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Abstract
SUMMARY
Context

While recent studies suggest that exogenous estrogen treatment could help reduce age-related cognitive decline and delay the onset of

dementia, this has not been found consistently. Few studies have considered the influence of life-time estrogen exposure which may

have an independent effect on cognition and/or modulate treatment response.

Objective

The aim of this study was to examine whether factors related to estrogen exposure across the lifetime were associated with cognitive

function in postmenopausal women.

Design

A battery of cognitive tests were administered at baseline and at two and four years of follow-up to evaluate cognitive performance

among a population based cohort of 996 French women aged 65 years or older, who were recruited as part of the ESPRIT Study.

Detailed reproductive histories were also obtained. Logistic regression models, controlling for an extensive range of potential

confounding factors, were generated to determine whether hormone-related factors across a woman s lifetime were associated with’
poor cognitive performance in later life.

Results

Age at first menses was negatively associated with performance on the tasks of visual memory and psychomotor speed, while a longer

reproductive period was associated with better verbal fluency. Likewise, women who had their first child at a young age performed

significantly worse on each of these tasks, as well as on a measure of global cognitive function. The results also suggest that current

hormone therapy may be beneficial for a number of cognitive domains, however in multivariate analysis, women performed

significantly better on the task of visual memory only. In contrast, in analysis adjusted for baseline cognitive performance and a

range of other factors, none of the reproductive variables were associated with a decline in cognitive performance or the incidence of

dementia during the four year follow-up period.

Conclusions

In addition to hormone therapy, certain hormone-related events across the lifetime are also associated with cognitive functioning in

later life. They were not observed in this study to modulate dementia risk; however this should be verified over a longer follow-up

period. Further studies will also be required to determine whether lifetime hormonal exposure may modify women s response to’
hormone therapy after the menopause.
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INTRODUCTION

Epidemiological studies suggest that elderly women have the highest prevalence of both dementia and more specifically Alzheimer s’
disease (AD) ( ; ), and that reduced levels of estradiol that accompany the postmenopausal period,Gao et al., 1998 Andersen et al., 1999

may be partly responsible. Estrogen affects the structure and function of the nervous system and appears to be involved in brain maturation

and memory processing ( ). Estrogen has been shown to have a positive influence on brain neurotransmitter levels and theBehl, 2002

identification of estrogen receptors in the brain suggests they mediate some of the hormone s cognitive effects (see for review (’ Ancelin and

)). The potential for estrogen to reduce age-related cognitive problems and delay the onset of more severe cognitive deficitsRitchie, 2005
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such as dementia, is therefore of strong interest. However, despite relatively clear evidence for a biological link between estrogen and

cognitive function, a protective effect has not been consistently demonstrated in clinical studies (see for review (Sherwin and Henry, 2008

)).

The vast amount of work in this field has come from studies of hormone therapy (HT), which have investigated the potential

therapeutic role of estradiol, with or without progesterone, on cognitive function (see for review ( ; Ryan et al., 2008b Sherwin and Henry,

)). Meta-analyses of observational studies have reported predominantly positive effects of HT on cognitive function, most notably2008

with respect to verbal memory, and a diminished risk of AD has also been reported in users of HT compared to non-users (Yaffe et al.,

; ; ). However, the gold-standard  randomised controlled-trials (RCTs) have been1998 Leblanc et al., 2001 Maki and Hogervorst, 2003 “ ”
mixed and the Women s Health Initiative Memory Study (WHIMS), an ancillary study to the much publicised WHI, actually found that’
women using HT had an increased risk of developing all cause-dementia ( ). In addition, women using treatment wereShumaker et al., 2003

not at an increased risk of mild cognitive impairment (MCI) and the risk of overall cognitive dysfunction was not modified compared with

women taking placebo ( ; ). Subsequent criticisms of this study have pointed out that the femaleRapp et al., 2003 Shumaker et al., 2003

participants were aged at least 65 years and therefore this is not truly representative on the usual clinical situation, where women often

seek treatment around the time of the menopause. These women were furthermore treated with a particular type of HT, an orally

administered conjugated equine estrogen compound that is used widely in the USA but not necessarily elsewhere in the world. Treatment

with transdermal estradiol compounds may produce quite different results ( ).Sherwin and Henry, 2008

The current inconsistencies in the literature may therefore result from differences in study designs; notably types of HT, age of the

populations involved and differences in the type and measurement of the cognitive functions examined. While there is evidence to suggest

that HT may preferentially benefit short-term verbal memory ( ; ), positive associations have alsoHogervorst et al., 2002b Sherwin, 2003

been reported with other less extensively studied cognitive domains, including verbal fluency ( ), visual memory (Grodstein et al., 2000

) and psychomotor speed ( ). It is also possible that rather than focusing solely on HT, it may beResnick et al., 1997 MacLennan et al., 2006

important to consider other hormonal factors that could contribute to late-life cognitive function, such as other forms of exogenous

treatment (principally oral contraceptives) and factors which influence endogenous estrogen exposure across the lifetime.

Data from epidemiological studies provide some indication of an association between increased lifetime endogenous exposure and

decreased risk of poor cognitive function ( ; ; ), cognitive decline (Smith et al., 1999 Lebrun et al., 2005 Rasgon et al., 2005 McLay et al.,

) or AD ( ; ; ). However studies have tended to focus on only a2003 Paganini-Hill and Henderson, 1994 Ptok et al., 2002 Colucci et al., 2006

small number of reproductive events, principally age at menopause ( ; ) or considering in addition theDunkin et al., 2005 Lebrun et al., 2005

timing of first menses ( ; ; ). Of the studies which have looked at aPaganini-Hill and Henderson, 1994 Geerlings et al., 2001 Low et al., 2005

number of reproductive factors (age at menarche and menopause, as well as parity) ( ; ), includingRasgon et al., 2005 Colucci et al., 2006

one of the scant longitudinal studies to be undertaken in this area ( ), none of these have examined which specific areasMcLay et al., 2003

of cognitive functioning are most susceptible to hormone exposure.

The aim of this study was to determine whether factors that influence both endogenous and exogenous hormone exposure across the

lifetime, are associated with cognitive function in later life or the decline in cognitive function over a 4-year period. In addition to verbal

memory, other less extensively studied cognitive domains were also investigated. In this study, we considered the multiple competing

causes of cognitive decline in the elderly and the incidence of dementia was also evaluated, to determine whether hormonal factors can

modify dementia risk. We hypothesised that increased endogenous estrogen exposure across the lifetime or current HT would be

associated with better cognitive function in later life.

METHODS
Participants

Details regarding the design of the ESPRIT study and participant recruitment have been published in detail ( ).Ritchie et al., 2004

Participants were recruited over a two-year period from 1999 to 2001, by random selection from the electoral rolls in Montpellier, France.

Eligible individuals, who were at least 65 years of age and non-institutionalised, were invited to participate and provided written informed

consent. Participants were administered a number of standardised questionnaires by trained staff and underwent clinical examinations at

baseline. Follow-up takes place every two years and is ongoing, but the data described here concern the first four years of the study. Ethics

approval for the ESPRIT study was granted by the Ethics Committee of the University Hospital of Kremlin-Bic tre (France) and allê
procedures were carried out with the adequate understanding and written consent of the participants.

A total of 1313 women were initially recruited to the ESPRIT cohort, however this current analysis is based on 996 of these women.

Women were excluded from this analysis if they were diagnosed with possible or probable dementia at inclusion (n 36), if they died or=
were otherwise lost to follow-up during the four year study period (n 102), if they had incomplete data relating to the cognitive tests=
administered at baseline or follow-up (n 78) or if they were missing at least some of the data concerning the covariates included in the=
multivariate analysis (n 101).=
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Cognitive Assessment

A battery of cognitive tests was administered by trained staff and assessed different areas of cognitive functioning at baseline and each

year of follow-up. Verbal memory was examined with the 5-word Test of Dubois, with both immediate and delayed recall tasks (Dubois,

) and the total number of words correctly recalled was calculated (maximum 10). Isaacs Set Test ( ) provided2001 Isaacs and Kennie, 1973

a measure of verbal fluency or semantic access which is sensitive to changes in both frontal and temporal areas. Participants were asked to

generate as many words as possible within a given semantic category (animals, colors, fruits and cities) and their total score was the sum

of the number of words generated in each category within 30 seconds. Benton s Visual Retention Test (BVRT) ( ) assessed’ Benton, 1965

visual memory; psychomotor speed and executive function were assessed with the Trail Making Tests A and B respectively (TMA and

TMB) ( ) and the Mini Mental State Examination (MMSE) ( ) was used as a global measure of cognitiveReitan, 1965 Folstein et al., 1975

function. All of the cognitive tests were administered at baseline, and during wave 1 and 2 of the follow-up, except the Trail Making tasks

A and B which not given in wave 1. Consequently, the analysis based on these tasks involves 181 fewer participants. We defined low

cognitive performance as scoring in the lowest quintile for each cognitive test. Over the follow-up period, a substantial decline in cognitive

function was defined as being in the lowest quintile of the difference between baseline score and either of the follow-up visits.

At baseline and each follow-up interview, all participants were examined by a neurologist and a standard clinical protocol was used for

the diagnoses and classification of dementia based on DSM-IV criteria ( ). All incident cases wereAmerican Psychiatric Association, 1994

further validated by a group of neurological experts and when dementia was diagnosed, the date of onset was recorded as the date of the

follow-up interview.

Reproductive Characteristics

From work undertaken most notably in the field of breast cancer ( ), factors that are thought to influenceClavel-Chapelon, 2002

estrogen exposure across the lifetime have been identified. An increasing number of reproductive years, resulting from a younger age at

menarche and/or an older age at menopause, indicates a higher lifetime endogenous estrogen exposure ( ). On theClavel-Chapelon, 2002

other hand, estrogen exposure is expected to decrease with parity and an earlier age at child birth ( ). The type ofKalache et al., 1993

menopause is also expected to influence estrogen exposure, as surgical menopause results in a more dramatic decline in estrogen levels

than natural menopause ( ). A specific questionnaire concerning reproductive lifetime events and hormonalHenderson and Sherwin, 2007

exposure was administered as part of a general clinical examination ( ), requesting information on all of the factorsRyan et al., 2008a

mentioned above. Information was also recorded on the participant s use of exogenous hormonal treatment, including oral contraceptives’
and HT, and the duration of such treatment.

Other variables

At inclusion, information was obtained on socio-demographic and lifestyle characteristics, as well as general health. Based on findings

reported in the literature, the variables described below were considered as potential covariates in our analysis, because they may influence

cognitive performance and were potentially linked to the use of HT or other reproductive markers. Participants were classified as disabled

if they were unable to complete at least two tasks from either the Instrumental Activities of Daily Living (IADL) (Lawton and Brody, 1969

) or the Activities of Daily Living (ADL) ( ) scales. Depressive symptoms were assessed using the Centre forKatz et al., 1963

Epidemiology Studies Depression Scale (CES-D) ( ) and women who scored 16 or more on the questionnaire were classifiedRadloff, 1977

as depressed. Regular smoking was defined as smoking at least 10 packets per year. High alcohol consumption was at least 24 grams of

alcohol each day and high caffeine intake three or more cups of coffee a day (or equivalently combined with tea intake, with each cup of

tea having approximately half the caffeine intake) ( ). Body mass index (BMI) was calculated as weight (kg) divided byRitchie et al., 2007

height (metres ). Based on standard criteria ( ) women with a very low BMI were labelled as underweight (BMI 18),2 National Heart, 1998 ≤
those in the highest range, as obese (BMI 30) and all others were considered as having normal  BMI.≥ “ ”

Participants provided fasting blood samples and responded to detailed medical questionnaires. Information was obtained on history of

vascular diseases (including angina pectoris, myocardial infarction, stroke, cardiovascular surgery, bradycardia or palpitations), other

chronic illnesses (asthma, diabetes (fasting glucose 7.2mmol/l or reported treatment), hypercholesterolemia (total cholesterol 6.2mmol/l),≥ ≥
hypertension (resting blood pressure 160/95mm Hg or treated) and thyroid problems), use of anticholinergic medication (≥ Ancelin et al.,

) and diagnoses of cancer within the last 2 years. Participants were classified as having a chronic disease if they suffered from one or2006

more of these illnesses. Apolipoprotein E genotyping was carried out from blood samples and participants were identified as either carriers

or not of the ApoE- 4 allele ( ). Current use of medications was validated either by presentation of the prescription orε Dufouil et al., 2005

the medication itself and the type of medication was noted according to the World Health Organisation s ATC classification (’ WHO., 2000

).

Statistical Analysis
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Two-tailed chi-squared tests were used to determine the bivariate associations between baseline characteristics and cognitive function.

Logistic models were generated, initially adjusting for age and education only, to examine the association between poor cognitive

performance at inclusion and lifetime reproductive characteristics. The hormonal characteristics which were associated with cognitive

performance at the 20  significance level (p<0.2), were then considered simultaneously in logistic models adjusted for age, education%
level, marital status, depressive symptoms, high caffeine intake, physical incapacities and comorbidity. These covariates were selected a

 based on the literature ( ), and also from chi-squared analyses indicating the variables which were related topriori Ritchie et al., 2007

cognitive performance. The final multivariate models (one for each cognitive domain) contained the hormonal variables that remained

significantly associated with cognitive function after inclusion of all of the potential confounders.

Multivariate logistic analysis was also used to determine whether baseline hormone-related factors were associated with the risk of

cognitive decline over the four year follow-up, while adjusting for the potential confounding factors and their baseline cognitive scores. In

addition, random-effect models were used to analyse the associations between the hormone factors and cognitive scores taken as

continuous variables. Due to their skewed distribution, the Trail Making tests A and B were log transformed, while the Benton and MMSE

variables were transformed using (15  Benton Score)  and (30  MMSE Score)  respectively ( ). Theminus 1/2 minus 1/2 Ritchie et al., 2007

scores on the word recall task could not be normalised. Each of the models included an interaction term between time and the relevant

hormone variable, which represented the annual modification these variables had on cognitive function. Finally, Cox proportional hazards

models with delayed entry were developed to determine which reproductive factors were associated with the incidence of dementia during

the follow-up period. To avoid the problem of non-proportionality in dementia risk with age, age itself was taken as the basic time scale

and birth as the time origin ( ).Commenges et al., 1998

There was no indication of collinearity between any of the covariates in the different models and no statistically significant interaction

terms. SAS version 9.1 (SAS Institute, Inc., Cary, North Carolina) was used for all of the statistical analysis and the significance level was

p<0.05.

RESULTS
Baseline characteristics of participants

The baseline characteristics of the women in this study are shown in . The women ranged from 65 to 94 years of age, with aTable 1

mean of 73 years. Just over one-quarter of the participants had a tertiary education and the majority were either married or had a partner.

Only a small proportion of the women had physical incapacities; however the rate of comorbidity (37.7 ) and depressive symptoms (34.5%
) was relatively high. The mean age at menopause was approximately 50 and in over 80  of cases this was a natural menopause. Almost% %

a fifth of all women reported that they used oral contraceptives during their reproductive years, and 12  were nulliparous. Current HT use%
was relatively frequent given the age of the women.

Compared to the entire ESPRIT cohort, the women included in this analysis were more likely to have a higher education ( 14.1, dfχ2= =
1, p<0.001) and to be younger (t 2.8, df 1, p 0.005). However, they were less likely to be depressed ( 12.78, df 1, p<0.001), have= = = χ2= =
comorbidity ( 8.8, df 1, p 0.003) and incapacities ( 70.7, df 1, p<0.001) and were significantly less likely to perform poorly on theχ2= = = χ2= =
cognitive tests (df 1, p<0.001 for all cognitive tests). All of the other socio-demographic, health and lifestyle characteristics, as well as the=
hormone-related characteristics which were examined, did not differ between the women included in this analysis and those that were not.

Association between hormone-related factors and cognitive function at baseline

After initial age and education adjusted logistic analysis ( ), the hormone variables which appeared to beSupplementary Table 1

associated with cognitive function at the 20  significance level were then combined together in multivariate adjusted models. The%
hormone-related factors which remained significant independent predictors of poor performance on each of the cognitive tests are shown

in .Table 2

Age at the birth of the first child was the only reproductive factor which remained significantly associated with global cognitive

performance (MMSE) after multivariate adjustment. Women who were between the ages of 21 and 29 when their first child was born had

better cognitive performance compared to women who gave birth at a younger age. Older first time mothers ( 30 years) were not≥
significantly better or worse off than young mothers. A similar positive association with age at childbirth was seen with the Isaacs Set

Test, but in this case, women who had their first child later in life also had better verbal fluency. In addition, there was a strong positive

association between the length of the reproductive period and the score on Isaacs Set Test. For every extra year between the age at first

menses and the age at menopause, the risk of a low cognitive score decreased by 4 .%

The multivariate models for poor visual memory (BVRT) and psychomotor speed (TMA) were very similar, with age at first menses

and age at the birth of the first child remaining significant in the final adjusted models. In both models, a later age at first menses increased

the risk of poor cognitive performance, while women who had their first child before the age of 21, also had an increased risk compared to
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first time mothers who were aged between 21 and 29 years old. In addition, current but not past HT was associated with higher cognitive

function, but only reached statistical significance in the case of visual memory (p 0.03). Likewise, there was a strong trend for current HT=
having a beneficial effect on their performance on the word recall task (p 0.08), as well as the measure of executive function (TMB) (p= =
0.09). In both cases however, this failed to reach the 5  significance level.%

The number of children a woman had did not appear to be associated with modified performance on any of the cognitive tasks;

however nulliparity was associated with a significantly better visual memory in the initial models before multivariate adjustment (OR=
0.56, 95  CI: 0.32 0.98). Neither oral contraceptive use nor surgical menopause, were associated with performance on any of the% –
cognitive tests.

Hormone-related factors and change in cognitive function over time

We then examined whether these hormone-related factors could be associated with alterations in cognitive function over the follow-up

period. Once again, in the first step we used logistic analysis to determine risk factors for a decline in cognitive function while adjusting

for age, education level and the baseline cognitive score ( ). Overall, the results indicate that these reproductive factors wereTable 3

associated with a minimal longitudinal change in cognitive score. The only significant associations were a beneficial effect of a later age at

menopause (OR 0.97, 95  CI: 0.94 1.00) or similarly a longer reproductive period (OR 0.96, 95  CI: 0.94 0.99), on the decline in= % – = % –
executive function (TMB). These factors, in addition to those that were associated with cognitive decline at the 20  level, were thus%
retained for the multivariate analysis. However, after further adjustment for depression, marital status, comorbidity, physical incapacities

and high caffeine intake, none of the reproductive factors were significant independent predictors of cognitive decline. This finding was

further supported by the results of the random-effects mixed models, where cognitive decline was treated as a continuous variable (data not

shown).

With regard to dementia, a delayed-entry Proportional Hazards Cox model adjusted for education, failed to show a significant

association between the use of HT at baseline and the incidence of dementia from all causes (n 27) over the four year follow-up period (p= =
0.93). None of the other hormonal factors either, were shown to influence dementia risk.

DISCUSSION

The results of our study suggest that, in addition to HT, reproductive factors which influence endogenous estrogen exposure across the

lifetime are associated with cognitive function in postmenopausal women and these hormone factors can have differential effects across

cognitive domains.

Endogenous Hormone Factors

While different multivariate models were generated for each cognitive domain and a number of hormone events were examined, only

three factors related to endogenous estrogen exposure, namely timing of the first menses, length of reproductive life and age at the birth of

the first child, appeared to be associated with cognitive function.

An early menarche is associated with the early establishment of regulatory ovulatory cycles ( ) and withApter and Vihko, 1983

significantly higher estradiol levels in adolescents and young adults ( ; ). In addition, age atMacMahon et al., 1982 Apter et al., 1989

menarche is widely established as a risk factor for hormone-dependent disorder such as breast cancer ( ), howeverBernstein and Ross, 1993

only a few studies have investigated its effect on later life cognitive function. A later age at menarche has been associated with an

increased risk of cognitive impairment, based on a brief telephone cognitive screen to identify cases of dementia ( ), asRasgon et al., 2005

well as an increased risk of AD ( ), although particular areas of cognitive function were not examined.Paganini-Hill and Henderson, 1994

We found that a later age at first menses was associated specifically, with lower performance in the areas of visuospatial memory (BVRT)

and psychomotor speed (TMA).

The results of our study indicate that a later age at menopause or a longer reproductive period were associated with a significantly

better verbal fluency; a finding which has not been demonstrated previously. Endogenous estrogen exposure is highest during a woman s’
reproductive life, which commences with the first menses and terminates at the menopause. Length of the reproductive period thus

provides a simple estimate of a woman s lifetime estrogen exposure ( ). In agreement with other studies we found no’ Low et al., 2005

association between length of reproductive life and verbal memory ( ; ; ), visualNappi et al., 1999 Henderson et al., 2003 Low et al., 2005

memory, attention or psychomotor speed ( ). We also found no association between the length of the reproductive periodNappi et al., 1999

and global cognitive function, although others have reported that a later age at menopause was associated with better cognition (MMSE) (

). As these results were found in cross-sectional analysis, we cannot draw any conclusions about cause and effect. It isLebrun et al., 2005

also possible, for example, that rather than age of menopause influencing cognitive function in older age, cognitive function at a younger

age may in fact impact on the age at natural menopause. Somewhat surprisingly, a study by Kuh et al., actually found that higher cognitive

scores during childhood, were associated with a later age at menopause ( ). Like the majority of other studies in this area,Kuh et al., 2005
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we have no data concerning the cognitive function of the women when they were younger, which may explain at least in part, the

associations reported here.

In the initial models which were adjusted for age and education only ( ), we found that parity, but not thesupplementary Table 1

number of children was associated with poor visual memory. However after multivariate adjustment and the incorporation of several

hormone factors into the one model ( ), parity no longer remained significant. On the other hand, among the parous women, thoseTable 2

who had their first child at a young age ( 20) were found to perform significantly worse on a number of cognitive tasks, even after≤
multivariate adjustment. It has been reported that parous women may have shorter menstrual cycles and significantly lower levels of

estradiol than nulliparous women ( ; ) and these effects may be particularly evident after the firstBernstein et al., 1985 Dorgan et al., 1995

pregnancy ( ; ). Thus, age at the birth of the first child appears to influence estrogen exposure. DataBernstein et al., 1986 Musey et al., 1987

in the field of hormone-dependent breast cancer once again, support an association between breast cancer risk and age at childbirth,

particularly for women who give birth before the age of 20 ( ; ). It is interesting to note that women who gaveTrapido, 1983 Britt et al., 2007

birth before the age of 21 have an increased risk of poor cognitive performance, however there was no significant difference in risk

between the two older age groups (21 29 vs. 30 or older). Some other studies in this field have examined the influence of parity on–
cognitive function and have predominantly reported non-significant associations ( ; ; Smith et al., 1999 Dunkin et al., 2005 Rasgon et al.,

), however no previous study has examined the potential association between age at childbirth and later life cognition. Additional2005

research is required to validate and further explain the association between young mothers and poor cognitive function.

Hormone Therapy

In the multivariate analysis, current HT was significantly associated with better visual memory. This result is supported by previous

studies which have demonstrated that women using HT performed better and with fewer errors on tasks of Weschler Memory Scale Visual

Reproduction test ( ) and the BVRT ( ). In contrast, the majority of previous studies of visual memorySmith et al., 2001 Resnick et al., 1997

failed to find a significant association with HT use ( ). Our results also suggest that current HT may have aHogervorst et al., 2002a

beneficial effect on word recall, executive function and psychomotor speed, with odds ratios all in the range of 0.5 to 0.6, although these

associations failed to reach the 5  significance level. Past treatment was not associated with cognition function, suggesting any positive%
effect is removed once treatment is stopped, however other studies have indicated that HT can have long-lasting protective effects (Zandi

).et al., 2002

There is currently no clear consensus concerning the benefits of postmenopausal HT on later life cognitive function. Some

observational studies and short-term RCTs indicate that HT could be beneficial for some areas of cognitive function ( ; Yaffe et al., 1998

; ; ; ; ) however, other studies haveLeblanc et al., 2001 Hogervorst et al., 2002a Shaywitz et al., 2003 Rasgon et al., 2005 Resnick et al., 2006

reported no change in cognitive performance ( ; ; ; ; Grady et al., 2002 Kang et al., 2004 Schiff et al., 2005 Kok et al., 2006 Pefanco et al.,

). In addition, the WHIMS actually found an adverse effect on global cognitive function ( ; ) and2007 Rapp et al., 2003 Espeland et al., 2004

verbal memory ( ). These inconsistencies across studies are thought to be the consequence of variations related directlyResnick et al., 2006

to the treatments (types, modes of administration, timing and duration of use), as well as differences between study populations (ages, sizes

and health status) and methodology used. As the results of our study and others suggest, variations across cognitive domains would also be

expected ( ; ; ). In fact, where positive associations between HT andLeblanc et al., 2001 MacLennan et al., 2006 Resnick et al., 2006

cognitive function in older women have been reported in the literature, these have predominantly being improvements in verbal memory (

), which just failed to reach significance in our analysis. In addition, it may be that surgically menopausal women would benefitMaki, 2006

most from HT ( ; ), although in our study we found no difference in cognitiveHogervorst et al., 2002a Henderson and Sherwin, 2007

performance between natural or surgically menopausal women, and we also found no interaction between HT use and type of menopause.

These findings are limited however, because we did not consider the age of the women at surgical menopause or the duration of HT use

following surgery.

Decline in cognitive function over time

Lifetime hormonal factors were not significantly associated with cognitive decline over follow-up. As significant associations were

identified in the cross-sectional analysis, this suggests that reproductive events could potentially influence cognitive function at an earlier

age, but have minimal further impact on cognitive decline in later life. This would not be surprising given that some of the exposures, such

as age at first menses, occur very early on in a woman s reproductive life. Nevertheless, of the scant longitudinal studies which have’
investigated the association between events across the female reproductive life and cognitive decline in older age, some significant

associations have been reported. McLay and colleagues followed 361 postmenopausal women for a median of 12.8 years and reported that

women who were nulliparous or underwent menopause at a later age, have a significantly reduced risk of decline in global cognitive

function (MMSE), while there was no association with oral contraceptive use or surgical menopause ( ). The longerMcLay et al., 2003

follow-up time may explain the presence of significant associations which were not found in our analysis; however both studies have

identified similar hormonal events, once again suggesting an influence of endogenous estrogen exposure on cognitive function.
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There has also been one report, based on data collected from the Rotterdam study, that a longer reproductive period was actually

associated with an increased incidence of dementia in naturally postmenopausal women ( ). In fact, the positiveGeerlings et al., 2001

association they reported was only apparent among women who were carriers of the ApoE- 4 gene, which is known to increaseε
susceptibility to developing AD. In our logistic models of poor cognitive performance, we found no significant interactions between

reproductive period or age at menopause, and ApoE- 4 status (data not shown).ε

We failed to find a significant association between current HT use and cognitive decline or dementia, which is supported by other

longitudinal studies of postmenopausal women ( ; ). With a longer follow-up period however, weGeerlings et al., 2001 Petitti et al., 2008

would expect more substantial decline in cognitive function among the participants, and therefore, the influence of HT may become more

apparent. In the current analysis, many women actually performed better on the cognitive tasks at follow-up, more likely due to a learning

effect. For several of the tasks the median change over time was actually positive (improved scores), while for others there was a median

of no change in test scores. With regards to the MMSE and the word list of Dubois, it is also likely that there is a ceiling effect because

both of these tests are probably not sensitive to minor cognitive changes, especially in non-demented people.

Data in the literature indicates that the effects of HT on cognitive function are most likely influenced by the type of hormone treatment

and the mode of administration ( ). The size of our study did not allow us to distinguish between transdermal andMacLennan et al., 2006

oral preparations or between estrogens versus combined estrogen-progesterone treatments. It is important to note, however, that the women

in our study used predominantly transdermal estradiol (with or without progesterone), with less than 20  taking oral estradiol. In addition,%
in contrast to the North American studies, none of the women were taking compounds such as conjugated-equine estrogen, which may also

help explain some of the beneficial effects we found in the cross-sectional analysis, which have not been reported previously.

Future analysis using a larger population-based longitudinal dataset will enable us to examine more closely the effect of hormone

treatment on cognitive function. In addition to the types of preparations and mode of administration, we will also focus on the timing of

initiation of treatment and duration of use in relation to specific periods such as the menopause. Indeed, our cross-sectional analysis

suggested a trend for long-term HT use ( 10 years) having a more beneficial effect on certain area of cognitive function than short-term≥
use ( ).Supplementary Table 1

Limitations & Strengths

The principal limitation of this study is the retrospective nature of the data concerning lifetime hormonal exposure, even if we have

excluded women with possible dementia at baseline to try and minimise inaccuracies which would bias the results. While age at first

menses is an event that occurred several decades ago for the women in this study, research suggests that up to 90  of women could%
accurately report their age at menarche within a 1-year error margin ( ). In addition, we have previously observed a highBean et al., 1979

level of reproducibility in terms of their age at menopause and type of menopause, between the responses at baseline and at the follow-up

interviews ( ). We would also expect that other characteristics such as age at the birth of a woman s first child and herRyan et al., 2008a ’
number of children would be remembered with a high degree of accuracy. Therefore, although women with low cognitive performance

may have more trouble recalling past events in their reproductive life, it seems that this differential recall would not have substantially

influenced the results of our study. Finally, it is possible that there are other unknown factors which may confound the associations

reported here or that by examining multiple associations, we have increased the probability of a type 1 error.

We need to also consider bias due to the exclusion of some of the participants that were initially recruited to the ESPRIT study.

However there was no significant difference in terms of the hormone-related characteristics between women in this analysis and the entire

cohort. In addition, women with more extreme cognitive problems (i.e. probable or possible dementia) were excluded from this analysis,

and therefore we may have had reduced power to detect significant associations if they were present.

Our study does have a number of strengths. The analysis was based on a relatively large population-based sample of women, and

therefore the results may be relevant to the broader community of older women. This study brings some important new findings to the field

of hormone exposure and later life cognitive function. Both cross-sectional and longitudinal analyses were undertaken, a number of

reproductive characteristics were investigated and a range of cognitive domains assessed. In addition, we have taken into account a wide

range of competing causes of cognitive dysfunction in the elderly, by controlling for socio-demographic, health and lifestyle covariates and

thus limiting any potential confounding.

Conclusion

The majority of studies investigating the influence of estrogen on cognitive function have tended to focus on the effects of HT taken at

or after the menopause, at a time where neurodegeneration may have already started. They have seldom considered the heterogeneity

amongst women in terms of their hormonal exposure across the reproductive lifetime and how this could affect later-life cognitive

function. Our study extends previous findings which suggest that in addition to current HT, there are a small number of reproductive
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factors which reflect an increased endogenous estrogen exposure (notable timing of first menses, length of the reproductive period and age

at the birth of the first child), that are also associated with better cognitive functioning, notably visual memory, psychomotor speed, verbal

fluency and global cognitive function. We did not however observe any beneficial or detrimental effects on dementia incidence over the

four year follow-up, but this may result from a lack of statistical power as only 27 of the 996 women developed dementia during the study

period. As this study is ongoing, it will be possible to re-examine this question over a longer follow-up period. Further studies will also be

required to determine whether hormone exposure across the lifetime could influence how a woman responds to HT in later life.
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TABLE 1
Baseline characteristics of the 996 participants.

Baseline Characteristics Participants

%
≥12 years of education 28.6

Married or has a Partner 53.9
High Alcohol Intake ( 24 grams per day)≥ 6.0

High Caffeine Intake (equivalent to 3 cups of coffee per day)≥ 35.9

Current Smoker ( 10pkts each year)≥ 3.7

Carrier of the Apoe4 allele 17.8
Depression (CESD 16)≥ 34.5

Anticholinergic Medication 6.3
Antidepressant or Benzodiazepine Medication 9.6

Comorbiditya 37.7

Incapacities 4.2
Mean (sd)

Age 72.8 (5.5)
Age at 1  Mensesst 13.1 (1.6)
Age at Menopause 49.5 (5.4)

Number of Reproductive Yearsb 36.6 (5.6)

%
Surgical Menopause 18.7
Oral Contraceptive Use 19.1
Nulliparous 12.0
Number of Children %
0 12.0
1 16.3
2 or 3 54.8
>3 16.9

Age at birth of 1  st child %
≤ 20 18.7

21  29– 59.4

≥ 30 21.9

Hormone Treatment (HT) %
Never 65.8
Past 19.4
Current 14.8
Duration of HT %
Never 65.8
0  9 years of Past use– 11.8
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≥ 10 years of Past use 7.6

0  9 years of Current use– 3.7

≥ 10 years of Current use 11.0

 a Includes a chronic disease (cardiovascular disease, other heart problems, high blood pressure, high cholesterol, diabetes, thyroid problems), or cancer diagnosed within the last 2 years.
 c Age at menopause minus age at first menses.
 b N 876 parous women.=

TABLE 2

Final multivariate adjusted  models for the association between lifetime hormonal characteristics and poor cognitive function, at baseline.a

GLOBAL FUNCTION VERBAL FLUENCY VISUAL MEMORY VERBAL MEMORY PSYCHOMOTOR SPEED EXECUTIVE FUNCTION

MMSE <26 Isaacs 40≤ Benton 10≤ Word Recall 8≤ Trail Making A 69≥ Trail Making B 137≥

OR 95  CI[ % ]
χ2 stat. ,d

(p-value) OR 95  CI[ % ]
χ2 stat. ,d

(p-value) OR 95  CI[ % ]
χ2 stat. ,d

(p-value) OR 95  CI[ % ]
χ2 stat. ,d

(p-value) OR 95  CI[ % ]
χ2 stat. ,d

(p-value) OR 95  CI[ % ]
χ2 stat. ,d

(p-value)

Age at 1  Mensesst 1.13 1.02 [ –
1.25]

5.5 (0.02 )* 1.24 1.08 [ –
1.43]

9.3 (0.002 )*

No. reproductive

 yrs b
0.96 0.93 [ –
0.99]

75.9 (0.005 )*

Age at birth 1st

 child c

≤ 20 years old 1.0 1.0 1.0 1.0

21  29 years old– 0.55 0.35 [ –
0.86]

7.0 (0.008 )* 0.39 0.26 [ –
0.60]

18.4 (<0.001 )* 0.64 0.42 [ –
0.96]

4.6 (0.03 )* 0.49 0.27 [ –
0.87]

5.8 (0.02 )*

≥ 30 years old 0.72 0.43 [ –
1.22]

1.5 (0.23) 0.56 0.34 [ –
0.94]

4.8 (0.03 )* 0.71 0.43 [ –
1.17]

1.8 (0.18) 0.81 0.42 [ –
1.57]

0.4 (0.53)

Hormone Therapy
Never 1.0 1.0 1.0 1.0
Past 1.06 0.70 [ –

1.60]
0.1 (0.75) 0.72 0.48 [ –

1.08]
3.1 (0.12) 0.78 0.44 [ –

1.39]
0.7 (0.40) 1.04 0.63 [ –

1.73]
0.1 (0.87)

Current 0.52 0.29 [ –
0.93]

4.9 (0.03 )* 0.64 0.38 [ –
1..06]

2.5 (0.08) 0.49 0.21 [ –
1..15]

2.7 (0.10) 0.49 0.21 [ –
1.11]

2.9 (0.09)

 a Hormonal factors are combined together in models that are adjusted for age, educational level, marital status, depressive symptoms (CESD 16), high caffeine intake, physical incapacities and
comorbidity.

 b Calculated as the difference between the age at menopause and the age at first menses.
 c Women were excluded from this analysis if they had no children. When the variable for Age at the birth of the 1  child  was excluded from the analysis, similar results were obtained with all 996“ st ”

women, in relation to the other variables shown
 d Test-statistic was compared to a  distribution with 1 degree of freedom.χ2

 * p<0.05.
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TABLE 3

The association  between lifetime hormone-related factors and decline in cognitive performance over the 4-year follow-up period.a

GLOBAL FUNCTION VERBAL FLUENCY VISUAL MEMORY VERBAL MEMORY PSYCHOMOTOR SPEED EXECUTIVE FUNCTION

Characteristic MMSE <-2 Isaacs  -6≤ Benton  -2≤ Word Recall  -2≤ Trail Making A  15≥ Trail Making B  35≥

OR 95  CI[ % ] p OR 95  CI[ % ] p OR 95  CI[ % ] p OR 95  CI[ % ] P OR 95  CI[ % ] p OR 95  CI[ % ] P

Age at 1  Mensesst 1.05 0.95 1.16[ – ] 0.35 0.96 0.81 1.01[ – ] 0.08 0.96 0.86 1.07[ – ] 0.45 1.06 0.95 1.19[ – ] 0.30 1.07 0.95 1.18[ – ] 0.25 1.07 0.96 1.20[ – ] 0.24

Age at Menopause 0.99 0.96 1.02[ – ] 0.41 0.99 0.96 1.02[ – ] 0.38 0.98 0.95 1.01[ – ] 0.29 0.99 0.95 1.02[ – ] 0.37 0.99 0.96 1.02[ – ] 0.36 0.97 0.94 1.00[ – ] 0.05*

No. Reproductive Yrsb 0.98 0.96 1.01[ – ] 0.26 0.99 0.96 1.02[ – ] 0.70 0.99 0.96 1.02[ – ] 0.53 0.98 0.95 1.02[ – ] 0.33 0.99 0.96 1.02[ – ] 0.37 0.96 0.94 0.99[ – ] 0.02*

Surgical Menopause 0.95 0.63 1.45[ – ] 0.83 0.74 0.46 1.17[ – ] 0.20 0.79 0.43 1.17[ – ] 0.29 0.81 0.50 1.32[ – ] 0.40 0.89 0.54 1.42[ – ] 0.62 1.24 0.79 1.93[ – ] 0.35

Oral Contraceptive Use 1.46 0.96 2.23[ – ] 0.08 0.79 0.49 1.27[ – ] 0.33 1.06 0.69 1.63[ – ] 0.80 0.69 0.39 1.20[ – ] 0.18 0.62 0.37 1.05[ – ] 0.08 0.71 0.43 1.20[ – ] 0.20

Nulliparous 0.93 0.56 1.52[ – ] 0.76 1.17 0.71 1.91[ – ] 0.54 1.11 0.68 1.80[ – ] 0.68 1.09 0.64 1.86[ – ] 0.76 1.18 0.70 1.98[ – ] 0.53 0.59 0.32 1.10[ – ] 0.10

Number of Children
0 1 1 1 1 1 1
1 1.52 0.82 2.81[ – ] 0.19 0.93 0.50 1.72[ – ] 0.81 0.83 0.45 1.51[ – ] 0.54 0.77 0.41 1.46[ – ] 0.42 0.64 0.33 1.25[ – ] 0.20 1.49 0.73 3.05[ – ] 0.27

2 or 3 1.23 0.72 2.71[ – ] 0.45 0.88 0.53 1.47[ – ] 0.63 0.81 0.49 1.34[ – ] 0.41 0.74 0.43 1.26[ – ] 0.26 0.91 0.53 1.55[ – ] 0.72 1.76 0.95 3.26[ – ] 0.07

>3 1.10 0.58 2.08[ – ] 0.77 0.77 0.41 1.44[ – ] 0.42 0.92 0.51 1.67[ – ] 0.79 0.72 0.38 1.37[ – ] 0.32 0.86 0.46 1.63[ – ] 0.65 0.97 0.46 2.05[ – ] 0.94

 Age at birth of 1  childst c

≤ 20 1 1 1 1 1 1

21  29– 0.75 0.48 1.17[ – ] 0.21 0.72 0.45 1.15[ – ] 0.17 0.65 0.41 1.04[ – ] 0.07 0.77 0.47 1.26[ – ] 0.30 1.09 0.65 1.83[ – ] 0.75 0.75 0.46 1.22[ – ] 0.25

≥ 30 0.91 0.54 1.54[ – ] 0.73 1.01 0.59 1.75[ – ] 0.97 0.79 0.46 1.36[ – ] 0.40 0.85 0.47 1.53[ – ] 0.59 1.14 0.62 2.10[ – ] 0.66 0.81 0.45 1.43[ – ] 0.47

Hormone Treatment (HT)
Never 1 1 1 1 1 1
Past 0.93 0.61 1.43[ – ] 0.75 0.96 0.62 1.50[ – ] 0.86 0.81 0.52 1.27[ – ] 0.37 0.92 0.57 1.50[ – ] 0.74 0.82 0.52 1.29[ – ] 0.40 0.74 0.47 1.19[ – ] 0.22

Current 1.08 0.66 1.76[ – ] 0.76 0.80 0.47 1.38[ – ] 0.43 0.98 0.60 1.61[ – ] 0.95 1.20 0.69 2.08[ – ] 0.52 0.65 0.37 1.16[ – ] 0.14 0.81 0.47 1.41[ – ] 0.46

Duration of HT
Never 1 1 1 1 1 1
0  9 years of Past use– 0.70 0.40 1.22[ – ] 0.20 0.93 0.53 1.60[ – ] 0.78 0.88 0.52 1.50[ – ] 0.64 1.11 0.63 1.95[ – ] 0.72 0.94 0.55 1.52[ – ] 0.66 0.70 0.39 1.25[ – ] 0.23

≥ 10 years of Past use 1.37 0.77 2.45[ – ] 0.28 1.02 0.54 1.92[ – ] 0.95 0.71 0.36 1.43[ – ] 0.34 0.65 0.29 1.47[ – ] 0.30 0.73 0.36 1.46[ – ] 0.37 0.82 0.41 1.64[ – ] 0.57

0  9 years of Current use– 0.75 0.28 2.02[ – ] 0.57 0.26 0.06 1.13[ – ] 0.07 1.59 0.72 3.53[ – ] 0.25 1.05 0.39 2.84[ – ] 0.92 0.29 0.07 1.23[ – ] 0.09 0.83 0.31 2.26[ – ] 0.72

≥ 10 years of Current use 1.20 0.70 2.06[ – ] 0.51 1.05 0.59 1.87[ – ] 0.87 0.80 0.45 1.43[ – ] 0.46 1.26 0.68 2.34[ – ] 0.47 0.79 0.43 1.46[ – ] 0.46 0.81 0.43 1.51[ – ] 0.50

 a Adjusted for age, educational level and baseline cognitive test score.
 b Calculated as the difference between the age at menopause and age at first menses.
 c Women were excluded from this analysis if they had no children.
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