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Increased risk of cognitive impairment

or dementia in women who underwent
oophorectomy before menopause

e [

ABSTRACT

Objective: There is increasing laboratory evidence for a neuroprotective effect of estrogen; how-
ever, the clinical and epidemiologic evidence remains limited and conflicting. We studied the asso-
ciation of oophorectomy performed before the onset of menopause with the risk of subsequent
cognitive impairment or dementia.

Methods: We included all women who underwent unilateral or bilateral oophorectomy before the
onset of menopause for a non-cancer indication while residing in Olmsted County, MN, from 1950
through 1987. Each member of the oophorectomy cohort was matched by age to a referent
woman from the same population who had not undergone oophorectomy. In total, we studied 813
women with unilateral oophorectomy, 676 women with bilateral oophorectomy, and 1,472 refer-
ent women. Women were followed through death or end of study using either direct or proxy
interviews.

Results: Women who underwent either unilateral or bilateral oophorectomy before the onset of
menopause had an increased risk of cognitive impairment or dementia compared to referent
women (hazard ratio [HR] = 1.46; 95% Cl 1.13 to 1.90; adjusted for education, type of interview,
and history of depression). The risk increased with younger age at oophorectomy (test for linear
trend; adjusted p < 0.0001). These associations were similar regardless of the indication for the
oophorectomy, and for women who underwent unilateral or bilateral oophorectomy considered
separately.

Conclusions: Both unilateral and bilateral oophorectomy preceding the onset of menopause are
associated with an increased risk of cognitive impairment or dementia. The effect is age-
dependent and suggests a critical age window for neuroprotection. Neurology® 2007;69:107 4~
1083

GLOSSARY

AD = Alzheimer disease; ADL = activities of daily living; HR = hazard ratio; TICS-m = Telephone Interview for Cognitive
Status-modified; WHI = Women's Health Initiative.

An association between estrogen and cognitive impairment or dementia is biologically
plausible, and several mechanisms of action have been postulated in laboratory research:
1) estrogen improves synapse formation on dendritic spines in hippocampi of oophorec-
tomized rats'?; 2) estrogen may improve cerebral blood flow and glucose metabolism,
and it may act as an antioxidant'3; 3) estrogen increases choline acetyltransferase activity
in the basal forebrains and hippocampi of oophorectomized rats®*; 4) estrogen reduces
the deposition of B-amyloid in the brain, whereas progesterone has the opposite effect**;
5) estrogen prevents B-amyloid 1-42 from inducing a rise in intracellular calcium and
from causing mitochondrial damage.”® In addition, three meta-analyses showed a 20% to
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40% reduction in risk of Alzheimer disease
(AD) for women who used estrogen treat-
ment after menopause.”!!

These laboratory and clinical findings
are in apparent conflict with findings from
the Women’s Health Initiative (WHI) clini-
cal trials that showed an increased rather
than a decreased risk of dementia or mild
cognitive impairment in women treated by
either estrogen alone or estrogen plus pro-
gestin at age 65 years or later.'>" However,
these conflicting findings may be explained
by an age-dependent effect of estrogen on
the brain as hypothesized by several
investigators.®'®" In particular, estrogen
may have a protective effect on the brain if
given to women who underwent oophorec-
tomy before reaching natural menopause
or if given in the perimenopausal and early
postmenopausal years to women with nat-
ural menopause. By contrast, estrogen may
have deleterious effects on the brain if
started many years after the onset of natu-
ral menopause. Therefore, there may be a
critical age window for neuroprotection.?
The same age-dependent effect of estrogen
was observed for overall mortality?! and
for cardiovascular diseases.?? Thus, we
studied the risk of cognitive impairment or
dementia in a population-based sample of
women with and without oophorectomy
who were enrolled in the Mayo Clinic Co-
hort Study of Oophorectomy and Aging.?!

METHODS Study sample. The Mayo Clinic Cohort
Study of Oophorectomy and Aging included women who
underwent unilateral or bilateral oophorectomy and a group
of women who did not undergo oophorectomy (referent co-
hort). Both groups were followed using the same methods.
All study procedures were approved by the institutional re-
view boards of the Mayo Clinic and of Olmsted Medical
Center. All women who were examined as part of the study
signed an informed consent form.?!

During the 38-year period from 1950 through 1987, 1,433
women residing in Olmsted County, MN, had a unilateral
oophorectomy, and 1,824 underwent a bilateral oophorec-
tomy (including 110 who had a second unilateral oophorec-
tomy). Oophorectomy was defined as complete removal of
the ovary. Further details about the oophorectomy cohort
were reported elsewhere.?” The indication for oophorec-
tomy as defined by the gynecologist at the time of surgery
was abstracted from the medical records by trained study
nurses. Women from the original cohort were included in the
current study if they were born before 1962 (i.c., were at least
40 years old by January 1, 2002), and had their oophorec-

from www.ne.irolo
, INg,

nautno

, linic Libraries of
orgat'\f|1ay(r)i.:C:értljﬁcr%;'-prro%r i

tomy before the onset of menopause (or before age 56 years
if age at menopause was unknown). In addition, we ex-
cluded women who underwent oophorectomy for ovarian
cancer or as treatment for another estrogen-related malig-
nancy (usually breast cancer) because they were at high risk
of death shortly after the surgery.

Potential referent women were identified from a list of
residents provided by the records-linkage system of the
Rochester Epidemiology Project.” This list has been shown
to be complete by comparison with a random digit dialing
telephone sample and with census enumerations.” For each
woman in the oophorectomy cohort, we defined the year of
the surgical procedure as the index year, and we selected (via
simple random sampling) one woman from the complete
Olmsted County population with the same year of birth,
who had survived without oophorectomy to the index year.
All women in the population who met these criteria were
considered eligible irrespective of any possible diseases or

risk factors (population-based referent sample).

Follow-up procedures. Both cohorts were followed via
telephone interview by one of six trained research assistants
who were kept uninformed of the oophorectomy or referent
status of the women. We administered the Telephone Inter-
view for Cognitive Status-modified (TICS-m; 12 items; max-
imum score = 50 points) to all living women who could be
interviewed.>” Women who died before the study or were
incapacitated (e.g., deaf, cognitively impaired, or terminally
ill) were assessed by interviewing a proxy informant and us-
ing a brief dementia questionnaire (eight questions). We ini-
tially identified a contact person from the records-linkage
system or from other sources and asked him or her to judge
who would be the most knowledgeable proxy. The best
proxy was then invited to serve as the informant.

The dementia questionnaire included five questions
about memory impairment (remembering things like a short
shopping list, things to do, or events that happened recently;
finding her way, even in familiar places; recognizing family
members; remembering the exact day or year; problems with
her memory), one question about impaired activities of daily
living caused by cognitive problems (“Does/Did she need
help to dress, eat, or bathe because of confusion, poor judg-
ment, or other thinking problems?”), one question about
prior diagnosis of dementia or senility, and one question
about prior diagnosis of AD. These eight questions were de-
rived from an existing more detailed dementia question-
naire, but were modified and adapted for our study.”® The
direct and proxy interviews were mutually exclusive.

Women were considered affected by cognitive impair-
ment or dementia if they met one of the following three cri-
teria: 1) they scored =27 on the TICS-m at direct interview;
2) a proxy respondent reported a previous diagnosis of de-
mentia, senility, or AD; 3) a proxy respondent reported im-
pairment in activities of daily living (dressing, eating, or
bathing) caused by cognitive problems. Consistent with
these three criteria, age at onset was defined as the age at
administration of the TICS-m (direct contact only), age at
onset of dementia reported by a proxy, or age at onset of
impairment in activities of daily living reported by a proxy.
Whenever the proxy was unable to report an age at onset of
cognitive decline or dementia, we used either age at death or
age at the time of interview (carry forward imputation).

Validity. We investigated the validity of the brief dementia
questionnaire using data from a previous study conducted in
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Figure 1

Flowchart of study cohorts

1,293 women with
unilateral cophorectomy

1,097 women with
bilateral oophorectomy”

2,390 referent women

480 not interviewed

—]

4

421 not interviewed

[+ 918 not interviewed [+

813 interviewed

190 proxy interviews
32 dementia
10 impaired ADL

676 interviewed

1,472 interviewed

60 new oophorectomyt

232 proxy interviews
32 dementia
10 impaired ADL

20 unilateral ]
40 bilateral
418 proxy interviews
[ 45 dementia +—

14 impaired ADL

623 direct interviews
34 TICS-m score s 27

444 direct interviews
32 TICS-m score = 27

994 direct interviews
39 TICS-m score < 27

*Menopause due to the oophorectomy in 843 women; oophorectomy within 2 years after menopause in 96 women (arbitrary
cut-off chosen to include the perimenopausal period); and age at menopause unknown in 158 women, but oophorectomy done
before age 56 years. *A total of 57 women were included in the referent cohort before oophorectomy and in the respective
oophorectomy subcohort after the surgery. An additional three women underwent bilateral oophorectomy for a cancer indica-
tion and were censored at the time of oophorectomy. ADL = activities of daily living; TICS-m = Telephone Interview for

Cognitive Status-modified.

the same Olmsted County population.”” As part of that
study, we were able to compare 265 proxy administrations
of the dementia questionnaire via telephone with the inde-
pendent documentation of dementia in medical records of
the records-linkage system. Medical records were considered
an adequate standard for comparison only when the person
had been in contact with the system within 3 years of the
time of interview or within 3 years of death. The brief de-
mentia questionnaire had 73.3% sensitivity and 85.6% spec-
ificity for AD and 44.6% sensitivity and 92.2% specificity for
all types of dementia. The sensitivity for all types of demen-
tia was increased somewhat by also including women for
whom the proxy informant reported a positive response to
three or more out of five memory questions (sensitivity =
48.7%).

In addition, for 845 women assessed via proxy in this
study, we studied the internal consistency of the brief demen-
tia questionnaire. The agreement between the two questions
about prior diagnoses and the question about impaired ac-
tivities of daily living was 89.8% (kappa = 0.51;95% CI10.42
to 0.60). More importantly, the agreement was similar for
women with oophorectomy and for referent women
(p = 0.84).

The TICS-m was previously validated by others, >
and the cut-off score of =27 was previously established.**!
In addition, we studied the convergent validity of the
TICS-m with the Mini-Mental State Examination in a sam-
ple of 397 individuals with both measures (Spearman’s corre-

lation = 0.48; p < 0.0001).*

Statistical analysis. Women were censored at the end of
the study (staggered over 2001 through 2006) or at death.
Those who could not be followed via telephone interview
were excluded. We obtained cumulative incidence curves us-
ing the Kaplan-Meier method and estimated the hazard ratio
(HR) using Cox proportional hazards models. Because these
models allowed for complete age adjustment by using age as
the time scale, all estimates of HRs used the full cohort of
referent women for comparison to increase statistical power.
The assumption of proportional hazards was assessed by
graphical methods and by introducing a time-dependent co-
efficient in the Cox models. For each analysis, we obtained un-
adjusted HRs and HRs adjusted by education (four classes: <9;
9 to 12513 to 16; >16 years of school),* history of depression at
index year (ever vs never), and type of interview (direct vs
proxy) to prevent possible confounding effects.

Analyses were conducted overall for any oophorectomy,
for the unilateral and bilateral oophorectomy subcohorts
separately, and in strata defined by surgical indication and
by age at surgery (in tertiles). Because the age at surgery was
younger for women who underwent unilateral oophorec-
tomy compared with women who underwent bilateral oo-
phorectomy, the tertile cut-offs were different for the two
subcohorts. In addition, because the majority of women who
underwent bilateral oophorectomy were prescribed estrogen
treatment, we also conducted analyses stratified by age at the
start of estrogen deficiency (age at end of estrogen treatment
after the oophorectomys; in tertiles). Information about es-

trogen treatment was abstracted from the inpatient and out-
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Table 1

Documentation of the diagnosis of cognitive impairment or dementia among women who underwent

oophorectomy and among referent women in Olmsted County, MN

Women with cognitive

Cohort impairment or dementia
Any oophorectomy 150
Unilateral oophorectomy 76
Bilateral oophorectomy 74
Referent women 98
Total 248

Proxy interview

Direct interview, Dementia, senility, Impairment in

TICS-m, n (%) or AD, n (%) ADL, n (%)
66 (44.0) 64 (42.7) 20(13.3)
34 (44.7) 32(42.1) 10 (13.2)
32(43.2) 32(43.2) 10(13.5)
39(39.8) 45 (45.9) 14 (14.3)

105 (42.3) 109 (44.0) 34(13.7)

TICS-m = Telephone Interview for Cognitive Status-modified; AD = Alzheimer disease; ADL = activities of daily living.

patient medical records in the records-linkage system.** All
analyses were done using SAS version 8.2, and statistical

tests were performed at the two-tailed alpha level of 0.05.

RESULTS Figure 1 shows detailed flowcharts for
the three subcohorts. We recruited 1,293 women
with unilateral oophorectomy but were unable to
interview 480 of them. Among the remaining 813
(62.9%) women included in the study, 602
(74.0%) oophorectomies were performed because
of a benign ovarian condition (cyst 196; endome-
triosis 128; benign tumor 105; inflammation 68;
other rare conditions 105), whereas 211 (26.0%)
oophorectomies had no specified indication (no
recognized benign ovarian condition). A total of
541 (66.5%) oophorectomies were in conjunction
with hysterectomy, and 28 (3.4%) women had
undergone hysterectomy prior to the removal of
the ovary. Altogether, these women were fol-
lowed for a median of 29.2 years (range = 63 days
to 53.8 years). A total of 623 (76.6%) women were
interviewed directly (alive); 178 (21.9%) were in-
terviewed via proxy because they had died; and 12
(1.5%) were interviewed via proxy but were still
alive (total proxy interviews = 190). A total of 76
women developed cognitive impairment or de-
mentia (table 1).

We recruited 1,097 women with bilateral oo-
phorectomy but were unable to interview 421 of
them. Among the remaining 676 (61.6%) women
included in the study, 339 (50.1%) oophorecto-
mies were performed because of a benign ovarian
condition (cyst 86; endometriosis 138; benign tu-
mor 48; inflammation 31; other rare conditions
36), whereas 337 (49.9%) oophorectomies were
prophylactic. A total of 637 (94.2%) oophorecto-
mies were in conjunction with hysterectomy, and
22 (3.3%) women had undergone hysterectomy
prior to the removal of their ovaries. Altogether,
these women were followed for a median of 25.1
years (range = 4 days to 53.8 years). A total of 444
(65.7%) women were interviewed directly; 226
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(33.4%) were interviewed via proxy because they
had died; and 6 (0.9%) were interviewed via
proxy but were still alive (total proxy inter-
views = 232). A total of 74 women in this group
developed cognitive impairment or dementia
(table 1).

Finally, we recruited 2,390 referent women
who did not undergo an oophorectomy through
the index year. We were unable to interview 918
of them. Of the remaining 1,472 (61.6%) women
included in the study, 60 had a subsequent oopho-
rectomy from 1950 through 1987. Fifty-seven of
these 60 women were included in the referent co-
hort before oophorectomy and in the respective
oophorectomy subcohort after the surgery. The
remaining three referent women underwent bilat-
eral oophorectomy for a cancer indication and
were included only in the referent cohort (cen-
sored at the time of oophorectomy). Altogether,
referent women were followed for a median of
165 days to 53.6 years). A
total of 994 (70.4%) women were interviewed di-

26.5 years (range =

rectly; 398 (28.2%) were interviewed via proxy
because they had died; and 20 (1.4%) were inter-
viewed via proxy but were still alive (total proxy
interviews = 418). A total of 98 women developed
cognitive impairment or dementia (table 1).

Table 2 shows analyses combining women
who had either unilateral or bilateral oophorec-
tomy compared with the referent cohort. Overall,
women who underwent any oophorectomy expe-
rienced an increased risk of cognitive impairment
or dementia compared to referent women (figure
2). In strata by age, there was a trend of increasing
risk with younger age at the time of surgery (test
for linear trend in the adjusted log HR; p <
0.0001). The indication for surgery did not mod-
ify the association.

Table 3 shows analyses comparing women
who had unilateral oophorectomy with the refer-
ent cohort. Overall, we observed an increased risk
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Table 2 Cohort analyses for women who underwent either unilateral or bilateral oophorectomy and for referent
women in Olmsted County, MN

Women with
cognitive Unadjusted Adjusted
Women Follow-up impairment  hazard ratio hazard ratio
Cohort or stratum atrisk (person-years) ordementia (95% CI)* p (95% CI)* P
Overall
Referent women 1,472 39,044 98 1.0 (ref) — 1.0 (ref) —
Any oophorectomy 1,489 40,736 150 1.45(1.12-1.87) 0.005 1.46(1.13-1.90) 0.005

Age at surgery, y*

T1(<38) 529 15,713 28 2.79(1.81-4.31) <0.0001 2.89(1.86-4.48) <0.0001
T2 (38-45) 432 11,909 43 1.57(1.09-2.25) 0.01 1.54(1.06-2.23) 0.02
T3 (>45) 528 13,114 79 1.19(0.88-1.61) 0.25 1.22(0.90-1.65) 0.21
T1 +T2(=45) 961 27,622 71 1.88(1.38-2.56) <0.0001 1.88(1.37-2.58) 0.0001

Indication for surgery8

Benign conditions 941 26,867 86 1.47(1.10-1.97) 0009 1.46(1.08-1.96) 001

No specified indication" 548 13,869 64 1.42(1.03-1.94) 0.03 1.47(1.06-2.02) 0.02

Analyses including a broader definition of cognitive impairment'
Referent women 1,472 38,916 117 1.0 (ref) — 1.0 (ref.) —

Any oophorectomy 1,489 40,606 167 1.35(1.06-1.71) 0.01 1.34(1.05-1.71) 0.02
*Hazard ratios estimated using Cox regression models not including possible confounding variables. These estimates are
adjusted only by age (used as the time scale).

*Hazard ratios estimated using Cox regression models including education (<9; 9-12; 13-16; >16 years), history of depres-
sion (ever vs never), and type of interview (direct vs proxy). These analyses excluded the 52 women (29 referent and 23
oophorectomy) for whom years of education was unknown. Overall analyses stratified by education yielded an HR = 1.60
(95% Cl 1.13 to 2.25) for =12 years of education and 1.32 (95% Cl 0.88 to 1.99) for >12 years of education (difference
p=0.49).

#T1, T2, and T3 indicate the first, second, and third tertiles. A test for linear trend of the log HRs was significant (unadjusted

Copyright © by

p < 0.0001; adjusted p < 0.0001).

8A formal test for interaction was not significant (unadjusted p = 0.82; adjusted p = 0.97).
9Prophylactic bilateral oophorectomy or unilateral oophorectomy with no specified indication and performed in the course of

other surgery (usually hysterectomy).

'Adding those women for whom the proxy respondent reported three or more out of five memory questions.

of cognitive impairment or dementia (figure 2). In
strata by age, there was a trend of increasing risk
with younger age at the time of surgery (test for
linear trend in the adjusted log HR; p < 0.0001).
Neither the indication for the surgery nor concur-
rent hysterectomy modified the association.
Table 4 shows analyses comparing women
who had bilateral oophorectomy with the refer-
ent cohort. Overall, the risk of cognitive impair-
ment or dementia was not significantly increased
(figure 2); however, it was significantly increased
for oophorectomies performed before age 49
years (combined first and second tertiles), and
there was a trend of increasing risk with younger
age at the time of the surgery (test for linear trend
in the adjusted log HR; p = 0.01). Interestingly,
the increased risk was restricted to the stratum of
women who underwent oophorectomy before age
49 years and were not given estrogen until at least
age 50 years (the approximate median age at nat-
ural menopause). Similarly, analyses by age at es-
trogen deficiency (i.e., age at end of estrogen

treatment after the oophorectomy, if any) showed
a trend of increasing risk with younger age (test
for linear trend in the adjusted log HR; p = 0.01).
The indication for the surgery did not modify the
association.

To investigate the possible bias caused by a selec-
tive nonparticipation in the follow-up, we com-
pared the distribution of baseline characteristics in
women included (interviewed) and excluded from
the analyses (not interviewed). In the unilateral oo-
phorectomy cohort, women interviewed and
women not interviewed had similar distributions by
age at surgery and indication, but not by concurrent
hysterectomy (70.0% vs 64.6%; p = 0.04). In the
bilateral oophorectomy cohort, women interviewed
and women not interviewed had similar distribu-
tions by age at time of surgery, indication, and con-
current hysterectomy, but not by estrogen treatment
for at least 6 months (53.1% vs 45.6%; p = 0.02). In
the referent cohort, the distribution by age at index
year was similar in women who were and were not
interviewed.
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Figure 2 Cumulative incidence of cognitive impairment or dementia in women with any oophorectomy (A),
unilateral oophorectomy (B), and bilateral oophorectomy (C) compared with referent women
A Any oophorectomy B Unilateral oophorectomy C Bilateral oophorectomy
40 © 40
= Younger oophorectomy
~ a0] meme-- Older oophorectomy
30 30
X Referent &
Q
o
3
o 2 20
Q
£
[0
=
T 10
=
£
>
o
0 T T T 0 T T T T
40 50 60 70 80 40 50 60 70 80
Age (in years) Age (in years) Age (in years)
Women at risk
‘Younger ooph. 636 869 619 290 78 497 463 295 115 22 139 405 333 168 42
Older ooph. - 328 500 337 148 - 236 260 185 86 —— 93 231 159 76
Referent 631 1,167 1,056 596 207 631 1,167 1,056 596 207 631 1,167 1,056 596 207

Younger oophorectomy = first and second tertiles combined (age =45 years for any oophorectomy, age =41 years for
unilateral oophorectomy, and age =48 years for bilateral oophorectomy). Older oophorectomy = third tertile.

DISCUSSION This study showed an increased
risk of cognitive impairment or dementia for
women who underwent either unilateral or bilat-
eral oophorectomy before the onset of meno-
pause, or for those who underwent unilateral
oophorectomy considered separately. The find-
ings for bilateral oophorectomy considered sepa-
the

oophorectomy was done before age 49 years. For

rately were significant only when
both unilateral and bilateral oophorectomy, the
association was age-dependent, and the risk in-
creased with younger age at surgery.

In this same cohort study, women who under-
went prophylactic bilateral oophorectomy before
age 45 years experienced an increased mortality
for all causes and, in particular, for neurologic
and mental disorders, as reported elsewhere.?!
Those findings suggest that our HRs for cognitive
impairment or dementia may be underestimated
if the women who died were at increased risk of
dementia (selective censoring). However, sensitiv-
ity analyses removing the 12 women who died
within 1 year of the oophorectomy or of the index
year yielded consistent findings (data not shown).

We suggest three possible mechanisms to ex-
plain the observed associations. These mecha-
nisms are not mutually exclusive and may play
different roles within individuals and across indi-
viduals. First, our findings may suggest that
oophorectomy-induced estrogen deficiency was
the initial step in a chain of causality that deter-
mined the increased risk of cognitive impairment
or dementia. In support of a neuroprotective ef-
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fect of estrogen, women who underwent bilateral
oophorectomy before age 49 years but were given
estrogen treatment until at least age 50 years had
no increased risk. In addition, the risk of cogni-
tive impairment or dementia did not vary with the
indication for the bilateral oophorectomy. Unfor-
tunately, our study did not address the possible
biologic mechanisms linking estrogen deficiency
with risk of dementia. In particular, it remains
uncertain whether the brain lesions underlying
dementia were of vascular nature, of degenerative
nature, or a combination of both. Nevertheless,
our findings for cognitive impairment or demen-
tia, combined with our findings for parkinsonism

3 suggest that the neuropro-

reported elsewhere,
tective effect of estrogen may be general and may
involve multiple mechanisms and multiple neuro-
nal populations.

The increased risk of cognitive impairment or
dementia among women who underwent unilat-
eral oophorectomy may be explained by the pre-
mature estrogen deficiency caused by the
concurrent hysterectomy (70.0% of all unilateral
oophorectomies). Hysterectomy may compro-
mise the blood supply to the remaining ovary,
leading to premature ovarian failure.>¥ We fur-
ther explored this hypothesis using data from this
study. In a random sample of 436 women (ap-
proximately 10% of all women included in our
original cohort), we collected extensive informa-
tion on estrogen treatment, and we found a signif-
icantly earlier age at initiation of estrogen
treatment in the perimenopausal period for
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Table 3 Cohort analyses for women who underwent unilateral oophorectomy and for referent women in

Olmsted County, MN

Women with
cognitive Unadjusted Adjusted
Women Follow-up impairment hazard ratio hazard ratio

Cohort or stratum atrisk (person-years) ordementia (95% CI)* P (95% CI)t P
Overall
Referent women 1,472 39,044 98 1.0 (ref.) — 1.0 (ref) —
Unilateral oophorectomy 813 23,751 76 1.63(1.20-2.20) 0.002 1.64(1.20-2.23) 0.002
Age at surgery, y*

T1(< 34) 291 8,889 14 4.03(2.23-7.29) <0.0001 4.61(2.52-8.43) <0.0001

T2(34-41) 243 6,979 13 1.27(0.71-2.28) 0.42 1.23(0.67-2.26) 0.51

T3 (>41) 279 7,883 49 1.49(1.05-2.10) 0.02 1.50(1.05-2.13) 0.03

T1 + T2 (= 41) 534 15,868 27 1.93(1.25-2.99) 0.003 1.98(1.26-3.11) 0.003

With hysterectomy8 326 9,308 18 1.79(1.07-2.99) 0.03 1.83(1.07-3.11) 0.03
Without hysterectomy 208 6,560 9 1.88(0.94-3.76) 0.08 1.85(0.92-3.72) 0.09

Indication for surgery®

Benign conditions 602 17,938 51 1.50(1.06-2.10) 0.02 1.44 (1.02-2.05) 0.04

No specified indicationl| 211 5,813 25 1.97(1.27-3.06) 0.003 2.24(1.43-3.50) 0.0004
Concurrent hysterectomy™

With hysterectomy 569 16,128 61 1.64(1.19-2.26) 0.003 1.62(1.16-2.25) 0.005

Without hysterectomy 244 7,624 15 1.57(0.91-2.71) 0.11 1.74 (1.00-3.02) 0.049

Analyses including a broader definition of cognitive impairment™

Referent women 1,472 38,916 117 1.0 (ref.) — 1.0 (ref) —

Any oophorectomy 813 23,691 84 1.48(1.12-1.97) 0.006 1.48(1.11-1.98) 0.008
*Hazard ratios estimated using Cox regression models not including possible confounding variables. These estimates are
adjusted only by age (used as the time scale).

*Hazard ratios estimated using Cox regression models including education (<9; 9-12; 13-16; >16 years), history of depres-
sion (ever vs never), and type of interview (direct vs proxy). These analyses excluded the 38 women (29 referent and 9
unilateral oophorectomy) for whom years of education was unknown. Overall analyses stratified by education yielded an HR =
1.84 (95% Cl 1.23 to 2.74) for =12 years of education and 1.42 (95% CI 0.87 to 2.32) for >12 years of education
(difference p = 0.36).

#T1, T2, and T3 indicate the first, second, and third tertiles. A test for linear trend of the log HRs was significant (unadjusted
p < 0.0001; adjusted p < 0.0001).

SA formal test for interaction was not significant (unadjusted p = 0.91; adjusted p = 0.97). Hysterectomy was performed
either concurrently or preceding the oophorectomy.

9A formal test of interaction was not significant (unadjusted p = 0.26; adjusted p = 0.08).

'Unilateral oophorectomy with no specified indication and performed in the course of other surgery (usually hysterectomy).
“*A formal test for interaction was not significant (unadjusted p = 0.88; adjusted p = 0.80). Hysterectomy was performed

Copyright@bme nterprises, Inc,

either concurrently with or preceding the oophorectomy.

*Adding those women for whom the proxy respondent reported three or more out of five memory questions.

women who underwent unilateral oophorectomy
with or without hysterectomy (median = 46.9
years) than for referent women (median = 50.8
years; p = 0.02). These findings support the
hypothesis that unilateral oophorectomy or the
concurrent hysterectomy may contribute to pre-
mature ovarian failure, leading to premature
menopausal symptoms, in turn leading to an ear-
lier initiation of estrogen treatment.

Second, the association between oophorectomy
and increased risk of cognitive impairment or de-
mentia may be explained completely or in part by a
deficit in progesterone and testosterone rather than
in estrogen secreted by the ovaries. However, the ef-
fect of progesterone and testosterone on cognition

fromARAL Redirol

in women remains uncertain.'>*** Third, the asso-
ciation between oophorectomy and increased risk of
cognitive impairment or dementia may be due to
one or several susceptibility genes that increase the
risk of both outcomes independently (i.e., con-
founding by genetic predisposition). Genetic vari-
ants may determine ovarian diseases prompting the
oophorectomy, or they may cause uterine diseases
or symptoms that prompt hysterectomy, in turn,
prompting oophorectomy.**' These same genetic
variants may independently increase the risk of sub-
sequent cognitive impairment or dementia. How-
ever, our analyses stratified by indication for the
oophorectomy did not reveal any significant
interactions.
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Table 4

Cohort analyses for women who underwent bilateral oophorectomy and for referent women in Olmsted

County, MN
Women with
cognitive Unadjusted Adjusted
Women Follow-up impairment hazard ratio hazard ratio

Cohort or stratum atrisk (person-years) or dementia (95% CI)* p (95% CI)t p
Overall
Referent women 1,472 39,044 98 1.0 (ref.) — 1.0 (ref) —
Bilateral oophorectomy 676 16,985 74 1.31(0.96-1.77) 0.09 1.33(0.98-1.81) 0.07
Age at surgery, y*

T1(<43) 224 6,109 i3 1.67(0.93-3.00) 0.08 1.74(0.97-3.14) 0.06

T2(43-48) 203 5,060 23 1.60(1.01-2.52) 0.04 1.68(1.06-2.66) 0.03

T3(>48) 249 5816 38 1.10(0.75-1.60) 0.63 1.09(0.74-1.61) 0.66

T1 + T2 (=48) 427 11,169 36 1.62(1.10-2.39) 0.01 1.70(1.15-2.51) 0.008

Estrogen given to age 50 y 87 2,285 3 0.67(0.21-2.14) 0.50 0.79(0.25-2.54) 0.69
Estrogennot giventoage 50y 340 8,884 &3 1.86(1.25-2.77) 0.002 1.89(1.27-2.83) 0.002

Age at estrogen deficiency, y8

T1 (<46) 210 5,807 22 1.79(1.13-2.85) 0.01 1.82(1.14-2.91) 0.01

T2 (46-51) 211 5,055 22 1.27(0.80-2.02) 0.31 1.32(0.82-2.10) 0.25

T3 (>51) 255 6,122 30 1.11(0.73-1.67) 0.63 1.11(0.73-1.69) 0.63

T1 +T2(=51) 421 10,862 44 1.49(1.04-2.13) 0.03 1.53(1.07-2.19) 0.02
Indication for surgery®

Benign conditions 339 8,929 85 1.43(0.97-2.11) 0.07 1.50(1.01-2.21) 0.04

Prophylacticll 337 8,056 S 1.21(0.83-1.76) 0.32 1.21(0.83-1.77) 0.33
Analyses including a broader definition of cognitive impairment™
Referent women 1,472 38,916 117 1.0 (ref) — 1.0 (ref.) —
Any oophorectomy 676 16,915 83 1.24(0.93-1.64) 0.15 1.24(0.93-1.65) 0.15

Copyright © byDﬂvﬁwaEgﬁterpnses

*Hazard ratios estimated using Cox regression models not including possible confounding variables. These estimates are

adjusted only by age (used as the time scale).

*Hazard ratios estimated using Cox regression models including education (<9; 9-12; 13-16; >16 years), history of depres-
sion (ever vs never), and type of interview (direct vs proxy). These analyses excluded the 43 women (29 referent and 14
bilateral oophorectomy) for whom years of education was unknown. Overall analyses stratified by education yielded an HR =
1.45 (95% CI 0.97 to 2.17) for =12 years of education and 1.27 (95% CI 0.78 to 2.05) for >12 years of education

(difference p = 0.78).

#T1, T2, and T3 indicate the first, second, and third tertiles. A test for linear trend of the log HRs was significant (unadjusted

p = 0.02; adjusted p = 0.01).

8Age at estrogen deficiency = age at oophorectomy plus total duration of subsequent estrogen treatment. A test for linear
trend of the HRs was significant (unadjusted p = 0.02; adjusted p = 0.01).

9A formal test of interaction was not significant (unadjusted p = 0.47; adjusted p = 0.37).

'Prophylactic in the course of other surgery (usually hysterectomy).

*Adding those women for whom the proxy respondent reported three or more out of five memory questions.

This study has several strengths. In particular,
the two oophorectomy subcohorts and the refer-
ent cohort were representative of the general pop-
ulation, and the follow-up was long (median = 25
to 30 years). On the other hand, this study has
some limitations, and not all potential biases
could be controlled. Because of funding restric-
tions, the documentation of cognitive impairment
or dementia was limited to telephone informa-
tion, and only 62% of all women in the three sub-
cohorts participated. However, participants and
nonparticipants were similar regarding age at
baseline in the unilateral, bilateral, and referent
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subcohorts, and regarding indication for the sur-
gery in the unilateral and bilateral subcohorts.
Second, the direct or proxy telephone assess-
ments of cognitive impairment or dementia were
imperfect. However, in addition to the published
validity data for the TICS-m,>*%3' we reported a
good convergent validity between the TICS-m and
the Mini-Mental State Examination from our own
experience.’? The eight questions in the brief demen-
tia questionnaire were derived from an existing in-
strument,® had face validity, and were simple. In
addition, we reported adequate validity data from

our own experience. Similar brief dementia ques-
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tionnaires were introduced and validated by other
investigators.®* Finally, sensitivity analyses using a
broader definition of cognitive impairment or de-
mentia, and analyses adjusted by type of interview,
yielded consistent results.

Third, for some women who were interviewed
via proxy, we imputed the missing age at onset of
cognitive impairment or dementia. However, sen-
sitivity analyses excluding the five women with
unknown age at onset yielded consistent findings
(data not shown). Fourth, the oophorectomies
took place over 38 years, from 1950 through 1987,
when surgical practice and estrogen use may have
differed from current standards. However, our
analyses stratified by index year showed no dif-
ferences between 1950 to 1969 and 1970 to 1987
(data not shown). Fifth, some of the stratified
analyses were based on small numbers. There-
fore, they had limited power and some risk of
false-positive findings because of multiple testing.

Despite some methodologic limitations that
could not be addressed with the resources avail-
able, this study is one of the first to support the
hypothesis of a critical age window for the pro-
tective effect of estrogen on the brain in humans.?
These findings also have important clinical impli-
cations and should prompt a reassessment of pro-
in premenopausal

phylactic oophorectomy

women and of the use of estrogen treatment fol-

lowing oophorectomy.?!:#46

Received January 22, 2007. Accepted in final form March 28,
2007.

NOTE ADDED IN PROOF

The verbatim text of the brief dementia questionnaire is now avail-
able elsewhere (Rocca WA, Bower JH, Ahlskog JE, et al. Risk of
cognitive impairment or dementia in relatives of patients with Parkin-

son disease. Arch Neurol, in press).
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