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INTRODUCTION 
 

Behavioral studies that have evaluated the effects of menopause on some 

aspects of cognition suggest that certain impairments in cognitive performance 

are symptomatic of menopause. Cognitive deficits such as poor memory, 

inability to concentrate, deficits in abstract reasoning, attention and set-shifting 

flexibility, visuospatial ability, episodic memory and verbal fluency have been 

reported in middle-aged postmenopausal women [1-3, 4]. Interestingly, 

differences have not been found in attention, verbal fluency or memory when 
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comparing cognitive function in late versus early postmenopausal stages [5]. 

Cognitive decline associated with postmenopause may be due to several 

factors including hormonal changes [6, 7], normal aging processes [8, 9], age-

related changes in dopaminergic neurotransmission [10] and interindividual 

variations in brain function and cognitive abilities associated with genetic 

factors [11-13].  

Because estrogens have been found to be associated with the maintenance 

and protection of brain structures in animal models, it is biologically plausible 

that maintaining high levels of estrogens in postmenopausal women by 

medication could be protective against cognitive decline. Estrogen 

replacement therapy (ERT) might be beneficial for the improvement of mood 

and cognition in menopausal women [14-17]. Estrogen is a multipurpose 

messenger that can interact with neurotransmitter systems at critical brain 

nuclei and facilitate neuronal function by affecting gene expression and 

transmitter-gated ion channels [18]. Estrogen actions on cognition have found 

support in data that indicate the existence of estrogen receptors in nonrepro-

ductive brain structures. The nature of these receptors and the possible 

mechanisms of action on cognition have been described in many studies [19-

21]. Estrogens exert some of their effects through genomic and non-genomic 

mechanisms [22]. The genomic effects involve the steroid interaction with 

intracellular receptors and imply the activation of transcription factors [23-25]. 

The non-genomic process of estrogens is mediated through a subpopulation of 

the classical estrogen receptors (ERs), estrogen receptors α (ERα) and estrogen 

receptors β (ERβ), which are located at the plasma membrane and via second 

messengers with an effect on neuronal excitability [24, 26]. Estrogen receptors 

are found in the hippocampus, cerebral cortex and amygdala [27-29], which 

are areas of the brain involved in memory processes, mood and emotion. 

Moreover, estrogens rapidly increase the number of dendritic spines and 

synapses in CA1 of the rat hippocampus, which is critical for memory [30, 

31], enhancing long-term potentiation in CA1 [32], the production of new cells 

in the dentate gyrus [33], cholinergic function [34], spatial learning [35] and a 

number of neurotrophic and neuroprotective effects [36-38].  

The results of observational studies that have attempted to link hormone 

levels and cognitive function in postmenopausal women, however, have been 

inconclusive. Some studies have reported harmful associations, others have 

found a protective role, and still others have failed to identify a link between 

serum estrogen levels and cognitive ability [39, 17]. Some of the inconsistency 

in the human literature may be explained by methodological differences 

between studies, such as the characteristics of the population enrolled, the dose 
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or the drug and their routes of administration and methodological issues. 

However, these differences have failed to convincingly explain discrepancies 

between studies in this area [40]. Despite the inconsistencies, the diminished 

postmenopausal production of endogenous estrogen may have a slight 

negative influence on cognitive abilities and on hormonal replacement therapy 

as protective. 

Changes in scores on neuropsychological tests have been used to assess 

the possible influence of hormonal replacement therapy during postmen-pause. 

Because performance on any neuropsychological test requires attention, which 

is the key to successful information processing, it is necessary to understand 

attentional performance under the influence of hormone therapy. Attention 

refers to a process of cognitive control that selects information from a wide 

range of possible input stimuli and performs an enormous range of possible 

actions [41]. Most experimental work conducted on the neurobiology of 

attention is based on the theory of the filter, which states that the central 

nervous system continuously receives a great amount of stimulation; due to its 

limited capacity to process all of this information, the system must filter it 

through a mechanism that allows it to select only those stimuli relevant to 

perform a task [41]. Attention components include initiation or focusing, 

sustained attention or vigilance, inhibiting responses to irrelevant stimuli or 

selective attention, shifting attention [42-44], attentional capacity and response 

selection over time [45]. At the same time, components of attention are 

impacted by the overall arousal state of the individual [45].  

During the performance of a task that requires a sustained state of 

alertness, PET scan have shown increased activity in the right frontal and right 

parietal lobes, whereas the anterior cingulated is quiet, playing a role in target 

detection. These areas have been proposed as part of a network responsible for 

maintaining the alert state [46, 47]. In particular, the frontal region has been 

proposed to be sensitive to the effects of female sex hormones [48, 49]. 

Attention tests are easily performed by individuals with an intact ability to 

focus attention, although age [50] and hormonal status may affect this process 

in women [51-54]. Most studies have compared test scores to evaluate 

neuropsychological function and its possible relation to estrogen replacement 

therapy in postmenopausal women. In some cases, this method has provided 

relevant information but in other cases the findings reported are discrepant. 

Specific neuropsychological tests that measure sustained attention and the 

capacity/encoding of attention in an effort to evaluate the effects of the use of 

estrogens in postmenopausal women have not been sufficiently conclusive. 

The aim of the current study was to examine the effects of estrogen replace-
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ment therapy on processes of attention in healthy postmenopausal women. We 

hypothesized that measures of sustained attention, attention span and word 

span would differ depending on estrogen use and that these measures would be 

correlated with serum hormonal levels.  

 

 

METHOD 
 

To test this hypothesis we analyzed 50 women who responded to 

recruitment advertisements. Of the 50 respondents, 30 healthy postmenopausal 

women volunteers between 48 and 65 years old with an intact uterus were 

selected based on hormonal state: 15 were users of estrogen replacement 

therapy for at least 6 months, and 15 were non-users. Female estrogen users 

took Premarin (0.625 mg), the most widely prescribed conjugated equine 

estrogen for postmenopausal use, over periods of 6 months to 5 years.  

This sample size was calculated to yield an expected power of 0.86 to 

detect a 10% difference on a cognitive performance task with a two-sided 

significance level of α= 0.05. All of the women were given a medical history 

interview to assess their health status. To participate in the study, women must 

have been amenorrheic for at least 12 months and have no history of 

cardiovascular, metabolic, endocrinological or malignant diseases. None of the 

participants took any type of medication except estrogens at the time of the 

study. Incipient dementia was ruled out with the Mini-Mental State 

Examination (MMSE) [55]. The scores of this test range from 0 to 30, and 

subjects with dementia generally score below 24. In the present study groups, 

the MMSE scores ranged from 27 to 30. Participants were tested in a single 

session by one trained female researcher (between 0900 h and 1100 h). 

Participants were instructed to abstain from caffeine, alcohol and smoking and 

to sleep for 8 h on the day prior to testing. This study was approved by the 

Ethics Committee of the Department of Medical Sciences of the University of 

Guanajuato for Research on Human Subjects and is in accordance with the 

Declaration of Helsinki. All subjects provided written informed consent prior 

to participating in the study. 

We used three standard neuropsychological tests to evaluate attention 

performance, the Continuous Performance Test (sustained attention), the Digit 

Span Test (attention span), and Sentence Repetition Test (word span). Each 

test was administered one time during one session, distributed at random. The 

neuropsychological tests are described below according to the abilities they 

represent. 
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Sustained Attention 
 

We used a computerized version of the Continuous Performance Test 

(CPT) to examine the ability to sustain attention [56]. Performance of the CPT 

activates the right frontal and parietal lobes [46, 47]. This test has been shown 

to be sensitive to hormonal changes during menopause [54], and performance 

is favored by progesterone [53]. This sustained attention test requires the 

maintenance of a constant level of alertness during the execution of a 

monotonous task for the detection of a target that is distributed randomly 

within a sequence of distracters. The sustained attention test consists of 150 

alphabet letters displayed continuously in a random sequence, one at a time, 

for 50 ms on a video screen. The inter-trial interval ranged randomly from 5 to 

7 s. The subjects were instructed to perform the test at two different levels of 

difficulty. In the first level, the letter “S” pattern was selected as the target 

stimulus, and the subject was asked to press the “enter” button on the keyboard 

as soon as possible each time the target stimulus was perceived. In the second 

level, this instruction was maintained, and the subject was asked to press the 

“enter” button only when the target stimulus was preceded by a specified item, 

the letter “A”, increasing the level of demand for focusing attention. Reaction 

time, omissions, errors and correct responses were computed.  

 

 

Attention Span  
 

We used a computerized version of the Digit Span Test [57] to examine 

attentional capacity. The stimuli used were sequences of numbers presented 

one by one in the center of a computer screen. The stimuli were presented 

every 500 ms with a post-interval of 700 ms. The test included two sections. 

The first section included 7 levels with two sequences of numbers each. At the 

end of each sequence, the subject was asked to reproduce the sequence in 

exactly the same order as it was given (forward) by pressing the numeric 

buttons of the keyboard. Upon completion, the subject pressed the return key. 

The second section also included 7 levels with two sequences of numbers 

each. At the end of each sequence, the subject was asked to reproduce the 

sequence in the reverse order as shown (backward) by pressing the numeric 

buttons of the keyboard. Upon completion, the subject pressed the return key. 

The number of sequences replicated forward and backward was computed. 
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Word Repetition Span 
 

We used a version of the Sentence Repetition Test [58] to examine the 

attention span for verbal material. The test consisted of reading aloud 64 

sentences and reproducing the last word of each sentence in the same order in 

which they were read. The degree of span was increased after a sequence of 10 

sentences. The number of words correctly reproduced was analyzed. 

We collected a 10 ml blood sample from participants to measure hormonal 

levels and to confirm the hormonal status of participants. ELISA was used to 

determine the 17β-estradiol and progesterone levels. Commercially available 

radioimmunoassay kits were used to determine luteinizing hormone (LH) and 

follicle stimulating hormone (FSH) levels.  

We performed statistical analyses with STATISTICA for Windows 8 

(StatSoft, Inc). Before statistical procedures were applied, the data were tested 

for a normal distribution using Levene  s test. Student  s t-test was used to 

compare the scores of each test, the demographic characteristics and the 

hormonal levels between estrogen users and non-users. Spearman  s correlation 

test was used to correlate hormone levels with test scores between estrogen 

users and non-users. Significance was defined as alpha levels of p < 0.05. 

 

 

RESULTS 
 

We did not find significant differences among demographic or clinical 

variables between estrogen users and non-users in age, schooling, menarche, 

menopausal years, blood pressure, weight, height, body mass, or pregnancies. 

The characteristics of the subjects are summarized in Table 1. Estrogen users 

and non-users showed significant differences in hormone levels. Estradiol (p = 

0.0001) and estrone (p = 0.002) were significantly higher among women using 

estrogen, whereas levels of LH (p = 0.0003) and FSH (p = 0.00006) were 

significantly higher among non-users of estrogen (Table 2). 

Table 3 shows the results of attentional performance for the two groups, 

those using estrogen and non-users. The comparison between means did not 

reveal a significant difference for any variable on the sustained attention test. 

At the first difficulty level, the number of correct responses (p = 0.85), the 

number of errors (p = 0.53), the number of omissions (p = 0.78), and the 

reaction time (p = 0.75) were similar among the women using estrogen and 

non-users. At the second difficulty level, the number of correct responses (p = 

0.41), the number of errors (p = 0.71), the number of omissions (p = 0.32), and 
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the reaction time (p = 0.48) were similar among the women using estrogen and 

non-users. The comparison between means did not reveal a significant 

difference for the variables of the attention span test. The number of sequences 

replicated forward was similar among the women using estrogen and non-

users (p = 0.21). The number of sequences replicated backward was similar 

among the women using estrogen and non-users (p = 0.18). The comparison 

between means did not reveal a significant difference for the word repetition 

test. The number of replicated words was similar among women using 

estrogen and non-users (p = 0.70). We show the results of the correlation 

between hormonal levels and test scores for the two groups, those using 

estrogen and non-users, in Table 4. The estradiol levels in women using 

estrogen were positively correlated with the number of sequences replicated 

backward (r = 0.56, p <0.05) on the Digit Span Test and with the number of 

correct responses (r = 0.66, p<0.05) and were negatively correlated with the 

number of omissions (r = -0.69, p<0.05) at the first level of difficulty on the 

Sustained Attention Test. The LH levels in women who did not use estrogen 

were negatively correlated with the reaction time (r = -0.60, p<0.05) at the 

second level of difficulty on the Sustained Attention Test, whereas the FSH 

levels were positively correlated with the number of errors (r = 0.53, p<0.05) 

at the second level of difficulty on the Sustained Attention Test. 

 

Table 1. Estrogen users and non-users characteristics 

 

 Estrogen users 

Mean + S.D. 

 Estrogen non- 

users 

Mean + S.D. 

 

 t 

 

 p 

Age  

(years) 

51.4 + 4.48 53.4 + 4.76 -1.184 0.24 

 

Education  

(years) 

9.93 + 2.40 9.00 + 2.26  1.093 0.28 

 

Menarche  

(years) 

12.0 + 1.58 12.3 + 1.54 -0.467 0.64 

 

Menopause  

(years)  

5.26 + 4.44 6.93 + 3.53 -1.136 0.26 

 

Partus 3.33 + 1.98 4.66 + 3.31 -1.337 0.19 
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Table 1. (Continued) 

 

Number of  

sons 

2.66 + 1.83 3.53 + 2.47 -1.088 0.28 

 

Weight  

(kg) 

66.3 + 10.3 64.8 + 3.70  0.541 0.59 

 

Height  

(m) 

1.54 + 0.04 1.53 + 0.04  0.453 0.65 

 

Body mass  

index (kg/m
2
) 

27.7 + 3.27 27.0 + 2.22  0.711 0.48 

 

Systolic T/A  

(mmHg) 

115 + 9.81 120 + 6.23 -1.887 0.06 

 

Diastolic T/A  

(mmHg) 

74.7+ 4.00 77.6 + 4.57 -1.867 0.07 

 

p values Student´s t-test. 

 

Table 2. Hormonal levels between estrogen users and non-users 

 

 Estrogen users 

Mean + S.D. 

Estrogen non-users 

Mean + S.D. 

 

 t 

 

 p 

Estradiol  

(pg/mL) 

83.9 + 66.7 6.38 + 10.1  4.44  0.0001* 

Estrone 

 (pg/mL) 

54.0 + 48.3 10.7 + 11.3  3.37  0.0020* 

LH  

(mUI/mL) 

22.8 + 15.3 43.9 + 12.6 -4.12  0.0003* 

FSH 

 (mUI/mL) 

16.3 + 10.1 34.9 + 10.8 -4.67  0.0001* 

* p < 0.05 Student´s t-test. 

 

Table 3. Neuropsychological performance between estrogen users  

and non-users 

 

 Estrogen users 

Mean + S.D. 

Estrogen non-users 

Mean + S.D. 

 

 t 

 

 p 

Sustained  

Attention  

Test 

    

Reaction  

time 

    

Level 1 449.4 + 42.6 443.5 + 57.9  0.317 0.75 

Level 2 443.9 + 63.1 429.0 + 51.3  0.709 0.48 
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 Estrogen users 

Mean + S.D. 

Estrogen non-users 

Mean + S.D. 

 

 t 

 

 p 

Correct  

responses 

    

 Estrogen users 

Mean + S.D. 

Estrogen non-users 

Mean + S.D. 

 

 t 

 

 p 

Level 1 34.9 + 4.15 35.2 + 3.82 -0.183 0.85 

Level 2 36.8 + 3.07 35.5 + 4.99  0.836 0.41 

Omissions     

Level 1 5.20 + 4.11 4.80 + 3.84  0.270 0.78 

Level 2 3.20 + 3.07 4.73 + 3.89 -1.000 0.32 

Errors     

Level 1 0.93 + 0.88 1.26 + 1.83 -0.635 0.53 

Level 2 2.33 + 3.01 2.80 + 3.89 -0.367 0.71 

Word 

Retention 

Span 

26.0 + 6.18 25.0 + 7.27  0.388 0.70 

Attention 

Span  

    

Forward 2.80 + 1.89 3.53 + 1.18 -1.269 0.21 

Backforward  2.20 + 1.61 2.86 + 0.99 -1.360 0.18 

 

p values Student´s t-test. 

 

Table 4. Correlation between hormonal levels and test scores 

 

  Estro. users   Estro. Non- 

users 

 

Test/ 

Hormone 

Estro. LH Estrad. FSH Estro. LH Estrad. FSH 

Sustained 

Attention  

Test 

        

Reaction  

time 

        

Level 1 -0.04  0.13 -0.40  0.25 -0.05 -0.36 -0.37 -0.20 

Level 2 -0.30 -0.05 -0.36 -0.07 -0.05  -0.60* -0.39 -0.39 

Correct 

responses 

        

Level 1  0.26 -0.26  0.66* -0.41  0.08  0.31  0.25  0.26 
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Table 4. (Continued) 

 

  Estro. users   Estro. Non- 

users 

 

Test/ 

Hormone 

Estro. LH Estrad. FSH Estro. LH Estrad. FSH 

Level 2 -0.03 -0.02 -0.02  0.75  0.18  0.21  0.07  0.26 

Omissions         

Level 1 -0.26  0.30  -0.69*  0.46 -0.12 -0.28 -0.22 -0.25 

Level 2  0.03  0.02  0.02 -0.07 -0.39  0.35 -0.40 -0.25 

Errors         

Level 1  0.25 -0.03  0.10 -0.21 -0.19  0.02 -0.33  0.19 

Level 2 -0.07  0.16 -0.12  0.12 -0.39  0.35 -0.40  0.53* 

Word  

Retention 

 Span 

 0.18  0.10  0.21  0.14  0.40 -0.19  0.44 -0.25 

Attention  

Span  

 Forward 

 

 0.28 

 

 0.14 

 

0.41 

 

-0.10 

 

 0.12 

 

 0.21 

 

 0.30 

 

 0.15 

 Back-

forward  

 0.48 -0.08  0.56* -0.38  0.05  0.18  0.20  0.09 

 

* p < 0.05 Spearman   s Correlation Test.  

 

 

CONCLUSION 
 

We did not find sufficiently evidence to support the hypothesis that 

estrogen replacement therapy influences performance on neuropsychological 

tests that require attentional processes to perform complex cognitive tasks, 

despite high levels of serum estrogen among estrogen users. Although we did 

not find quantitative differences in test scores between estrogen users and non-

users, some significant correlations identified between hormonal levels and 

attention tests might be relevant. The women who used estrogens showed high 

serum estrona and estradiol levels. The maintenance of alertness and sustained 

attention is crucial to successful information processing. Although many 

measures can be used to assess sustained attention, the Continuous Perfor-

mance Test (CPT) is the most frequently used measure for this assessment [59, 

60]. In addition to assessing sustained attention, most CPTs assess selective 

attention and response inhibition for an infrequently occurring target or 

relevant stimulus [61]. We found that the estrogen levels of women who used 

estrogen were positively correlated with the number of correct responses and 

were negatively correlated with the number of omissions indicating that these 
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individuals maintained a sustained state of alertness to execute the test 

successfully. This result may suggest an influence of estrogen on the brain 

regions that modulate sustained attention. Sustained attention tests require 

target detection, orientation, recognition of object identity, working memory 

and the maintenance of vigilance and selective responses over time. All of 

these executive functions of attention are attributed to the frontal and parietal 

lobes [46, 47, 59, 62]. The activating role of estrogen, particularly in the 

prefrontal cortex where estrogen receptors are located [20], may favor a task in 

which working memory and concentration are necessary to perceive a relevant 

external stimulus. The effects of estrogen on the central nervous system and 

cognition have been reviewed in several studies [15, 19, 20, 21, 49] that have 

suggested that estrogens play a role in cognition. Estrogen receptors have been 

identified in the hippocampus, cerebral cortex and amygdala [27, 29], areas 

involved in cognition and emotion. Our findings are consistent with several 

studies that show differential effects on attention tests. Postmenopausal 

women treated with estrogen showed better performance on tests of functions 

involving the frontal lobe [48, 63] and attention tests [64], and women with 

low estrogen levels made more errors on a sustained attention test [65]. 

Animal models have shown that 17-β estradiol administration attenuates 

deficits in sustained and divided attention in young ovariectomized rats and 

aged acyclic female rats [66]. However, other studies have not found an 

association between estrogen use and sustained attention tests in postmen-

pausal women [67]. 

We also found that estradiol was associated with better attention span, as 

indicated by the positive correlation with the number of digits replicated 

backward. The dissociation between processing speed measured by speed-

dependent and short-term capacity reflects the basic dimensions of attention, 

how fast the attentional system operates, and how much it can process at once. 

Of course speed and quantity are related; the faster a system can process 

information, the more information will be processed within a given time [68]. 

Attentional capacity is measured by span tests that expose the subject to 

increasingly larger (or smaller, in some formats) amounts of information with 

instructions to indicate how much of the stimulus is immediately taken in by 

repeating what was seen or heard or indicating what was grasped in some 

other type of immediate response [69].  

It has been suggested that with advancing age, forward span tends to be 

stable whereas reversed span shrinks [70]. This would explain our findings. 

The attentional capacity shown by the women in the present study is correlated 

with the use of estrogen, suggesting that the brain region that modulates 
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attention may be sensitive to the effects of estrogen. However, others studies 

have not found an association between the Backward Digits Span test and 

estradiol or FSH [65, 71]. In contrast, we found that FSH levels were 

positively correlated with the number of errors on the sustained attention test 

in female non-users estrogen. Errors were associated with inattention and with 

decreased vigilance [59]. It has been established that the hormone FSH 

increases around ovulation [72] and with age [73] and it has been used as a 

marker of the onset of menopause [74, 75]. Elevated levels of FSH may 

provide indirect evidence of ovarian failure [76] and are probably related to 

cognition. A study found that well-preserved cognitive functioning in older 

women was associated with high endogenous levels of follicle stimulating 

hormone. These findings indicated that gonadotropins can affect cognitive 

functioning in older postmenopausal women and that luteinizing hormone and 

follicle stimulating hormone may exert contrasting effects [77]. We also found 

that serum LH levels, which become elevated after menopause, were 

negatively correlated with reaction time on the sustained attention test in 

female non-users of estrogen. Reaction time is an indicator of arousal state that 

reflects the vigilance of the individual. Our results partially support a study 

that found a negative correlation between LH and the number of correct 

responses on a sustained attention test in a group of postmenopausal women 

without hormone treatment [54]. Specific receptors for LH have been 

identified in the cortex, hippocampus, dentate gyrus, hypothalamus, area 

postrema, cerebellum, glial cells, pituitary gland and in neurons of the spinal 

cord [78-81]. Some of these areas are involved in cognitive processes. In 

humans, high levels of LH have been associated with poor memory function 

and an increased incidence of Alzheimer  s [77], and levels of LH have been 

positively correlated with serum beta amyloidal in older men [82]. Rodent 

studies have shown that LH is capable of modulating cognitive behavior [83] 

and in the presence of estradiol is detrimental to cognition [84]. Transgenic 

mice that over-express LH have shown decreased performance on a 

hippocampal-associated task compared to aged-matched wild-type animals, 

indicating that increased LH levels in the presence of functional receptors may 

be at least partially responsible for cognitive decline after menopause [85]. In 

summary, our findings suggest that the use of estrogens in healthy postmen-

pausal women does not seem to substantially influence the prolonged 

maintenance or the capacity for encoding of attention. These processes are 

necessary to perform complex tasks that involve memory, language and 

abstraction. The correlations found between estradiol, FSH and LH levels and 

attention scores among female estrogens users and non-users indicate a weak 
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relationship that may be relevant to cognition. Future research should focus on 

the hormones FSH and LH and their impact on human cognition, particularly 

in middle- aged women. 
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