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Abstract

Background: The extent to which education explains variations in sex differences in cognitive function between countries at
different levels of economic development is unknown. We examined the role of education in sex differences in four cognitive
domains in high- and middle-income countries.
Methods: Analyses were based on 70,846 participants, aged 60 years and older, in cohort studies from a high-income (United
States) and four middle-income countries (Mexico, Brazil, China, and India). We used weighted linear models to allow
nationally-representative comparisons of sex differences in orientation, memory, attention, and fluency using the United
States as the reference, before and after adjustment for education, and after stratification by education.
Results: Females had lower levels of education than males in all countries, particularly in India. Before adjustment for
education, sex differences in orientation and attention in all middle-income countries, memory in Brazil, China, and India,
and fluency in India were less favourable to females than in the United States (P < 0.010). For example, females outperformed
males in memory in the United States (mean difference [male–female scores] =−0.26 standard deviations [95% CI −0.30,
−0.22]) but not in China (0.15 [0.09, 0.21]) or India (0.16 [0.13, 0.19]). Adjustment for education attenuated these sex
differences. In analyses stratified by education, there were minimal sex differences in the high education group in all countries.
Conclusion: Education contributes to larger female disadvantages in cognitive function at older ages in middle-income
countries compared with the United States. Gender equity in education is an important target to reduce sex disparities in
cognitive function globally.
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Key Points

• Education is an important determinant of cognitive function; sex disparities in education differ by economic development
of a country and may explain variations in sex differences in cognitive function in older adults across countries.

• We found that lower education levels among females in middle-income compared with high-income countries contribute
to sex differences in cognitive function at older ages that are more unfavourable to females in middle-income countries.

• Improving equity in access to education and level of education for women may reduce the cognitive disadvantages
experienced by women at older ages in middle- and high-income countries

• National and international policies on cognitive health ought to prioritise the promotion of education, with an emphasis
on gender equity, to improve cognitive outcomes for all.
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Introduction

With population ageing [1], improvement in life expectancy
is not consistently accompanied by commensurate improve-
ments in health for all older adults [2]. There are substan-
tial within-country sociodemographic disparities in health
at older ages, and further differences between countries at
different levels of economic development [3]. In general
terms, females outlive males but often in poorer health
[4], including age-related outcomes such as dementia [5].
Cognitive dysfunction is a characteristic feature of dementia
and an important predictor of loss of autonomy and poor
quality of life at older ages [6]. There are well-documented
sex differences in cognitive function [7] that may vary as a
function of the economic development of the country [8, 9],
due to environmental exposures differing in lower-income
compared with high-income countries.

Findings from high-income countries suggest that on
average males outperform females on tests of visuospatial
ability and attention, while females outperform males on
episodic memory and some verbal tasks [7, 9, 10]. Sex differ-
ences in cognitive function are likely due to a combination
of biological differences [11, 12], as well as social and eco-
nomic factors. Females have had limited access to education
historically [13], which may contribute to sex differences in
cognitive function as education confers a cognitive advantage
that persists throughout life [14, 15]. Education may there-
fore partly explain sex differences in cognitive function in
high- [16, 17] and middle-income countries [8, 9, 18–20],
with larger female cognitive disadvantages in lower-income
countries [21], even in cognitive domains such as memory
where females outperform males in high-income countries
[20]. Previous studies that used data from both high- and
middle-income countries to examine the role of education
in sex differences in cognitive function were based on non-
representative samples [8, 9] that are prone to selection bias,
precluding cross-national comparison and generalisation.

Using data on persons aged 60+ from five nationally-
representative cohort studies, we compared sex differences
in four cognitive domains (orientation, episodic memory,
attention, and verbal fluency) between a high-income coun-
try (United States) and four middle-income countries (Mex-
ico, Brazil, China, and India), and examined the role of
education in these sex differences. We hypothesised that
differences between countries in educational sex inequali-
ties would contribute to between-country differences in sex
inequalities in cognitive function at older ages.

Methods

Data sources

Data were drawn from participants aged 60+ from the
US-based Health and Retirement Study (HRS) [22], the
Mexican Health and Aging Study (MHAS) [23], the
Brazilian Longitudinal Study on Aging (ELSI) [24],
the China Health and Retirement Longitudinal Study
(CHARLS) [25], and the Longitudinal Aging Study in India

(LASI) [26]. The United States served as the reference high-
income country, whereas Mexico, Brazil, China, and India
are middle-income countries, as defined by the World Bank
[27]. The distribution of number of years of schooling by sex
in the United States is generally similar to other high-income
countries [28]. Middle-income countries were selected based
on availability of cognitive data. These studies are designed to
facilitate cross-national comparisons; details of survey design
are described elsewhere [22–26]. To minimise period effects,
one wave of each study was used from the 5-year period
from 2015-2019: HRS wave 13 (2016-18), MHAS wave 5
(2018-19), ELSI wave 1 (2015), CHARLS wave 4 (2018),
and LASI wave 1 (2017-19). In each study, cross-sectional
weights are supplied for each respondent to allow nationally
representative estimates, designed to account for multistage
sampling strategies and non-response.

Sex and covariates

Sex was reported by participants as male or female. Other
sociodemographic covariates included age, marital status
(married/cohabiting or not), and country (United States
[HRS] as the reference category, Mexico [MHAS], Brazil
[ELSI], China [CHARLS], and India [LASI]).

Education in HRS was categorised into low (below
high school diploma), intermediate (high school diploma
or equivalent), and high (above high school diploma). In
the other cohorts, participants were grouped into education
categories such that the distribution of low, intermediate,
and high education in each cohort was approximately similar
to the distribution in HRS (Appendix 1).

Cognitive function

Four cognitive domains were examined: orientation (date
naming); episodic memory, (immediate/delayed recall);
attention (serial 7s); and verbal fluency (animal naming); see
Appendix 2 for details. Orientation and episodic memory
were available in all cohorts. Attention was not tested in
ELSI. Verbal fluency was not tested in CHARLS.

Statistical analysis

Missing data were imputed using multiple imputation with
chained equations (50 imputations). Details of the impu-
tation method and patterns of missingness are described in
Appendices 3–4. Cognitive scores were standardised in each
cohort to allow comparison.

Sex differences in education in each country were exam-
ined using a weighted ordinal logistic model with education
level as the outcome. To examine whether sex differences in
education in middle-income countries were larger than in
the United States, we pooled data from all cohort studies and
included sex, age, country, and interaction between sex and
country as predictors, with HRS as the reference.

We used weighted linear regression to examine sex differ-
ences in each cognitive domain. The interaction between sex
and age terms (age, age2) suggested no robust change in sex
differences with age (P > 0.05, apart for memory in India),
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Sex differences in cognitive function in high- and middle-income countries

Table 1. Characteristics of males and females in five countries after imputation of missing data and weighting to obtain
national representativeness

United States (HRS) Mexico (MHAS) Brazil (ELSI) China (CHARLS) India (LASI)

Males Females P-
value

Males Females P-
value

Males Females P-
value

Males Females P-
value

Males Females P-
value45.4% 54.6% 45.8% 54.2% 44.2% 55.8% 49.3% 50.7% 49.2% 50.8%

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age, mean 70.4 71.7 <0.001 70.5 70.1 0.23 69.4 70.3 0.01 69.7 70.1 0.05 68.7 68.7 0.71
Age group

60–69 54.0 50.1 53.1 56.4 59.0 54.7 57.4 56.8 62.0 61.5
70–79 30.4 29.4 <0.001 31.0 28.9 0.25 29.3 30.3 0.004 30.2 28.7 0.08 28.2 27.5 0.01
80+ 15.6 20.5 15.9 14.7 11.7 15.0 12.4 14.5 9.8 11.0

Married/partnered
Yes 74.1 53.0 <0.001 79.3 50.8 <0.001 75.0 44.3 <0.00185.7 67.8 <0.001 82.4 46.0 <0.001
No 25.9 47.0 20.7 49.2 25.0 55.7 14.3 32.2 17.6 54.0

Education
Low 12.5 14.1 18.7 24.9 25.7 29.0 14.0 45.6 44.4 75.7
Intermediate 47.5 53.7 <0.001 52.8 49.8 <0.001 53.0 50.7 0.08 48.9 35.6 <0.001 25.5 15.3 <0.001
High 40.0 32.2 28.5 25.3 21.3 20.3 37.1 18.8 30.1 9.0

Data shown are percentages unless otherwise indicated. Abbreviations: HRS, Health and Retirement Study; MHAS, Mexican Health and Aging Study; ELSI,
Brazilian Longitudinal Study of Aging; CHARLS, Chinese Health and Retirement Longitudinal Study; LASI, Longitudinal Aging Study in India

Table 2. Odds ratio of being in higher education group for females compared with males

Country (cohort) Odds ratio (95% CI)a P-valueb

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
United States (HRS) 0.83 (0.77, 0.90) Ref.
Mexico (MHAS) 0.77 (0.66, 0.89) 0.36
Brazil (ELSI) 0.94 (0.83, 1.05) 0.10
China (CHARLS) 0.26 (0.23, 0.29) <0.001
India (LASI) 0.17 (0.16, 0.19) <0.001
aOdds ratio below 1 indicates females are less likely to be in higher education group compared with males, estimated using weighted ordinal logistic models with
education level (1 = low, 2 = intermediate, 3 = high) as the outcome. bP-value<0.05 indicates that sex difference in the education level for the given country differs
from that in the United States. Abbreviations: HRS, Health and Retirement Study; MHAS, Mexican Health and Aging Study; ELSI, Brazilian Longitudinal Study
of Aging; CHARLS, Chinese Health and Retirement Longitudinal Study; LASI, Longitudinal Aging Study in India

allowing us to exclude these interaction terms and conduct
analyses on the entire study population.

Sex differences in the four cognitive domains in each
country were examined by first pooling data from all cohorts.
These models included sex, age (centred at 65 years), age2,
marital status, country, and interactions of country with sex,
age, age2, and marital status. These analyses were then further
adjusted for education, interactions between education and
age terms, and education and country. Sex differences in
each of the middle-income countries were compared with
the United States, with P-values for interactions between sex
and country reported in the results.

We then examined whether sex differences varied by
education group in each country. Analyses were undertaken
separately in each country and included sex, age, age2, marital
status, education, interactions between education and age
terms, and between education and sex. Then, analyses were
stratified by education in order to report sex differences in
each education group.

Finally, we examined whether sex differences in cognitive
function in each education group differed between countries
using the pooled dataset. Analyses were stratified by edu-
cation and included sex, age, age2, marital status, country,
and interactions between country and each of the other

covariates. For each education category, we reported the
P-values for the interactions between sex and country to
examine whether sex differences in the middle-income coun-
tries differed from the United States. Analyses were under-
taken using Stata 17 with a two-sided P < 0.05 considered
statistically significant.

Results

Analyses were based on 70,846 participants aged 60+,
including 13,590 from the United States, 10,121 from
Mexico, 5,432 from Brazil, 10,226 from China, and 31,477
from India. Characteristics of participants in each country
based on weighted, imputed data are shown in Table 1, with
corresponding observed data in Appendix 5. There were
negligible sex differences (<1.5 years) in mean age across
the five countries. Females were less likely than males to be
married/cohabiting and less likely to have received a high
level of education in all countries (P < 0.001) except Brazil
(P = 0.08). The latter disadvantage was larger in China and
India (P < 0.001) than the United States (Table 2).

Sex differences in cognitive scores in each country
before and after adjustment for education are shown in
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Figure 1. Sex differences in standardised cognitive scores in each country. The left panel (A) shows sex differences in standardised
cognitive scores in each country. The right panel (B) shows analyses further adjusted for education. The confidence interval for each
estimate indicates whether sex differences are statistically significant. Tests for difference with the United States (HRS) were based
on pooled data; asterisks were used to indicate whether the sex difference in a given country differs from the sex difference in the
United States as follows: ∗statistically significant at α = 0.05, ∗∗α = 0.01, ∗∗∗α = 0.001.

Figure 1(A) and (B), respectively; the figures also show P-
values of comparison of sex differences between countries
using the United States as the reference. Before adjustment
for education, females had higher scores on orientation than
males (female–male standardised score [95% confidence
interval] = 0.08 [0.15, 0.00]) in the United States, whereas
males outperformed females in Mexico (−0.09 [−0.17,
0.00]), Brazil (−0.07 [−0.13, 0.00]), China (−0.39
[−0.44, −0.33]), and India (−0.55 [−0.58, −0.52]). After
adjustment for education, the female disadvantage persisted
only in China (−0.12 [−0.17, −0.07]) and India (−0.27
[−0.29, −0.24]). Pooled data showed sex differences in
middle-income countries differed from those in the United
States both before (P < 0.01 for all) and after adjustment for
education (P < 0.05 for all).

Before adjustment for education, sex differences in mem-
ory in Brazil, China, and India differed from the United
States (P < 0.001 for all). Females performed better than
males in the United States (0.26 [0.22, 0.30]), Mexico (0.21
[0.13, 0.30]), and Brazil (0.07 [0.00, 0.13]), but worse in
China (−0.15 [−0.21, −0.09]) and India (−0.16 [−0.19,
−0.13]). After adjustment for education, there was no sex
difference in memory in India and a female advantage in

all other countries, although the female advantage in the
United States remained larger than in Brazil (P < 0.001),
China (P < 0.01), and India (P < 0.001).

For attention, males outperformed females before adjust-
ment for education in all countries, but the magnitude of the
female disadvantage was larger in the middle-income coun-
tries (−0.32 [−0.40, −0.24] in Mexico, −0.40 [−0.46,
−0.34] in China, and − 0.70 [−0.74, −0.67] in India), than
in the United States (−0.12 [−0.17, −0.08]; P < 0.001 for
all comparisons). After adjustment for education, the female
disadvantage in attention was attenuated in all countries,
but remained larger in Mexico (−0.24 [−0.31, −0.16])
and India (−0.43 [−0.46, −0.39]) than in the United
States (−0.10 [−0.14, −0.06]; P for comparison<0.01 for
Mexico; P < 0.001 for India).

For fluency, there was a female disadvantage before adjust-
ment for education in the United States (−0.07 [−0.15,
0.01]) and Mexico (−0.09 [−0.19, 0.01]), though these sex
differences did not reach statistical significance. A female
disadvantage was found in Brazil (−0.17 [−0.25, −0.10])
and India (−0.28 [−0.31, −0.25]), with the sex difference
in India differing from that in the United States (P < 0.001).
After adjustment for education, the female disadvantage in
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Sex differences in cognitive function in high- and middle-income countries

Table 3. Comparison of sex differences in cognitive performance between education groups in each country

Sex difference (95% CI)a P-value for interaction
between sex and educationb

High education Intermediate education Low education
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
United States (N = 13,590)
Orientation 0.06 (−0.07, 0.19) 0.07 (−0.03, 0.17) 0.23 (0.08, 0.38) 0.18
Memory 0.21 (0.14, 0.28) 0.34 (0.28, 0.40) 0.25 (0.16, 0.35) 0.17
Attention −0.11 (−0.17, −0.06) −0.08 (−0.14, −0.03) −0.17 (−0.31, −0.03) 0.29
Fluency 0.01 (−0.15, 0.16) −0.08 (−0.18, 0.01) −0.11 (−0.25, 0.03) 0.21
Mexico (N = 10,121)
Orientation −0.01 (−0.10, 0.08) −0.02 (−0.13, 0.08) −0.08 (−0.31, 0.16) 0.23
Memory 0.27 (0.11, 0.43) 0.27 (0.17, 0.37) 0.25 (0.06, 0.45) 0.99
Attention −0.15 (−0.30, 0.00) −0.28 (−0.39, −0.18) −0.24 (−0.40, −0.08) 0.41
Fluency 0.05 (−0.14, 0.25) −0.07 (−0.18, 0.04) −0.02 (−0.22, 0.17) 0.98
Brazil (N = 5,432)
Orientation 0.01 (−0.08, 0.10) 0.00 (−0.09, 0.09) −0.21 (−0.36, −0.06) 0.001
Memory 0.17 (0.02, 0.32) 0.10 (0.01, 0.19) −0.04 (−0.14, 0.07) 0.02
Attention No data No data No data No data
Fluency −0.10 (−0.30, 0.10) −0.16 (−0.25, −0.06) −0.22 (−0.33, −0.10) 0.23
China (N = 10,226)
Orientation 0.02 (−0.06, 0.10) −0.08 (−0.16, −0.01) −0.23 (−0.34, −0.12) <0.001
Memory 0.43 (0.32, 0.54) 0.18 (0.10, 0.26) −0.06 (−0.21, 0.08) <0.001
Attention 0.05 (−0.04, 0.14) −0.15 (−0.24, −0.07) −0.14 (−0.24, −0.03) <0.001
Fluency No data No data No data No data
India (N = 31,477)
Orientation −0.07 (−0.10, −0.03) −0.20 (−0.26, −0.15) −0.33 (−0.37, −0.29) <0.001
Memory 0.15 (0.09, 0.22) 0.07 (0.01, 0.13) −0.06 (−0.10, −0.02) <0.001
Attention −0.19 (−0.25, −0.13) −0.38 (−0.45, −0.32) −0.50 (−0.55, −0.46) <0.001
Fluency 0.00 (−0.08, 0.07) −0.09 (−0.14, −0.03) −0.15 (−0.19, −0.11) <0.001
aEstimated using weighted linear regression models adjusted for sex, marital status, age, and age2 and stratified by the education level. bP-value based on unstratified
model adjusted for sex, marital status, age, age2, interactions between education and age terms (age, age2) and interaction between sex and education. Positive
values indicate females had higher cognitive scores, and negative values indicate males had higher cognitive scores. Abbreviations: CI, confidence interval; HRS,
Health and Retirement Study; MHAS, Mexican Health and Aging Study; ELSI, Brazilian Longitudinal Study of Aging; CHARLS, Chinese Health and Retirement
Longitudinal Study; LASI, Longitudinal Aging Study in India.

Brazil (−0.16 [−0.24, −0.09]) was larger than that in the
United States (P < 0.05), whereas the female disadvantage
in India (−0.11 [−0.14, −0.08]) was attenuated such that
it no longer differed from the United States (−0.05 [−0.13,
0.03]).

In the United States and Mexico, sex differences in all
cognitive scores were similar in the three education groups,
although a qualitative trend towards smaller differences in
the high education category was observed (Table 3). The
interaction terms between sex and education showed sex
differences in all cognitive scores were largest in the low
education group and smallest in the high education group in
China and India (P < 0.001 for all cognitive measures). This
was also the case for orientation (P = 0.001) and memory
(P = 0.02) but not fluency (P = 0.23) in Brazil.

Figure 2 shows results from the comparison of sex
differences in cognitive function between countries within
each education group. The smallest between-country
differences in sex differences in cognitive function were in the
high education group (Figure 2A), particularly in orientation
and fluency, where sex differences were similar in all
countries. Compared with the United States, sex differences
in memory (P < 0.001) and attention (P = 0.003) in China
were more favourable to females. In the intermediate

education category (Figure 2B), sex differences were similar
for fluency in all countries. Compared with the United
States, there was a female disadvantage in orientation and
attention in the middle-income countries and the female
advantage in memory was smaller in these countries. In the
low education category (Figure 2C), the between-country
patterns in sex differences were similar to those in the
intermediate group but the female disadvantage was more
pronounced.

Discussion

In this multicohort study of 70,846 individuals aged 60
and older from five countries, we found education, usually
correlated with the economic development of a country,
played an important role in sex differences in cognitive func-
tion. Compared with the United States —the high-income
country in our analyses—poorer cognitive performance in
females was more pronounced in middle-income countries.
Females had higher scores on orientation and memory in the
United States, but this was not the case in the middle-income
countries where there was either no sex difference, a smaller
female advantage, or a female disadvantage. Adjustment for
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Figure 2. Sex differences in standardised cognitive scores in each education level and country. The left panel (A) shows sex differences
in standardised cognitive scores in each country in the high education group. The centre panel (B) shows sex differences in the
intermediate education group. The right panel (C) shows sex differences in the low education group. The confidence interval for
each estimate indicates whether sex differences are statistically significant. Tests for difference with the United States (HRS) were
based on pooled data; asterisks were used to indicate whether the sex difference in a given country differs from the sex difference in
the United States as follows: ∗statistically significant at α = 0.05, ∗∗α = 0.01, ∗∗∗ α = 0.001.

education attenuated sex differences in all cognitive domains,
highlighting its importance. The larger cognitive disadvan-
tages in females in the middle-income countries compared
with the United States were not seen in the high education
group. These findings suggest that disparities in education
play an important role in cognitive disadvantages observed
in females compared with males, particularly in comparisons
of high- and middle-income countries.

The major strength of the present study is the use of
nationally representative estimates from a diverse group of
countries over a narrow time period, minimising the impact
of selection bias and period effect. Attention measured using
serial 7s may not be appropriate for participants in settings
where a considerable proportion of the study participants
have no formal education. However, the use of multiple
imputation allowed us to include all participants in the
analysis, including those who did not perform the serial 7s
task, minimising selection bias while maintaining national
representativeness in all five cohort studies. In addition, we
show absolute rather than relative measures of sex differences
in cognitive function, allowing better interpretation of the
size and comparison of sex differences between countries.

There are several limitations in this study. The
cross-sectional design with data collected in a short period
(2015–2019) does not allow inferences on sex differences
in the rate of cognitive decline with age or birth cohort.
Nonetheless there is little evidence of sex differences in
cognitive decline with age in adults aged 60 and above [29],
findings that were confirmed in our data which showed that
sex differences in cognitive function were similar across the
age span in our analyses. As such, neither age nor birth cohort
effects were likely to have impacted our results. Examining
differences in cognitive decline between high- and middle-
income countries including consideration of birth cohort
effects is an area of future research. A large proportion
of participants from the middle-income countries had no
formal education, precluding the use of similar education
categories. Availability of more detailed education data in
all cohorts, such as years of schooling, might have allowed
more fine-grained analyses. We did not have data on gender
to allow us to separate the effects of sex and gender. Further
studies are needed to elucidate the role of gender and
biological sex in a wider range of countries, ideally with
nationally representative longitudinal data.
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Sex differences in cognitive function in high- and middle-income countries

There is evidence from studies using instrumental vari-
able approaches to address confounding that the association
between education and cognitive function is causal [14, 30,
31]. Education is thought to confer a lifelong cognitive
benefit because it improves cognitive function in early adult-
hood, thus providing a buffer against cognitive impairment
at older ages [15]. As such, gender inequity in education,
referring to both access to education and also gender roles
that discourage women from reaching a high education
level, is thought to contribute to worse cognitive function
among females compared with males [8, 9, 16–20]. Our
findings are consistent with this idea, as we showed that
before adjustment for education, the female disadvantage in
cognitive function was particularly large in countries where
the education level among females was the lowest: India
and China. This disadvantage was substantially attenuated
when education was taken into account in the analysis.
Mexico and Brazil had smaller sex differences in education
and, accordingly, sex differences in cognitive function were
smaller and did not substantively change after adjustment
for education, possibly reflecting greater investment in edu-
cation in these two countries [19, 32, 33]. Sex differences in
cognitive function unaccounted for by education are likely
attributable to a combination of sex differences in biological
and other social, lifestyle, and health factors, such as chronic
disease, income, and occupation [34].

Our results agree with previous studies showing sex differ-
ences in orientation vary by country [9], a consistent female
advantage in memory in high-income countries [10] that
is reversed in middle-income countries [20], and a female
disadvantage on tasks of sustained attention [7] including
serial 7s [9]. Previous studies undertaken in high-income
countries also indicated no sex differences in fluency after
taking education into account [7], or a female disadvantage
only in the low education group [17]. Consistent with these
studies, we found that female disadvantage in fluency was
eliminated in all countries in the high education group. We
build on the existing evidence by showing that attenuation
of female disadvantage in cognitive function among those
who were most educated occurred across cognitive domains
and in middle- and high-income countries. Sex differences
tended to be largest and least favourable to females in the
low education group, with the biggest difference between
middle-income countries and the United States. In contrast,
in the high education group there were either no or few
sex differences. In this group, sex differences in the middle-
income countries were mostly similar to those in the United
States. These findings suggest that the larger female disadvan-
tage in cognitive function in the middle-income countries
compared with the United States is likely to be mainly driven
by those in the low education group.

These findings suggest that improving education could
contribute to reducing the female disadvantage in cognitive
function. In the middle-income countries, 8–9 years
of schooling was sufficient to see the same pattern of
sex differences as in the high education category in
the United States, which was composed of participants
with college/university education. Being highly educated

compared with the rest of the population may open up
otherwise inaccessible occupational and lifestyle pathways
that further contribute to cognitive health [35], com-
pounding the effect of education on cognitive function in
old age. Furthermore, sex inequalities in education have
decreased in many middle- and high-income countries over
the 20th century [36]. These changes may eventually result
in smaller sex inequalities in cognitive function in middle-
and high-income countries.

This study reiterates the role of education in cognitive
function and further shows that larger sex disparities in
education in middle-income countries may account for the
larger female cognitive disadvantage seen in middle- com-
pared with high-income countries. Despite growing evidence
that education plays an important role in cognitive function,
current guidelines for cognitive ageing and dementia do
not include education as a target to address inequities [37,
38]. Access to education for all, including gender parity in
education, is a United Nations sustainable development goal
[39]. Considering the beneficial effect of education on cog-
nitive function and dementia risk, national and international
policies aiming to improve cognitive health should prioritise
the promotion of more education for all, with an emphasis
on gender equity.
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the text are available to subscribers in Age and Ageing online.

Acknowledgements

Transparency Declaration: The lead author affirms that
this manuscript is an honest, accurate, and transparent
account of the study being reported; that no important
aspects of the study have been omitted; and that any
discrepancies from the study as planned have been explained.
The lead author in this statement is the study guarantor.

Data Sharing: HRS data are available upon registration
with the University of Michigan at https://hrsdata.isr.u
mich.edu/data-products/public-survey-data. MHAS data
are available after registration at http://www.mhasweb.org/.
CHARLS data are available after registration at http://charls.
pku.edu.cn/en. ELSI data are available at http://elsi.cpqrr.fio
cruz.br/en/. LASI data are available upon applying for access
at the Gateway to Global Aging platform (https://g2aging.o
rg/).

Ethical Approval: Ethical approval for HRS was obtained
from the University of Michigan Institutional Review Board
and the study has been conducted according to the principles
expressed in the Declaration of Helsinki. The MHAS study
protocol and instruments were approved by the Institutional
Review Board or Ethics Committee of the University of
Texas Medical Branch, the INEGI in Mexico, and the Insti-
tuto Nacional de Salud Pública (INSP) in Mexico. The ELSI-
Brazil was approved by the Research Ethics Committee of
the Instituto René Rachou of the Oswaldo Cruz Foundation.
CHARLS was approved by the Ethical Review Committee of
Beijing University, and all participants signed informed con-
sent at the time of participation. For LASI, ethical approvals

7

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/52/2/afad019/7049632 by C

atherine Sharp user on 27 February 2023

https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afad019#supplementary-data
https://hrsdata.isr.umich.edu/data-products/public-survey-data
https://hrsdata.isr.umich.edu/data-products/public-survey-data
http://www.mhasweb.org/
http://charls.pku.edu.cn/en
http://charls.pku.edu.cn/en
http://elsi.cpqrr.fiocruz.br/en/
http://elsi.cpqrr.fiocruz.br/en/
https://g2aging.org/
https://g2aging.org/


M. Bloomberg et al.

were obtained from the following collaborating organisa-
tions: Indian Council of Medical Research (ICMR), Delhi;
IRB, International Institute for Population Sciences (IIPS),
Mumbai; IRB, Harvard T.H. Chan School of Public Health
(HSPH), Boston; IRB, University of Southern California
(USC), Los Angeles; IRB, ICMR-National AIDS Research
Institute (NARI), Pune; and IRB, Regional Geriatric Cen-
tres (RGCs), MoHFW. All participants signed an informed
consent form before the interviews. No additional ethical
approval is needed for the present study.
Declaration of Conflicts of Interest: All authors have com-
pleted the ICMJE uniform disclosure form at http://www.i
cmje.org/coi_disclosure.pdf (available on request from the
corresponding author) and declare no other support from
any organisation for the submitted work than the grants
reported in the funding section; no financial relationships
with any organisation that might have an interest in the
submitted work in the previous 3 years, no other relation-
ships or activities that could appear to have influenced the
submitted work.
Declaration of Sources of Funding: HRS is funded by
the National Institute on Aging (NIA U01AG009740) and
the Social Security Administration. MHAS is sponsored
by the National Institutes of Health/National Institute on
Aging (NIH R01AG018016) and the Instituto Nacional
de Estadística y Geografía. CHARLS is funded by the
National Institute on Aging of the National Institute of
Health (grants 1-R21-AG031372-01, 1-R01-AG037031-
01, and 3-R01AG037031-03S1); the Natural Science
Foundation of China (grants 70773002, 70910107022,
and 71130002), the World Bank (contracts 7145915
and 7159234), and Peking University. ELSI is funded
by the Brazilian Ministry of Health and the Ministry of
Science, Technology, Innovation and Communication.
LASI is funded by the Ministry of Health and Family
Welfare Govt. of India, National Institute on Aging,
and the USA and United Nations Population Fund. S.S.
is supported by the French National Research Agency
(ANR-19-CE36-0004-01, https://anr.fr/en/anrs-role-in-
research/missions/). M.B. is supported by the Economic
and Social Research Council (ES/P000592/1, https://esrc.u
kri.org/). A.S.M. is supported by grants from the National
Institute on Aging, NIH (R01AG056477, RF1AG062553).
M.K. is supported by grants from the Wellcome Trust
(221,854/Z/20/Z), the UK Medical Research Council
(MR/S011676/1), the US National Institute on Aging
(R01AG056477). The funders had no role in study
design, data collection and analysis, decision to publish, or
preparation of the manuscript. M.B. and S.S. accessed and
verified the data. The corresponding author had the final
responsibility to submit for publication.

References

1. United Nations. World Population Ageing 2019 Highlights.
New York: United Nations, 2019.

2. Rowe JW, Berkman L. Decompression of morbidity and the
workforce. Nature Aging 2022; 2: 3–4.

3. World Health Organization. World Report on Ageing and
Health. Geneva: World Health Organization, 2015.

4. Crimmins E, Shim H, Zhang Y, Kim JK. Differences between
men and women in mortality and the health dimensions of the
morbidity process. Clin Chem 2019; 65: 135–45.

5. Erol S, DJR B, Peel E. Women and Dementia. A Global
Research Review. London: Alzheimer’s Disease International,
2015.

6. Fiocco AJ, Yaffe K. Defining successful aging: the importance
of including cognitive function over time. Arch Neurol 2010;
67: 876–80.

7. Gurvich C, Thomas N, Kulkarni J. Sex differences in cogni-
tion and aging and the influence of sex hormones. Handb Clin
Neurol 2020; 175: 103–15.

8. Weir D, Lay M, Langa K. Economic development and gender
inequality in cognition: a comparison of China and India, and
of SAGE and the HRS sister studies. J Econ Ageing 2014; 4:
114–25.

9. Angrisani M, Lee J, Meijer E. The gender gap in education
and late-life cognition: evidence from multiple countries and
birth cohorts. J Econ Ageing 2020; 16: 100232. https://doi.o
rg/10.1016/j.jeoa.2019.100232.

10. Asperholm M, Hogman N, Rafi J, Herlitz A. What did you
do yesterday? A meta-analysis of sex differences in episodic
memory. Psychol Bull 2019; 145: 785–821.

11. Mielke MM, Vemuri P, Rocca WA. Clinical epidemiology of
Alzheimer’s disease: assessing sex and gender differences. Clin
Epidemiol 2014; 6: 37–48.

12. Mauvais-Jarvis F, Bairey Merz N, Barnes PJ et al. Sex and
gender: modifiers of health, disease, and medicine. Lancet
(London, England) 2020; 396: 565–82.

13. Buchmann C, DiPrete TA, McDaniel A. Gender inequalities
in education. Annu Rev Sociol 2008; 34: 319–37.

14. Larsson SC, Traylor M, Malik R et al. Modifiable pathways in
Alzheimer’s disease: Mendelian randomisation analysis. BMJ
2017; 359: j5375. https://doi.org/10.1136/bmj.j5375.

15. Lövdén M, Fratiglioni L, Glymour MM, Lindenberger U,
Tucker-Drob EM. Education and cognitive functioning across
the life span. Psychol Sci Public Interest 2020; 21: 6–41.

16. Gerstorf D, Herlitz A, Smith J. Stability of sex differences
in cognition in advanced old age: the role of education and
attrition. J Gerontol B Psychol Sci Soc Sci 2006; 61: P245–9.

17. Bloomberg M, Dugravot A, Dumurgier J et al. Sex differences
and the role of education in cognitive ageing: analysis of two
UK-based prospective cohort studies. Lancet Public Health
2021; 6: e106–15.

18. Maurer J. Education and male-female differences in later-life
cognition: international evidence from Latin America and the
Caribbean. Demography 2011; 48: 915–30.

19. Díaz-Venegas C, Samper-Ternent R, Michaels-Obregón A,
Wong R. The effect of educational attainment on cognition of
older adults: results from the Mexican Health and Aging Study
2001 and 2012. Aging Ment Health 2019; 23: 1586–94.

20. Oksuzyan A, Singh PK, Christensen K, Jasilionis D. A cross-
National Study of the gender gap in health among older
adults in India and China: similarities and disparities. Geron-
tologist 2018; 58: 1156–65.

21. World Bank. World Development Report 2018: Learning to
Realize Education’s Promise: Washington, DC: World Bank,
2018, .

8

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/52/2/afad019/7049632 by C

atherine Sharp user on 27 February 2023

http://www.icmje.org/coi_disclosure.pdf
http://www.icmje.org/coi_disclosure.pdf
https://anr.fr/en/anrs-role-in-research/missions/
https://anr.fr/en/anrs-role-in-research/missions/
https://esrc.ukri.org/
https://esrc.ukri.org/
https://doi.org/10.1016/j.jeoa.2019.100232
https://doi.org/10.1016/j.jeoa.2019.100232
https://doi.org/10.1136/bmj.j5375


Sex differences in cognitive function in high- and middle-income countries

22. Sonnega A, Faul JD, Ofstedal MB, Langa KM, Phillips JW,
Weir DR. Cohort profile: the Health and Retirement Study
(HRS). Int J Epidemiol 2014; 43: 576–85.

23. Wong R, Michaels-Obregon A, Palloni A. Cohort profile: the
Mexican Health and Aging Study (MHAS). Int J Epidemiol
2017; 46: e2. https://doi.org/10.1093/ije/dyu263.

24. Lima-Costa MF, de Andrade FB, de Souza PRB Jr et al.
The Brazilian Longitudinal Study of Aging (ELSI-Brazil):
objectives and design. Am J Epidemiol 2018; 187: 1345–53.

25. Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort pro-
file: the China Health and Retirement Longitudinal Study
(CHARLS). Int J Epidemiol 2014; 43: 61–8.

26. International Institute for Population Sciences (IIPS) N,
MoHFW„ of HTHCSoPHHatU, (USC) SC. Longitudinal
Ageing Study in India (LASI) Wave 1, 2017-18, India Report.
Mumbai: International Institute for Population Sciences,
2020.

27. World Bank Country and Lending Groups. The World Bank,
2022.

28. Roser M, Ortiz-Ospina E. Average years of schooling age
15+. Our World in Data. Global Education, 2016. https://
datacatalog.worldbank.org/search/dataset/0038480/Educa
tion-Statistics (accessed March 2022).

29. Ferreira L, Ferreira Santos-Galduroz R, Ferri CP, Galduróz
JCF. Rate of cognitive decline in relation to sex after 60 years-
of-age: a systematic review. Geriatr Gerontol Int 2014; 14:
23–31.

30. Nguyen TT, Tchetgen Tchetgen EJ, Kawachi I et al. Instru-
mental variable approaches to identifying the causal effect
of educational attainment on dementia risk. Ann Epidemiol
2016; 26: 71–76.e3.

31. Andrews SJ, Fulton-Howard B, O’Reilly P et al. Causal asso-
ciations between modifiable risk factors and the Alzheimer’s
phenome. Ann Neurol 2021; 89: 54–65.

32. Kehoe TJ, Meza F. Catch-up growth followed by stagnation:
Mexico, 1950-2010. Lat Am J Econ 2011; 48: 227–68.

33. Kaizô Iwakami B. José Eustáquio Diniz a; a reversão do hiato
de gênero na educação Brasileira no século XX reversal of
the gender gap in Brazilian education in the 20th century.
Cadernos de pesquisa (Fundação Carlos Chagas) 2009; 39:
125–56.

34. Subramaniapillai S, Almey A, Natasha Rajah M, Einstein G.
Sex and gender differences in cognitive and brain reserve:
implications for Alzheimer’s disease in women. Front Neu-
roendocrinol 2021; 60: 100879. https://doi.org/10.1016/j.
yfrne.2020.100879.

35. Kivimäki M, Walker KA, Pentti J et al. Cognitive stimulation
in the workplace, plasma proteins, and risk of dementia: three
analyses of population cohort studies. BMJ 2021; 374: n1804.
https://doi.org/10.1136/bmj.n1804.

36. World Bank. Secondary Education, Pupils (% Female).
World Development Indicators - World Bank, 2021. https://
datacatalog.worldbank.org/search/dataset/0037712/World-
Development-Indicators (accessed March 2022).

37. World Health Organization. Risk Reduction of Cognitive
Decline and Dementia: WHO Guidelines. Geneva: World
Health Organization, 2019.

38. James T, Mukadam N, Sommerlad A et al. Protection against
discrimination in national dementia guideline recommenda-
tions: a systematic review. PLoS Med 2022; 19: e1003860.
https://doi.org/10.1371/journal.pmed.1003860.

39. Rieckmann M. Education for Sustainable Development
Goals: Learning Objectives. Paris: UNESCO Publishing,
2017.

Received 11 July 2022; editorial decision 3 January 2023

9

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/52/2/afad019/7049632 by C

atherine Sharp user on 27 February 2023

https://doi.org/10.1093/ije/dyu263
https://datacatalog.worldbank.org/search/dataset/0038480/Education-Statistics
https://datacatalog.worldbank.org/search/dataset/0038480/Education-Statistics
https://datacatalog.worldbank.org/search/dataset/0038480/Education-Statistics
https://doi.org/10.1016/j.yfrne.2020.100879
https://doi.org/10.1016/j.yfrne.2020.100879
https://doi.org/10.1136/bmj.n1804
https://datacatalog.worldbank.org/search/dataset/0037712/World-Development-Indicators
https://datacatalog.worldbank.org/search/dataset/0037712/World-Development-Indicators
https://datacatalog.worldbank.org/search/dataset/0037712/World-Development-Indicators
https://doi.org/10.1371/journal.pmed.1003860

	 Comparison of sex differences in cognitive function in older adults between high- and middle-income countries and the role of education: a population-based multicohort study   
	Introduction
	Methods
	Results
	Discussion
	5 Supplementary Data:
	6  Acknowledgements
	7 Transparency Declaration:
	8 Data Sharing:
	9 Ethical Approval:
	10 Declaration of Conflicts of Interest:
	11 Declaration of Sources of Funding:


