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Abstract
Introduction: The focus of this study was to assess cognitive functions in
relation to androgens and specifically testosterone and dehydroepiandrosterone in postmenopausal women as well as the correlation between cognitive functions and these two androgens according to polymorphism of the
apolipoprotein E gene (APOE).
Material and methods: A group of 402 women was recruited to the study
(minimum 2 years after the last menstruation, follicle-stimulating hormone
(FSH) more than 30 U/ml and no dementia signs on Montreal Cognitive Assessment). The computerized battery of the Central Nervous System Vital
Signs test was used to diagnose cognitive functions. APOE genotyping was
performed by multiplex polymerase chain reaction (PCR). Testosterone (TTE)
and dehydroepiandrosterone (DHEA) in the blood serum were assessed for
further statistical correlations analysis.
Results: In the group of postmenopausal women, higher testosterone concentration was associated with lower scores for Neurocognition Index (NCI)
(p = 0.028), memory (p = 0.008) and psychomotor speed (p < 0.001). Presence of at least one APOE ε4 allele potentiated testosterone’s negative influence on cognitive functions (p < 0.05). Woman with a high normal level
of DHEA scored significantly better in verbal (p = 0.027) and visual memory
(p < 0.001) than other participants. APOE polymorphism did not modify the
relationship between DHEA concentration and scores for cognitive functions.
Conclusions: Hormonal balance variations after menopause may influence
brain processes concerned with cognition, especially memory and psychomotor speed. The observed effects may be related to androgens’ influence
on higher cortical functions in the changed hormonal dynamics of the postmenopausal period.
Key words: cognitive functions, testosterone, dehydroepiandrosterone,
menopause, apolipoprotein E.
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Postmenopausal cognitive changes and androgen levels in the context of apolipoprotein E polymorphism

Introduction
Androgens play a primary role in female physiopathology. The age-related reduction in the production of ovarian and adrenal androgens may
significantly affect women’s health. The decline of
circulating androgens results from a combination
of two events: reduced ovarian production and
aged-related decline in adrenal androgen synthesis. The relative androgen deficiency in pre- and
postmenopausal women may of course induce
impairment of sexual function, but it is fairly well
known to influence brain health and may contribute to reduced cognitive functions [1].
In both the central nervous system and peripheral tissues, there are multiple ways whereby
androgens target their specific actions through
a particular tropism of the brain areas that are involved in behavior and cognition [2].
Thus the brain for quite a while has been considered an androgen-sensitive tissue and, what is
even more intriguing, shows an age-related decrease in androgen concentration. This has been
proved in the studies of the level of testosterone
(TTE) as well as its metabolite dihydrotestosterone
(DHT) in the brains of rodents [3] and humans [4].
The concept of “female androgen insufficiency
disorder” was used for the first time in 2001 [5].
Androgen deficiency can occur in women at any
age but especially in menopause. Clinical signs and
symptoms of low androgen exposure seem to be
most pronounced in the postmenopausal period.
It has been determined that androgens play numerous roles in neuroprotection of the brain, which
can be essential for determining their protective
role observed in Alzheimer’s disease. Androgens’
positive impact on neurons includes: (1) promoting the growth of neurons, rebuilding axons and
synaptic function, (2) protection against loss of
neurons, as well as (3) regulation of development
of pathologies that cause Alzheimer’s disease, including amyloid-β (Aβ) accumulation in the brain.
Various experimental models have led to the conclusion that androgens stimulate neurons’ growth
and maturity [6, 7]. Furthermore, androgens are
strong synaptic transmitters, including regulation
of long-term potentialization in the hippocampus
[8–10]. In some experimental models they also accelerate regeneration of axons in damaged motor
neurons [11, 12]. Another function of androgens,
potentially important for development of Alzheimer’s and other neurodegenerative diseases, is
protection against neuron loss. In many, though
not all, experiments [13, 14] androgens considerably weakened neuron damage caused by oxidative stress and Aβ toxicity [15, 16]. Still, androgens
showed a neuroprotective effect only in selected
models of neuron death in vivo. For instance, in
the experimental model of DHT they reduced neu-

ron damage in the hippocampus [17]. However,
androgens also accelerated cell death in the ischemic stroke model [18] and either had a negative
impact or did not improve the vitality of dopaminergic neurons in the midbrain [19]. It remains
unexplained why different models show different
regulation of neuron livability by androgens. One
hypothesis states that androgen-regulated neuroprotection is limited to certain types of cell death,
which include apoptosis [20], but may not include
effects of oxidative stress [21]. Moreover, changeability of neuroprotection may reflect the different
effects of androgens in different brain areas or
subpopulations of neurons [7].
Androgens regulate key factors of Alzheimer’s
disease pathogenesis such as Aβ accumulation, and
thus may prevent the development of the disease.
Initial results [22] confirmed in subsequent studies
[23] showed that anti-androgen therapy of prostate
cancer led to increased levels of circulating Aβ. Testosterone also controls the level of Aβ in cerebrospinal fluid and blood plasma of rodents after orchidectomy [24]. Similar results have been observed
among men as part of the biological process of
aging. DHT level lowering with age was associated
with a significant increase of Aβ level in the brain
[3]. Testosterone- or DHT-based treatment protected the rodent’s brain from Aβ accumulation [25].
Androgens can reduce Aβ levels also by influencing the production and metabolism of estrogens. At least part of the influence testosterone
has on the central nervous system depends on its
transformation to estradiol as done by aromatase
(E2) [26, 27]. A comparative study of gonadal steroids’ influence on Aβ level proved that estrogens,
testosterone and DHT considerably reduce Aβ level, testosterone being the most and E2 the least
effective [25].
Dehydroepiandrosterone (DHEA) and its sulfate
bound form (DHEAS) are produced both in gonads
and in the brain. Dehydroepiandrosterone easily
crosses the brain-blood barrier and in part is also
produced locally in the brain tissue. Dehydroepiandrosterone is not just a pre-hormone of the
adrenals, but rather a hormone, and it modulates
a series of biological processes, with a remarkable tropism for the central nervous system. It has
been reported that its administration can increase
feelings of well-being and is useful in ameliorating
atypical depressive disorders. It has neuroprotective and antiglucocorticoid activity and modifies
immune reactions, and some authors have also reported its role in degenerative brain diseases [28].
In the brain DHEA is thus a neurosteroid that
acts as a modulator of neurotransmitter receptors,
such as g-aminobutyric acid type A, N-methyl-D-aspartate (NMDA), and sigma-1 receptors. Both in
vitro and in vivo DHEA was shown to be involved
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in neuroprotection, neurite growth, neurogenesis
and neuronal survival, apoptosis, catecholamine
synthesis and secretion. It was proved to have antioxidant and anti-inflammatory properties [29].
In the vessels, DHEA binds with high affinity
to the endothelial cell membrane, and structurally related steroids. Binding of DHEA to the cell
membrane is coupled to recruitment of G proteins
that mediate the rapid activation of intracellular
signaling cascades [30].
Significant age-related decline in serum DHEA
suggested that a deficiency of these steroids may
be causally related to the development of a series
of diseases which are generally associated with
aging. Postulated consequences of low DHEA include insulin resistance, obesity, cardiovascular
disease, cancer, reduction of the immune defense
as well as psychosocial problems such as depression and a general deterioration in health and especially cognitive function [2].
There is also growing evidence in the literature
that a low DHEAS level, representing the most
abundant sex steroids in plasma in humans, negatively correlates with multiple domains of function
in pre- and postmenopausal women [31].
Similarly, in a cross-sectional study, higher endogenous DHEAS levels are independently and favorably associated with several measures of cognitive function and well-being [32].
Epidemiological studies suggest that 15–40%
of cases of Alzheimer-type dementia may have
a genetic component to their etiology. Still, most
instances of Alzheimer’s disease represent the
sporadic form (60–85%) with more complex inheritance type and multi-factor etiology [33].
Genes that have an impact on the risk of disease
development include E apolipoprotein (APOE) located on chromosome 19 [34, 35]. E apolipoprotein (apoE) is a polymorphic protein which takes
three isomorphic forms within the human body:
apoE2, apoE3 and apoE4, encoded by three allelic sets of APOE: ε2, ε3 and ε4. APOE’s role in the
pathomechanism of AD is based on participation
in metabolism and distribution of Aβ. ApoE is produced in the brain by astrocytes and microglia,
and then undergoes lipidation. Depending on the
isoform, apoE combined with Aβ causes either
accumulation of the latter in the form of amyloid
plaques, or its distribution to cerebrospinal liquid.
Using a lipoprotein binding unit, apoE can build
a complex with Aβ and help cells select it during
endocytosis. ApoE may also intensify microglia and astrocytes’ ability to clean up Aβ [36]. It
is believed that apoE can also control Aβ transport through the blood-brain barrier [37]. Various
apoE isoforms are involved in these processes to
a different degree. ApoE also influences other processes within the central nervous system, which
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are potentially related to Alzheimer’s disease development: neurotransmission, neurotoxicity, tau
protein hyperphosphorylation and inflammatory
processes in the central nervous system [38].
Presence of apoE4 facilitates accumulation of
β-amyloid in the brain, and, together with the
neurodegenerative changes described above,
constitutes a risk factor of development of cognitive disorders and dementia [39]. At the same
time, this risk is reduced by presence of the apoE2
isoform. It has been observed that β-amyloid begins to accumulate earlier among patients with
APOE ε4 than among noncarriers of APOE ε4 [40].
The authors have proved that carrying APOE ε4
is linked to increased β-amyloid accumulation in
lobar cerebral blood vessels located peripherally
[41]. The latest studies confirm the thesis that
presence of apoE4 is a significant risk factor of
MCI (mild cognitive impairment) conversion to dementia [34, 35, 42].
Studies assessing estrogens’ influence on neuropsychological functions among women in the
menopausal period showed that this process may
depend on differences in APOE polymorphism. Estradiol stimulates the production of apoE [43, 44],
and accelerates the growth of nerves [45]. These
relationships point to apoE’s significant role in estrogen-stimulated neuron growth.
As we already mentioned, androgens are key
to estrogens’ production and metabolism among
women in the postmenopausal period. Therefore, it can be supposed, that they will also, like
estrogens, play an important role in development
of brain changes that lead to dementia. Although
current studies still do not describe APOE polymorphism in great detail, the phenomenon can
constitute a significant part of the procedure that
enables identification of patients in the menopausal and postmenopausal period, whose cognitive disorders may successfully be prevented or
treated by means of androgen-based therapy.
The aim of this research was to analyze cognitive
functions in relation to TTE and DHEA levels among
women in the postmenopausal period in correlation with polymorphism of the E apolipoprotein
gene as a risk factor for dementia development.

Material and methods
Study group
The study was conducted in 2011 at the Institute of Rural Health in Lublin. The study group
comprised women from south-eastern Poland.
The criteria of inclusion in the study were as follows: age 50–65, good general health, education
level at least completed elementary. The women
were also included in the study group based on
clinical symptoms (minimum 2 years from the
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last menstrual period) and based on the criterion of follicle-stimulating hormone (FSH) level
(FSH > 30 mlU/ml). The criteria for exclusion from
the study were as follows: active cancerous disease within the period of 5 years before recruitment; mental diseases in medical history, including depression before menopause; addiction to
drugs and alcohol; diagnosed nosologic unit with
the symptoms of dementia. At the stage of qualification for the study, a brief Montreal Cognitive
Assessment scale was conducted in order to include patients who did not show features of dementia [46]. The Montreal Cognitive Assessment
(MoCA) scale for evaluation of cognitive functions
was designed as a quick screening instrument
for the evaluation of mild cognitive dysfunctions,
with a Polish adaptation of the scale by Magierska
et al. The maximum score in this test is 30, and
a score of 26 or more is considered as normal. All
the women included in the study obtained more
than 26 in the MoCA test.

Neuropsychological assessment
Cognitive functions were evaluated using the diagnostic instrument Central Nervous System–Vital
Signs (CNS-VS) (Polish version) [47] with software
by CNS Vital Signs (1829 East Franklin St., Bldg.
500, Chapel Hill, NC 27514, USA). The instrument
in the form of a battery of computer tests is standardized, has been subjected to the full validation
procedure, and possesses a Polish adaptation. The
entire research procedure using a computer was
performed in Polish. The report concerning test results is published in English. CNS-VS covers the following tests: Verbal Memory Test (VBM), the test
examining motor functioning – Finger Tapping Test
(FTT), Symbol Digit Modalities Test (SDMT), Stroop
Test (ST), Shifting Attention Test (SAT), Continuous Performance. CNS-VS assesses nine cognitive
functions: memory, verbal memory, visual memory,
processing speed, executive functions, psychomotor speed, reaction time, complex attention, and
cognitive flexibility. Based on five of these functions – memory, psychomotor speed, reaction
time, complex attention, and cognitive flexibility – the Neurocognition Index (NCI) is calculated.
The computer data from the CNS-VS test provide:
raw results, standardized results, percentiles, and
evaluations according to the 5-point scale for each
of the nine cognitive functions examined and the
Neurocognitive Index. These evaluations are as follows: above average (more than 109 standardized
scores), average (90–109), below average (80–89),
low (70–79), very low (less than 70).

Androgens
The subjects had TTE and DHEA levels in their
blood plasma determined by an accredited labo-

ratory. Norms for women in the postmenopausal
period are: TTE 14–76 ng/dl and DHEA 1.3–9.8 ng/
ml. Due to the fact that a number of women displayed TTE and DHEA levels which remained within the norm, the norm ranges have been subdivided into three subranges of equal spread: low
normal, middle normal and high normal.

Genetic analysis
The other variable in our study design was
APOE polymorphism. Genetic studies were performed in the Unit of Molecular Biology of the
Department of Zoonoses in the Institute of Rural
Health in Lublin.
Isolated genomic DNA was extracted from
0.2 ml of human whole blood using a QIAamp
DNA Blood Mini Kit (Qiagen, USA) according to the
producer’s instructions.
Multiplex polymerase chain reaction (PCR) was
done according to Yang et al. [48] with some modifications. PCR reactions were performed in a single reaction tube with six primers consisting of
two common primers and two specific primers for
each of two single nucleotide polymorphism (SNP)
sites. The multiplex PCR reaction was performed
in a 50 μl reaction volume which contained the
following mix of reagents: 1.25 U of Taq DNA polymerase (Qiagen, USA), 1× PCR buffer containing
15 mM MgCl2 and 1× Q buffer (all from Qiagen,
USA), 0.2 mM each of dNTP (Fermentas, Lithuania),
0.5 μM of each of six primers: FO, RO, FI-1, RI-1,
FI-2, RI-2 (Eurogentec, Seraing, Belgium), nuclease-free water (Applied Biosystems, USA) and 5 μl
of DNA. The reaction was performed in a C1000
Thermal Cycler (Bio-Rad) under the following conditions: initial denaturation at 95ºC for 5 min, then
35 cycles (denaturation 95ºC for 30 s, annealing
at 60ºC for 30 s, elongation at 72ºC for 60 s), and
a final extension step at 72ºC for 7 min. The reaction products were detected in 2.5% agarose gels
in the standard electrophoresis conditions. After
ethidium bromide staining, the strips were read
under UV light. The size of the amplified DNA fragment using two common outer primers (FO and
RO) was 514 bp. Obtained DNA amplicons flanked
by each of two sets of allele-specific inner primers
(FI-1/RI-1 and FI-2/RI-2) showed different types of
polymorphisms: 444 bp, 307 bp and 115 bp for ε3/
ε4; 307 bp and 115 bp for ε3/ε3; 444 bp and 307
bp for ε4/ε4; 307 bp, 253 bp and 115 bp for ε2/ε3;
444 bp, 307 bp, 253 bp and 115 bp for ε2/ε4.

Statistical analysis
Both statistical analysis and diagrams were
developed using Statistica software. The F test of
ANOVA (analysis of variance) was used to determine whether age, BMI (body mass index), andro-
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gen level and cognitive functions depend on APOE
polymorphism. In order to determine whether
level of education and ranges of androgen norms
depend on APOE polymorphism, the researchers
applied the χ2 test of stochastic independence.
Pearson’s correlation coefficient was chosen to
test for a linear correlation between androgen and
NCI levels and cognitive functions in the subject
group in total and in groups of APOE polymorphism. Due to lack of a linear correlation between
DHEA, NCI and cognitive functions, the F test of
ANOVA was used to determine whether NCI and
cognitive functions depend on DHEA norm ranges.
Finally, the F test of two-way analysis of variance
was applied to determine whether an interaction
between APOE polymorphism and DHEA norm
ranges influences NCI and cognitive functions.
Numbers (n) and frequency distributions (%)
were presented for categorical variables. For continuous variables, means (M) and standard deviations (SD) were calculated. The former reflects
the average level, while the latter measures the
degree of measures’ dispersion around the arithmetical average or 0.95 confidence intervals. Due
to the large population size of the subject group
(N = 402), the author applied the normal distribution of parameter estimators. In statistical tests,
the significance level was set at 0.05.

Consent for the study was obtained from the
Bioethical Committee at the Institute of Rural
Health in Lublin.

Results
Four hundred and two women participated in
the research. Most of them (253, i.e. 62.93%) had
the ε3/ε3 APOE allele configuration. Another 86 had
the ε3/ε4 (64) or ε4/ε4 (22) APOE allele configuration, which constituted approximately 21.39% of
the subject group. The ε2/ε3 APOE allele configuration was observed among 63 (15.67%) respondents.
The age of the women examined ranged from
50 to 65 years, with the average age of 56.5 ±3.5
years. Average body mass index (BMI) value was
26.4 ±3.9. Incidence of APOE allele configurations
was not correlated with age or BMI, though a correlation with education level was observed (Table I).
The better educated a woman was, the more frequently she had the ε2/ε3 or ε3/ε3 APOE allele
configuration, and the least frequently the ε3/ε4
or ε4/ε4 APOE allele configuration.
The participants of the research had an average TTE level of 40.45 ±14.08 ng/dl, and average
DHEA level of 7.18 ±4.61 ng/ml (Table I). The subject group did not include patients with androgen
levels below the norm. Only 4 women had TTE

Table I. Characteristics of the subject group in total and according to polymorphism of E apolipoprotein gene
Feature

Categories

Total
(N = 402)

ε2/ε3
(N = 63)

ε3/ε3
(N = 253)

ε3/ε4 or
ε4/ε4
(N = 86)

test

p

Age
[years]

M ± SD

56.5 ±3.5

56.4 ±33

56.6 ±3.6

56.1 ±3.6

F = 0.712

0.491

Primary, n (%)

13 (3.23)

1 (7.69)

4 (30.77)

8 (38.46)

χ2 = 26.731

< 0.001

Basic vocational, n (%)

37 (9.20)

3 (8.11)

23 (62.16)

11 (21.62)

Secondary, n (%)

181 (45.02)

32 (17.68)

103 (56.91)

46 (18.78)

Tertiary, n (%)

171 (42.54)

27 (15.79)

123 (71.93)

21 (9.94)

26.4 ±3.9

26.6 ±3.8

26.4 ±3.8

26.1 ±4.5

F = 0.387

0.679

F = 0.938

0.392

χ2 = 9.918

0.128

Level of
education

BMI [kg/m ]
2

TTE

DHEA

1152

M ± SD
M ± SD [ng/ml]

40.45 ±14.08 40.11 ±14.42 39.91 ±13.66 42.29 ±15.04

Significance
of differences

Below normal, n (%)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

Low normal, n (%)

152 (37.81)

27 (42.86)

95 (37.55)

30 (34.88)

Medium normal, n (%)

191 (47.51)

24 (38.10)

129 (50.99)

38 (44.19)

High normal, n (%)

55 (13.68)

11 (17.46)

26 (10.28)

18 (20.93)

Above normal, n (%)

4 (1.00)

1 (1.59)

3 (1.19)

0 (0.00)

M ± SD [ng/ml]

7.18 ±4.61

6.30 ±3.79

7.48 ±4.56

6.93 ±5.19

F = 1.801

0.167

Below normal, n (%)

0 (0.00)

0 (0.00)

0 (0.00)

0 (0.00)

χ = 8.507

0.203

Low normal, n (%)

125 (31.09)

21 (33.33)

69 (27.27)

35 (40.70)

Medium normal, n (%)

113 (28.11)

20 (31.75)

74 (29.25)

19 (22.09)

High normal, n (%)

82 (20.40)

14 (22.22)

54 (21.34)

14 (16.28)

Above normal, n (%)

82 (20.40)

8 (12.70)

56 (22.13)

18 (20.93)

2
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Table II. Cognitive domains (standard stores) according to polymorphism of E apolipoprotein gene
Cognitive function

Total

ε2/ε3

ε3/ε3

ε3/ε4
or ε4/ε4

M ± 0.95 confidence interval

Significance
of differences
F

p

NCI

84.10 ±1.60

90.65 ±4.03

84.66 ±1.73

77.65 ±4.25

12.578

< 0.001

Memory

90.05 ±1.55

90.68 ±4.13

90.53 ±1.87

88.20 ±3.61

0.755

0.471

Verbal memory

91.27 ±1.75

91.32 ±4.80

91.36 ±2.18

90.97 ±3.70

0.016

0.984

Visual memory

93.12 ±1.49

94.46 ±2.93

93.60 ±1.91

90.72 ±3.54

1.432

0.240

Processing speed

79.14 ±1.40

82.51 ±3.63

78.41 ±1.77

78.81 ±2.85

2.115

0.122

Executive functioning

79.21 ±2.46

90.17 ±5.20

80.33 ±2.87

67.88 ±6.06

16.113

< 0.001

Psychomotor speed

83.28 ±1.79

93.46 ±3.45

82.24 ±2.02

78.86 ±4.93

13.459

< 0.001

Reaction time

86.82 ±1.61

93.05 ±4.26

86.47 ±1.87

83.30 ±3.85

6.744

0.001

Complex attention

81.58 ±2.82

92.51 ±5.70

83.79 ±3.14

67.09 ±7.63

17.404

< 0.001

Cognitive flexibility

78.07 ±2.56

89.03 ±5.74

79.27 ±2.97

66.52 ±6.28

15.153

< 0.001

time, complex attention and cognitive flexibility
were observed among women with ε2/ε3 alleles,
lower among those with ε3/ε3 alleles, and the
lowest among those with ε3/ε4 or ε4/ε4 alleles
(Figure 1).
In all cases, testosterone level in the blood serum was negatively correlated with the results
of NCI and two cognitive functions: memory and
psychomotor speed (Table III). The researchers observed negative linear correlations of TTE level and
results of NCI and all cognitive functions except
processing speed and reaction time among women with ε4 APOE. Typically, the higher the TTE level
was, the lower were these scores among wom100
Cognitive domains (standard scores) Mean, 0.95 CI

above the norm (1.00% of the subject group). The
DHEA above the norm was observed in 82 cases, i.e. among one fifth of the group. Almost all
the women had a normal TTE level (99.00%), and
the majority had a normal DHEA level (79.60%).
Looking closer at the TTE norm, most patients
had middle normal values of the norm (47.51%),
fewer had low normal (37.81%), and the fewest
had high normal (13.86%). Analysis of the DHEA
norm shows that most subjects had low normal
values (31.09%), slightly fewer had middle normal (28.11%), and the fewest had high normal
(20.40%). Levels of TTE and DHEA androgens did
not depend on APOE polymorphism. A statistically
significant positive correlation was identified between TTE and DHEA (r = 0.211; p < 0.001), which
translates into higher TTE levels accompanying
higher DHEA levels observed typically among
women in the postmenopausal period.
The average value of the neurocognitive index in
the subject group was 84.10 ±16.35, which meant
low average (Table II). The lowest scores were observed for cognitive flexibility, processing speed
and executive functioning (average results were
lower than 80 points, which meant low scores).
The women examined achieved the highest results
for memory as well as visual and verbal memory
(average scores above 90 points, i.e. middle). The
domains in which the women scored middle results included complex attention, psychomotor
speed and reaction time (average scores between
80 and 90 points, meaning low average).
The results of NCI and 5 cognitive functions
(apart from three types of memory and processing speed) were significantly dependent on APOE
polymorphism (Table II). Highest scores in NCI, executive functioning, psychomotor speed, reaction

95
90
85
80
75
70
65
60
55

NCI

e2/e3
e3/e3
e3/e3 or e4/e4
Polymorphism of apolipoprotein E gene
Executive functioning
Psychomotor speed
Reaction time
Complex attention
Cognitive flexibility

Figure 1. NCI and cognitive functions dependent
on polymorphism of apolipoprotein E gene
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Table III. Correlation coefficient between cognitive domains (standard stores) and TTE (ng/dl) among the subjects
in total and according to E apolipoprotein polymorphism
Domain

ε2/ε3

Total

ε3/ε3

ε3/ε4 or ε4/ε4

r

p

r

p

r

p

r

p

NCI

–0.110

0.028

0.130

0.309

–0.062

0.324

–0.303

0.005

Memory

–0.132

0.008

0.216

0.089

–0.147

0.019

–0.319

0.003

Verbal memory

–0.091

0.068

0.191

0.134

–0.110

0.081

–0.258

0.017

Visual memory

–0.096

0.054

0.142

0.266

–0.072

0.253

–0.256

0.018

Processing speed

–0.040

0.425

0.021

0.870

–0.020

0.746

–0.142

0.191

Executive functioning

–0.037

0.458

0.155

0.224

0.028

0.658

–0.225

0.037

Psychomotor speed

–0.213

< 0.001

–0.302

0.016

–0.162

0.010

–0.280

0.009

Reaction time

–0.035

0.490

0.110

0.392

–0.025

0.696

–0.127

0.244

Complex attention

–0.051

0.311

0.192

0.132

0.037

0.555

–0.274

0.011

Cognitive flexibility

–0.036

0.468

0.161

0.207

0.029

0.643

–0.235

0.030

en with ε4 APOE. Furthermore, women with ε3/
ε3 APOE showed a negative correlation between
TTE, memory and psychomotor speed, whereas
those with ε2/ε3 showed a negative correlation
between TTE and psychomotor speed only.
No linear correlations were noted between
DHEA level (ng/ml) and results of NCI and any
cognitive function (standard scores). This pertains
to both the subject group in total, and the three
groups identified according to APOE polymorphism
(p > 0.05). When NCI and cognitive functions (standard stores) were analyzed according to the four
DHEA norm ranges (low normal, middle normal,
high normal and above normal), significant relations were identified between memory as well

as verbal and visual memory (Table IV). Women
with a high normal level of DHEA scored significantly better in these domains than other participants (with low, medium and above normal level
of DHEA, with no significant difference with regard
to these domains) (Figure 2). Interaction between
APOE polymorphism and norm ranges of DHEA did
not have any significant influence on the scores of
NCI and cognitive functions as observed among
women in the postmenopausal period (Table IV).

Discussion
The relationship between APOE polymorphism
and education level has been evaluated in many

Table IV. Cognitive domains (standard stores) according to DHEA and polymorphism of E apolipoprotein
Cognitive function

DHEA
Low
normal

Medium
normal

High
normal

Above
normal

M ± 0.95 Confidence Interval

Significance of
differences

Interaction
(DHEA*APOE)

F

p

F

p

NCI

82.61 ±2.80

83.63 ±3.30

86.82 ±3.02

84.30 ±3.65

1.138

0.333

0.692

0.656

Memory

88.91 ±2.95

87.58 ±2.63

97.71 ±2.98

87.55 ±3.47

8.685

< 0.001

0.720

0.634

Verbal memory

91.07 ±3.12

89.92 ±3.25

96.28 ±3.53

88.41 ±4.16

3.102

0.027

1.540

0.164

Visual memory

90.97 ±3.13

91.53 ±2.17

99.97 ±2.99

91.74 ±3.26

7.283

< 0.001

1.029

0.406

Processing speed

79.06 ±2.24

80.33 ±2.81

76.93 ±3.17

79.83 ±3.17

0.981

0.402

1.378

0.222

Executive functioning

74.86 ±4.54

78.64 ±5.04

83.46 ±4.94

82.39 ±4.77

2.519

0.058

1.398

0.214

Psychomotor speed

83.22 ±3.29

85.09 ±3.13

80.33 ±3.96

83.80 ±4.16

1.103

0.348

1.605

0.144

Reaction time

85.55 ±2.62

87.74 ±3.42

88.46 ±2.97

85.84 ±3.89

0.736

0.531

1.699

0.120

Complex attention

77.65 ±5.46

81.28 ±5.42

86.39 ±5.39

83.19 ±6.02

1.629

0.182

1.336

0.240

Cognitive flexibility

73.79 ±4.77

77.77 ±5.16

82.74 ±5.03

80.34 ±5.21

2.215

0.086

0.944

0.463
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studies. Similarly, in the analysis of our material,
the better educated a woman was, the more frequently did she display the ε2/ε3 or ε3/ε3 APOE
allele configuration, and the least frequently the
ε3/ε4 or ε4/ε4 APOE allele configuration. It is
known that the presence of apoE4 favors the
deposition of β-amyloid in the brain and neurodegenerative changes, and is a risk factor for the
development of cognitive disorders and dementia.
Similarly, the occurrence of the isoform apoE2 decreases this risk [39]. It is an interesting fact that
the level of education influences the health education and therefore women with a longer education time make better health choices (e.g. obtain
earlier diagnoses, get treated, adhere to treatment regimens), and therefore are at lower risk of
developing a disease. This concerns such chronic
diseases as atherosclerosis, hypertension, diabetes, etc. In this way, it may exert an effect, among
others, on the development of cognitive disorders
and dementia [49].
Scores in the five cognitive functions and NCI
were significantly lower for women who had at
least one APOE ε4 allele. The higher the testosterone level was, the lower were the results at NCI,
memory and psychomotor speed. Possessing the
APOE ε4 allele strengthened testosterone’s negative impact on the results of NCI and most cognitive
functions, excluding processing speed and reaction
time. Interestingly, scores for psychomotor speed
were negatively correlated with testosterone level,
regardless of which APOE polymorphism – ε4/ε4 or
ε3/ε4, ε3/ε3, or ε2/ε3 – was shown by the patient.
A large-scale population study based on 1276
middle-aged and elderly women proved that
women with low scores in memory have a higher
level of free testosterone [50], which is in line with
the results of our own studies. Similarly, in the
research by Ryan et al., better semantic memory
performance was associated with higher total and
free estradiol levels and a lower ratio of testosterone to estradiol. There were trends in the relationship between better verbal episodic memory
and lower total testosterone and lower testosterone/estradiol ratio. Lower free testosterone levels
were associated with greater 2-year improvement
in verbal episodic memory; higher testosterone/
estradiol predicted greater semantic memory improvement [51].
Recent imaging studies however depict a slightly different influence of testosterone on brain activity. Davis et al. in their pilot study of healthy
postmenopausal women stabilized on transdermal estrogen found that testosterone therapy is
associated with reduced BOLD signal activation in
key anatomical areas during functional magnetic
resonance imaging (fMRI) verbal fluency and visuospatial tasks. This finding suggested that tes-
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Figure 2. Memory, verbal and visual memory according to DHEA norm ranges

tosterone therapy facilitates the preservation of
these specific components of cognitive function
with less neuronal recruitment. In the setting of
this study, testosterone seemed to be inducing
neuroprotective effects. The role and interplay of
testosterone with other hormones to preserve
these aspects of cognitive function in postmenopausal women merit further study [52].
Female gender is an AD risk factor, and apoE4
is a factor that intensifies the risk if it co-occurs
with female gender. Some sources claim that androgens and androgen-dependent sensory signals
can protect from apoE4’s detrimental influence on
cognitive functions. Short periods of androgen application eliminate cognitive deficits among adult
female mice displaying apoE4, whereas strong AR
(androgen receptor) blockade led to sudden deterioration of cognitive functions among male mice
with ε4 APOE, and not with ε3 APOE [53]. Moreover, expression of ε4 APOE, and not ε3 APOE,
considerably weakened the cytosol bonds with AR
in the cerebral cortex. The data show that APOE
ε4 may interact with the androgen receptor, which
can lead to a negative effect in some cognitive
functions among patients with APOE ε4. Bonds
between testosterone and androgen receptors
were found to be much weaker among mice with
the ε4 allele [53, 54]. Such an effect could also explain the increasingly negative influence of higher
testosterone levels on cognitive function scores
among women in the postmenopausal period and
with the APOE ε4 allele.
Decrease of androgen level and its receptors
as resulting from castration may have a positive
impact since it reduces APOE ε4 interaction with
the androgen receptor. APOE ε4 interaction with
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AR may also limit cells’ sensitivity to signals transmitted through the androgen receptor. These data
suggest that women can be more prone to the
detrimental cognitive effects caused by APOE ε4
presence than men, even when displaying lower
concentrations of endogenous androgens [55].
Nevertheless, another study confirmed that both
low testosterone level and testosterone’s interaction with APOE ε4 may increase the risk of Alzheimer’s disease [56]. A similar link was observed
in an experiment by Panizzon et al., conducted
among middle-aged men. Significant positive associations were observed between free testosterone level and verbal episodic memory, as well as
a significant interaction between free testosterone
and APOE-ε4 status. In ε4 carriers free testosterone was positively associated with verbal episodic
memory performance (story recall), whereas no
association was observed in ε4 noncarriers [57].
Experiments on animals showed that in the
brain, and particularly in the hippocampus, testosterone influences the production and accumulation of b-amyloid [58]. It was noted that patients
with at least one APOE ε4 allele and a low testosterone level had the most limited capacity of the
hippocampus. However, when compared to the
groups with normal testosterone levels, this was
not statistically significant. Testosterone as such
did not influence the capacity of the hippocampus, but its importance grew when the interaction
with APOE was considered. Interestingly, hippocampus capacity as observed among patients
without the ε4 allele and with a low testosterone
level was considerably higher than in any other
group [59]. This suggests that the link between
APOE genotype, testosterone, AR and the role of
the hippocampus is highly complex and it is still
not comprehensively explained.
The concentrations of circulating testosterone
are lower in males with at least one APOE ε4 allele
[60]. The decrease in endogenous testosterone after castration in mice carriers of APOE ε4 causes
behavioral disorders [55]. Similarly, pharmacological and genetic inhibition of AR function leads to
behavioral disorders in mice with APOE ε4, but not
APOE ε3 [53, 61]. In addition, a lower concentration of AR was observed in both male and female
mice with APOE ε4. Nevertheless, it is not known
whether APOE ε4 directly affects the concentration
of AR, or in other ways disturbs androgen binding
to AR [53]. The genotype APOE ε4 is related to both
a lower concentration of testosterone and inhibition of the effect of androgen on neurons.
Researchers suggested that the link between
estrogens and decrease in cognitive functions
observed among women in the postmenopausal
period may be caused by the influence of androgens since in that group of patients estrogens
come from the peripheral conversion of andro-
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gens’ precursors [62]. An experiment was carried
out to determine whether inhibition of testosterone conversion into estradiol alters testosterone’s
influence on cognitive functions. The researchers
observed no clinically significant effects of testosterone-based treatment on attention functions, executive functions, psychomotor speed
and working memory. However, instant memory,
verbal memory and visual memory improved considerably. The experiment showed that aromatase
inhibition by supplying letrozole did not have any
impact on the cognitive function of healthy women treated with estrogens and testosterone [63].
Our study did not confirm any linear correlation
between DHEA, NCI results and cognitive functions
among women in total as well as in the groups
divided according to particular APOE polymorphisms. Significant differences were observed in
memory, verbal memory and visual memory in the
three ranges of DHEA norms. The highest scores
were obtained by patients with DHEA in the high
norm and these results were, again, not related to
APOE polymorphism the patients had.
Synthesis of DHEA in women occurs mainly in
the adrenal cortex, DHEA being the main precursor
of active estrogens after menopause. Reduction of
DHEA synthesis performed by adrenal glands in
the period of aging leads to reduced production
of androgens and estrogens in peripheral tissues.
It is suggested that this may also have an impact
on cognitive functions in the postmenopausal period. Lower levels of DHEA and DHEAS were thought
to be related to cognitive function disorders and
higher incidence of such diseases as Alzheimer’s
disease among the elderly [64]. Among men [65]
and healthy women after menopause [32], a higher endogenous level of DHEAS was linked to better
cognitive abilities, which is in line with the results
obtained in the present research. DHEA/S can help
in some impaired domains of memory [32, 65]; in
the case of the present study it was memory, as
well as verbal and visual memory. This supports the
thesis that DHEA/S supplementation may improve
cognitive function of the elderly. Nonetheless, other
reports are not explicit when it comes to cognitive
benefits from application of DHEA [66, 67]. Interestingly, postmortem examination of patients with
Alzheimer’s disease showed a higher level of DHEA
in brain tissue and cerebrospinal fluid [68], particularly in the prefrontal cortex [69] and temporal lobes
[70], than in the case of other patients. Furthermore,
DHEA level was significantly higher in brain tissue
of women when compared to that of men [70].
All these findings may contribute to the debate about the role of androgens and especially
DHEA in female aging, with special attention to
cognitive decline. The lack of definitive evidence
of biological mechanisms and the existence of
only a few studies that address these emerging
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issues of androgen/DHEA therapy in postmenopausal women should encourage a new research
approach with a critical analysis of the available
literature. Concurrently, the design of new clinical trials, specifically planned on the overall brain
health and especially cognition of symptomatic
postmenopausal women and designed for the
translation of basic science into clinical practice,
is now a required step to move forward in the scientific debate of androgens in brain processing
and senescence.
In conclusion, The higher testosterone level
among women after menopause corresponds with
lower scores for NCI, memory and psychomotor
speed. Moreover, the APOE ε4 allele strengthened
testosterone’s negative influence on cognitive
functions. In contrast, high or normal DHEA was related to better results for memory as well as verbal
and visual memory in women after menopause.
Furthermore, APOE polymorphism did not alter the
relationship between DHEA level and scores for
cognitive functions.
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