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ABSTRACT

Introduction: Experimental and epidemiological studies suggest female sex hormones to have long-lasting neu-
roprotective and anti-ageing properties. Surgically-induced menopause leads to a premature cessation of ex-
posure to female sex hormones and could thus impact late-life cognitive function. Yet, evidence remains con-
troversial.

Methods: We systematically reviewed literature for articles investigating the association of surgical menopause
(defined as bilateral oophorectomy before the onset of menopause) with risk of dementia, cognitive perfor-
mance, cognitive decline, and Alzheimer’s disease neuropathological indices later in life. We evaluated study
quality with the Newcastle-Ottawa scale and performed random-effects meta-analyses.

Results: We identified 11 eligible studies (N = 18,867). Although surgical menopause at any age was not as-
sociated with risk of dementia (4 studies; HR: 1.16, 95%CI: 0.96-1.43), early surgical menopause (<45 years of
age) was associated with a statistically significantly higher risk (2 studies; HR: 1.70, 95%CI: 1.07-2.69). Surgical
menopause at any age was associated with faster decline in verbal memory, semantic memory, and processing
speed, whereas early surgical menopause was further associated with faster global cognitive decline. No het-
erogeneity was noted. Among women undergoing surgical menopause, a younger age at surgery was associated
with faster decline in global cognition, semantic and episodic memory, worse performance in verbal fluency and
executive function, and accumulation of Alzheimer’s neuropathology.

Conclusions: Current evidence is limited, but suggests surgical menopause induced by bilateral oophorectomy at
<45 years of age to be associated with higher risk of dementia and cognitive decline. Additional large-scale
cohort studies are necessary to replicate these findings.

1. Introduction

1999). Experimental studies further demonstrate neuroprotective and
anti-aging properties of estrogens and progesterone (Pike et al., 2009),

Cognitive impairment and dementia are major causes of disability,
dependency, and death worldwide (DALYs and Collaborators, 2016;
The, 2017). As many as 50 million people suffer from dementia glob-
ally, a figure which is expected to triple by 2050 (The, 2017; WHO,
2017a), raising dementia to a major public health concern (Shah et al.,
2016; WHO, 2017b). Several lines of evidence suggest sex differences in
the epidemiology of dementia (Rocca et al., 2014b). The incidence of
dementia is higher in elderly women compared to men, a difference
that cannot be fully explained by increased longevity (Andersen et al.,

suggesting that their deprivation after menopause could explain wo-
men’s vulnerability to cognitive decline (Levine et al., 2016; Nebel
et al., 2019; Rocca et al., 2014a; Rocca et al., 2014b).

In this context, previous studies have investigated whether age at
menopause, as a proxy of lifetime exposure to endogenous female sex
hormones and an indicator of the period of hormone deficit, might
influence cognitive function and the risk of dementia in post-
menopausal women. A meta-analysis by our group, found no strong
evidence supporting earlier menopause as a risk factor for dementia,
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albeit there was evidence that a younger age at menopause was asso-
ciated with faster cognitive decline (Georgakis et al., 2016a).

Surgical menopause, induced by bilateral oophorectomy before the
onset of natural menopause, leads to a premature cessation of exposure
to female sex hormones that might have deleterious consequences
(Henderson and Sherwin, 2007). Indeed, surgical menopause has been
associated with higher risk of coronary artery disease and stroke, higher
cardiovascular and all-cause mortality, and a higher multimorbidity
burden (Evans et al., 2016; Poorthuis et al., 2017; Rocca et al., 2016).
As the results of published studies are inconsistent (Geerlings et al.,
2001; Rocca et al., 2007), it remains unclear whether surgical meno-
pause may also contribute to an increased risk of dementia or if -and to
what extent- confounding factors may shape this relationship (Rocca
et al., 2014a). More than 10% of women may undergo onset a hyster-
ectomy before natural menopause (Howe, 1984; Phung et al., 2010;
Redburn and Murphy, 2001), which in the majority of cases is com-
bined with bilateral oophorectomy leading to surgical menopause
(Howe, 1984; Phung et al., 2010; Rocca et al., 2016). Thus, any effect of
surgical menopause on the risk of dementia could have a major public
health impact.

Here, we set out to leverage data from published literature in order
to explore whether surgical menopause influences cognitive function
later in life. Specifically, we aimed to assess the association of surgical
menopause induced by bilateral oophorectomy before the onset of
natural menopause, with risk of dementia and Alzheimer’s disease, as
well as global and domain-specific cognitive performance and cognitive
decline. To explore potentially gradient effects, we also aimed to ex-
plore among women having undergone a surgical menopause, whether
a younger age at surgery is associated with cognitive outcomes.

2. Methods
2.1. Search strategy

This systematic review was based on a predefined protocol that
followed the Meta-analysis of Observational Studies in Epidemiology
(MOOSE) and the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines (Moher et al., 2009; Stroup
et al., 2000), as detailed in the checklists in Supplementary Tables 1
and 2, respectively. Two reviewers (T.B.-K. and I.T.) searched Medline
and Embase for relevant articles up to January 1% 2019, without lan-
guage or publication year restrictions using a combination of search
terms (detailed in the Supplementary Methods). We subsequently
further hand-searched the reference lists of eligible articles and relevant
reviews (“snowball” procedure). All studies were evaluated for poten-
tial population overlap based on geographical setting and recruitment
periods. In case of overlapping populations, we retained the study with
the largest sample size. Disagreement between reviewers in the selec-
tion process were resolved with consensus.

2.2. Eligibility criteria

We included the following two types of studies in this systematic
review:

(i) cohort and cross-sectional studies comparing risk of dementia
and Alzheimer’s disease, cognitive performance (single cognitive as-
sessment in a cross-sectional setting), rate of cognitive decline (time-
series assessments in a longitudinal setting), and the extent of neuro-
pathological indices of Alzheimer’s disease, between postmenopausal
women having undergone a surgical menopause and postmenopausal
women having experienced a natural menopause

(ii) cohort or cross-sectional studies of only women having under-
gone a surgical menopause exploring the association of the age at
surgery with the same outcomes (risk of dementia and Alzheimer’s
disease, cognitive performance, rate of cognitive decline, Alzheimer’s
neuropathology indices).
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The population of interest was postmenopausal women who had
either undergone surgical or natural menopause. We excluded studies
that examined specific populations, like exclusively women with es-
trogen-related malignancies or women with Down syndrome that is
associated with intellectual disability and premature cognitive decline;
no other exclusion criteria related to the genetic characteristics of the
population were applied. Studies comparing postmenopausal having
undergone surgical menopause with premenopausal women were also
excluded.

Surgical menopause was defined as bilateral oophorectomy per-
formed before the onset of natural menopausal transition. Studies de-
fining surgical menopause more broadly, as either bilateral oophor-
ectomy or hysterectomy performed before the onset of natural
menopausal transition were also included in this review. Studies ex-
amining solely hysterectomy or solely unilateral oophorectomy as the
exposure variable were excluded. Similarly, we excluded studies that
pooled in the exposed group women who underwent hysterectomy or
oophorectomy both before and after their natural menopausal transi-
tion, thus not leading to surgical menopause. In addition to surgical
menopause at any age, to explore a potential gradient effect we ex-
amined premature and early surgical menopause, defined as bilateral
oophorectomy performed at <40 years and <45 years of age, respec-
tively (Faubion et al., 2015; Golezar et al., 2019; Stuenkel et al., 2015).

Our primary outcomes of interest were all-cause dementia, defined
by standard clinical criteria or by validated cognitive tests, and clinical
Alzheimer’s disease defined according to clinical criteria. We further
examined global and domain-specific cognitive performance, de-
termined by validated structured tests administered at a single time
point in the postmenopausal period and cognitive decline, determined
by multiple serial assessments (> 1 time points) in the postmenopausal
period. Finally, we examined neuropathological indices of Alzheimer’s
disease, as determined in autopsy findings.

2.3. Data extraction and quality assessment

Publication details (year, authors), study information (region, study
period, design, follow-up, inclusion-exclusion criteria and number of
cases-controls/ cohort-size), age of participants, definition of surgical
menopause, type of surgery, age at surgery, method of exposure as-
certainment, use of hormone therapy, definition and diagnostic criteria
used for dementia diagnosis, number of dementia cases, methods of
ascertainment of cognitive performance and cognitive decline, statis-
tical analysis details (effect estimate, effect size, confidence intervals, p-
values), and adjustment variables were extracted in a pre-designed
spreadsheet. Maximally adjusted effect estimates were extracted in case
of multiple presented analyses.

The quality of the included studies was evaluated using the 9-item
Newcastle-Ottawa Scale for cohort studies (Wells et al., 2011). For re-
presentativeness of the exposed cohort, the studies should be based on
community-based samples to be awarded a point. Studies should spe-
cifically define surgical menopause as bilateral oophorectomy per-
formed before natural menopause and confirm the exposure status by
cross-checking medical records or hospital-based registry data to be
awarded a point for exposure ascertainment. Regarding presence of the
outcome at study onset, we considered studies examining dementia to
inherently not be biased because of reverse causation, as at the time of
menopause it is highly unlikely that women might have been diagnosed
with dementia. However, in order for studies examining cognitive
performance or cognitive decline to be awarded a quality point, ad-
justment for baseline cognitive performance at the time of surgical
menopause should be performed. For comparability questions, we set
age a priori as the most important adjusting factors. Regarding outcome
assessment, dementia and Alzheimer’s disease should be defined by
standardized clinical guidelines (e.g. DSM-IV, ICD-10, NINDS-ADRDA),
whereas validated cognitive tests should be used for the assessment of
cognitive performance and cognitive decline. We further examined the
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time interval between menopausal transition and last examination for
outcome assessment (dementia occurrence or neuropsychological
testing). A minimum interval of =5 years between menopause onset
and outcome assessment was required to award a quality point, so as to
avoid bias due to reverse causation. An attrition rate of < 20% was set
as a criterion for the item of follow-up adequacy. Studies starting their
recruitment after menopause were not awarded this quality point for
follow-up adequacy independently of their attrition rates, as they were
considered to be inherently biased due to left censoring.

2.4. Statistical analysis

We applied random-effects meta-analyses to pool relative risks (RR)
estimating the associations between surgical menopause and risk of
dementia in individual studies. Random-effects models were a priori
preferred over fixed-effects models due to the expected heterogeneity
between studies with regards to exposure and outcome definition
(Higgins and Green, 2011). For global or domain-specific cognitive
performance (assessment of cognitive function at a single time point)
and cognitive decline (longitudinal difference between serial assess-
ments of cognitive function at > 1 time points), we calculated stan-
dardized mean differences (Cohen’s d) based on available data from
individual studies (Lipsey MW, 2000) and pooled them in random-ef-
fects meta-analyses. The significance level for the overall effect was set
at p < 0.05. Between-study heterogeneity was assessed by the I and
the Cochran Q test; significance level was set at p < 0.10. Due to the
paucity of studies examining age at surgical menopause, as a con-
tinuous variable, no meta-analysis could be performed. Due to the
limited number of studies included in each analysis, no statistical as-
sessment of publication bias could be performed. All analyses were
performed using Stata version 13.0 (Stata Corp., College Station, TX).

3. Results
3.1. Search strategy results
The flowchart of the study selection process is depicted in Fig. 1.

The search of the two Medline and Embase along with the “snowball”
procedure yielded 2459 unique articles for assessment. Following

)
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screening of titles and abstracts, we evaluated the full-text of 39 arti-
cles, out of which 26 were excluded for specific reasons (detailed in
Supplementary Table 3). A total of 13 studies eventually met our in-
clusion criteria. Two articles were excluded due to population overlap
(Rocca et al., 2008b, 2012), thus leading to a final set of 11 studies
(Bove et al., 2014; Geerlings et al., 2001; Kritz-Silverstein and Barrett-
Connor, 2002; Kuh et al., 2018; Kurita et al., 2016; McLay et al., 2003;
Nappi et al., 1999; Rice et al., 2000; Rocca et al., 2007, 2016; Ryan
et al., 2014) for inclusion in the systematic review.

3.2. Description of studies

Table 1 summarizes the characteristics of the 11 eligible studies.
Eight of the studies had cohort design, 1 study comprised a retro-
spective analysis of a randomized controlled trial (Kurita et al., 2016),
whereas 2 studies were of cross-sectional design (Kritz-Silverstein and
Barrett-Connor, 2002; Nappi et al., 1999). However, only three of the
cohort studies started following women before or at the time of surgical
menopause (Kuh et al., 2018; Rocca et al., 2007, 2016). Nine of the
studies were population-based, whereas 1 study examined women
presenting to an endocrinology department with menopausal com-
plaints (Nappi et al., 1999). Information on ever use of hormone
therapy after menopause was reported in 10 studies, with figures
varying greatly, from 0% to 72.7%.

There was variability in the definition of surgical menopause. Five
of the studies examined bilateral oophorectomy performed before the
onset of natural menopause (either with or without concurrent hys-
terectomy) (Kuh et al., 2018; Kurita et al., 2016; Rocca et al., 2007,
2016; Ryan et al., 2014), whereas two studies examined hysterectomy
with bilateral oophorectomy performed before natural menopausal
transition (Kritz-Silverstein and Barrett-Connor, 2002; Nappi et al.,
1999). Three studies defined surgical menopause as either hyster-
ectomy or bilateral oophorectomy performed before natural menopause
(Bove et al., 2014; McLay et al., 2003; Rice et al., 2000), whereas
Geerlings et al. examined any medically induced menopause, but was
included, as the vast majority of women (83%) had undergone surgi-
cally-induced menopause (Geerlings et al., 2001). Three studies speci-
fically provided results for surgical menopause performed at an age
=45 years of age, thus leading to an early menopause (Kurita et al.,

*Not quantifying the association of interest (15)
*Surgery not exclusively performed before menopause (6)
*Exposure was hysterectomy, not bilateral oophorectomy (2)

*Exposure was unilateral, not bilateral oophorectomy (1)
*Outcome was subjective cognitive complains (1)
*Comparison with premenopausal, not postmenopausal women (1)

'5 Records identified Records identified Records identified
‘é through Medline through Embase through snowball
& (n=1313) (n=2114) (n=88)
2
[
: ‘
Records screened throughtitle and
abstract after duplicates removed
(n=2459)
o
&
S Excluded (n = 2420)
5
wv
Full-text articles assessed
for eligibility
(n=39) Excluded (n = 26):
2 Articles meeting eligibility
E criteria
= (n=13)
w
(N Excluded (n=2):
— *Overlapping populations (2)
-]
3 Studies included in
% systematic review
£ (n=11)

Fig. 1. Flowchart on the selection process of eligible studies.
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g8, = é) study applied cognitive evaluation with the TICS or a questionnaire
b % % « é Z about dementia to the proxy informant (Rocca et al., 2007). Clinically
=] o . . . . . .
= ee = g4 defined Alzheimer’s disease was the outcome in 2 studies, applying the
"g N z .§ NINCDS-ADRDA criteria (Bove et al., 2014; Geerlings et al., 2001).
- 8 % ¥ % g § E ‘5 Cognitive performance at a single time point, examined either as global
=} =1 g .. . . g . .
2 g : Z S 'g é E o cognitive function or performance in specific cognitive domains, was
g % _5 £ f a a% E examined as an outcome in 6 studies (Kritz-Silverstein and Barrett-
EJ 2EHEE g 5 E Connor, 2002; Kuh et al., 2018; Kurita et al., 2016; McLay et al., 2003;
; v T 22 3 = . . .
E 2 2 % E’?S < % E Nappi et al,, 1999; Ryan et al., 2014) and 6 studies also examined
£ go §° EEg AET cognitive decline between at least follow-up time points in intervals
O E oS ELS g = E ranging from 2 to 24 years (Bove et al., 2014; Kuh et al., 2018; Kurita
£ E g ; et al., 2016; McLay et al., 2003; Rice et al., 2000; Ryan et al., 2014).
2 S i . . . . .
o ? g - The majority of the studies (10 of 11) adjusted for basic variables in
o © Eo 2@ their analyses, including age and education, 4 studies adjusted for the
o s g =L use of hormone therapy after menopause (Geerlings et al., 2001; Kritz-
_—g >§ § ia Silverstein and Barrett-Connor, 2002; Kuh et al., 2018; Ryan et al.,
g =2 g E & E 3 2014), and 5 studies examining cognitive performance or decline ad-
= w
g 8 g E ] § = & & %° justed for baseline cognitive function (Kuh et al., 2018; Kurita et al.,
22 g [ = & .
SE S £ % g5 E 2 =t 2016; McLay et al., 2003; Rice et al., 2000; Ryan et al., 2014).
X o g = o 8 3 « (%)
H T < m o T & o
'°_>'" 8 2 3.3. Quality t
= N .3. Quality assessmen
E o g
~ £ 5 3
5 .3 SEE
%= g + o< g Fig. 2 graphically presents the quality assessment results for the
g é 28 g & g eligible studies. With a maximum score of 9, the median score of the
2S48 3 = § g included studies was 7, ranging between 4 (Nappi et al., 1999) and 9
i (Rocca et al., 2016). Five of the studies (Bove et al., 2014; Geerlings
. g g
§ E S § % .g et al., 2001; McLay et al., 2003; Rice et al., 2000; Ryan et al., 2014)
=RCH-) 3 £E8 g were compromised because of assessing surgical menopause status onl
A9 8 8 Y
8 e through interview with the respondents or the proxies, whereas 2 stu-
& ERS) & dies lost a quality point in the item related to presence of outcome at
—§ g 2 5 E the start of study, because of not considering baseline or premenopausal
© - g 2 2 cognitive function in their analyses (Kritz-Silverstein and Barrett-
. % & § Connor, 2002; Nappi et al., 1999). The majority of the studies (Bove
K % s : E a et al., 2014; Geerlings et al., 2001; Kritz-Silverstein and Barrett-Connor,
‘g §° g & § s 5 2002; Kuh et al., 2018; Kurita et al., 2016; McLay et al., 2003; Nappi
o
% g 5 E & ‘2 ﬁ % et al., 1999; Rice et al., 2000; Rocca et al., 2007; Ryan et al., 2014) were
g 2 . . L. .
= ; g 5 <A é compromised due to high attrition rates or because they did not start
£ e % EZe E E o following women at the time of their menopause. On the positive side,
s 8 ) =l . . . .
% c s z £ = g 8= with the exception of one study (Nappi et al., 1999), all studies were
&} 5 8<AT IR 2 . . .
2S 8 awarded quality points for representativeness of the exposed cohort,
- - 2 '% % selection of the non-exposed cohort, comparability between exposed
2 _‘g SO0 8 and unexposed women, assessment of outcome, and interval duration
[ — IR
I 8 nEg between menopause and cognitive outcome assessments.
) 5 o 2§
§& T 3.4. Association of surgical menopause with cognitive outcomes
&g 3 o
— . Q & = 2
& & 2 %“ g a é _‘é In the meta-analysis (Table 2), surgical menopause was not asso-
g § 8= E -% 2 = ciated with higher risk of dementia (RR: 1.16, 95%CI: 0.94-1.43; 4
—§ s E g *E = 'E E studies, 12,731 women; 891 dementia events; Supplementary Fig. 1A),
=1 k] « — — . . g .. .
i, E 25 A E o g but pooling the 2 studies specifically examining early surgical meno-
S ) Z g 1) g — ™ pause (<45 years of age), we found it to be associated with a higher
b0 - o o . .
& 55 = 3 §g 8 _§ risk of subsequent dementia (RR: 1.70, 95%CI: 1.07-2.69; 6256
§ © g E E 8 '§ 2 women; 331 dementia events; Supplementary Fig. 1B). Studies ex-
o —_ < . s s . . . . ees
§ § 5% o8 2 = amining cognitive decline (longitudinal difference between cognitive
L a
S 4 @ g é &% e performance across serial measurements) showed surgical menopause
- 5 5N & g S g at any age to be associated with faster cognitive decline in the domains
2|3 < <L g< of verbal memory, semantic memory, and processing speed. Surgical
S & Z EaEZe e . .
= Z<T3 menopause before the age of 45 years was further associated with faster
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global cognitive decline and a faster decline in semantic memory, as
determined by a single study (Table 2; Supplementary Fig. 2). No
evidence of heterogeneity was detected in any of these analyses (p from
Cochran’s Q > 0.10). In cross-sectional analyses examining cognitive
performance at a single time point, we found no significant associations
between surgical menopause and cognitive performance in any of the
examined domains (Supplementary Figure 3).

3.5. Age at surgery in association with cognitive outcomes among women
having undergone surgical menopause

Three studies examined whether age at surgery among women un-
dergoing surgical menopause was associated with risk of dementia and
Alzheimer’s disease, cognitive performance, cognitive decline, and
neuropathological indices of Alzheimer’s disease (Bove et al., 2014; Kuh
et al., 2018; Ryan et al., 2014). The results are summarized in Table 3.
Bove et al., in a population-based study of 607 women found a younger
age at surgical menopause to be associated with faster decline in global
cognitive function (regression coefficient per 1 year increment in age at
surgical menopause: -0.0024, 95%CI: -0.0044 to -0.0010), episodic
memory (regression coefficient: -0.0032, 95%CI: -0.0061 to -0.0014),
and semantic memory (regression coefficient: -0.0025, 95%CI: -0.0043
to -0.0009), as well as marginally increased risk for pathologically (OR:
0.96, 95%CI: 0.92-1.00) and clinically defined Alzheimer’s disease (OR:
0.99, 95%CI: 0.98-1.00) in a follow-up period extending up to 18 years
(Bove et al., 2014). Furthermore, a younger age at surgical menopause,
in a subgroup of 179 women was associated with greater global Alz-
heimer’s disease pathology (regression coefficient per 1 year increment
in age at surgical menopause: -0.0077, 95%CI: -0.0086 to -0.0004), and
particularly accumulation of neuritic plaques (regression coefficient:
-0.0129, 95%CI: -0.0182 to -0.0027) (Bove et al., 2014). Ryan et al., in
a group of 499 women having undergone surgical menopause reported
that those having undergone the surgery at the age of 40-45 years
or < 40 years were more likely to score in the range of cognitive im-
pairment at a mean age of 74 years in the domain of verbal fluency (OR
for 40-45 years vs. > 50 years: 2.64, 95%CI: 1.23-5.67 and OR for
<40 years vs. > 50 years: 2.70, 95%CI: 1.28-5.68) (Ryan et al.,
2014). Finally, Kuh et al., in the subsample of 151 women from a British
birth cohort who had undergone surgical menopause, found age at
surgery to not be significantly associated with cognitive performance in
verbal memory (regression coefficient: 0.06, 95%CI: -0.03 to 0.14) and
processing speed (regression coefficient: 0.44, 95%CI: -0.72 to 1.60) at
the age of 69 years following adjustments for childhood IQ scores (Kuh
et al., 2018).
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4. Discussion

In this meta-analysis, we found surgical menopause induced by bi-
lateral oophorectomy at <45 years of age to be associated with higher
risk of dementia later in life. Surgical menopause was further associated
with faster cognitive decline in verbal memory, semantic memory, and
processing speed following the surgery. Finally, there was evidence
among women undergoing surgical menopause that age at surgery is
inversely associated with cognitive decline and accumulation of
Alzheimer’s disease pathology.

Our findings are in line with evidence suggesting that an early
menopausal transition associates with epigenetic markers of biological
aging (Levine et al., 2016), as well as neuroimaging evidence showing
that bilateral oophorectomy before menopause is associated with
medial temporal lobe structural abnormalities later in life (Zeydan
et al., 2018). Moreover, surgical menopause has been associated with
an accumulation of multimorbidity later in life (Rocca et al., 2016).
Indeed, an earlier menopausal transition associates with increased risk
of several age-related endpoints including all-cause mortality, coronary
artery disease, stroke, late-life depression, and cognitive decline (Atsma
et al., 2006; Evans et al., 2016; Georgakis et al., 2016a, b; Poorthuis
et al., 2017; Rocca et al., 2016, 2008a; Ucar and Pandir, 2017). Inter-
estingly, the higher risk of stroke and cerebrovascular disease in general
might at least partially mediate an effect of oophorectomy on cognitive
function and particularly on risk of vascular cognitive impairment and
dementia.

Estrogens and progesterone have been reported to exert neuropro-
tective properties. Thus, it is plausible that an early cessation of the
brain exposure to female sex hormones could be associated with short-
term and long-term cognitive deficits. In animal studies, oophorectomy
has been shown to lead to worse performance in cognitive tasks (Gibbs,
2000; Singh et al., 1994, 1995), to impact on synaptic transmission,
neurotrophin expression, and neuronal plasticity (Jezierski and
Sohrabji, 2000; Luine, 1985; Singh et al., 1995; Woolley and McEwen,
1993), and to induce cognitive decline, amyloid accumulation, and a
shift in brain glucose transport and metabolism in transgenic models of
familiar Alzheimer’s disease (Ding et al., 2013). Estradiol administra-
tion on the contrary has been found to stimulate the synaptic formation
in the hippocampus and the prefrontal cortex thus having an enhancing
effect on memory (Luine, 2014). Furthermore, by directly binding to
the glutamate receptor, estradiol might also act protectively in cases of
cholinergic depletion (Greendale et al., 2011).

Alternative explanations should be considered when interpreting
these findings. First, shared risk factors between surgical menopause
and dementia including gynecological and obstetric history that might

Fig. 2. Quality assessment of eligible studies, as assessed

Study Selection Comparability Outcome Total score by the Newcastle-Ottawa scale.

Nappi (1999) Kkk e Kk 4 Footnote: Selection 1ten.15 include representativeness of the
exposed cohort, selection of the non-exposed cohort, as-

Rice (2000) Yk ok * k ok 7 certainment of exposure, and exclusion of outcome pre-

Geerlings (2001) ok Yok * %k o 7 sence at start of study; Comparability items include com-
parability for age and for any other risk factor; Outcome

Kritz-Silversein (2002) Ra8.2.0"¢ * ok * kY 7 items include assessment of outcome, length of interval

McLay (2003) o * % ke 7 between menopausal transition and outcome assessment,
and adequacy of follow-up cohorts.
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Table 2

Psychoneuroendocrinology 106 (2019) 9-19

Meta- analyses derived effect estimates of surgical menopause at any age and early surgical menopause induced at <45 years with cognitive outcomes.

Surgical menopause at ay age

Surgical menopause at <45 years

Dementia Studies Population Events HR (95%CI) 2 (%) Studies Population Events HR (95%CI) 2 (%)
4 12731 891 1.16 (0.94-1.43) 0 2 6256 331 1.70 (1.07-2.69) 0
Cognitive decline Studies  Population d (95%CI) 1> (%) Studies Population d (95%CI) 2 (%)
Global cognition 4 6992 —0.07 (-0.15, 0.00) 0 1 926 —0.40 (-0.72, -0.09) -
Verbal memory 2 1763 —0.14 (-0.26, -0.03) 0 1 926 —0.23 (-0.55, 0.08) -
Semantic memory 1 926 —0.25 (-0.48, -0.02) - 1 926 —0.50 (-0.82, -0.19) -
Executive function 2 5794 —0.09 (-0.24, 0.06) 32 1 926 —0.27 (-0.58, 0.05) -
Attention 1 837 —0.07 (-0.20, 0.06) - — -
Visual memory 2 5794 —0.11 (-0.29, 0.07) 52 1 926 —0.08 (-0.39, 0.24) -
Processing speed 2 5705 —0.07 (-0.14, -0.004) 0 - — -
Verbal fluency 2 5705 0.05 (-0.04, 0.14) 0 - — -
Cognitive performance Studies  Population d (95%CI) 1 (%) Studies  Population d (95%CI) 2 (%)
Global cognition 4 3009 —0.04 (-0.17, 0.08) 45 1 926 —0.01 (-0.35, 0.32) -
Verbal memory 4 3202 —0.21 (-0.46, 0.05) 80' 1 926 0.07 (-0.27, 0.40) -
Semantic memory 1 926 1 926 —0.13 (-0.47, 0.20)
Executive function 3 7109 —0.08 (-0.27, 0.12) 73 1 926 —0.10 (-0.43, 0.23) -
Attention 2 961 —0.10 (-0.26, 0.05) 0 - - — -
Visual memory 3 6679 —0.01 (-0.14, 0.11) 39 1 926 0.20 (-0.13, 0.53) -
Processing speed 2 6183 0.09 (-0.01, 0.19) 0 - - — -
Verbal fluency 2 5753 0.10 (-0.01, 0.20) 63 - - — -

The results are based on random-effects models. Bold indicates statistically significant results (p < 0.05).
* Negative association estimates indicate an association of bilateral oophorectomy with a faster cognitive decline.
** Negative association estimates indicate an association of bilateral oophorectomy with worse cognitive performance.

T Presence of significant heterogeneity.

relate to the reasons for surgery, educational background, personality
traits, and pre-menopausal history of depression might underlie the
observed association. Furthermore, common genetic susceptibility
should be considered. For example, pleiotropic genetic loci shown in
genome-wide association studies to be associated with age at meno-
pause have also been reported to increase the risk for cardiovascular
disease (Day et al., 2015; Sarnowski et al., 2018), which might mediate
an effect on risk of vascular cognitive impairment and dementia.

More than 20% of women may need to undergo a hysterectomy
throughout their lifetime, with more than half of them being in pre-
menopausal age at the time of the surgery. In most cases, hysterectomy
is jointly performed with bilateral oophorectomy (Howe, 1984; Phung
et al., 2010; Rocca et al., 2016). Given the very high prevalence of
dementia in the elderly population (The, 2017; WHO, 2017a), an effect
of bilateral oophorectomy in premenopausal women could translate to
a major cause of disease burden. Although bilateral oophorectomy is
associated with a lower risk of ovarian and breast cancers (Evans et al.,
2016), the very high prevalence of the detrimental long-term outcomes
associated with the surgery, especially when performed at a young age,
necessitates decisions regarding ovary excision to be taken cautiously.
It was not in the scope of the current meta-analysis to examine whether
the risk of cognitive decline and dementia differs between women un-
dergoing only hysterectomy, as compared to women undergoing both
hysterectomy and oophorectomy. The lack of a significant result though
among studies pooling in the exposed group women undergoing either
hysterectomy alone or hysterectomy plus oophorectomy might provide
indirect evidence for such an effect. In any case, future studies should
examine whether ovarian conservation, when feasible, might actually
attenuate the risk of dementia.

It remains controversial whether hormone therapy after menopause
has a beneficial or detrimental effect on cognitive function. Large
clinical trials have failed to show any benefit of hormone therapy on
preventing cognitive decline after menopause even when prescribed to
women with a history of oophorectomy (Henderson, 2010; Resnick
et al., 2009; Shumaker et al., 2003). However, it has been hypothesized
that the negative results from these early trials can be explained by the
long interval between menopause and the initiation of treatment, as
well as the old age of women (> 65 years) (Hogervorst, 2014). This
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“critical period” hypothesis, supported by observational and experi-
mental studies (Daniel et al., 2006; Shao et al., 2012) was tested in
future trials, which also failed to show a protective effect (Espeland
et al.,, 2013; Gleason et al., 2015). Whether estrogen replacement
therapy initiated early after surgical menopause induced by bilateral
oophorectomy at a young age (<45 years) could reverse the observed
higher risk for dementia and cognitive decline remains to be explored in
future trials and could not be answered in the context of the current
review of observational studies. Individual studies showed inconsistent
results (Bove et al., 2014; Kurita et al., 2016; Ryan et al., 2014), which
were biased by confounding, indication bias, and for not taking into
account differences between type of treatment used (conjugated equine
estrogens vs. estradiol).

Several methodological issues should be considered. First, the long
gap between surgical menopause and the incidence of dementia might
introduce survival bias in the analyses. Particularly, given the associa-
tion of surgical menopause with higher all-cause mortality (Evans et al.,
2016), it would be possible that natural menopause is overrepresented
among women surviving until late life to be diagnosed with dementia,
thus attenuating the observed effect of surgical menopause on de-
mentia. Second, there was heterogeneity regarding the definition of
surgical menopause with some studies pooling women that had un-
dergone either bilateral oophorectomy or hysterectomy. This could
have diluted the effect, but the primary result of higher risk of dementia
following early surgical menopause was based on two studies ex-
amining only bilateral oophorectomy (Rocca et al., 2007, 2016). Third,
recall bias might be an important limitation, especially for studies that
have assessed the exposure mainly via interviews with demented pa-
tients, given both the memory problems of the patients but also the long
interval between surgery and dementia diagnosis.

Fourth, indication for surgery might be an important confounder
and was not considered in many studies. Yet, again the two studies
examining the impact of bilateral oophorectomy at a young age on risk
of dementia had excluded women who underwent oophorectomy due to
ovarian cancer or treatment of an estrogen-related malignancy (mainly
breast cancer) (Rocca et al., 2007, 2016). Fifth, it was not possible in
the context of the current study to explore the potential impact that
hormone replacement therapy after oophorectomy might have on
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Table 3

Results from studies examining associations of age surgical menopause, as a continuous variable, with cognitive outcomes and Alzheimer’s disease neuropathology indices.

Alzheimer’s disease (AD) neuropathology

N

Cognitive decline/performance

N

Study

et al

Significant associations of early age at bilateral oophorectomy with global AD neuropathology, AD

pathologic diagnosis, and accumulation of neuritic plaques

179

Significant associations of early age at bilateral oophorectomy with faster decline in global cognition,

episodic memory and semantic memory in a follow-up of up to 18 years

593

Bove et al., 2014

Significant associations of early age at bilateral oophorectomy with worse performance in verbal fluency

at a mean age of 74 years

499

Ryan et al., 2014

No significant associations of age at bilateral oophorectomy with performance in verbal fluency at an age

of 69 years

151

Kuh et al., 2018
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prevention of cognitive decline and dementia since the majority of the
included studies did not specifically examine this aspect; further, meta-
regression analyses examining the effects of HT user proportion on the
association estimates between surgical menopause and dementia or
cognitive decline would be underpowered due to the paucity of studies
included in each analysis. Sixth, with the exception of two studies
(Geerlings et al., 2001; Ryan et al., 2014), the studies included in this
review, did not take into account well-established genetic risk factors
for dementia and cognitive decline, like the APOE genotype. Finally,
because of the relative paucity of eligible studies, several of the ana-
lyses, like for specific cognitive domains or Alzheimer’s neuropatholo-
gical indices, were either underpowered or not feasible to perform.

5. Conclusion

In conclusion, current evidence supports that surgical menopause
induced by bilateral oophorectomy at a young age may be associated
with higher risk of dementia and cognitive decline later in life. Yet, our
review further identified literature gaps and thus calls for additional
research encompassing data from large cohorts that should shed light in
this clinically relevant field.
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