps > 0.13) and had similar content with regard to
number of people and animals.

After scanning, subjects were shown the scenes again and rated each one on the 9-point scales
for valence and arousal. The scenes were presented in the same order during rating as during
the scan. Mean valence and arousal ratings were calculated by taking the average subject ratings
across both blocks of each valence.

After a one-week retention interval (mean = 6.96 days, range = 6-7 days), participants
performed a yes/maybe/no recognition test with one of two randomly assigned recognition sets
containing 120 of the previously viewed scenes and 60 foils. This retention interval ensured
that performance would not be at ceiling or floor. There were equal numbers of negative,
neutral, and positive scenes in the recognition sets. Participants had not been told that they
would be asked to remember the scenes later. Only targets were used to calculate percent correct
because the foils were not shown during imaging and thus could not be assigned an “early” or
“late” status. Target recognition was calculated as percent correct for only those target scenes
for which the subjects responded “yes”. Total recognition included correct responses for targets
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and foils and was calculated to ensure that subjects were not simply responding “yes” to all
scenes.

Imaging procedure and analyses
MRI data were collected with a Siemens 3T TIM Trio scanner (Erlangen, Germany) and 12-
channel head coil in the Advanced Imaging Research Center at Oregon Health & Science
University. Subjects were positioned supine, headfirst in the scanner and wore earplugs to
dampen the noise. Air conductance headphones were used to further dampen scanner noise
and to communicate with the subjects from the control room. Structural images were acquired
using a magnetization prepared rapid gradient echo (MPRAGE) T1 sequence with the
following parameters: repetition time (TR) = 2300 msec; echo time (TE) = 4.38 msec; flip
angle (FA) = 12 degrees; field of view (FOV) = 256 mm; matrix= 256 × 256. Slices were: 1
mm thick (no skip), 144 total, collected in a transverse orientation. Functional brain activity
was measured using an echo-planar imaging, blood oxygenation level-dependent (EPI-BOLD)
sequence with the following parameters: TR = 2000ms; TE = 35 msec; FA = 90 degrees; FOV
= 220 mm; matrix= 64 × 64. The 34 slices were 4 mm thick (no skip) and collected in a
transverse orientation. For two subjects in the HT group, the EPI-BOLD sequence had
TR=2080ms and 36 slices due to operator error during data collection. For all subjects, the
length of one TR matched the length of one scene + ISI presentation. A total of 310 volumes
were collected.

MRI data were processed and analyzed using Brain Voyager QX 1.9 (Brain Innovations;
Maastricht, Netherlands). Functional data were spatially smoothed with a Gaussian filter
(FWHM = 8mm) and temporally corrected with a high pass filter and linear trend removal.
Slice scan time and 3D motion corrections with sinc interpolations were applied to the
functional data. Structural data were collected and reconstructed as 1×1×1 mm voxels.
Functional data were coregistered to the structural images, and both were transformed into
Talairach space (Talairach and Tournoux, 1988).

Voxel-wise region-of-interest (ROI) analyses were performed on the amygdala and the
ventrolateral prefrontal cortex (VLPFC). Data for both ROIs were extracted from Talairach-
transformed brains. The amygdala of each subject was defined using a mask that was created
based on Talairach boundaries (supplementary Figure1A). The VLPFC ROI was motivated by
other studies that found prefrontal activation in response to emotional stimuli (Gutchess et al.,
2005;Iidaka et al., 2002;Tessitore et al., 2005;Wright et al., 2001). However, what constitutes
the VLPFC, or any PFC region, varies from manuscript to manuscript. Thus, we used the
functional data to specify the VLPFC ROI for this study. Within-subject contrasts of each
valence category versus baseline for each group yielded prominent bilateral activations in the
PFC in similar areas (Supplementary Figure 2A,B,C). We used a contrast of all valence
categories versus baseline (i.e. [negative + neutral + positive] − baseline) averaged across both
groups to find the central location of this large area of activation that we wanted to quantify
(Figure 2D). This contrast was used for this purpose only and was not used to analyze within-
or between-group differences. Talairach Daemon software indicated the center of mass for the
group-averaged prefrontal activation was +/-40, 4, 24. This ROI was closest in proximity to
points labeled ventral (Tessitore et al., 2005) and dorsolateral PFC (Tessitore et al.,
2005;Wright et al., 2001) in other papers on emotion. Thus, our prefrontal ROI was comprised
of two 20mm cubes centered at these coordinates (supplementary Figure 1B), and we refer to
it as VLPFC. The time courses of mean intensity values were extracted from the amygdala and
the VLPFC of each individual using a fixed effects model. These values were used to calculate
mean percent signal change from baseline (the crosshairs) for each valence category (negative,
neutral, positive) and habituation (early, late). The mean percent signal change values were
used in within- and between-group comparisons and correlation analyses.
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Within-subjects whole brain contrasts were performed separately in each group of women for
emotion versus neutral (i.e. negative − neutral, positive − neutral) and for each valence category
versus baseline (i.e. negative − baseline, neutral − baseline, positive − baseline; supplementary
Tables 1-3) using a random effects general linear model on group-averaged, Talairach-
transformed functional data. Between-subjects whole brain contrasts were also performed for
each emotion versus neutral (e.g. [HT negative − HT neutral] − [NONE negative − NONE
neutral], etc.) using a random effects model on Talairach-transformed functional data.
Talairach coordinates for the center of mass of each cluster were assigned hemisphere, lobe,
region, and a Brodmann Area (BA) number using Talairach Daemon software (Lancaster et
al., 2000). The p-value threshold was p = 0.001 for all contrasts, as reported in other studies
that use random effects general linear models (Gutchess et al., 2005;Iidaka et al., 2002).

Statistical analyses
A mixed model ANOVA (SPSS version 15.0) was used to compare HT and NONE women
for percent signal change in the amygdala and VLPFC, as well as behavioral data, which
included valence ratings, arousal ratings, and recognition. The repeated measures were valence
category (negative, neutral, positive) and habituation (early, late). A separate mixed model
ANOVA was used to assess effects of encoding order on percent signal change (amygdala,
VLPFC) and recognition in HT and NONE women; the repeated measure was order (1st through
6th blocks). Paired t tests were used where appropriate to examine main effects and interactions.
All p-values reported for post-hoc tests are Bonferroni corrected unless otherwise stated. Two-
tailed alpha level was set at 0.05. Some amygdala and VLPFC signal change data did not have
a normal distribution. Transformation to normalize the data did not change the findings.
Therefore, data were reported as percent signal change without transformation. A mixed model
ANOVA including group (HT, NONE), side (right, left), and valence (negative, neutral,
positive) found no significant effects of laterality in the amygdala or VLPFC. Therefore,
amygdala and VLPFC data were combined across hemispheres. Pearson's R was used for
correlations; Bonferroni corrected p < 0.05 was considered significant. The same analysis plan
was used for the exploratory EVER/NEVER analysis, but with age as a covariate.

Results
Amygdala activity

Activity in the amygdala did not differ between HT and NONE women (F(1,21)=1.24, p=0.28;
Figure 2A). Amygdala activity also did not differ among valence categories (F(2,42)=0.72,
p=0.49) or for early vs. late scenes (i.e. habituation; F(1,21)=0.57, p=0.46). There were no
hormone status interactions with valence category (F(2,42)=1.51, p=0.23) or habituation (F
(1,21)=0.23, p=0.64). However, there was a 3-way interaction with hormone status, valence,
and habituation (F(2,42)=3.71, p=0.03). For HT women only, amygdala activity habituated to
neutral scenes (early neutral > late neutral); however, this effect was marginal after Bonferroni
correction (t(10)=2.67, p=0.06; Figure 2B). Amygdala signal change was not significantly
different from baseline with the exception that NONE women show a response to late positive
scenes (p=0.02; Figure 2B).

VLPFC activity
Activity in the VLPFC did not differ between HT and NONE women (F(1,21)=0.002, p=0.97;
Figure 2C). VLPFC activity did differ across valence categories (inset Figure 2C; F(2,42)
=7.96, p=0.001). Negative scenes elicited more signal change than neutral scenes (t(22)=2.87,
p=0.03) or positive scenes (t(22)=3.50, p=0.006), which did not significantly differ from each
other (t(22)=1.52, p=0.43). VLPFC activity did not differ for early vs. late scenes (F(1,21)
=0.80, p=0.38). There were no hormone status interactions with valence category (F(2,42)
=0.30, p=0.74) or habituation (F(1,21)=0.04, p=0.85).
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Whole brain contrasts
The within-subjects qualitative analysis of negative versus neutral scenes showed numerically
more regions of frontal activation (e.g. frontal, cingulate, precentral) in HT than in NONE
women (Table 2). There were no regions in either group for which neutral scenes elicited more
activation than negative scenes. The within-subjects qualitative analysis of positive versus
neutral scenes also showed numerically more regions of frontal activation in HT than in NONE
women (Table 2). In fact, positive images did not elicit any frontal activation as compared to
neutral in NONE women. Neutral scenes elicited more parietal activation than positive scenes
in HT women, but not NONE women. There were no regions in which neutral scenes elicited
more activation than positive scenes in NONE women. However, between-subjects contrasts
for negative versus neutral and positive versus neutral scenes did not show any regions of
significant activation.

Valence ratings
Valence ratings did not differ between HT and NONE women (F(1,21)=0.50, p=0.49; Figure
3A). As expected, valence ratings did differ across valence categories (F(2,42)=141, p<0.001).
Women rated negative scenes as more negative than neutral and positive scenes and rated
positive scenes as more positive than neutral or negative scenes (negative < neutral < positive;
ts>9.81, ps<0.003). Valence ratings did not differ for early vs. late scenes (e.g. habituation; F
(1,21)=0.45, p=0.51). There were no hormone status interactions with valence category (F
(2,42)=0.78, p=0.47) or habituation (F(1,21)=0.18, p=0.67).

Arousal ratings
Arousal ratings did not differ between HT and NONE women (F(1,21)=0.95, p=0.34; Figure
3B). However, arousal ratings did differ across valence category (F(2,42)=45.8, p<0.001).
Women rated negative scenes as more arousing than neutral (t(22)=8.53, p<0.003) or positive
(t(22)=6.45, p<0.003), which were not significantly different from each other (t(22)=0.26,
p=0.80). There was no effect of habituation (i.e. early vs. late) on arousal ratings (F(1,21)=0.01,
p=0.91). There were no hormone status interactions with valence category (F(2,42)=1.50,
p=0.24) or habituation (F(1,21)=1.24, p=0.28).

Recognition
Recognition memory did not differ between HT and NONE women (F(1,21)=0.46, p=0.51;
Figure 3C, left). However, recognition did differ across valence categories (F(2,42)=4.09,
p=0.02; Figure 3C, top right). Women remembered more negative scenes than positive scenes
(t(22)=2.63, p=0.05). Memory for negative scenes was not significantly higher than neutral
scenes after Bonferroni correction (t(22)=2.24, p=0.11), nor was memory for neutral and
positive scenes different from each other (t(22)=-0.15, p=0.89). Recognition memory did not
differ for early vs. late scenes (F(1,21)=2.83, p=0.11), but this was modified by an interaction
with valence category (F(2,42)=3.24, p=0.05). Women remembered early neutral scenes better
than late neutral scenes (t(22)=2.60, p=0.05; Figure 3C, bottom right); there were no effects
of habituation for recognition of negative or positive scenes (ts<0.54, ps>0.59). There were no
hormone status interactions with valence category (F(2,42)=0.17, p=0.85) or habituation (F
(1,21)=2.42, p=0.14).

A secondary analysis of encoding order found that recognition differed among the six blocks
(F(5,105)=4.62, p=0.001; data not shown). Women remembered the last of the six blocks better
than all the other blocks (2nd through 5th blocks: ts>3.03, ps<0.007, uncorrected; 1st block:
t=2.08, p=0.049, uncorrected). The other blocks were not different from each other (ts<1.98,
ps>0.06). There were no effects of hormone status (F(1,21)=0.81, p=0.38) or any interaction
(F(5,105)=0.29, p=0.92).
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Correlations
Percent signal change in the amygdala did not significantly correlate with valence ratings,
arousal ratings, or recognition for any valence category in HT or NONE women; the same was
true for percent signal change in the VLPFC. Percent signal change in the VLPFC also did not
significantly correlate with percent signal change in the amygdala for any valence category in
either group of women (i.e. VLPFC activity to negative scenes vs. amygdala activity to negative
scenes, etc.). However, more VLPFC habituation was related to less amygdala habituation for
positive scenes in HT (R =-0.74, p = 0.01), but not NONE women.

Exploratory analyses: regrouping of hormone status
The pattern of statistical results was the same for HT/NONE and EVER/NEVER women for
amygdala activity, VLPFC activity, valence ratings, and recognition; however, the pattern of
results was different for arousal ratings (Supplementary Figure 4). Arousal ratings differed
across valence category (F(2,42)=33.7, p<0.001), but this was modified by a group by valence
interaction (F(2,42)=3.20, p=0.05). NEVER women rated neutral (p=0.03) and positive
(p=0.02) scenes as more arousing than did the EVER women. Covarying for age in all of these
analyses made the group by valence interaction stronger (F(2,40)=4.22, p<0.03), but did not
otherwise modify these results.

Discussion
In this study, current use of hormone therapy only had minor effects on emotion-induced brain
activity. Amygdala activation to late positive scenes differed from baseline in NONE, but not
HT women. Amygdala and VLPFC activity did not otherwise differ between groups. The
qualitative within-subjects analyses suggested that HT women activated more frontal regions
than NONE women in response to negative and positive emotion, but the between subjects
analyses found no regions that differed between groups. Additionally, current use of hormone
therapy did not influence affective ratings (valence and arousal) or memory. However, the
exploratory analysis of EVER vs. NEVER women revealed that hormone therapy may lower
arousal for positive scenes and neutral, but otherwise the pattern of brain activation and
behavioral results were the same as HT vs. NONE women. Finally, more VLPFC habituation
was related to less amygdala habituation for positive scenes in HT, but not NONE women.

The data here suggest that hormone loss or replacement does not affect emotion-induced
amygdala activity. One explanation may lie in the fact that the amygdala responded very little
to the emotional scenes in this study. Other studies (Fischer et al., 2005;Mather et al.,
2004;Tessitore et al., 2005), including our own (Roalf et al., under review), find that the
amygdala responds less to emotional stimuli in older adults than in younger adults (Tessitore
et al., 2005) or not at all (Gunning-Dixon et al., 2003;Iidaka et al., 2002). The current study
suggests that hormone therapy does not modify the lower amygdala activity found in aging, at
least in older women. This is in stark contrast to studies of younger adults, where the amygdala
does respond to emotional stimuli (Breiter et al., 1996;Hamann et al., 1999;Lane et al.,
1997;Mather et al., 2004;Morris et al., 1996) and is modified by hormone state in young women
(Goldstein et al., 2005). Additionally, in our current study, NONE women had activity in
response to late positive scenes. This could support a positivity bias in aging as others have
reported (Mather and Knight, 2005), but additional studies would be needed to verify this idea,
since our behavioral data did not show a positivity bias.

In contrast to the amygdala, the VLPFC responded to all valence categories. Older adults
activate prefrontal regions in response to negative emotion more than younger adults (Roalf et
al., under review;Tessitore et al., 2005). In the elderly, but not the young, the VLPFC
differentially responds to valence (negative > neutral or positive; Roalf et al., under review),
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but we show here that this was not affected by hormone status in older women. Our qualitative
between-subjects analyses found no frontal regions that differed between HT and NONE
women. This complements our quantitative ROI analyses, which showed no effects of hormone
status in VLPFC activation. Collectively, these results indicate that current use of hormone
therapy does not modify the age-related amplification of prefrontal activity.

Women had better recognition for negative as compared to positive scenes, but hormone
therapy did not affect recognition. The effects of hormone therapy on memory in the literature
are variable. Verbal (Kampen and Sherwin, 1994) and visual (Smith et al., 2001) memory are
enhanced in older women using long-term hormone therapy, while scene, face, and word
recognition are not affected by short-term estrogen therapy (Schiff et al., 2005). Our previous
work suggests that memory for emotional stimuli, including faces (LeBlanc et al., 2007) and
scenes (Pruis et al., 2009), is not affected by short- and long-term hormone therapy,
respectively. This would suggest that potential memory benefits of hormone therapy may only
occur for specific types of information, but not including emotional information. Alternatively,
memory benefits may be dependent on hormone therapy during the menopausal transition
(Sherwin, 2006a; Sherwin, 2006b). We do not think that that was not the case for the emotional
scenes reported here, as most HT and EVER women had used hormone therapy during
menopause, but their memory did not differ from NONE and NEVER women, respectively.
However, a study that recruits women at the appropriate time in menopause and controls
hormone therapy initiation would be needed to fully address that hypothesis.

The study design may have modified memory for negative and neutral images. The last three
blocks were shown in the reverse order as the first three blocks (see Figure 1 & methods),
which left negative images at the beginning and end of the series, leaving the possibility of
primacy and/or recency effects on memory. We found that the last block of scenes was
remembered better than all the other blocks, suggesting a recency effect for memory. This may
have affected memory for negative scenes; however, we do not think this precludes
interpretation of hormone effects, which is the focus of this study, because the recent exposure
to negative scenes did not differ between the groups. The study design also yielded consecutive
neutral blocks, leaving the possibility that doubling the number of consecutive scenes is what
allowed us to detect habituation in memory to neutral, but not negative or positive scenes.
Exploratory analyses (not shown) suggested the habituation to neutral scenes may be driven
by the habituation in the 2nd block of neutral scenes. However, this effect was marginal, and
this analysis only included half the amount of data, since each block of pictures was analyzed
separately, which lowered the power to detect significant differences.

In this study, we did not find that current use of hormone therapy affected valence or arousal
ratings, which differs from our previous report (Pruis et al., 2009). There are several differences
between the two studies. First, the negative scenes in this study had higher normative arousal
ratings than the neutral or positive scenes, in part to try to increase the likelihood of obtaining
amygdala activity. The normative arousal ratings in the previous study were the same across
valence categories (Pruis et al., 2009). Thus, it may be that potential hormone effects on arousal
in this study are overridden by the highly arousing nature of the negative stimuli. Second,
women in the previous study viewed individual scenes from each valence category in random
order, while in the present study they viewed blocks of scenes from the same valence category.
The block design was necessary to examine habituation, but may not lend itself to studying
behavioral ratings of arousal. However, our exploratory re-grouping of the women into EVER
and NEVER users did reveal effects of hormone use on arousal that were similar to our previous
study. Women without hormone therapy in the previous study and NEVER users in this study
both rated positive images as more arousing than their respective counterparts with hormones.
It may be that hormone therapy during a critical window in menopause (Sherwin, 2006b;
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Sherwin, 2006a) affect arousal later in life; however, a study designed specifically for this
purpose is needed.

There are other limitations of this study. The cross-sectional design for hormone therapy and
the small within group sample size could limit our ability to detect statistically significant
effects (Savoy, 2006). However, our sample size is comparable to other fMRI studies of aging
(Gunning-Dixon et al., 2003;Iidaka et al., 2002;Rosen et al., 2002) and emotion (Breiter et al.,
1996;Canli et al., 2000;Fischer et al., 2003;Wright et al., 2001). Additionally, our groups of
women do not allow us to distinguish any special effects of hormone therapy initiated because
of hysterectomy, or whether particular timing, doses, or durations would provide different
results. Finally, we did not include a measure of attention compliance during collection of the
fMRI data, so we cannot exclude that as a factor in our null results; however, lack of attention
would not explain our differential effect of valence in the VLPFC.

In summary, hormone therapy did not have large effects on amygdala or VLPFC activity, or
maintenance of activity in either region. Current use of hormone therapy did not affect
recognition, valence, or arousal ratings; however, having used hormone therapy in the critical
window may affect arousal.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Functional magnetic resonance imaging (fMRI) design. Subjects viewed 240 scenes in blocks
of 40 separated by 10 crosshairs. There were two blocks of each valence category. All subjects
saw the blocks in the same order. neg = negative; neu = neutral; pos = positive.
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Figure 2.
Region-of-interest % signal change. A: Amygdala % signal change did not differ between
women that currently used hormone therapy (HT) and women that did not (NONE). B:
Amygdala % signal change was marginally higher for early neutral scenes than for late neutral
scenes in HT women (p = 0.06)*. Signal change for late positive scenes in NONE women was
significantly different from zero (p = 0.02)**. First bar is early scenes; second bar is late scenes.
C: Ventrolateral prefrontal cortex (VLPFC) % signal change did not differ between HT and
NONE women. Inset: VLPFC signal change was higher for negative than for neutral or positive
scenes (ps < 0.03)***. Neutral and positive scenes did not differ from each other.
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Figure 3.
Behavioral measures. A: Valence ratings did not differ between women that currently used
hormone therapy (HT) and women that did not (NONE). Women rated negative scenes lower
than neutral, which were lower than positive (ps < 0.003)*. B: Arousal ratings did not differ
between HT and NONE women. Women rated negative scenes as more arousing than neutral
or positive (ps < 0.003)**. Ratings for neutral and positive scenes did not differ. C: (left)
Percent correct recognition did not differ between HT and NONE women. (top right) Women
correctly recognized negative scenes better than positive scenes (p = 0.05)***. Negative did
not differ from neutral after Bonferroni correction (p = 0.11); recognition for neutral and
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positive scenes did not differ. (bottom right) Women recognized more early neutral than late
neutral scenes (p = 0.05)+.
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