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1 |  I N TRODUC TION

Women carrying a BRCA1/2 germline pathogenic variant 
(BRCA1/2pv) have an increased life- time risk of breast and/
or ovarian cancer.1 To prevent ovarian cancer, guidelines 
recommend risk- reducing salpingo- oophorectomy (RRSO) 
after completing childbirth for BRCA1pv carriers between 
ages 35 and 40 and for BRCA2pv carriers between ages 40 
and 45.2,3 Although this preventive surgery reduces the risk 
of ovarian cancer, it induces immediate menopause long be-
fore natural menopause occurs at an average age of 51 years.4 
This may adversely impact cognition, as studies have shown 
neuroprotective effects of estrogens.5 The uptake of RRSO in 
BRCA1/2pv carriers is high (86– 91%).6 Therefore, knowledge 
about long- term health consequences of RRSO, such as cog-
nitive effects, is important for effective counselling.

Several studies have reported conflicting findings on the 
association between (bilateral) oophorectomy before natural 
menopause and cognition later in life. Some studies showed 
that an oophorectomy is associated with cognitive impair-
ment and long- term increased risk of dementia.7– 10 This 
association is argued to be dependent on age at oophorec-
tomy. A recent study observed that women with a bilateral 

oophorectomy before age 46 had an increased risk of cog-
nitive impairment 20 years later compared with women 
without bilateral oophorectomy.9 However, in BRCA1/2pv 
carriers who underwent RRSO before age 46 compared with 
carriers with RRSO at later ages, such an association be-
tween age at oophorectomy and cognitive decline was not 
found after approximately 9 years.9,11

It is difficult to compare results across studies, as these 
had several methodological limitations.12,13 First, stud-
ies did not always take into account the indication for oo-
phorectomy in the exposure group (e.g. ovarian cancer or 
a benign ovarian condition), nor were data provided on 
whether a bilateral oophorectomy, unilateral oophorectomy 
or a hysterectomy without oophorectomy was performed. 
Secondly, studies use different comparison groups (e.g. gen-
eral population, premenopausal women without oophorec-
tomy). Thirdly, adjustment for confounding (e.g. hormone 
replacement therapy [HRT]) was done inconsistently.14 Also, 
many studies did not adjust for comorbidities such as de-
pression and hypertension, which are known risk factors for 
dementia,15 or for cancer, which can also negatively affect 
cognition.16 Last, no studies examined the relation between 
RRSO and subjective cognition. As such, while there is some 
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Abstract
Objective: To examine the effect of a premenopausal risk- reducing salpingo- 
oophorectomy (RRSO) in women at increased risk of ovarian cancer on objective 
and subjective cognition at least 10 years after RRSO.
Design: A cross- sectional study with prospective follow- up, nested in a nationwide 
cohort.
Setting: Multicentre in the Netherlands.
Population or Sample: 641 women (66% BRCA1/2 pathogenic variant carriers) who 
underwent either a premenopausal RRSO ≤ age 45 (n  =  436) or a postmenopausal 
RRSO ≥ age 54 (n = 205). All participants were older than 55 years at recruitment.
Methods: Participants completed an online cognitive test battery and a question-
naire on subjective cognition. We used multivariable regression analyses, adjusting 
for age, education, breast cancer, hormone replacement therapy, cardiovascular risk 
factors and depression.
Main Outcome Measures: The influence of RRSO on objective and subjective cog-
nition of women with a premenopausal RRSO compared with women with a post-
menopausal RRSO.
Results: After adjustment, women with a premenopausal RRSO (mean time since 
RRSO 18.2 years) performed similarly on objective cognitive tests compared with 
women with a postmenopausal RRSO (mean time since RRSO 11.9 years). However, 
they more frequently reported problems with reasoning (odds ratio [OR] 1.8, 95% 
confidence interval [95% CI] 1.1– 3.1) and multitasking (OR 1.9, 95% CI 1.1– 3.4) than 
women with a postmenopausal RRSO. This difference between groups disappeared 
in an analysis restricted to women of comparable ages (60– 70 years).
Conclusions: Reassuringly, approximately 18 years after RRSO, we found no associa-
tion between premenopausal RRSO and objective cognition.

K E Y W O R D S
BRCA1/2 pathogenic variant carriers, cognitive functioning, premature menopause, risk- reducing 
salpingo- oophorectomy
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evidence for an association between premenopausal RRSO 
and cognitive impairment at later ages, many questions re-
main unanswered.

Our aim was to examine the effect of a premenopausal 
RRSO on long- term cognitive functioning. We compared 
objective and subjective cognitive functioning at least 
10 years after RRSO between women at high familial risk 
of ovarian cancer with a premenopausal RRSO ≤ age 45 and 
women with a postmenopausal RRSO ≥ age 54.

2 |  M ETHODS

2 .1 |  Participants

Participants were women participating in the HARMOny 
study (Clini calTr ials.gov NCT03835793), a multicentre 
cross- sectional study assessing long- term effects of RRSO 
on (sub)clinical cardiovascular disease, bone health, cog-
nition and quality of life by comparing women with a pre-
menopausal RRSO and women with a postmenopausal 
RRSO.

Study design and procedures have been described 
previously.17 Brief ly, between 2018 and 2021, we invited 
1271 women from the well- established HEBON co-
hort study of Dutch families with a high familial risk of 
breast/ovarian cancer to participate in the HARMOny 
study (Appendix S1).18 Women were eligible if they had a 
RRSO ≤ age 45 and were currently aged ≥55 years, result-
ing in at least 10 years since RRSO. We compared them 
with women currently aged ≥55 years with a RRSO ≥ age 
54, aiming to frequency- match on age. We chose the cut- 
off of 45 years based on clinical recommendations for 
BRCApv carriers.

Exclusion criteria were ovarian carcinoma, metastatic 
disease, early- onset dementia and insufficient understand-
ing of the Dutch language. These criteria were checked via 
medical files and questionnaires. A history of breast cancer 
was not an exclusion criterion. This study was approved by 
the Institutional Review Board of the Netherlands Cancer 
Institute. All participants provided written informed 
consent.

2 . 2  |  Study assessments

After inclusion to the HARMOny study, participants com-
pleted an online questionnaire on socio- demographic data, 
general health, cancer- specific outcomes, cardiovascular 
health and medical treatments, including cancer treatment 
and use of HRT.

To study objective cognition, participants completed the 
Amsterdam Cognition Scan (ACS), an online neuropsy-
chological assessment that is completed on the computer 
at home without supervision.19 The ACS consists of seven 
cognitive tests, based on traditional neuropsychological tests 
covering four domains: verbal memory, attention, executive 

functioning and processing speed (10 outcome variables; see 
Table S1). The ACS takes approximately 1 hour to complete 
and is tailored to detect cognitive dysfunction associated 
with cancer (treatment). The ACS has shown concurrent 
validity and test– retest reliability, and normative data have 
been collected.20

Subjective cognition was assessed by the Medical 
Outcomes Study cognitive functioning scale (MOS- cog), 
measuring the frequency of self- reported cognitive problems 
in daily life.21 The MOS- cog is a validated questionnaire 
consisting of six questions on reasoning, memory, attention, 
concentration, multitasking and thinking speed (score: 0– 5).   
Higher scores indicate a higher frequency of cognitive 
complaints.

2 . 3  |  Outliers objective cognition

Outliers were removed in two steps. For each cognitive 
outcome, non- legitimate test scores (i.e. impossible scores 
due to computer malfunction, non- adherence to test in-
structions or low motivation) were removed using pre-
defined cut- offs based on test instructions and clinical 
expertise. The cut- offs per test are depicted in Table  S8. 
After removing impossible scores, we excluded outliers 
on the speed- based tests with the median absolute devia-
tion (MAD) method.22 The MAD was applied separately 
in participants below age 60 and above to adequately take 
age into account.

2 .4  |  Age- corrected cognitive domain scores

Based on the demographically adjusted normative dataset 
of the ACS (women aged ≥55 only, n = 157),19 we calculated 
age- corrected z- scores for test outcomes. Performance on 
the online versions of the Trail Making Test A (TMT- A) 
and TMT- B, Visual Reaction Time, Tower of London and 
Grooved Pegboard were reversed (z- score times −1), so that 
higher scores indicated better performance.

We calculated cognitive domain scores by averaging the 
means of the age- corrected z- scores of the subtests belong-
ing to the same domain. This led to four cognitive domain 
scores: verbal memory, executive functioning, processing 
speed and attention (Table S1).

2 . 5  |  Statistical analyses

With a two- sided α of 0.05, with 200 women in the study 
we have 94% power to detect a difference in z- score of 0.5 
between the two groups. With 750 women in the study, we 
have 98% power to detect a difference in z- score of 0.3, and 
78% power to detect a difference in z- score of 0.2.

Patient characteristics were compared using independent 
samples t- tests, χ2 tests or Fisher exact tests. To examine 
the effect of a premenopausal RRSO on long- term objective 
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cognition, age- corrected z- scores for the four cognitive do-
mains were compared between the premenopausal and post-
menopausal RRSO groups, and between the RRSO groups 
and the normative population using independent samples t- 
tests. In addition, we performed multivariable linear regres-
sion analyses with the four cognitive domains as dependent 
variables and RRSO (premenopausal or postmenopausal) as 
the independent variable, adjusting for current age, level of 
education, breast cancer, HRT, depression and cardiovascu-
lar risk factors (i.e. hypertension). Body mass index (BMI), 
diabetes and smoking were not confounding factors and 
were therefore omitted from our analyses.

To examine the effect of a premenopausal RRSO on long- 
term subjective cognition, independent sample t- tests were 
used to compare the six subjective cognition outcomes (score 
0– 5) between the premenopausal and postmenopausal 
RRSO groups. In addition, we performed ordered logistic 
regression analyses, adjusting for current age, level of educa-
tion, breast cancer, HRT, depression and cardiovascular risk 
factors, yielding odds ratios (OR).

We performed several subgroup analyses for objective 
and subjective cognition. Because of the clinical recommen-
dations for BRCA1/2pv carriers, we compared cognition be-
tween women with RRSO ≤ age 40 and between ages 41 and 
45. Furthermore, because of the age difference between the 
pre-  and postmenopausal RRSO groups, we compared cog-
nition in participants whose ages overlapped (60– 70 years). 
Additionally, to account for potential confounding effects 
of breast cancer history and HRT, we performed stratified 
analyses according to breast cancer history; within the pre-
menopausal RRSO group we performed stratified analyses 
according to HRT use. Due to collinearity between premeno-
pausal or postmenopausal RRSO and ‘time since RRSO’, we 
did not add ‘time since RRSO’ to the regression analyses. 
Subsequently, we performed sensitivity analyses with ‘time 
since RRSO’ as a continuous variable.

2 .6  |  Proportion cognitively affected

Participants who scored ≥1 standard deviation (SD) below 
the age- corrected normative mean on two tests from differ-
ent cognitive domains were classified as cognitively affected. 
This criterion is used in studies in the field of cancer (treat-
ment) and cognition.23– 25 The proportion of cognitively 
affected participants was compared between the premeno-
pausal and postmenopausal RRSO groups using a χ2 test, 
and compared with the expected proportion (30%) of cog-
nitively affected based on the probability curves provided 
by Ingraham & Aiken.26 To analyse the effect of a premeno-
pausal RRSO on the proportion cognitively affected, we used 
multivariable logistic regression analyses, adjusting for cur-
rent age, breast cancer history, HRT, depression, education 
and cardiovascular disease.

For all statistical analyses, STATA version 15.0 (StataCorp) 
was used. An α of 0.05 was used as the criterion for statistical 
significance.

3 |  R E SU LTS

3.1  |  Participation

In total, 758 women who met the eligibility criteria gave writ-
ten informed consent (response rate 59.6%), of whom 505 
were in the premenopausal RRSO group (RRSO ≤ age 45) 
and 253 in the postmenopausal RRSO group (RRSO ≥ age 
54) (Figure S1).

The ACS was completed by 641 women: 436 with a 
premenopausal RRSO and 205 with a postmenopausal 
RRSO. Forty- one participants were unable to complete 
the ACS because they did not have access to a laptop or 
computer. Compared with ACS completers, noncom-
pleters were older (mean age: 63.1 years [SD 6.1] versus 
67.2 years [SD 6.1]; p < 0.01). They did not report cognitive 
complaints more frequently (p- values ranged from 0.08 
to 0.31).

3. 2  |  Participant characteristics

Several characteristics differed between the premenopau-
sal and postmenopausal RRSO groups, partly due to the 
inclusion criteria (Table  1). The premenopausal RRSO 
group was younger at study participation than the post-
menopausal RRSO group (59.9 versus 70.1 years; p < 0.001) 
and had a longer time since RRSO (18.1 versus 11.7 years; 
p < 0.001). Compared with the postmenopausal RRSO 
group, the premenopausal RRSO group more often com-
pleted at least middle level education (65.6% versus 51.2%; 
p < 0.001), more often received chemotherapy for breast 
cancer (76.9% versus 53.5%; p  =  0.01), (had) more often 
used HRT (24.8% versus 10.3%; p < 0.001) and less often had 
cardiovascular risk factors (35.8% versus 56.2%; p = 0.001). 
There was no difference between the groups in occurrence 
of breast cancer and treatments other than chemotherapy, 
depression or BRCA1/2pv status (67% in the premenopau-
sal RRSO group and 64.6% in the postmenopausal RRSO 
group). The premenopausal RRSO group reported more 
frequent computer use than the postmenopausal RRSO 
group.

Data were missing for 18 women (2.8%) with regard to 
breast cancer, for 22 women (3.4%) with regard to depression. 
Seventy- eight women (12.2%) did not remember whether 
they had taken HRT. We took this into account in our anal-
yses by performing sensitivity analyses. We did not perform 
multiple imputation for the other missing confounders, as 
this was less than 5%.

3. 3  |  Outlier removal

In total, 3.0% of test scores was excluded from the analy-
ses, resulting in different numbers per subtest available for 
analyses. Based on extreme value detection, 1.5% of test 
scores (106 scores) were excluded from analyses; 1.2% of 
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test scores (83 outliers) were from the verbal memory test. 
Some participants had difficulty understanding how to 
enter their answers or completed the recall phase longer 
than 1  hour after the learning phase. Participants with 
outliers on this subtest less frequently used the computer, 

were on average 2 years older and were less educated than 
participants without outliers. Using MADs, we removed 
an additional 103 outliers (27 from TMT- B, 32 from Visual 
Reaction Time, 19 from Tower of London, 7 from Corsi 
Block and 18 from Grooved Pegboard) due to improbably 

T A B L E  1  Demographics of study participants that completed the online Amsterdam Cognition Scan.

Premenopausal RRSO (n = 436) Postmenopausal RRSO (n = 205) p- Valuea

Age (mean, SD) 59.9 (3.5) 70.1 (4.4) <0.001

Age at RRSO, mean (SD) 41.8 (2.7) 58.5 (3.7) <0.001

Time since RRSO, mean (SD) 18.1 (4.2) 11.7 (3.0) <0.001

Age at menopause, mean (SD) 41.8 (2.8) 50.3 (5.0) <0.001

Pathogenic genetic variantsb

BRCA1 germline mutation 209 (47.9%) 64 (31.2%) 0.41

BRCA2 germline mutation 83 (19.0%) 68 (33.2%)

Non- carrier BRCA1/2 144 (33.0%) 73 (35.6%)

Breast cancer, (yes) 247 (56.7%) 127 (62.0%) 0.19

Treatment of breast cancer

Surgery 243 (97.9%) 120 (94.5%) 0.93

Chemotherapy 190 (76.9%) 68 (53.5%) 0.01

Radiotherapy 155 (62.5%) 65 (53.3%) 0.09

Endocrine therapy 93 (37.5%) 35 (28.7%) 0.09

HRT use

Current user 23 (5.3%) 2 (1.0%) <0.001

Past user 85 (19.5%) 19 (9.3%)

Never user 287 (65.8%) 165 (80.5%)

Unknown 41 (9.4%) 37 (18.0%)

HRT duration in years, mean (SD) 1.6 (5.1) 0.4 (1.7) 0.13

Type HRT

Tibolone 25 (23.1%) 2 (9.5%)

Estradiol/progestogen 19 (17.6%) 0 (0.0%)

Estradiol only 6 (5.6%) 1 (4.8%)

Unknown 58 (53.7%) 18 (85.7%)

BMI, mean (SD) 26.2 (5.0) 25.7 (4.4) 0.29

Educational level

Primary school/lower level high school 111 (25.5%) 77 (37.6%) <0.001

Middle level high school 143 (32.8%) 38 (18.5%)

Advanced vocational/university 143 (32.8%) 67 (32.7%)

Missing 39 (8.9%) 23 (11.2%)

Hours of computer use per week 12.8 (12.3) 6.7 (7.6) <0.001

Depression (yes) 63 (14.4%) 20 (9.8%) 0.10

Cardiovascular riskc 156 (35.8%) 123 (56.2%) <0.001

Cardiovascular diseased 78 (19.1%) 51 (25.4%) 0.08

Hysterectomy (yes)e 60 (13.8%) 42 (20.5%) 0.002

Abbreviations: BMI, body mass index; HRT, hormone replacement therapy; RRSO, risk- reducing salpingo- oophorectomy; SD, standard deviation.
aGroups compared using independent samples t- test or Fisher exact test when appropriate.
bAll participants have a high familial risk of ovarian cancer. All women were tested for germline mutations; not all have a BRCA1/2 mutation. Among the established non- 
carriers there are, for example, CHEK2 mutation carriers.
cCardiovascular risk factors: hypertension, hypercholesterolaemia and/or type 2 diabetes.
dCardiovascular disease: myocardial infarction, angina, heart failure, arrhythmia, cardiac valve disorder, transient ischaemic attack and/or cerebrovascular accident.
eIn the Netherlands, a hysterectomy is not standard of care when performing RRSO.
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low test scores that were likely to ref lect technical glitches 
or a moment of inattention.

3.4  |  Objective cognition

Based on independent samples t- tests, the premenopausal 
RRSO group performed better than the postmenopausal 
RRSO group on executive functioning (mean age- corrected 
z- score 0.20 and −0.01, respectively, p  =  0.005), processing 
speed (mean age- corrected z- score 0.33 and −0.02, respec-
tively, p < 0.001) and attention (mean age- corrected z- score 
0.11 and −0.05, respectively, p  =  0.01) (Figure  1, Table  S2). 
However, after adjusting for confounders, a premenopausal 
RRSO was not associated with any of the cognitive domains 
(β- coefficient and 95% CI for a premenopausal RRSO on 
verbal memory: 0.07 (−0.26 to 0.39), processing speed: 0.05 
(−0.29 to 0.38), executive functioning: 0.01 (−0.26 to 0.28) 
and attention: 0.14 (−0.10 to 0.38), see also Table S7). A higher 
level of education was associated with better cognitive perfor-
mance. Longer time since RRSO did not influence the results.

Compared with the normative group, the premenopausal 
RRSO group performed better and the postmenopausal 
RRSO group similarly on attention, executive functioning 
and processing speed. Both groups performed slightly worse 
on verbal memory (Table S2).

3. 5  |  Proportion cognitively affected

In the postmenopausal RRSO group, the proportion of 
cognitively affected women (44.5%) was higher compared 
with the premenopausal RRSO group (33.3%; p = 0.01) and 
comparable to the 30% expected based on the probability 
curves.26 After correcting for confounders, this difference in 

proportion of cognitively affected between the premenopau-
sal and postmenopausal RRSO disappeared.

3.6  |  Subgroup analysis objective cognition

Based on independent samples t- tests, the premenopausal 
RRSO ≤40 years group performed similarly on verbal mem-
ory, processing speed and attention, but better on executive 
functioning compared with the premenopausal RRSO in the 
41– 45 years age- group (Figure 2, Table S3). After adjusting 
for confounders, RRSO ≤40 compared with RRSO at ages 
41– 45 years was not associated with any cognitive outcome 
(Table S7).

The proportion of cognitively affected women with a pre-
menopausal RRSO at 41– 45 years was 36.4%, and 26.5% in 
women with a premenopausal RRSO ≤40 years. This differ-
ence was not statistically significant (p = 0.06). Also, neither 
proportion differed significantly from the expected 30% 
cognitively impaired in a healthy population given the num-
ber of tests administered.26

When comparing the premenopausal and postmeno-
pausal RRSO groups in the overlapping age range of 60– 
70 years at study inclusion (n  =  222), no differences were 
found in verbal memory, executive functioning, attention 
and processing speed (Table  S4). After adjusting for con-
founders, we found no effect of RRSO on any cognitive do-
main (Table S7).

When stratifying by history of breast cancer, we also 
did not find differences between the premenopausal RRSO 
group and the postmenopausal RRSO group (Table S7). In 
addition, within the premenopausal RRSO group, there 
were no differences in cognitive test performance between 
women with and without breast cancer or between women 
with and without HRT use (Table S5).

F I G U R E  1  Differences in age- corrected z- scores per cognitive domain and the corresponding 95% confidence interval between the premenopausal 
and postmenopausal RRSO groups. The z- scores are age- corrected and describe the score's relation to the mean in a group of scores, with 0 being the 
mean of the group and 1 or −1 being 1 standard deviation above or below the mean, respectively. CI, confidence interval; RRSO, risk- reducing salpingo- 
oophorectomy.
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3.7  |  Subjective cognition

After adjustment for confounders, the premenopausal RRSO 
group more frequently reported problems with reasoning 
(OR 1.8, 95% CI 1.1– 3.1) and with multitasking (OR 1.9, 95% 
CI 1.1– 3.4), both borderline significant (p = 0.03) (Figure 3). 
For all six questions on subjective cognition, a depression 
diagnosis was associated with a higher frequency of com-
plaints (OR 1.7– 3.1). A sensitivity analysis showed that time 
since RRSO did not change the results (Table  S6). In the 
overlapping age category (ages 60– 70 years), we did not find 
differences in subjective cognition.

3. 8  |  Subgroup analysis subjective cognition

After adjusting for confounders, a premenopausal RRSO at 
ages 41– 45 was associated with a higher frequency of problems 
with reasoning (OR 1.66, 95% CI 1.07– 2.57) and slow thinking 
(OR 1.79, 95% CI 1.13– 2.82) compared with a premenopau-
sal RRSO before 41 years of age. Sensitivity analyses showed 
that longer time since RRSO was associated with less frequent 
cognitive complaints on all six questions (ORs varied between 
0.90 and 0.93, 95% CI between 0.83 and 0.99) (Table S6).

In women with a history of breast cancer, no differences 
were found between the premenopausal and postmenopausal 

F I G U R E  2  Comparison performance cognitive domains between early- premenopausal RRSO (RRSO ≤40 years) versus later- premenopausal RRSO 
(RRSO 41– 45 years). The z- scores are age- corrected and describe the score's relation to the mean in a group of scores, with 0 being the mean of the group 
and 1 or −1 being 1 standard deviation above or below the mean, respectively. CI, confidence interval; RRSO, risk- reducing salpingo- oophorectomy.

F I G U R E  3  Odds ratios and their 95% confidence interval for more subjective cognitive complaints in women with a premenopausal RRSO as 
compared with women with a postmenopausal RRSO. Corrected for age, breast cancer, HRT, education, depression and cardiovascular risk factors.
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RRSO groups. In women without a history of breast cancer, 
the premenopausal RRSO group more frequently reported 
problems with reasoning (p = 0.031; OR 2.5, 95% CI 1.1– 5.7). 
In women with a premenopausal RRSO, HRT users more 
frequently reported forgetfulness compared with non- users 
(p = 0.03; OR 1.2, 95% CI 1.1– 2.8).

4 |  DISCUSSION

After adjusting for age, education, breast cancer, HRT, de-
pression and cardiovascular risk factors among women at 
high familial risk of breast/ovarian cancer who have had a 
RRSO, we found no association between timing of RRSO 
(i.e. premenopausal or postmenopausal) and long- term 
objective cognition. Women with a premenopausal RRSO 
before age 46 did not perform worse on cognitive tests com-
pared with women with a postmenopausal RRSO after age 
54. Moreover, women with a premenopausal RRSO before 
age 41 did not perform worse on cognitive tests than did 
women with a premenopausal RRSO at ages 41– 45 years. We 
found no protective effect of HRT (mean duration, 1.6 years) 
on cognitive functioning. We showed that the differences in 
objective cognition between the premenopausal and post-
menopausal RRSO groups in univariate analyses could be 
explained by confounding factors. Regarding subjective 
cognition, after confounder adjustment, we observed that 
women with a premenopausal RRSO more frequently re-
ported cognitive complaints about reasoning and multitask-
ing compared with women with a postmenopausal RRSO. 
Unexpectedly, women with an RRSO at ages 41– 45 years 
more frequently reported cognitive complaints about rea-
soning and thinking speed compared with women with a 
premenopausal RRSO before age 41.

In general, our results showed no association between 
premenopausal RRSO and long- term cognitive function-
ing. This observation is consistent with one recent study11 in 
which women with a BRCA1/2pv and a mean age at oopho-
rectomy of 46 years completed an online cognitive screening 
instrument at a mean age of 54. The authors found no dif-
ferences in test performance between women with a RRSO 
before and after age 45, or between women with a RRSO 
and women without a RRSO. Our study confirms and adds 
to these results by examining the cognitive effects of a pre-
menopausal RRSO, measured by a more extensive cognitive 
test battery as well as a self- report questionnaire, with sub-
stantially longer time since premenopausal RRSO.

However, our results are in contrast to several earlier 
studies on the effects of RRSO on cognition.7– 10 A possible 
explanation for the inconsistent findings lies in the adjust-
ment for confounding factors. We showed that adjusting for 
these factors influenced the results. Previous studies did not 
account for cancer, HRT, hypertension or depression. It is 
therefore possible that the previously observed relation be-
tween RRSO and long- term cognition was due to confound-
ing. Also, previous studies included women who underwent 
bilateral oophorectomy for different indications, i.e. an 

oophorectomy for cancer treatment, and usually compared 
with a non- oophorectomy group. This may have caused con-
founding by indication. The association between RRSO and 
cognition might have been caused by shared genetic (e.g. 
pathogenic variant in estrogen receptor) and/or non- genetic 
factors (e.g. education) that (directly and/or indirectly) in-
crease the likelihood to undergo oophorectomy as well as the 
risk of developing cognitive impairment.27,28 In contrast, in 
our study, all women underwent RRSO because of a high fa-
milial risk of ovarian cancer.

Women with a premenopausal RRSO reported more cog-
nitive complaints than did women with a postmenopausal 
RRSO, also after adjustment for age and education. An ex-
planation could be that the age adjustment we applied in the 
regression analyses was insufficient, due to the large age dif-
ferences between the two groups, as among women aged 60– 
70, we found no differences in subjective cognition between 
women with a pre-  or postmenopausal RRSO. Another 
explanation might be that subjective cognition reflects not 
only cognitive ability but also psychosocial factors such as 
expectations and coping style. Women in the premenopausal 
RRSO group were more often employed than were women in 
the postmenopausal RRSO group, and possibly had higher 
expectations of their own functioning. In addition, women 
with a premenopausal RRSO may have been more alert to 
their cognitive problems because they were aware of possible 
cognitive consequences of premature menopause.

Unexpectedly, within the premenopausal RRSO group, 
women with RRSO between ages 41 and 45 reported some-
what more cognitive complaints compared with women 
with a premenopausal RRSO ≤ age 40 despite similar stage 
of life, education and cognitive test performance. The differ-
ence was small and was not in line with our other findings. 
Future studies could focus on cognitive complaints after a 
premenopausal RRSO in relation to stage of life and whether 
they progress over time.

It is noteworthy that, in our study, verbal memory was 
the only domain where both groups scored lower than the 
normative population. Verbal memory has frequently been 
shown to be affected after oophorectomy9 and is associ-
ated with brain regions that are rich in estrogen receptors 
(i.e. hippocampus and frontal lobe).29 On other domains, 
the premenopausal RRSO group performed better than the 
normative population. Participants visiting clinical geneti-
cists are generally higher educated, have greater awareness of 
health issues and genetic risk factors for cancer, and are less 
socially deprived and more affluent than the general pop-
ulation.28,30 All these characteristics have been associated 
with better cognition.31 Moreover, women from BRCA1/2pv 
families tend to have healthier lifestyles than their peers, 
especially after RRSO.32 This healthy lifestyle may protect 
against cognitive impairment.33

A limitation of this study is the difference in inclusion 
rate between the premenopausal and postmenopausal RRSO 
groups. The inclusion rate in the postmenopausal RRSO 
group was relatively low, possibly because the HARMOny 
study was focused on long- term effects after a premenopausal 
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RRSO. This could mean that we overestimated the cognitive 
ability in the postmenopausal RRSO group, as women with 
lower functioning may not have participated. However, if 
this were the case, the premenopausal group would have per-
formed even better than the postmenopausal RRSO group, 
providing even more evidence against the earlier hypothesis. 
Another limitation is possible misclassification bias; 10.1% 
of the women in our study could not remember if they had 
ever used HRT. However, we performed sensitivity analyses 
with patients with missing values included and the results 
did not differ from the complete case analyses. A last limita-
tion was that we did not correct our analyses for computer 
use due to multicollinearity between computer use and age, 
and timing of RRSO. An earlier study of our group showed 
that more frequent computer use was associated with bet-
ter performance on the online cognitive tests.34 Therefore, 
we may have overestimated the test performance of the pre-
menopausal RRSO group, who more often used the com-
puter than the postmenopausal RRSO group.

5 |  CONCLUSION

After adjustment for confounders (age, education, breast can-
cer, HRT, depression and cardiovascular risk factors), timing 
of RRSO was not associated with long- term objective cogni-
tion. We found no difference in cognitive test performance 
between women with a premenopausal or postmenopau-
sal RRSO. Women with a premenopausal RRSO did report 
more complaints, but this may have been due to the large age 
difference between the groups and/or awareness of poten-
tial cognitive consequences of premature menopause in the 
premenopausal RRSO group. Future studies should longi-
tudinally examine objective and subjective cognition to see 
whether cognitive changes arise at later ages in women with 
a premenopausal RRSO. If our results are confirmed by other 
studies, a clinical implication could be that the age at which 
women undergo RRSO does not make a difference in long- 
term cognitive effects. In view of the clinical guidelines for 
BRCA1/2 mutation carriers recommending a premenopausal 
RRSO to reduce ovarian cancer risk and the high uptake of 
RRSO, our findings regarding cognition are reassuring.
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