Climacteric

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/icmt20

Association of bilateral oophorectomy and
menopause hormone therapy with mild cognitive
impairment: the REDLINC X study
J. E. Blümel, E. Arteaga, M. S. Vallejo, E. Ojeda, P. Meza, M. Martino, D.
Rodríguez-Vidal, M. Ñañez, K. Tserotas, J. Rojas, M. A. Rodrígues, M. T.
Espinoza, C. Salinas, J. Párraga-Párraga & P. Chedraui
To cite this article: J. E. Blümel, E. Arteaga, M. S. Vallejo, E. Ojeda, P. Meza, M. Martino, D.
Rodríguez-Vidal, M. Ñañez, K. Tserotas, J. Rojas, M. A. Rodrígues, M. T. Espinoza, C. Salinas,
J. Párraga-Párraga & P. Chedraui (2021): Association of bilateral oophorectomy and menopause
hormone therapy with mild cognitive impairment: the REDLINC X study, Climacteric, DOI:
10.1080/13697137.2021.1951203
To link to this article: https://doi.org/10.1080/13697137.2021.1951203

Published online: 29 Jul 2021.

Submit your article to this journal

Article views: 18

View related articles

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=icmt20

CLIMACTERIC
https://doi.org/10.1080/13697137.2021.1951203

ORIGINAL ARTICLE

Association of bilateral oophorectomy and menopause hormone therapy with
mild cognitive impairment: the REDLINC X study
€mela , E. Arteagab , M. S. Vallejoc , E. Ojedad , P. Mezae , M. Martinof ,
J. E. Blu
~ n
~ezh , K. Tserotasi , J. Rojasj , M. A. Rodrıguesk , M. T. Espinozal
D. Rodrıguez-Vidalg , M. Na
m
C. Salinas
, J. Parraga-Parragan
and P. Chedrauin,o

,

a
Departamento de Medicina Interna Sur, Facultad de Medicina, Universidad de Chile, Santiago de Chile, Chile; bDepartamento de
Endocrinologıa, Facultad de Medicina, Pontificia Universidad Catolica de Chile, Santiago de Chile, Chile; cClınica Quilın, Facultad de
Medicina, Universidad de Chile, Santiago de Chile, Chile; dDepartamento de Obstetricia y Ginecologıa, Universidad Andina, Cusco, Peru;
e
Departamento de Medicina Familiar, Universidad San Martin de Porres, Lima, Per
u; fDepartamento de Obstetricia y Ginecologıa,
g
Universidad Nacional de Rosario, Rosario, Argentina; Departamento de Obstetricia y Ginecologıa, Hospital de Clınicas Jose de San Martin,
Buenos Aires, Argentina; hCatedra de Ginecologıa, Universidad Nacional de Cordoba, Cordoba, Argentina; iComplejo Hospitalario Dr. Arnulfo
Arias Madrid, Caja del Seguro Social, Panama, Panama; jDepartamento de Ginecologıa Obstetricia, Universidad Peruana Cayetano Heredia,
Lima, Peru; kDepartment of Gynecology and Obstetrics, Federal University of Minas Gerais, Belo Horizonte, Brazil; lUnidad de Climaterio,


Puebla, Puebla, Mexico; nInstituto de
Clınica Los Angeles,
Cochabamba, Bolivia; mServicio de Obstetricia y Ginecologıa, Hospital Angeles
Investigacion e Innovacion en Salud Integral, Facultad de Ciencias Medicas, Universidad Catolica de Santiago de Guayaquil, Guayaquil,
~ora de la Asuncion’, Asuncion, Paraguay
Ecuador; oFacultad de Ciencias de la Salud, Universidad Catolica ‘Nuestra Sen

ABSTRACT

ARTICLE HISTORY

Background: Dementia is a major public health problem. Estrogen is a regulator of the central nervous system and its deficit could be involved in cognitive decline in older women.
Objective: This study aimed to evaluate the association of bilateral oophorectomy, menopause hormone therapy (MHT) and other factors on mild cognitive impairment (MCI).
Method: The case–control study included 941 otherwise healthy postmenopausal women aged
60 years and over from six Latin American countries. Personal and family data were recorded and MCI
was assessed using the Montreal Cognitive Assessment test (MoCA).
Results: Average age, years of education and body mass index were 66.1 ± 5.8 years, 12.4 ± 5.0 years
and 26.0 ± 4.3 kg/m2, respectively. A total of 30.2% had undergone bilateral oophorectomy and 40.3%
had used MHT. A total of 232 women (24.7%) had MCI. The prevalence of MCI was higher in women
with intact ovaries and non-MHT users as compared to MHT users (29.3% vs. 11.7% [odds ratio (OR)
0.32; 95% confidence interval (CI) 0.20–0.51]). Among oophorectomized women, MCI prevalence was
higher among non-MHT users as compared to MHT users (45.2% vs. 12.8% [OR 0.18; 95% CI
0.10–0.32]). Logistic regression analysis determined that the variables associated with MCI were age
>65 years (OR 1.69; 95% CI 1.20–2.38), parity (having >2 children; OR 1.69; 95% CI 1.21–2.37), bilateral
oophorectomy (OR 1.56; 95% CI 1.09–2.24), hypertension (OR 1.41; 95% CI 1.01–1.96), being sexually
active (OR 0.56; 95% CI 0.40–0.79), education >12 years (OR 0.46; 95% CI 0.32–0.65) and MHT use (OR
0.31; 95% CI 0.21–0.46).
Conclusion: Age, parity, bilateral oophorectomy and hypertension are independent factors associated
with MCI; contrary to this, higher educational level, maintaining sexual activity and using MHT are protective factors.
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Introduction
The aging population that the world is experiencing will
soon increase the cases of diseases typical of older age.
Within these diseases, dementia is one of the disorders that
has the greatest impact on public health [1]. Globally, the
prevalence of dementia in people over 60 years of age has
been estimated between 5 and 7%; this means that about
40 million individuals are currently living with dementia and
this percentage will double every 20 years [2]. In Latin
America, the prevalence is even higher, currently reaching
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8.5% [2]. These figures would be even higher if we consider
older adults with undiagnosed pre-dementia stages.
Women have a higher risk of dementia than men, which
would reflect in the female population the higher rate of PiB
b-amyloid deposition, lower 18F-fluorodeoxyglucose glucose
metabolism (neurodegeneration) and lower magnetic resonance gray and white matter volumes [3]. Among the risk factors for dementia in women, some related to ovarian
function have been described such as bilateral oophorectomy and early menopause [4]. On the other hand, a review
of various case–control and cohort studies indicates that
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estrogen therapy used before 60 years of age shows a neuroprotective effect [5]. Contrary to this, the Women’s Health
Initiative Memory Study (WHIMS) showed that women who
used menopause hormone therapy (MHT) after the age of
65 years had an increased risk of dementia [6]. Regardless of
the discrepancies between dementia and MHT, it would be
important to precociously screen those women with cognitive impairment in order to avoid their transition to dementia with the use of preventive measures such as the
improvement of lifestyles or other therapeutic interventions
that could arise in the future [7].
Estrogen is an important regulator of the central nervous
system that acts through a network of receptors distributed
in multiple sites in the brain, modulating energy metabolism
through coordinated signaling and transcriptional pathways.
Estrogens have also been shown to exert significant effects
on signaling mechanisms that induce neuroprotection and
synaptic plasticity [8], thereby impacting on neurogenesis
and homeostatic brain function [9]. Most importantly, estrogen also functions in the metabolism of acetylcholine, one of
the main neurotransmitters critical for attention and memory
processes [10]. Therefore, the aim of the present study was
to compare cognitive impairment among women with bilateral oophorectomy as opposed to those with natural menopause, and to assess the influence of MHT use and other
factors such as schooling, diabetes, hypertension and a family history of dementia. The selection of these risk factors
was based on previously published studies. Systematic
review/meta-analyses have demonstrated that age [11], bilateral oophorectomy [12], hypertension [13], diabetes [14],
obesity [14] and educational attainment [14] are associated
with dementia, and thus the impact of these factors was
explored in relation to mild cognitive impairment (MCI).
The rationale of this study is based on whether estrogen
deficit, either due to bilateral oophorectomy or natural
menopause, implies a greater risk of cognitive deterioration;
this would therefore be another argument to preserve the
ovaries when women undergo a hysterectomy. If there is a
positive effect of MHT over the risk of dementia, then its use
would be justified especially in women with risk factors for
this condition.

Methods
Study design
This case–control study was carried out to analyze the association of bilateral oophorectomy, MHT use and other factors
with MCI, a diagnosis defined in the Diagnostic and Statistical
Manual of Mental Disorder fifth edition (DSM-5) as a disorder
characterized by a subjective cognitive deficit, objective
memory failure or other cognitive deficits, without failure in
daily activities [15].

Population and sample
The studied population consisted of postmenopausal women
aged 60 years or over who attended a health examination

(convenience sampling) in six Latin American countries
(Argentina, Brazil, Bolivia, Mexico, Panama and Peru).
Clinically, otherwise healthy women who could read and
write were included. Patients with a diagnosis of chronic diseases that prevented them from carrying out their daily tasks
or with a psychiatric illness and/or dementia that did not
allow them to understand the tests were excluded [16]. Data
collection was carried out between February and December
2019 in gynecology consultations. If the percentage of cognitive failure is 14.5% in this subcontinent [2] and oophorectomy doubles this percentage [4], the sample for the
matched case–control study should include 238 controls and
80 cases, under the following assumptions: odds ratio (OR)
of 2.41, one-sided a value of 0.05 and power of 0.80 (Fleiss
in StatCalc; CDC, Atlanta, Georgia, USA).

Ethical considerations
The study was approved by the local ethics committee
(Southern Metropolitan Health Service, Santiago de Chile,
Chile) and complies with the Declaration of Helsinki. All
patients provided written informed consent.

Studied variables
The following data were collected: age (years), years of education, parity or number of children, having a partner (yes/
no), sexual activity (yes/no), educational level (university or
not), age of menopause (years), bilateral oophorectomy (yes/
no), MHT use (yes/no), hypertension (yes/no), diabetes mellitus (yes/no), medical drug use (yes/no), personal history of
heart disease, stroke, cancer (yes/no) and family history of
dementia (yes/no). Menopausal stages were defined according to the Stages of Reproductive Aging Workshop (STRAW)
þ10 criteria.

Cognitive test
Cognitive impairment was assessed with the Montreal
Cognitive Assessment test (MoCA), a cognitive screening
instrument created by Nasreddine et al. in Canada [17]. This
test diagnoses MCI, a transitional state between normal
aging and dementia, especially Alzheimer’s disease. The
prevalence of MCI according to various studies fluctuates
between 3% and 42%, depending on the diagnostic definitions used [18]. Various reports indicate that 10–15% of subjects with MCI progress to dementia each year [19].
Currently, many studies focus on MCI as a pre-stage of this
disease [20]. The MoCA assesses six domains in 10 min
(memory, visuospatial capacity, executive function, attention,
language and orientation), having a maximum score of
30 points. In the original version, the cut-off point to define
MCI is 26 points [17]. According to Nasreddine et al. [17], the
MoCA is superior to the Mini-Mental State Examination tool.
Indeed, the sensitivity and specificity for the detection of
MCI are 90% and 87% for the MoCA, respectively, versus
18% and 100% for the Mini-Mental State Examination.
During the Spanish validation of the MoCA, a cut-off value of
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21 points for the diagnosis of MIC showed a sensitivity of
71.4% and specificity of 74.5% [21]. In Brazil, we used the
Portuguese version of the MoCA, which uses a similar cut-off
value to the Spanish version (20 points) [22]. In this study,
the MoCA was performed by a doctor who also examined
the woman and recorded her personal and family anamnestic data.

Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics
version 21.0. Results are presented as the mean ± standard
deviation, percentage (95% confidence interval [CI]) and OR.
The Kolmogorov–Smirnov test was used to evaluate the normality of the data distribution and the Levene test to evaluate variance homogeneity. Group comparisons were
performed with Student’s t-test (for continuous parametric
data) or the Mann–Whitney U test (for non-parametric data).
The chi-square test was used to compare percentages
between groups. Logistic regression analysis was used to
determine factors associated with MCI. Inclusion of different
variables in the model was done through a stepwise procedure, considering a 5% level as significant. We also considered
the different interactions between the variables found to be
statistically significant in the univariate analysis. The
Hosmer–Lemeshow test was used to determine the
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regression model adequacy. In all analyses, p < 0.05 was considered statistically significant.
Operational definitions of the categorical variables used
for the logistic regression analysis were age (median;
<65 years ¼ 0, 65 years ¼ 1), years of studies (median
12 years ¼ 0, > 12 years ¼ 1); body mass index (median;
>25.5 kg/m2 ¼ 1);
menopausal
age
25.5 kg/m2 ¼ 0,
(48 years ¼ 0, >48 years ¼ 1) and parity or number of children (2 children ¼ 0, >2 children ¼ 1). The variables bilateral oophorectomy, having a partner, sexual activity, use of
MHT (excluding vaginal preparations), high blood pressure,
diabetes mellitus, history of heart disease, stroke, cancer, use
of sedatives, use of antidepressants and family history of
dementia were categorized as no ¼ 0, yes ¼ 1.

Results
A total of 1020 women aged 60 years and over were invited
to participate, of which 941 (92.3%) agreed and gave consent. The average age of participants was 66.1 ± 5.8 years.
Average years of education and body mass index were
12.4 ± 5.0 years and 26.0 ± 4.3 kg/m2, respectively. A total of
30.2% had undergone bilateral oophorectomy and 40.3%
had used MHT at some point of their lives. More characteristics are presented in Table 1.
According to the MoCA, in this study 232 women (24.7%)
had MCI (Table 2). These women were older and had higher

Table 1. Characteristics of all studied women and according to the presence of MCI.

Age (years)
Years of education
Body mass index (kg/m2)
Parity (number of children)
Has a partner (%)
Has sexual activity (%)
University graduates (%)
Age of menopause (years)
Bilateral oophorectomy (%)
MHT (% ever used)
Arterial hypertension (%)
Diabetes mellitus (%)
Sedative use (%)
Antidepressant use (%)
History of heart diseases (%)
History of stroke (%)
History of cancer (%)
Family history of dementia (%)

All women
(n ¼ 941, 100%)

Without MCI
(n ¼ 709, 75.3%)

With MCI
(n ¼ 232, 24.7%)

p-Value

66.1 ± 5.8
12.4 ± 5.0
26.0 ± 4.3
2.7 ± 1.8
67.0 (63.9–69.9)
46.2 (43.0–49.4)
30.9 (28.1–34.0)
47.6 ± 4.3
30.2 (27.2–33.1)
40.3 (37.1–43.4)
40.1 (36.9–43.2)
18.7 (16.2–21.2)
16.4 (14.0–18.7)
16.7 (14.3–19.1)
7.5 (5.8–9.2)
1.8 (1.0–2.7)
10.3 (8.4–12.3)
22.2 (19.6–24.9)

65.5 ± 5.5
13.3 ± 4.2
25.7 ± 4.0
2.4 ± 1.5
69.7 (66.2–73.0)
51.8 (48.0–55.4)
35.1 (31.7–38.7)
47.7 ± 4.3
28.8 (25.4–32.1)
47.0 (43.3–50.7)
35.5 (32.0–39.0)
16.8 (14.0–19.5)
16.5 (13.8–19.2)
15.0 (12.3–17.6)
6.2 (4.4–8.0)
1.6 (0.6–2.5)
9.7 (7.6–11.9)
21.9 (18.8–24.9)

67.9 ± 6.2
9.7 ± 6.0
26.9 ± 4.8
3.4 ± 2.1
58.6 (52.1–64.8)
29.3 (23.8–35.5)
18.1 (13.7–23.8)
47.3 ± 4.3
34.5 (28.3–40.6)
19.8 (14.7–25.0)
53.9 (47.4–60.3)
24.6 (19.0–30.2)
15.9 (11.2–20.7)
22.0 (16.6–27.4)
11.6 (7.5–15.8)
2.6 (0.5–4.6)
12.1 (7.9–16.3)
23.3 (17.8–28.8)

0.0001a
0.0001a
0.0001a
0.0001a
0.002b
0.0001b
0.0001b
0.2280c
0.06b
0.0001b
0.0001b
0.0080b
0.8430b
0.0130b
0.0070b
0.3040b
0.3100b
0.6530b

Data are presented as mean ± standard deviation or percentage (95% confidence interval). Mild cognitive impairment
(MCI) ¼ Montreal Cognitive Assessment test score < 21 points. MHT, menopausal hormone therapy.
a
When comparing women without MCI versus those with MCI as determined with the Mann–Whitney U test.
b
When comparing women without MCI versus those with MCI as determined with the chi-square test.
c
When comparing women without MCI versus those with MCI as determined with Student’s t-test.
Table 2. Percentage of women with MCI according to age, bilateral oophorectomy and MHT use.
% women with MCI (95% CI)
Status
Non-oophorectomized not on MHT
Non-oophorectomized on MHT
Oophorectomized not on MHT
Oophorectomized on MHT
Total

Number of women
427
230
135
149
941

Per each group (n 5 941, all)
29.3 (24.9–33.6)
11.7 (7.6–15.9)
45.2 (36.7–53.7)
12.8 (7.3–18.2)
24.7 (21.9–27.4)

Age <65 years (n ¼ 452)
20.8 (15.2–26.4)
6.7 (2.2–11.3)
33.3 (20.7–46.0)
9.5 (2.6–16.3)
16.8 (13.4–20.3)

CI, confidence interval; MCI, mild cognitive impairment; MHT, menopausal hormone therapy; NS, non-significant.
When comparing age groups with the chi-square test.

a

Age 65 years (n 5 489)
36.9 (30.5–43.2)
17.1 (10.0–24.5)
53.8 (42.5–65.2)
16.0 (7.5–24.5)
31.9 (27.8–36.1)

p-Valuea
0.001
0.012
0.018
NS
0.001
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Figure 1. Prevalence of mild cognitive impairment (MCI) according to years of menopausal hormone therapy (MHT) use. ap-Value obtained with the chi-square
test. NS, non-significant.

body mass index and parity as well as higher rates of high
blood pressure, diabetes mellitus, use of antidepressants and
heart disease. In addition, they were less educated, less likely
to have a partner, less likely to be sexually active and used
MHT at a lower rate. We found no differences regarding age
of menopause, frequency of bilateral oophorectomy, use of
sedatives, stroke, cancer and parents with dementia.
Age was associated with a higher risk of MCI, as presented in Table 2. The percentage of women with cognitive
impairment increases from 16.8% in those under 65 years old
to 31.9% in older women. The prevalence of MCI was higher
in women with intact ovaries and non-MHT users as compared to MHT users (29.3% vs. 11.7% [OR 0.32; 95% CI
0.20–0.51]). This figure was similar for women both under
and over 65 years of age. In bilateral oophorectomized
women, the percentage of MCI was 28.6% and there were
no significant differences between those who had a bilateral
oophorectomy before or after 45 years of age (27.9% vs.
28.6%; data not shown in Table 2). In this group of bilateral
oophorectomized women, the prevalence of MCI was higher
among non MHT users as compared to MHT users (45.2% vs.
12.8% [OR 0.18; 95% CI 0.10–0.32]. Likewise, similar figures
were observed in both age groups. In Table 2, it is also
observed that women using MHT have a lower yet similar
prevalence of MCI, regardless of whether they are oophorectomized or not (11.7% vs. 12.8%, p > 0.05).
Figure 1 shows the percentage of women with MCI
according to the number of years of MHT use. It was
observed that with 1 year of use there is no decrease in the
risk of MCI (32.8% vs. 33.3%, p > 0.05). However, in the
second year, this figure drops to 12.1% (p < 0.0001) and this
percentage is maintained, with some variations, even in
women who used MHT for 15 years or more.
When evaluating the possible effect that the moment of
MHT initiation could have on the risk of MCI (Table 3), we
observed that MHT started in the premenopause does not
significantly modify the risk compared to MHT started in the

Table 3. Effect of moment of MHT initiation and MCI prevalence.
Moment of MHT initiationa
Pre perimenopause
Early postmenopause
Late postmenopause
Total

Number
of women
169
170
38
377

% MCI
(95% CI)
11.7
11.8
15.8
12.1

(6.8–16.6)
(6.9–16.7)
(3.6–27.9)
(8.8–15.4)

p-valueb
0.498c
0.768d

CI, confidence interval; MCI, mild cognitive impairment; MHT, menopausal hormone therapy.
a
Stages of Reproductive Aging Workshop (STRAW) þ10 criteria.
b
Chi-square test.
c
Comparing early versus late postmenopausal.
d
For the whole trend.
Table 4. Variables associated with MCI: logistic regression modela.
Variable
Age >65 years
Parity >2
Bilateral oophorectomy
Arterial hypertension
Sexually active
Education >12 years
MHT

OR
1.69
1.69
1.56
1.41
0.56
0.46
0.31

95% CI
1.20–2.38
1.21–2.37
1.09–2.24
1.01–1.96
0.40–0.79
0.32–0.65
0.21–0.46

p-value
0.003
0.004
0.016
0.045
0.001
0.001
0.001

CI, confidence interval; MCI, mild cognitive impairment; MHT, menopausal hormone therapy; OR, odds ratio.
a
Variable (s) entered in step one of the model: age >65 years, education
>12 years, body mass index >25.5 kg/m2, parity >2, age at menopause
>48 years, having a partner (yes/no), oophorectomy (yes/no), MHT use (yes/
no), hypertension (yes/no), diabetes (yes/no), use of sedatives (yes/no), use of
antidepressants (yes/no), personal history of heart disease, stroke, cancer (yes/
no), family history of dementia (yes/no), sexual activity (yes/no).

early postmenopause (11.7% vs. 11.8%, p > 0.05). When initiated during the late postmenopause, the percentage of
women with MCI rises somewhat, but without reaching statistical significance (15.8%). We were unable to assess the
window of opportunity for MCI prevention as only eight
women started MHT after 10 years of menopause.
We developed a logistic regression model in order to analyze which variables were associated with MCI (Table 4).
Factors associated with MCI were age older than 65 years
(OR 1.69; 95% CI 1.20–2.38), parity >2 (OR 1.69; 95% CI

CLIMACTERIC

1.21–2.37), having had a bilateral oophorectomy (OR 1.56;
95% CI 1.09–2.24) or arterial hypertension (OR 1.41; 95% CI
1.01–1.96). Contrary to this, protective associated factors
were sexual activity (OR 0.56; 95% CI 0.40–0.79), those with
more than 12 years of education (OR 0.46; 95% CI 0.32–0.65)
and MHT use (OR 0.31; 95% CI 0.21–0.46).
The model was evaluated with several tests and the
results were as follows: Durbin–Watson, 1.21; variance inflation factor of all variables >1.00; Omnibus test, p < 0.0001;
Nagelkerke’s R2, 0.224; and Hosmer and Lemeshow test, 0.32.

Discussion
The prevalence of dementia is increasing worldwide. MCI is
considered a transitional state between normal aging and
dementia, and its diagnosis implies taking measures that
could attenuate or slow down this transition. Older age is
the most important risk factor and is an obvious non-modifiable risk factor for the development of cognitive impairment.
In addition to age, other factors such as obesity, hypertension, lower educational attainment and decreased physical
activity are particularly strong predictors [23]. Our study
shows that older age, higher parity, bilateral oophorectomy
and hypertension are factors associated with cognitive
decline. In contrast, a higher educational level, persistence of
sexual activity and the use of MHT are protective.
Cognitive impairment is not considered a normal consequence of aging [24]. Physiological and metabolic mechanisms typical of aging, such as oxidative stress and
neuroinflammation, can contribute to the etiopathogenesis
of the cognitive deterioration observed in older people. We
must also add the comorbidities that could secondarily affect
the brain of older adults. Furthermore, cognitive frailty is
often associated with physical frailty, conditions that interact,
deteriorating quality of life of older people [25].
Regarding parity and the risk of cognitive deterioration, a
study that analyzed data from 11 population-based cohorts
from 11 countries in three continents, including 14,792
women aged 60 years or older, concluded that older grand
multiparous women showed a higher risk of dementia in
Europe (OR 2.99; 95% CI 1.38–6.47) and Latin America (OR
1.49; 95% CI 1.04–2.12) [26]. Our OR of 1.69 is not far from
the Latin American results shown in that study. A higher
number of births is generally associated with lower socioeconomic status and educational level, factors that may increase
the risk of dementia [27]; however, in our study the number
of children appeared to be an independent risk factor for
cognitive impairment. It has been postulated that repeated
pregnancies may have direct cumulative detrimental effects
on the brain, possibly due to the increased insulin resistance
and high estrogen levels observed during pregnancies, both
conditions being potentially neurotoxic and cumulative. This
would explain why brain gray matter volumes in multiple
areas, including the hippocampus, are reduced up to 2 years
after childbirth [28].
Our study shows that bilateral oophorectomy was significantly associated with MCI. This result is consistent with a
systematic review suggesting that surgical menopause is
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associated with a higher risk of cognitive decline and
dementia [29]. The reason why oophorectomy is associated
with cognitive decline appears to have multiple explanations.
Experimental medicine has shown that oophorectomy leads
to a loss of synapses and decreased neuronal connectivity; if
we add an increase of inflammatory markers (interleukin-1
[IL-1], tumor necrosis factor-a [TNF-a]), a condition implicated
in Alzheimer’s disease, it is possible to understand, at least
partially, the mechanisms for cognitive decline in oophorectomized patients [30]. It has also been pointed out that
comorbidities that accompany oophorectomy play a role in
the risk of cognitive impairment [11]. Our results, unlike
other studies, show that cognitive impairment is independent of the age at which bilateral oophorectomy was performed [29]. This could be due to the instruments used to
assess cognitive impairment and the age at which the
women were cognitively assessed.
Few studies have evaluated the role of abrupt reduction
of serum testosterone and progesterone levels after bilateral
oophorectomy. The decline in these steroids could affect several specific regions of the brain, causing neurological symptoms and diseases. This hypothesis is supported by the
failure of estrogenic treatment to offset the increased risk of
parkinsonism and depressive and anxiety symptoms, findings
reported in the Mayo Clinic Cohort Study of Oophorectomy
and Aging [31]. Furthermore, a study that followed 3044
women over a span of 23 years could not demonstrate that
testosterone levels were associated with either objective or
subjective measures of cognitive function [32].
Our study shows that arterial hypertension was associated
with a higher risk of MCI. Our OR of 1.41 is not distant from
that found in a meta-analysis of six longitudinal studies that
showed that hypertension was associated with an increased
risk of dementia (OR 1.59; CI 1.29–1.95) [33]. The mechanisms
of this association would be the damage of the white matter
and atrophy of the hippocampus that have been described
associated with arterial hypertension. On the other hand,
some studies show that treatment of hypertension is associated with less cognitive impairment [34].
In our study, one of the protective factors associated with
MCI was the use of MHT. In women with intact ovaries,
prevalence of MCI fell by more than half (from 27.9% to
12.3%) and this decrease was even greater in oophorectomized women, which fell 74.7% (from 45.7% to 12.0%). Our
study showed that women who used MHT for more than
10 years had a MCI prevalence between 8.3 and 10%, while
those who use estrogen for less than 1 year had a higher
prevalence (32.8%). These data are consistent with those of
Bove et al., showing lower cognitive impairment in oophorectomized women who had used MHT for at least
10 years [35].
It is difficult to compare our results to others due to the
use of different diagnostic instruments, applied to ethnically
different populations and with different clinical conditions.
Some studies are based on memory deficits while others
include various cognitive domains. The diagnosis of MCI is
also affected by the cut-off values used to define this condition [36]. Therefore, the wide prevalence of MCI observed in
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different studies is not surprising. Thus, for example, the
WHIMS [6] did not show that hormonal therapy improved
the risk of dementia; however, it did not specifically analyze
oophorectomized women as we did, but assessed the use of
late-onset hormonal therapy and applied the Mini-Mental
State Examination as a diagnostic instrument, which has low
sensitivity for the diagnosis of MCI [17]. Also, in our study
only eight women started MHT after 10 years of menopause
whereas the WHIMS involved women who initiated MHT at
age 65 years or older.
This change suggests that the increased risk of MCI associated with oophorectomy is completely neutralized with
MHT, a situation that we observe even in women over
65 years of age, a group with a higher risk of dementia. It is
important to mention that the OR of women with MCI not
using MHT was 3.37 (95% CI 2.30–4.94).
Our results demonstrating a lower frequency of MCI in
MHT users are completely different from the results of the
WHIMS, which reported a non-significant increase in the risk
of MCI associated with the use of MHT in both the estrogenalone and estrogen–progestin groups, being 1.34 (95% CI,
0.95–1.89) and 1.25 (95% CI, 0.97–1.60) [37], respectively. The
difference between our results and those of the WHIMS may
be explained by the fact that most women in the latter study
started their therapy after the age of 60 years, in contrast to
our series in which only eight women were over this age.
The divergent results between our study and the WHIMS are
compatible with the theory of the window of opportunity,
according to which MHT would protect against cognitive
deterioration if it is used before the age of 60 years; later on,
it could be deleterious [38].
In the present study we also noted that education is
another protective factor for MCI. Lower educational level
has been implicated as one of the most widely accepted risk
factors for dementia in epidemiological studies. A meta-analysis on 23 prospective cohort studies with more than 75,000
included persons showed that the risk of dementia was
reduced by 7% per year of increase in education [14]. The
effect of education on the risk of cognitive impairment has
been explained with the paradigm of the ‘cognitive reserve’,
a hypothetical construct that moderates the effects of agerelated decline and pathological damage. It refers to structural and dynamic capacities of the brain that buffer against
atrophies and lesions. Tissue or functional loss in a particular
brain region may be compensated by other neurons working
harder to maintain, as much as possible, the same level of
functioning. Cognitive activity strengthens the functioning
and plasticity of neural circuits (software or dynamic cognitive reserve), increasing cognitive reserve and decreasing the
risk of dementia [39]. Interestingly, another modifiable risk
factor that increases cognitive reserve is physical activity,
especially aerobic exercise, which supports neuronal structural integrity and preserves brain mass (hardware or static
brain reserve) [40].
Another of our findings is that sexually active women present less MCI. This is a little-studied topic. Most studies on
sexuality and dementia refer to inappropriate behaviors in
patients with cognitive impairment [41], but few studies

have evaluated the influence of sexual activity on the risk of
dementia. An analysis of eight studies concluded that
although not consistently, there is a trend that older people
who are not demented and continue to engage in sexual
activity have better overall cognitive functioning. Cognitive
decline and dementia seem to be associated with diminished
sexual behavior in older persons [42]. The authors suggest
that the nuclei and cortical structures of the limbic system
are essential for specific types of memory, set the level of
arousal and are involved in sexual motivation and reinforcing
behaviors. In dementia, these structures fail to interconnect
successfully, which could result in inadequate (motor) behavior such as apathy, indifference or hypersexuality. Another
factor that could explain the protective role of sexual activity
in cognitive impairment may be that sexuality reflects the
health status of the person [43] and those with dementia are
at greater risk of associated comorbidities [44]. However, it is
necessary to mention that a woman’s lack of sexual activity
may be determined by general health and/or sexual problems of her partner. In addition, it must be considered that
regarding sexuality, not everything is biological; there is also
a positive relationship between sexuality, social support systems and prevention of dementia [45,46].
The importance of our results lies in the fact that there
are modifiable risk factors such as bilateral oophorectomy,
education, MHT and so on that are associated with cognitive
function. In addition, factors that we did not study, such as
the Mediterranean diet and physical activity that may
improve global cognition, are still interventions that can be
self-initiated by healthy midlife and older adults and may
ameliorate cognitive aging [47]. A meta-analysis including 41
studies concluded that combined physical activity with cognitive activity programs should be promoted as a modality
for preventing as well as treating cognitive decline in older
adults [48].
The strengths of this study lie in the use of a validated
and widely accepted instrument for the evaluation of cognitive impairment. The fact that it is a multicenter study neutralizes the local biases that a protocol carried out in one
place could have. Among the weaknesses of the present
study, one must mention that its case–control design does
not allow us to draw conclusions about causality. We should
also include as weaknesses the fact that physical activity and
diet were not evaluated, two factors that are associated with
cognitive health.
In conclusion, MCI is highly prevalent in women over
60 years of age. Age, having more than two children, bilateral
oophorectomy and hypertension are independent predictors;
on the other hand, a higher educational level, maintaining
sexual activity and using MHT are protective factors associated with MCI. Implementing programs that change modifiable risk factors should be considered to improve the quality
of life and mental status of older people.
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