
 Journal of Gerontology: MEDICAL SCIENCES © The Author 2009. Published by Oxford University Press on behalf of The Gerontological Society of America.
Cite journal as: J Gerontol A Biol Sci Med Sci All rights reserved. For permissions, please e-mail: journals.permissions@oxfordjournals.org. 
 2009 Vol. 64, No. 12, 1243–1250 Advance Access published on September 3, 2009
doi:10.1093/gerona/glp128 

1243

               CONJUGATED    equine estrogen (CEE) therapy, alone or 
combined with medroxyprogesterone acetate (MPA), 

increases the risks of dementia and mild cognitive impair-
ment (MCI) in women aged 65 years or older ( 1 , 2 ); how-
ever, the neuroanatomical and neurochemical mechanisms 
underlying this effect are presently unknown. Recently, we 
reported that older women who had been prescribed CEE-
based therapies, compared with placebo, had smaller mean 
frontal lobe volumes ( p  = .004), marginally smaller mean 
hippocampal ( p  = .05) and total brain volumes ( p  = .07), and 
comparable levels of ischemic lesion volumes ( 3 , 4 ). In this 
current article, we examine whether the phenomena of in-
creased risk for cognitive impairment and decreased brain 
volumes are linked. We hypothesize that among women as-
signed to CEE-based hormone therapies, cognitive impair-
ment would be more strongly associated with reduced brain 
volumes than among women assigned to placebo therapy. 

 We    analyzed data from brain magnetic resonance imaging 
(MRI) scans that were performed on women, 1 – 4 years after 
they had participated in randomized placebo-controlled clin-
ical trials of CEE-based therapies. After covariate adjustment 
to control for other risk factors for cognitive impairment, we 
examined whether the relationships that regional and total 
brain volumes had with cognitive impairment varied between 
treatment groups. We also conducted parallel analyses for 
ischemic lesion volumes. We then examined the consistency 
of our results among women grouped by baseline level of 
cognitive function, which may moderate the adverse effects 
of CEE-based therapies on global cognitive function ( 5 ).  

 P articipants and  M ethods  
 The Women’s Health Initiative Memory Study (WHIMS), 

an ancillary study to the Women’s Health Initiative (WHI), 
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   Background.       Postmenopausal conjugated equine estrogens (CEE) therapies increase the risk of cognitive impairment 
in women aged 65 years or older and are associated with smaller regional brain volumes; however, the link between these 
two phenomena has not been established. 

   Methods.       Standardized    magnetic resonance imaging was performed on 1,403 women, 1 – 4 years after they had par-
ticipated in randomized placebo-controlled clinical trials of CEE-based therapies. Women included in this report were 
aged 65 – 80 years and free of dementia and mild cognitive impairment (MCI) when originally enrolled in the trials, which 
lasted an average of 4 – 6 years and were conducted at 14 academic U.S. medical centers. The associations that regional 
brain volumes and ischemic lesion volumes had with the development of cognitive impairment (i.e., dementia or MCI) 
were contrasted between treatment groups using analyses of covariance. 

   Results.       Fifty-three women developed MCI or probable dementia during follow-up. Among women who had been 
prescribed CEE-based therapies, cognitive impairment was associated with relatively smaller hippocampal ( p  = .0002) and 
total brain volumes ( p  = .03). Qualitatively, these associations appeared to be independent of their level of pretreatment 
cognitive function. Among women who had been prescribed placebo, these relationships were not evident; instead, cogni-
tive impairment was associated with greater ischemic lesion volume in the frontal lobe ( p  = .007) and overall ( p  = .02). 

   Conclusion.       A mechanism by which CEE-based postmenopausal hormone therapy induces cognitive impairment 
appears to be through increased brain atrophy.      

  Key Words:       Hormone therapy   —   Magnetic resonance imaging   —   Women’s health  .   
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consisted of parallel placebo-controlled randomized clini-
cal trials of 0.625 mg/day CEEs with and without 2.5 mg/
day MPA in women with a uterus or posthysterectomy ( 6 ). 
Participants were recruited from 39 clinical centers of 
the WHI CEE-alone and CEE + MPA clinical trials ( 7 , 8 ). 
They were 65 – 79 years of age and free of dementia, as 
ascertained per study protocol. Written informed consent 
was obtained; the National Institutes of Health and Institu-
tional Review Boards of participating institutions approved 
the protocols and consent forms. Baseline demographic, 
lifestyle, and clinical factors were collected via self-report 
and standardized assessments. Physical activity was com-
puted as metabolic equivalents per week. The CEE + MPA 
trial terminated earlier than planned (July 2002) due to an 
adverse risk-to-benefi t profi le ( 7 ). The CEE-alone trial also 
was terminated early (February 2004) due to an increased 
risk of stroke and lack of evidence for prevention of cardio-
vascular disease ( 8 ). 

 The WHIMS-MRI study was designed to contrast MRI 
outcomes among women who had been assigned to active 
versus placebo therapy during the WHIMS trials in 14 of its 
sites ( 9 ). Exclusion criteria included presence of pacemakers, 
other implants, foreign bodies, and other contraindications 
for MRI. None of those scanned had been classifi ed as having 
cognitive impairment at WHIMS enrollment. Their mean 
( SD ) age at scanning was 78.5 (3.7) years. On average 
(range), scans were collected 8.0 (6.5 – 10.2) and 3.0 (2.4 – 3.8) 
years after CEE + MPA trial enrollment and termination 
and 8.0 (6.5 – 10.1) and 1.4 (0.8 – 2.2) years after CEE-alone 
trial enrollment and termination.  

 Classifi cation of Cognitive Impairment and Dementia 
 Modifi ed Mini-Mental State (3MS) examinations ( 10 ) 

were administered annually to WHIMS participants by 
trained technicians who were masked to treatment and 
symptoms. Women scoring below cut-points based on 
education level proceeded to a second stage that included a 
neuropsychological battery and assessments of generalized 
anxiety, depression, and alcohol abuse ( 5 ). Experienced    
local physicians reviewed data, completed structured clini-
cal evaluations, and classifi ed women as having no demen-
tia, MCI, or probable dementia based on standard 
 Diagnostic and Statistical Manual of Mental Disorders   
criteria ( 11 ). If probable dementia was suspected, brain 
computerized tomography and laboratory blood tests were 
used to rule out possible reversible causes of cognitive 
decline and dementia. A central committee adjudicated all 
locally identifi ed probable dementia cases, a 50% random 
sample of MCI cases and a 10% random sample of no 
dementia cases to make fi nal classifi cations ( 1 ). Regardless 
of these fi ndings, annual 3MS testing continued. Our analy-
ses include all cases of cognitive impairment adjudicated as 
of January 1, 2008 that were triggered by pre-scan 3MS 
testing.   

 MRI Protocol 
 WHIMS-MRI contacted 2,345 WHIMS participants, of 

which 1,527 (65.1%) provided consent. Of these, 1,424 
(93.3%) received brain MRI scans, of which 1,403 (98.5%) 
met central reading criteria for analysis. The women who 
were scanned differed from those who were not, but these 
differences were not related to treatment assignment ( 9 ). 

 Standardized protocols were used for obtaining and pro-
cessing MRI scans and for measuring volumes ( 3 , 4 ). Series 
were acquired with fi eld of view = 22 and matrix = 256 × 
256. They included oblique axial spin density/T2-weighted 
spin echo (3200/0/30,120/3), FLAIR T2-weighted spin echo 
(8000/2000/100/3), and oblique axial 3D T1-weighted gradi-
ent echo (fl ip angle 30; 21/0/8/1.5) images from the vertex to 
skull base parallel to the anterior commissure – posterior com-
missure plane. T1-weighted volumetric MRI scans were fi rst 
preprocessed according to a standardized protocol for align-
ment, removal of extracranial material, and segmentation 
of brain parenchyma into gray matter, white matter, and ce-
rebrospinal fl uid (CSF). Regional volumetric measurements 
were obtained using an automated computer-based template 
warping method that summed the number of respective vox-
els falling within each region. Volumes of brain lesions and 
periventricular abnormal white matter were measured sepa-
rately, in parallel, using all three sets of images. Intracranial 
volume (ICV) was estimated as the total cerebral hemispheric 
volumes including ventricular CSF and the CSF within the 
sulcal spaces. The computer-assisted methodology we used 
has been validated against manual segmentation, that is, 
manual drawing of regions of interest, by an experienced 
expert neuroradiologist. Additional details on this meth-
odology and its validation appear elsewhere ( 12 ).   

 Statistical Methods 
 The distributions of times until the fi rst on-study classifi -

cation of MCI or dementia, relative to the date of the MRI 
scan, were portrayed with Kaplan – Meier plots, and treat-
ment groups were compared with a log-rank test. Because of 
their skewed distribution, log transformations (offset by 1) 
were applied to ischemic lesion volume measures; means 
and confi dence intervals were reported in the original units 
using the delta method. Analyses of covariance were used to 
compare the mean brain volumes and ischemic lesion vol-
umes between women who had and had not developed cog-
nitive impairment, after adjustment for ICV. The analyses at 
the core of this article are comparisons of these differences 
for women grouped by treatment assignment, with additional 
covariate adjustment of pretreatment characteristics to limit 
the infl uence of factors other than hormone therapy. 

 We also wished to assess whether the infl uence that hor-
mone therapy has on associations between brain volumes and 
the incidence of cognitive impairment only exists for women 
with pretreatment cognitive defi cits, as measured with 3MS 
tests. We were limited in this because the development of 
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cognitive impairment was quite rare among women who ini-
tially scored well (scores  ≥ 95) on this test, and so our analyses 
have limited power and are presented as descriptive. Brain vol-
umes were normalized by dividing with total ICV ( 13 ), ex-
pressed as a percent, and subtracted from 100%: this provided 
a measure of the CSF to ICV, for which total CSF was esti-
mated by the difference between ICV and total brain volume, 
and thus serves as a measure of lost brain volume. We exam-
ined whether the relationship that this measure had with cogni-
tive impairment and treatment assignment varied between 
women who had no evidence of pretreatment cognitive defi cits 
(3MS scores  ≥ 95) compared with those who had lower test 
scores and used plots of the cumulative distributions.    

 R esults  
 The    883 women from the CEE + MPA trial and 520 women 

from the CEE-alone trial who are described in this report in-
cluded 43 who had been classifi ed as having MCI at least 
once (20 placebo and 23 active) during follow-up and 23 who 
had been classifi ed as having probable dementia (10 placebo 
and 13 active). All told, this involved 53 women who had at 
least one classifi cation of cognitive impairment (24 placebo 
and 29 active). The time frame of the fi rst classifi cation of 
any impairment relative to the MRI scan for these 53 women 
appears in  Figure 1 , of which 21 (40%) occurred during the 
WHI trials and 32 occurred during post-trial follow-up.     

  Table 1  describes characteristics at WHI enrollment, for 
women grouped by treatment assignment and cognitive im-
pairment status. There was good balance between treatment 
groups. For example, the mean ages at enrollment for 
women assigned to active therapies was 70.6 years compared 
with 70.5 years for women assigned to placebo ( p  = .81). 
Cognitive impairment tended to occur among older women 
and for those with lower pretreatment 3MS scores (both 
 p  < .05). Fourteen women reported a prior stroke: fi ve who 
had been assigned to CEE-based therapies and nine to pla-
cebo. One woman with prior stroke, who had been assigned 

  

 Figure 1.        Incidence    of cognitive impairment in relation to the timing of the 
magnetic resonance imaging (MRI) scan.    

to CEE-based therapies, developed cognitive impairment 
during follow-up. Because these women ’ s MRI images may 
have been be affected by these pretrial events, analyses were 
conducted with and without their inclusion.     

  Table 2  examines the overall differences in MRI measures, 
comparing women who developed cognitive impairment 
during follow-up with those who did not. Those developing 
cognitive impairment had smaller total ( p  = .006) and hip-
pocampal ( p  < .0001) volumes and greater total ( p  = .001) 
and frontal lobe ( p  = .0006) ischemic lesion volumes.     

  Table 3  examines whether the differences in mean brain 
volumes and ischemic lesion volumes associated with cog-
nitive impairment varied depending on treatment assign-
ment. Covariate adjustment for the cognitive impairment 
risk factors of  Table 1  was used to limit their infl uence and 
to highlight differences related to CEE-based therapies. 
Among women who had been assigned to CEE-based ther-
apy, the development of cognitive impairment was associ-
ated with signifi cantly smaller total brain ( p  = .01) and 
hippocampal ( p  < .0001) volumes. Among women assigned 
to placebo, there were no signifi cant relationships between 
the development of cognitive impairment and brain vol-
umes: in this respect, they differed signifi cantly from women 
assigned to CEE therapies for total ( p  = .03) and hippocam-
pal ( p  = .0002) volumes. Among women who were assigned 
to placebo, development of cognitive impairment was asso-
ciated with signifi cantly greater ischemic lesion volumes in 
the frontal lobe ( p  = .007) and overall ( p  = .02). This asso-
ciation was not statistically signifi cant among women who 
had been assigned to CEE-based therapies; however; the dif-
ference between the associations in the active and placebo 
groups also did not reach statistical signifi cance ( p  = .23). 
Excluding women with a history of stroke from these analy-
ses did not materially alter the above fi ndings ( Table 4 ). We 
also found little evidence that relationships varied between 
the CEE-alone and CEE + MPA trials (data not shown).         

  Figure 2  portrays the cumulative distributions of the 
percent CSF/ICV ratio (an index of lost brain volume) for 
women grouped by treatment assignment and cognitive im-
pairment. The upper panel describes women whose 3MS 
score at WHI enrollment was 95 or more and who were 
thus measured to have high levels of pretreatment global 
cognitive function. The distribution of the index of lost brain 
volume for the eight (1.5%) placebo-assigned women who 
were classifi ed with cognitive impairment was very similar 
to the distribution of the women in either treatment group 
who were not classifi ed with cognitive impairment. How-
ever, those who were classifi ed with cognitive impairment 
after they had been assigned to CEE-based therapy ( N  = 
12; 2.3%) had a distribution of lost brain volumes that was 
markedly shifted toward higher values. The bottom panel 
describes women whose 3MS score at WHI enrollment was 
less than 95. These women tended to have smaller brain vol-
umes compared with those who had higher baseline 3MS 
scores. Again, there was little difference in the distribution 
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tion of lost brain volumes for women who had been assigned 
to CEE-based therapy ( N  = 17; 10.8%) was markedly 
shifted toward higher values. Mean CEE-related effects did 
not differ between women grouped by baseline 3MS ( p  = 
.66); however, power was quite low. Similar results were 
observed for hippocampal volumes (data not shown).       

 D iscussion  
 When the WHI was designed, CEE-based therapies were 

the most commonly prescribed postmenopausal hormone 
therapy in the United States and were increasingly pre-
scribed to older women for putative benefi ts related to 
chronic diseases ( 14 , 15 ). WHI fi ndings that 0.625 mg/day 
CEE-based therapies conveyed no cardiovascular benefi ts 
for older women and, instead, conveyed health risks have 
subsequently reduced their prescription among older 
women ( 16 ). 

of lost brain volumes between cases who had been assigned 
to placebo ( N  = 16; 9.1%) and women who were not classi-
fi ed as having cognitive impairment; however, the distribu-

 Table 1.        Selected    Dementia Risk Factors of the WHIMS-MRI Cohort at the Time of WHI Enrollment  

  Variable

No Cognitive Impairment  Cognitive Impairment   p  Values   

 HT,  N  = 664 Placebo,  N  = 686 HT,  N  = 29 Placebo,  N  = 24 HT vs Placebo Any CI vs No CI  

Age (y),  n  (%)   
     65 – 69 342 (51.5) 354 (51.6) 11 (37.9) 8 (33.3) .81 <.001 
    70 – 74 239 (36.0) 236 (34.4) 8 (27.6) 9 (37.5) 
     75+ 83 (12.5) 96 (14.0) 10 (34.5) 7 (29.2) 
 Education,  n  (%)  
     < High school 31 (4.7) 29 (4.2) 1 (3.4) 2 (8.3) .97 .78 
     High school/GED 149 (22.5) 160 (23.4) 8 (27.6) 7 (29.2) 
     > High school < 4 y college 263 (39.7) 275 (40.2) 11 (37.9) 8 (33.3) 
     > 4 y college 219 (33.1) 220 (32.2) 9 (31.0) 7 (29.2) 
 Hypertension status,  n  (%)  
     No 345 (52.0) 366 (52.3) 11 (37.9) 13 (54.2) .45 .29 
     Yes 319 (48.0) 320 (46.6) 18 (62.1) 11 (45.8) 
 Prior CVD  
     None 623 (93.8) 642 (93.6) 26 (89.7) 22 (91.7) .56 .33  †   
     Stroke 4 (0.6) 9 (1.3) 1 (3.4) 0 (0.0) 
     Other CVD * 37 (5.6) 35 (5.1) 2 (6.9) 2 (8.3) 
 Diabetes,  n  (%)  
     No 635 (95.6) 645 (94.0) 26 (89.7) 22 (91.7) .23 .18 
     Yes 29 (4.4) 41 (6.0) 3 (10.3) 2 (8.3) 
 Smoking status,  n  (%)  
     Never 387 (59.0) 391 (57.7) 19 (59.4) 9 (36.0) .67 .45 
     Former 243 (37.0) 256 (37.8) 12 (37.5) 15 (60.0) 
     Current 26 (4.0) 31 (4.6) 1 (3.1) 1 (4.0) 
 METs/wk,  n  (%)  
      ≤ 3.5 217 (32.7) 219 (31.9) 4 (13.8) 14 (58.3) .90 .12 
     3.6 – 12.5 223 (33.6) 228 (33.2) 9 (31.0) 2 (8.3) 
     >12.6 224 (33.7) 239 (34.8) 16 (55.2) 8 (33.3) 
 Prior hormone therapy,  n  (%)  
     No 453 (68.2) 461 (67.2) 18 (62.1) 12 (50.0) .59 .09 
     Yes 211 (31.8) 225 (32.8) 11 (37.9) 12 (50.0) 
 3MS score,  n  (%)  
     <90 31 (4.7) 30 (4.4) 11 (37.9) 8 (33.3) .36 <.001 
     90 – 94 110 (16.6) 130 (19.2) 6 (20.7) 8 (33.3) 
     95 – 100 520 (78.7) 518 (76.4) 12 (41.4) 8 (33.3)  

    Notes:  CABG =  coronary artery bypass graft; CI = confi dence interval; CVD = cardiovascular disease; GED = General Educational Development test; METs =  
metabolic equivalent; MI = myocardial infarction; PCTA = percutaneous transluminal coronary angioplasty; WHIMS-MRI = Women ’ s Health Initiative Memory 
Study-Magnetic Resonance Imaging; WHI = Women ’ s Health Initiative.  

  *       Other CVD defi ned as MI, angina, PCTA, or CABG.  
   †        Fisher ’ s exact test.   

 Table 2.        Fitted Mean Brain Volumes and Ischemic Lesion Volumes, 
With Adjustment for Total Intracranial Volume, for Women Grouped 

by Incidence of Cognitive Impairment  

  

No Cognitive 
Impairment, 

 M  ( SE )

Cognitive 
Impairment, 

 M  ( SE )
Difference, 

 M  ( SE )  p  Value  

  Volume (cm 3 )  
     Total brain 800.75 (1.05) 782.14 (5.20)  − 18.61 (5.30) .006 
     Frontal lobe 284.04 (0.44) 280.78 (2.23)  − 3.26 (2.27) .15 
     Hippocampus 5.78 (0.03) 4.74 (0.14)  − 1.04 (0.14) <.0001 
 Ischemic lesion 
 volume (cm 3 )

 

     Total brain 4.977 (0.150) 8.150 (1.159) 3.173 (1.169) .001 
     Frontal lobe 2.047 (0.062) 3.366 (0.450) 1.319 (0.454) .0006 
     Hippocampus 0.054 (0.001) 0.073 (0.004) 0.019 (0.004) .65  
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 The WHI also found that CEE-based therapies increased 
risk for stroke (in particular, ischemic stroke) by about 
40% and that this risk appeared to be enhanced for women 
older than 60 years ( 15 ). Because of this, WHIMS-MRI 
was designed with the expectation that women who had 
been assigned to CEE-based therapies during the WHI 
would have increased levels of subclinical ischemic lesion 
burdens. Even though the scans were performed up to 4 
years after the conclusion of the WHI trials, the enrolled 
women continued to exhibit treatment-attributable mean 
defi cits in cognitive function that were of similar magni-
tudes to those observed at the conclusion of the trials ( 3 ) 
and differences in the numbers of cases of cognitive impair-
ment between arms continued ( Figure 1 ); these fi ndings 
suggest that the cognitive defi cits induced by CEE-based 
therapy remained after cessation of its use and could be 
studied by MRI. Only minor CEE-related differences were 
found in mean levels of ischemic lesion volumes; however, 
assignment to active therapy was associated with signifi -
cant mean decrements in frontal lobe brain volumes and 
borderline signifi cant decrements in total brain and hip-
pocampal volumes ( 3 , 4 ). 

 We report that several of the MRI measures had strong over-
all associations with the development of cognitive impair-
ment: these included smaller total and hippocampal volumes 

and greater total and frontal lobe ischemic lesion volumes. Of 
great interest is that some associations varied depending on 
treatment assignment: Women who had been assigned to CEE-
based therapy and who developed cognitive impairment pre-
sented a different MRI profi le than those assigned to placebo. 
These women had signifi cantly smaller total and hippocampal 
volumes. Women who had been assigned to placebo did not 
express such associations: Among these women, cognitive im-
pairment was associated with greater ischemic lesion volumes 
in the frontal lobe and overall. It thus appears that the increased 
development of cognitive impairment resulting from exposure 
to CEE-based therapies results from an increased rate of brain 
atrophy, overall and perhaps more critically in the hippocam-
pus. Our results are drawn from women aged 65 years or older; 
it is unknown whether they extend to younger women using 
CEE-based therapies. 

 WHIMS investigators examined the consistency of the 
adverse effects of CEE-based therapies on many subgroups 
(including all listed in  Table 1 ) but found only one factor that 
consistently appeared to have infl uence: women who scored 
relatively higher on the 3MS test at baseline had smaller 
mean treatment-related decrements in cognitive function 
( 5 ). Only few of the women with baseline 3MS scores of 
95 or more developed cognitive impairment, although the 
treatment-related hazard ratio (95% confi dence interval) for 

 Table 3.        Differences    in Adjusted Mean Brain Volumes and Ischemic 
Lesion Volumes Between Women With and Without Incident 

Cognitive Impairment by Treatment Assignment: All    Women With 
Adjustment for Cognitive Impairment Risk Factors Listed in  Table 1   

  Region

No Cognitive 
Impairment, 

 M  ( SE )

Cognitive 
Impairment, 

 M  ( SE )
Difference, 

 M  ( SE )  p  Value  

  Brain volume (cm 3 ) 
     Total brain  
         Hormone therapy 799.11 (1.33) 781.78 (6.58)  − 17.33 (6.71) .01 
         Placebo 801.58 (1.31) 804.94 (7.29) 3.36 (7.41) .65 

  p  = .03 
     Frontal lobe  
         Hormone therapy 282.80 (0.59) 280.87 (2.88)  − 1.93 (2.94) .51 
         Placebo 285.01 (0.58) 287.41 (3.22) 2.40 (3.27) .46 

  p  = .32 
     Hippocampus  
        Hormone therapy 5.75 (0.04) 4.40 (0.18)  − 1.35 (0.18) <.0001 
   Placebo 5.80 (0.04) 5.43 (0.20)  − 0.37 (0.20) .06 

  p  = .0002 
 Ischemic lesion volume (cm 3 ) 
     Total brain  
        Hormone therapy 5.143 (0.210) 6.648 (1.280) 1.505 (1.297) .20 
         Placebo 4.868 (0.198) 8.029 (1.689) 3.161 (1.701) .02 

  p  = .39 
     Frontal lobe  
        Hormone therapy 2.102 (0.087) 2.697 (0.506) 0.595 (0.513) .21 
         Placebo 2.011 (0.083) 3.576 (0.700) 1.565 (0.705) .007 

  p  = .23 
     Hippocampus  
        Hormone therapy 0.004 (0.001) 0.006 (0.005) 0.002 (0.005) .74 
         Placebo 0.007 (0.001) 0.011 (0.006) 0.004 (0.006) .55 

  p  = .82  

 Table 4.        Differences in Adjusted Mean Brain Volumes and Ischemic 
Lesion Volumes Between Women With and Without Incident 

Cognitive Impairment by Treatment Assignment: Women With no 
Prior History of Stroke With Adjustment for Cognitive Impairment 

Risk Factors Listed in  Table 1   

  Region

No Cognitive 
Impairment, 

 M  ( SE )

Cognitive 
Impairment, 

 M  ( SE )
Difference, 

 M  ( SE )  p  Value  

  Brain volume (cm 3 ) 
     Total brain  
        Hormone therapy 799.77 (1.34) 783.04 (6.63)  − 16.73 (6.76) .01 
         Placebo 802.10 (1.32) 805.48 (7.30) 3.38 (7.41) .65 

  p  = .04 
     Frontal lobe  
        Hormone therapy 283.08 (0.59) 281.30 (2.93)  − 1.78 (2.99) .55 
         Placebo 285.21 (0.59) 287.64 (3.23) 2.43 (3.28) .46 

  p  = .33 
     Hippocampus  
        Hormone therapy 5.75 (0.04) 4.37 (0.18)  − 1.38 (0.18) <.0001 
         Placebo 5.81 (0.04) 5.44 (0.20)  − 0.37 (0.20) .07 

  p  = .0001 
 Ischemic lesion volume (cm 3 ) 
     Total brain  
        Hormone therapy 5.173 (0.210) 6.432 (1.259) 1.259 (1.276) .28 
         Placebo 4.854 (0.198) 7.996 (1.680) 3.142 (1.692) .02 

  p  = .33 
     Frontal lobe  
        Hormone therapy 2.115 (0.087) 2.643 (0.504) 0.528 (0.511) .27 
         Placebo 1.999 (0.083) 3.558 (0.695) 1.599 (0.700) .007 

  p  = .20 
     Hippocampus  
        Hormone therapy 0.004 (0.001) 0.006 (0.005) 0.002 (0.005) .73 
         Placebo 0.007 (0.001) 0.011 (0.006) 0.004 (0.006) .53 

  p  = .81  
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( 17 ), whereas long-term exposure suppresses neurogenesis 
( 18 ). WHIMS-MRI participants assigned to CEE-based 
therapies tended to be exposed long term, which theoreti-
cally may have suppressed neurogenesis. The neurotrophic, 
neuromodulatory, and neuroprotective effects of estrogen 
on hippocampal neurons appear to be both dependent on, as 
well as independent of, nuclear estrogen receptors ( 19 ) and 
require an optimal microenvironment of other important 
mediators including serotonin ( 20 ), adrenal steroids ( 21 ), 
brain-derived neurotrophic factor, and nerve growth factor 
( 22 ). Assessing the content of the hippocampal microenvi-
ronment is beyond the scope of the WHIMS-MRI. Further-
more, the clinical relevance of neurogenesis to hippocampal 
volume is unknown, as this process slows considerably in 
aging animals and is likely to follow the same pattern in 
aging humans ( 23 ). 

 How is the fi nding of  decreased  hippocampal volume 
among women randomized to CEE-based therapy reconciled 
with earlier reports of  increased  hippocampal volume ( 24 )? 
The latter may seem more intuitive given the myriad  “ neuro-
protective ”  effects of estrogen in vitro and in animal studies 
( 19 ). However, the large sample size of WHIMS-MRI and its 
randomized controlled design provide a particularly robust 
setting in which to address the role of estrogen in brain vol-
ume and cognitive impairment, in contrast to observational 
studies. There are several important aspects of the present 
study that may explain differing results. WHIMS-MRI 
participants were older than those in several other studies. 
Most (67%) had no prior exposure to hormone therapy ( 3 ). 
This raises the question of the so-called  “ window of oppor-
tunity effect ”  for estrogen therapy ( 24 ), a concept that has 
been used to explain benefi cial cognitive effects of estrogen 
in certain subgroups, particularly younger women receiving 
estrogen therapy soon after surgical menopause ( 25 ). 
WHIMS-MRI was not designed to address this question, and 
the results of the current study may not generalize to such 
populations. There may also be a possible  “ threshold ”  effect 
in which women taking estrogen for fewer than  ~ 10 years 
have been shown to fare better cognitively than those ex-
posed longer term ( 26 , 27 ). However, WHI participants were 
exposed to study-prescribed CEE-based therapies for fewer 
than 10 years, and no association between prior exposure 
and regional brain volumes was detected ( 3 ). 

 Another possible explanation for these results is that 
exposure to exogenous estrogens beyond the  “ window ”  
following menopause may accelerate the negative effects of 
aging and hypertension on hippocampal atrophy and cogni-
tive decline. For example, prolonged hypoestrogenicity 
leads to a loss of estrogen sensitivity and reintroduction of 
estrogens has detrimental rather than benefi cial effects ( 22 ). 
Hypertension is also associated with cognitive decline and 
hippocampal and whole-brain atrophy ( 28 , 29 ). Whole-brain 
atrophy and white matter ischemic lesions may be early in-
dications of cognitive decline and hippocampal atrophy 
may be a late sign ( 30 ). Therefore, it is possible that chronic 

incident dementia among these women appeared to be 
elevated: 4.04 (0.86 – 19.04) for CEE-alone and 2.82 (1.18 –
 6.70) for CEE + MPA ( 2 ). The cases that emerged among 
women assigned to hormone therapy appeared to be associ-
ated with a treatment-related decrease in brain volume that 
qualitatively resembled the pattern seen for women with 
lower pretreatment levels of cognitive function. The limited 
number of these cases prevents us from developing strong 
conclusions, but our data open the possibility that CEE 
forms of hormone therapy may occasionally convey risks 
even among older women who score highly on tests of cog-
nitive function. 

 The mechanisms whereby CEE-based therapies lead to 
decreased hippocampal volume are not well understood but 
may be related to an unfavorable balance of neurogenesis 
and apoptosis. Animal data demonstrate that short-term 
estrogen exposure stimulates neurogenesis (granule cell 
proliferation and survival) of the hippocampal dentate gyrus 

 

 

 

 

 Figure 2.        Cumulative    distribution of an index of lost brain volume — percent 
cerebrospinal fl uid/intracranial volume (CSF/ICV) ratio — for women grouped 
by treatment assignment (conjugated equine estrogens [CEE] or placebo) and 
by whether they were classifi ed with cognitive impairment (Imp or No Imp). 
The CSF/ICV ratios for women who developed cognitive impairment after 
assignment to CEE-based therapies tended to be shifted to refl ect greater levels 
of lost brain volumes both for women whose baseline cognitive function was 
high (top panel) or lower (bottom panel). 3MS, Modifi ed Mini-Mental State 
examinations.    
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estrogen exposure following a prolonged period of hypoe-
strogenicity in a woman with poor brain reserve and vascular 
risks such as hypertension contributes to hippocampal atro-
phy through a loss of neuroprotective mechanisms, leading to 
reduced hippocampal volumes and cognitive decline. It is 
also possible that the components of CEE, which include 
many active equine-specifi c estrogens, may affect brain func-
tion differently than endogenous estrogens ( 31 , 32 ). 

 One    limitation of this study is that APOE genotype is un-
known. The APOE-4 genotype not only increases the risk for 
Alzheimer ’ s disease but also modifi es the anti-infl ammatory 
effect of estrogens ( 33 ) and may explain the subset of 
women who were at increased risk of cognitive impairment 
or probable dementia. Another is that the volunteers for a 
clinical trial and an imaging study do not closely represent 
the population of elderly women at large. The women en-
rolled in WHIMS-MRI tended to be younger, more highly 
educated, healthier, and have better cognition than other 
WHIMS women ( 9 ). The incidence rates of cognitive im-
pairment seen in WHIMS-MRI women is lower than those 
in more general populations (e.g.,  34 ) so that our fi ndings 
are based on a limited number of cases. 

 The WHI results have led to a marked decline in the use 
of postmenopausal hormone therapy in women of all ages, 
and its use is currently recommended only short term in 
women with menopausal symptoms that interfere with qual-
ity of life. The prevalence of moderate or severe vasomotor 
symptoms in women in the age group who were enrolled in 
WHIMS is relatively low (10% – 15% of 60- to 69-year-old 
women and 5% – 10% of 70- to 79-year-old women) ( 15 ), 
but these women may use hormone therapy over prolonged 
periods. The WHIMS and WHIMS-MRI study results sug-
gest that women with 3MS scores less than 95 may be at 
particular risk for CEE-related atrophy and deterioration 
in cognitive function. However, the relatively rare develop-
ment of cognitive impairment among women with initially 
good test scores may be facilitated by accelerated atrophy 
linked to CEE therapy.   
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