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Abstract
Introduction: Dementia prevalence in older women is high-
er than that in men. The purpose of the present study was to 
investigate whether there is a female disadvantage in cogni-
tive functioning at adult age and/or whether a female disad-
vantage develops with age. Methods: Data of 5,135 women 
and 4,756 men from the Longitudinal Aging Study Amster-
dam (LASA) and the Doetinchem Cohort Study (DCS) were 
used. In the LASA, memory, processing speed, fluid intelli-
gence, and global cognitive function were measured every 
3–4 years since 1992 in persons aged 55+ years for up to 23 
years. In the DCS, memory, processing speed, cognitive flex-
ibility, and global cognitive function were measured every 5 
years since 1995 in persons aged 45+ years for up to 20 years. 
Sex differences in cognitive aging were analyzed using linear 
mixed models and also examined by the 10-year birth cohort 
or level of education. Results: Women had a better memory, 
processing speed, flexibility, and, in the DCS only, global 

cognitive function than men (p’s < 0.01). However, women 
showed up to 10% faster decline in these cognitive domains, 
except for flexibility, where women showed 9% slower de-
cline. In the LASA, women scored poorer on fluid intelligence 
(p < 0.01), but their decline was 10% slower than that in men. 
Female advantage was larger in later born cohorts; adjust-
ment for the educational level increased the female advan-
tage. Conclusion: Women have better memory and process-
ing speed than men at middle age. This female advantage 
becomes smaller with aging and has increased in more re-
cent birth cohorts. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

In 2016, in the Netherlands, the number of women 
who died with dementia was twice the number of men 
who died with dementia [1]. Also, the prevalence of de-
mentia is almost twice as high in older women than in 
men of the same age [2]. Dementia is usually preceded by 
a long period of decline in cognitive functions [3]. Based 
on a continuum from healthy cognitive function to de-
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mentia, a lower cognitive function (cognitive reserve) 
and/or a steeper cognitive decline increases the risk of 
dementia. The purpose of the present study was to inves-
tigate whether there is a female disadvantage in cognitive 
functioning at adult age and/or whether a female disad-
vantage develops with age that can explain the sex differ-
ences in dementia prevalence at older age.

Sex differences in cognitive function at adult age are 
well documented: women score higher on cognitive tasks 
that require verbal processing, while men score higher on 
tasks that require visuospatial processing [4]. A system-
atic review showed that sex differences remain similar be-
tween the age of 60–80 years, but that sex differences in 
cognitive decline may occur after the age of 80 years, al-
though the directions of the associations found were 
sometimes contradictory [5]. Since this review, some 
more longitudinal studies showed inconsistent results on 
sex differences in cognitive decline: either no difference 
in the rate of cognitive decline between men and women 
[6], or a steeper decline for men than for women [7, 8]. 
The longest follow-up in these studies was 17 years [5–8]. 
In a recent US study with up to 21 years of follow-up, 
women had faster declines in global function and execu-
tive function, but there was no difference in memory de-
cline between men and women [9]. In this latter study, 
only few repeated measurements were available for mem-
ory. In the present study, we were able to examine cogni-
tive change over a longer period of time (up to 23 years), 
based on a higher number of repeated cognitive measure-
ments and up to a higher age (100 years), in 2 large Dutch 
cohort studies. Since secular trends in economic prosper-
ity and gender equity in educational chances may influ-
ence sex differences in cognitive function [4, 10], we also 
studied whether sex differences in cognitive functioning 
differ between different birth cohorts and between differ-
ent levels of education. We expect that secular trends have 
improved the average cognitive function of women more 
than that of men, as the educational opportunities of 
women have improved in the course of the 20th century 
due to women’s emancipation [11] and education is a key 
predictor of later life cognitive functioning.

Methods

We used data from 2 large Dutch aging cohorts: the Longitu-
dinal Aging Study Amsterdam (LASA) [12–14] and the 
Doetinchem Cohort Study (DCS) [15, 16]. Both studies have 
been conducted in line with the Declaration of Helsinki. The 
LASA has been approved by the Medical Ethics Committee of 
the VU University medical center and the DCS by the external 

Medical Ethics Committee of the Netherlands Organization for 
Applied Scientific Research and the Medical Ethics Committee 
of the University of Utrecht. All participants gave written in-
formed consent.

The LASA started in 1992 with 3,107 participants aged 54–85 
years from 3 birth cohorts (1908–1917, 1918–1927, and 1928–
1937). Ten years later, 1,002 persons aged 54–65 years (born be-
tween 1938 and 1947) were added, and in 2012, 1,023 persons aged 
54–65 years (born between 1948 and 1957) were added to the ongo-
ing study. Participants are re-measured every 3–4 years. From the 
LASA, 2,653 women and 2,469 men aged 54–85 years at baseline 
could be included in our study (see online suppl. Table 1; for all 
online suppl. material, see www.karger.com/doi/10.1159/520318). 
The median follow-up was 6 years and ranged from 0 to 23 years 
(1–8 repeated measurements).

The DCS started in 1987–1991 with an age- and sex-stratified 
sample of 12,404 men and women aged 20–59 years from the town 
of Doetinchem. A random selection of 7,769 of these participants 
was re-invited 6 years later and subsequently has been invited ev-
ery 5 years. Halfway the second examination round (from 1995 
onward), cognitive testing was introduced for participants aged 
45 years and over. From the DCS, 2,482 women and 2,287 men 
aged 45–82 years at baseline, born between 1928 and 1967, were 
included (see online suppl. Table 2). The median follow-up was 
10 years and ranged from 0 to 20 years (1–5 repeated measure-
ments).

Cognitive Function
In the LASA 4 cognitive tests have been repeatedly carried out: 

a 15-word learning test [17], a letter substitution task [18], the Ra-
ven Colored Progressive Matrices [19] (up to and including the 6th 
measurement round), and the Mini-Mental State Examination 
(MMSE) [20]. In the DCS, 4 cognitive tests are repeatedly carried 
out: a 15-word learning test [21], a letter digit substitution task 
[22], the Stroop test [23], and a fluency test [24]. Details on these 
cognitive tests are included as online supplementary material.

Cognitive Domain Scores
In the LASA, memory function was calculated as the average of 

the total score on the immediate recalls, the maximum score on the 
3 immediate recalls, and the score on the delayed recall of the 15-
word learning test. Information processing speed was calculated as 
the average score on the 3 trials of the letter substitution test. Fluid 
intelligence was calculated as the total score on sections A and B of 
the Raven Progressive Matrices. Global cognitive function was the 
maximum score on the MMSE, either based on the subtraction or 
the spelling backward item.

In the DCS, memory function was calculated as the average of 
the total score on the immediate recalls, the maximum score on the 
3 immediate recalls, and the score on the delayed recall of the 15-
word learning test. Information processing speed was calculated as 
the average of the first 2 trials of the Stroop test (reading and color 
naming) and the score on the letter digit substitution task. Flexibil-
ity was calculated as the score on the third trial of the Stroop test 
(naming ink color). All tests are taken together to calculate a mea-
sure for global cognitive function (average z-score on the total of 
immediate recalls, delayed recall, third trial of the Stroop test 
(naming ink color), letter digit substitution test, and the fluency 
test) [25].
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Demographic Characteristics
For all participants in both the LASA and DCS, date of birth, 

age, sex, and the highest attained level of education are ascertained. 
Based on birth date, participants were categorized in 10-year birth 
cohorts: 1908–1917, 1918–1927, 1928–1937, 1938–1947, 1948–
1957, or 1958–1967. The highest attained level of education was 
categorized in 3 levels, based on the distribution in LASA: low (el-
ementary education or less), medium (lower vocational education 
or general intermediate education), and high (intermediate voca-
tional education, general secondary education, or higher).

Statistics
In order to compare cognitive function between men and 

women, reducing the impact of learning effects on cognitive tests, 
all cognitive data were corrected for the number of cognitive mea-
surements so far, based on the association between the number of 
measurements (classes) and cognitive function in a linear longitu-
dinal regression model adjusting for age, age2, sex, and level of 
education. After adjusting for the number of measurements, all 
cognitive data, except for the MMSE scores, were standardized 
into z-scores based on the mean and standard deviation of the first 
cognitive measurements of all participants in the study (baseline).

Sex Differences
To study sex differences in (mean level of) cognitive function, 

cognitive test scores were included in mixed model analyses with 
random intercept for the individuals, random slope for age (since 
this increased model fit significantly, as tested by comparing -2LL 
between model without and with random slope for age), and an 
unstructured covariance matrix. Independent variables in these 
analyses on differences in the level between women and men were 
sex, age, and age2 (model 1). If the estimate for sex is statistically 
significant in this model, positive values denote that women per-
form better than men do. Negative values denote that men perform 
better than women do.

Based on this model, difference in cognitive age (expressed in 
years) was calculated in order to facilitate the interpretation of the 
differences between men and women at a certain calendar age. At 
what calendar age is the cognitive function of men at the same 
level as the cognitive function of women at the age of 65 years? The 
difference in calendar age is used as an indicator for the difference 
in cognitive age between men and women (see also online suppl. 
Fig. 1). So if the cognitive function in women at age 65 years equals 
the cognitive function of men at age 62 years, the difference in cog-
nitive age is 3 years [26].

To test for sex differences in cognitive decline with aging, the 
interaction term of sex and age was added. Independent variables 
in these analyses on differences in cognitive decline with aging 
were sex, age, age2, sex × age, and sex × age2 (model 2). If an inter-
action term of sex and age is significant in this model, positive val-
ues denote that the decline in cognitive function with aging is 
stronger in men than that in women. Negative values denote that 
the decline with aging is stronger in women than that in men. Sex 
× age2 was only included if this interaction term was significantly 
associated with cognitive function at p < 0.05.

Based on these models, difference in cognitive aging was calcu-
lated as difference in cognitive decline (in percentage) between 
men and women between ages 65–75 years. If the interaction term 
of sex and age was significant in model 2, this model was used to 
describe and plot sex differences in cognitive function with aging. 

Otherwise, model 1 was used. If model 2 was used, so decline with 
aging differed between men and women, it was then examined at 
which age the sex differences were no longer statistically signifi-
cantly different.

Associations were considered to be statistically significant at  
p < 0.05. Age was centered at 55 years in all analyses on sex differ-
ences, in order to present a realistic sex difference (at age 55 years), 
especially when cognitive decline with aging differs between men 
and women.

Differences between Birth Cohorts and Levels of Education
Sex differences in level of cognitive function were tested between 

birth cohorts or between educational levels by adding an interac-
tion term of sex and the subgroups to model 1 (e.g., sex*education). 
Sex differences in cognitive decline with aging between subgroups 
were tested by adding an interaction term of sex, age, and the sub-
groups (3-way interaction: e.g., age*sex*education) to model 2. Sex 
differences in cognitive function and cognitive decline with aging 
within subgroups were calculated in subgroup-stratified analyses.

Table 1. Baseline characteristics (participants at their first cognitive 
measurement)

Women Men

LASA n = 2,654 (52%) n = 2,469
Mean age (SD), years 66.5 (8.7) 66.7 (8.8)

Range 54–88 54–88
Level of education, %

Low* 39.8 25.8
Medium 32.6 31.3
High 27.6 42.9

Birth cohort, %
1908–1917 21.6 23.5
1918–1927 19.3 18.3
1928–1937 19.4 19.1
1938–1947 19.8 19.1
1948–1957 19.9 20.1

DCS n = 2,482 (52%) n = 2,287
Mean age (SD), years 55.2 (6.6) 55.5 (6.6)

Range 45–77 45–82
Level of education, %

Low* 6.7 5.7
Medium 48.2 31.9
High 45.1 62.4

Birth cohort, %
1928–1937 17.6 19.1
1938–1947 27.9 31.1
1948–1957 37.7 36.5
1958–1967 16.9 13.3

Baseline characteristics are given over all first measurements 
(t0). LASA, Longitudinal Aging Study Amsterdam; DCS, Doetinchem 
Cohort Study. * Level of education was classified in 3 levels: Low, 
elementary education or less; Medium, lower vocational education 
or general intermediate education; High, intermediate vocational 
education, general secondary education, or higher (higher 
vocational education/college education/university education).
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Sensitivity Analyses
In order to test whether menopause influenced results, analyses 

for DCS were repeated, excluding participants younger than 55 
years. Mixed model analyses are able to deal with missing values, 
based on the assumption that missings are at random. Since miss-
ings due to attrition are likely not at random, we repeated our anal-
yses based on data up to age 80 years (LASA and DCS), diminish-
ing attrition not at random due to, e.g., illness and death, and test-
ed whether sex differences were different between participants 
who did and did not participate for 10 years (LASA) or in the most 
recent measurement round (DCS).

Results

In the LASA, the average age at baseline was 66 years and 
in the DCS, 55 years. In both cohorts, there were about as 
many men as women. In all birth cohorts, men were higher 
educated than women and each subsequent birth cohort 
was higher educated than the previous one (see online sup-
pl. Table 3). More details on demographic characteristics of 
the study population are presented in Table 1.

Sex Differences in Cognitive Function
Memory
Women scored better than men on memory in the 

LASA and DCS (Tables 2, 3). At the age of 65 years, wom-
en were cognitively >10 years younger than men. This 
female advantage became smaller with aging due to stron-
ger decline in women (9% between ages 65–75 years). De-
spite this convergence, the sex difference in memory re-
mained statistically significant until after the age of 85–90 
years (see also Fig. 1).

Information Processing Speed
In the LASA and DCS, women scored better than men 

on information processing speed (Tables 2, 3). At the age 
of 65 years, women were cognitively 3 years younger than 
men. This female advantage became smaller with aging 
due to stronger decline in women (7–10% between ages 
65–75 years). Due to this convergence, the sex difference 
in processing speed lost its statistical significance between 
the ages of 75–80 years (see also Fig. 1).

Fluid Intelligence
Women scored lower than men on fluid intelligence 

(Table 2). At the age of 65 years, women were cognitively 
4 years older than men. This female disadvantage became 
smaller with aging due to smaller decline in women (10% 
between ages 65 and 75 years). The sex difference in fluid 
intelligence lost its statistical significance between the age 
of 80–85 years (see also Fig. 1).

Cognitive Flexibility
Women scored better than men on cognitive flexibil-

ity (Table 3). At the age of 65 years, women were cogni-
tively 3 years younger than men. This female advantage 
further increased with aging due to smaller decline in 
women (9% between ages 65 and 75 years, see also Fig. 1).

Global Cognitive Function
In the LASA, no significant differences in global cogni-

tive function or decline in global cognitive function (based 
on MMSE) with aging were observed between men and 
women (Table 2; Fig. 1). In the DCS, women scored better 
than men on global cognitive function (based on all cogni-
tive tests, Table 3). At the age of 65 years, women were 
cognitively 4 years younger than men. This female advan-
tage became smaller with aging due to stronger decline in 
women (10% between ages 65 and 75 years). Despite this 
convergence, the sex difference in global cognitive func-
tion in the DCS remained statistically significant until af-
ter the age of 85 years (see also Fig. 1).

Sex Differences by Birth Cohorts
Female advantage was larger in the most recent birth 

cohort than the earlier birth cohorts for memory and in-
formation processing speed (Tables 2, 3), and global cog-
nitive function (in DCS only, Table 3). In analyses strati-
fied for birth cohort, cognitive decline was not consis-
tently different between men and women, or between 
birth cohorts.

Sex Differences by Educational Levels
Sex differences in the level of cognitive function were 

not statistically different between levels of education, ex-
cept for information processing speed in LASA (Tables 2, 
3). For processing speed, the female advantage was sig-
nificantly larger in the medium educated participants 
than in the low- and high-educated groups. The female 
advantage in cognitive function within different levels of 
education appeared larger than the overall female advan-
tage. Moreover, sex differences in fluid intelligence were 
no longer present, while for global cognitive function in 
the LASA, a female advantage appeared in stratified anal-
yses. Also, for fluid intelligence, cognitive flexibility, and 
global cognitive function (LASA only), women in the me-
dium educated group showed less cognitive decline than 
those in the low-educated group (Tables 2, 3).

Sensitivity Analyses
Analyses excluding participants younger than 55 years 

showed similar or smaller estimates for overall sex differ-
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Fig. 1. Cognitive functions with aging for men and women in the LASA (plotted for age 55–99 years) and DCS 
(plotted for age 45–85 years). Note that MMSE scores with aging of men and women in LASA are similar, and 
therefore, only 1 line is visible in the figure. LASA, Longitudinal Aging Study Amsterdam; DCS, Doetinchem 
Cohort Study; MMSE, Mini-Mental State Examination.
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ences in cognitive function, but sex differences in cogni-
tive change were larger for memory, and decline in flex-
ibility was now significantly larger in men than that in 
women (online suppl. Table 6). Analyses on data from 
participants up to 80 years old yielded comparable results 
to those based on all available data (online suppl. Table 
7). In the LASA, sex differences in memory function, but 
not memory decline, were larger in the group who re-
mained >10 years in the study than persons who dropped 
out earlier. In the DCS, although persons who did not 
participate in the most recent measurement round had 
worse cognitive function and declined faster, attrition did 
not affect sex differences in cognitive function or cogni-
tive decline.

Discussion

The objective of this study was to investigate sex dif-
ferences in cognitive function at middle age and in cogni-
tive decline with aging from middle to old age. We ob-
served a female advantage for memory function, infor-
mation processing speed, and cognitive flexibility; a 
female disadvantage for fluid intelligence; and no sex dif-
ferences (in LASA) or a female advantage (in DCS) for 
global cognitive function. Overall, these sex differences in 
cognitive function declined with aging, since women 
showed faster cognitive decline in memory and informa-
tion processing speed than men. Sex differences in cogni-
tive function were larger in more recent birth cohorts. 
After adjustment for the educational level, the female ad-
vantages were larger, indicating that, particularly in ear-
lier cohorts, the lower average education level of women 
suppressed part of the sex differences in cognitive func-
tioning.

In our study, men outperformed women in spatial 
tests (fluid intelligence) and women outperformed men 
on verbal tests (memory test) and speed tests (substitu-
tion test). In an opinion article, Hyde [4] wrote that such 
differences between men and women existed in psycho-
logical research from the 1930s through the 1970s, but 
that these phenomena may have narrowed over time [4]. 
In our longitudinal datasets, however, we observed that 
both the female advantages (memory and information 
processing speed) as well as the female disadvantage (flu-
id intelligence) became larger in later birth cohorts. The 
larger female advantages in more recent birth cohorts 
may be explained by the fact that inequalities in educa-
tional attainment between men and women declined 
across birth cohorts. However, the increase of the female 

disadvantage on fluid intelligence with more recent birth 
cohort is not easily explained. Based on our results, exist-
ing differences between men and women seem to have 
enlarged over time.

In agreement with the systematic review [5], earlier 
analyses on sex differences in cognitive decline over, re-
spectively, 6 and 16 years of follow-up in the LASA re-
vealed no significant sex differences [27, 28]. However, in 
the present study with 23 years of follow-up, we did ob-
serve sex differences in cognitive decline in the LASA. 
The disagreement may be explained by the lack of sex dif-
ferences in cognitive decline in earlier birth cohorts in the 
LASA (Table 2). Later studies observed either no sex dif-
ferences in cognitive decline [6], or, in contrast to our 
results, observed less cognitive decline among women [7, 
8]. For instance, in the English Longitudinal Study of 
Ageing [8], women aged 50 years and over showed sig-
nificantly less decline in memory and global cognitive 
function than men over 8-year period of follow-up. One 
recent study among US adults [9] showed faster cognitive 
decline in women for global cognitive function and ex-
ecutive function, but not for memory. In both our co-
horts, cognitive decline in memory function as well as 
processing speed was faster in women than in men. The 
differences in results can possibly be explained by the fact 
that we have more repeated measurements, and thus 
more power, for memory than in Levine’s study.

Memory is typically first affected in Alzheimer’s dis-
ease, while processing speed is, among other domains, 
affected in vascular dementia. Therefore, the stronger de-
cline in these domains in women may indicate higher risk 
of these types of dementia at older age in women. We did 
not investigate sex differences in different types of de-
mentia, but questioned whether sex differences in cogni-
tive function and/or cognitive decline at adult age exist. 
These may explain sex differences in the total prevalence 
of dementia, based on the assumption that lower cogni-
tive reserve and/or stronger cognitive decline in general 
increases the risk of dementia at older age.

In our analyses, with up to 23 years of follow-up, we 
observed that, in general, sex differences in cognitive 
functioning became smaller from middle into old age. 
Cognitive function was modeled as a (nonlinear) func-
tion of age, since age is the most important determinant 
of cognitive functioning [5]. Sex significantly interacted 
with age on cognitive functioning in the overall analyses. 
In the stratified analyses, this interaction was less clear 
and significant in only few birth cohorts (Tables 2, 3). It 
was not clear whether the sex differences in cognitive de-
cline in the overall models actually were artifacts based on 
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differences in sex differences between birth cohorts (ear-
lier cohorts showing smaller sex differences in level of 
cognitive function than later born cohorts). Therefore, ad 
hoc analyses were performed with birth cohort and edu-
cational level as covariates in the models. Now, again, sig-
nificant interactions of sex and age on cognitive function-
ing were observed (online suppl. Tables 4, 5), indicating 
that the sex differences in cognitive decline in our popu-
lation were not only artifacts but also present within birth 
cohorts.

Although women outperformed men on memory 
function and information processing speed, their cogni-
tive functions declined stronger with aging. Among the 
older population of Cache Country (USA), the incidence 
of AD in women was similar before the age of 85 years, 
but greater than men after the age of 85 years [29]. In Eu-
ropean populations, the prevalence of dementia in men 
and women start to diverge between the age of 80 and 85 
years, to the detriment of women [30]. This age range is 
about equal to the age range where cognitive functions of 
men and women start to cross in our analyses (informa-
tion processing speed and [in DCS] global cognitive func-
tion). This disappearance of the female advantage may 
partly explain the female disadvantage in dementia inci-
dence at very old age.

The difference in cognitive functions between men 
and women became smaller at higher age, since cognitive 
decline was larger in women than in men. It was not in 
the scope of the present study to elucidate on determi-
nants of these differences. Several mechanisms have been 
postulated to explain sex differences in cognitive decline 
and/or dementia prevalence: first, estrogen loss in post-
menopausal women may explain a stronger cognitive de-
cline with aging, especially in verbal tasks [31]. Typically, 
we observed a higher rate of cognitive decline in women 
for memory and processing speed (and the sex differenc-
es in these declines were larger after the age of 55 years in 
DCS), but not for flexibility and fluid intelligence. There-
fore, estrogen loss may partly explain the observed sex 
differences in cognitive decline in the present study. 
However, one may speculate that women in more recent 
birth cohort may more often use estrogens as hormone 
therapy around menopause, but sex differences in cogni-
tive decline between birth cohorts did not reflect such a 
secular trend. Second, a greater cognitive reserve in men 
could explain higher dementia prevalence at similar age 
in women [31]. Individuals with greater cognitive reserve, 
as reflected in years of education, are better able to cope 
with AD brain pathology without observable deficits in 
cognition [32]. This may have been the case in our study. 

Especially in earlier birth cohorts, women are lower edu-
cated, and may therefore have lower cognitive reserve 
than men. However, women score higher on most cogni-
tive tests, which is not in line with this explanation. Third, 
selective survival or competing risk could explain sex dif-
ferences in cognitive decline. Based on the results in the 
Framingham study [33], it is questioned whether the 
higher lifetime risk of dementia for women actually is a 
female disadvantage. An important competing risk for 
cognitive decline should not be eliminated, namely, mor-
tality. Men have a lower life expectancy than women be-
cause they die younger due to stroke or other cardiovas-
cular diseases. Therefore, it can also be argued that wom-
en have a higher risk of dementia due to a lower risk to 
die from other diseases earlier in life. This hypothesis was 
verified in more recent analyses on the Framingham 
study that concluded that selective survival of men with a 
healthier cardiovascular risk profile and hence lower pro-
pensity to dementia might partly explain the higher life-
time risk of dementia/Alzheimer’s disease in women [34]. 
Also in our study, the percentage of (surviving) women 
increased with longer follow-up, especially at higher ages 
in the LASA. Our analyses excluding participants over 80 
years generated similar, although somewhat larger sex 
differences in cognitive aging, indicating that healthy sur-
vivors narrow the sex differences in cognitive aging. 
Probably, especially more healthy men with better cogni-
tive health survive and thereby close the cognitive gap 
between men and women at higher age, when less healthy 
men have dropped out due to illness or death. Other ex-
planations for sex differences in cognitive decline may be 
found in differences in lifestyle or differences in cardio-
vascular risk factors. Another reason could also be a sta-
tistical one: since women scored higher at baseline, they 
have a higher chance to decline stronger over time than 
men (regression to the mean).

The LASA and DCS are both large population-based 
cohort studies with a long follow-up period for cognitive 
function. Therefore, these cohorts provide data over a 
large age range over different birth cohorts. Sensitive cog-
nitive test batteries produced large ranges of cognitive 
performance, already from middle age. As all (long-last-
ing) cohort studies, both the LASA and DCS suffer from 
(selective) attrition, resulting in relatively healthy co-
horts. Nevertheless, also these healthy cohorts showed 
clear cognitive decline with aging, as well as differences 
between men and women, birth cohorts, and educational 
levels. Persons who dropped out had on average lower 
memory function than persons who did not drop out, but 
differences between men and women in memory func-
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tion and memory decline were not different in the DCS 
(data not shown). In the LASA, sex differences in memo-
ry function, but not memory decline, were larger in the 
group who remained >10 years in the study than in per-
sons who dropped out earlier. This means that sex differ-
ences observed in the LASA may be overestimated due to 
selective attrition. However, based on our sensitivity 
analyses on attrition in the DCS, attrition did not affect 
estimates on sex differences. Since sex differences in the 
LASA and DCS were comparable, we believe a potential 
overestimation in LASA was only marginal. Another 
point is the large difference in the educational level be-
tween the DCS and LASA. In the early 20th century, girls, 
regardless of their cognitive abilities, often did not attend 
school longer than legally required: up to and including 
primary school, as was especially seen in our earlier co-
horts. With women’s emancipation, it also became more 
common for girls to attend school longer and the level of 
schooling better matches their cognitive abilities [11]. 
This trend was confirmed in our population (online sup-
pl. Table 3). In both our cohorts, both the decline in per-
centage of low-educated participants and the increase in 
percentage of high-educated participants were larger in 
women than in men. Thus, as a proxy for cognition, edu-
cation is better suited in later cohorts than in earlier ones.

In conclusion, at middle age, women had a better cog-
nitive function than men, but most sex differences in cog-
nitive function narrowed with aging. The observation 
that women decline faster in memory and information 
processing speed may reflect the sex differences in de-
mentia prevalence as observed at old age. Female advan-
tage was larger in more recent birth cohorts. This may 
have implications for future sex differences in dementia 
incidence and prevalence.
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