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Abstract.
Background: Despite rising interest in sex differences in dementia, it is unclear whether sex differences in dementia incidence
and prevalence are apparent globally.
Objective: We examine sex differences in incidence and prevalence of Any dementia, Alzheimer’s disease (AD), and vascular
dementia (VaD), and evaluate whether country-level indicators of gender inequality account for differences.
Methods: Systematic review with meta-analysis was used to obtain estimates of incidence and prevalence of Any dementia,
AD, and VaD using random effects meta-analysis, and population-based studies with clinical or validated dementia measures.
Meta-regression was used to evaluate how country-specific factors of life expectancy, education, and gender differences in
development, unemployment, and inequality indices influenced estimates.
Results: We identified 205 eligible studies from 8,731 articles, representing 998,187 participants across 43 countries. There
were no sex differences in the incidence of Any dementia, AD, or VaD, except in the 90+ age group (women higher). When
examined by 5-year age bands, the only sex difference in prevalence of Any dementia was in the 85+ group and there was no
sex difference in VaD. AD was more prevalent in women at most ages. Globally, the overall prevalence of dementia in adults
65 + was higher for women (80.22/1000, 95% CI 62.83–97.61) than men (54.86/1000, 95% CI 43.55–66.17). Meta-regression
revealed that sex differences in Any dementia prevalence were associated with gender differences in life expectancy and in
education.
Conclusion: Globally, there are no sex differences in age-specific dementia incidence, but prevalence of AD is higher
in women. Country-level factors like life expectancy and gender differences in education may explain variability in sex
differences.

Keywords: Alzheimer’s disease, dementia, gender differences, incidence, prevalence, sex differences

∗Correspondence to: Prof. Kaarin J. Anstey, PhD, School of
Psychology, University of New South Wales, Sydney, New
South Wales, 2052, Australia. Tel.: +61 2 9399 1019; E-mail: k.anstey@unsw.edu.au.

ISSN 1387-2877 © 2023 – The authors. Published by IOS Press. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).

mailto:k.anstey@unsw.edu.au
https://creativecommons.org/licenses/by-nc/4.0/


1232 H. Huque et al. / Could Country-Level Factors Explain Sex Differences in Dementia Incidence

INTRODUCTION

Globally, the health care costs of dementia are
expected to reach over $2 billion by 2030 [1] and the
prevalence of dementia is expected to rise globally
to 152 million by 2050 [2]. Dementia prevalence is
increasing more rapidly in low- and middle-income
countries than in high-income countries. In the US
and UK [3], higher prevalence rates of dementia
are reported in women than in men, particularly
Alzheimer’s disease (AD). However, this difference
is not reported universally and a recent review of
data from the US and Europe found no differences
in dementia incidence between men and women
[4].

Dementia epidemiology has rarely made a dis-
tinction in measurement between sex (a biological
construct) and gender (a social construct), and
recently authors have called for research to address
knowledge gaps in this area [5, 6]. The origins of
any differences between men and women may vary
according to whether they are biologically based, or
due to socially constructed influences associated with
gender [5]. Given the multidomain nature of the many
risk factors for dementia [7], it is plausible that a com-
bination of biological and socially constructed factors
moderate risk of dementia differentially for men and
women. Analyses of individual cohorts have shown a
range of medical, biological, and socio-demographic
risk factors that differ in prevalence between men
and women [8, 9]. However, it is also the case that
the number of risk factors for dementia is so large
that with small samples it may be difficult to discern
clear patterns or profiles of risk factors associated
with either gender or sex.

If there is a broad systemic biological difference
in the risk of dementia, it could be expected that
there would be global trends for dementia to be
more prevalent in either males or females. If they
are country specific, there may be sociodemographic
factors which contribute to the observed sex differ-
ences in dementia prevalence and incidence such
as differences in education and occupational levels
that may moderate the opportunity for individuals
to build cognitive reserve [10–12]. Social inequal-
ity and early life adversity may also increase stress
and explain demographic differentials in dementia
incidence [13]. Observational research from Latin
America and the Caribbean has suggested that differ-
ent opportunities to access education may also impact
cognitive reserve and this may be associated with
gender [14].

Educational experiences are thought to enhance
brain development and lead to cognitive reserve,
which is thought to provide resilience against cogni-
tive loss from neurodegeneration and dementia [15].
Sociodemographic factors, vascular risk factors, and
occupational and educational participation rates vary
between and within countries, between men and
women, and change over time. It is possible that
changes in the prevalence of these factors influence
late-life cognitive decline and risk of dementia.

We aimed to address gaps in knowledge relating
to the global patterns of sex differences in the inci-
dence and prevalence of Any dementia, AD, and
vascular dementia (VaD). Specifically, we aimed to
evaluate whether a) there are sex differences in the
incidence of Any dementia, AD, and VaD globally,
at specific ages; b) there are sex differences in the
prevalence of Any dementia, AD, and VaD at specific
ages; and c) country-level factors related to gender
(life expectancy, gender inequality index, education,
and unemployment rate) are associated with dementia
incidence and prevalence and explain sex differences.

METHODS

We conducted a systematic review and meta-
analysis to evaluate sex differences in the global
prevalence and incidence of dementia, adhering
to the Guidelines for Accurate and Transpar-
ent Health Estimates Reporting. The review
was registered with the International Prospec-
tive Register of Systematic Reviews (PROSPERO,
CRD42017053915) and reported in accordance
with the PRISMA Statement (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
[16] (see Supplementary File 1: Supplementary
Table 1). Extracted data, analytic code, and out-
put from this study have been made available at
http://dx.doi.org/10.17632/c93bf5v4bg.1.

Search strategy and selection criteria

We conducted an unrestricted search in PubMed,
Cochrane, ProQuest, and the Global Index Medicus
(GIM) from inception to 24 November 2020 (see Sup-
plementary File 1: Supplementary Table 3 for search
terms). GIM was searched for regional databases
and was critical to providing access to data from
low- and middle-income countries (LMIC). Articles
were eligible for review if they were peer reviewed
publications that reported separate male and female
estimates for prevalence and/or incidence of Any

http://dx.doi.org/10.17632/c93bf5v4bg.1
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dementia, AD, or VaD. To ensure comparability of
results, only population-based studies of human sub-
jects which either used screening tools with validated
cut-offs (e.g., Mini-Mental State Examination) [17]
or clinical diagnostic criteria (e.g., Diagnostic Sta-
tistical Manual for Mental Disorders (DSM)) [18]
for dementia were included. Studies were excluded
from the main review if: data was derived from
non-population based (e.g., convenience sampling,
samples from health insurance databases) or clinical
samples, or if they only reported outcomes for early
onset dementia or familial AD. However, studies
reporting data for special populations (e.g., Indige-
nous samples) were retained for reporting separately
(not for inclusion in meta-analysis).

Studies using any combination of the following
methods of diagnosis along with clinical (e.g., DSM
or ICD) criteria were deemed eligible: cognitive
screening test (e.g., Mini-Mental State Examination),
comprehensive neuropsychological assessment, neu-
rologist examination, neuroimaging, blood analysis
or genotyping, participant and/or informant inter-
view, consensus approach from sparse data, use of
medical records, postmortem neuropathology, or a
consensus approach when determining diagnosis.
Diagnoses based solely on Clinical Dementia Rating
Scale [19] staging were excluded. For papers pub-
lished in the last 10 years, missing or unclear data
(e.g., data presented only in figures from which esti-
mates can be derived) were requested from authors.
Some studies were also excluded from meta-analysis
(but not from the review) after data extraction because
their data were not compatible for pooling with other
studies. This included data based on the calculated
lifetime risk using survival models, where person-
year data were missing, and where only a hazard ratio
was available.

Country-level data

Details of the country-specific variables are
described in Supplementary File 1: Supplementary
Table 9. Life expectancy at age 65 years in 2016 and
2006 for males and females was derived from the
World Health Organization Global Health Observa-
tory. Country-specific Gender Development Index,
Gender Inequality Index (GII), years of education
for males and females, and the unemployment ratio
of males to females were taken from the Organiza-
tion for Economic Co-operation and Development
(OECD, 2016) [20]. The Gender Development Index
(GDI) was the ratio of female to male Human Devel-

opment Index (HDI) calculated separately for the two
genders, where HDI incorporates development across
three measures: health (life expectancy at birth), edu-
cation (expected years of schooling during childhood,
and the mean years of schooling for adults aged 25
years and older), and economic resources (estimated
earned income). GDI ranged from 0 to 1 with higher
values indicating greater female development. The
GII was a composite measure of health (maternal
mortality ratio and adolescent birth rate), empow-
erment (female to male ratio of population with
secondary education, and ratio of shares in parliamen-
tary seats), and labor market (female to male ratio of
labor force participation) with values ranging from 0
to 1 and higher values indicating greater inequality.

Outcome measures

The key outcome measures of the study were inci-
dence (per 1000 person-years) and prevalence (per
1000 people) of Any dementia, AD, and VaD for
males and females by age group (60–64, 65–69,
70–74, 75–79, 80–84, 85–89, 90+).

Study quality

Study quality was assessed using the Newcastle
Ottawa Quality Assessment Scale [21] (see Supple-
mentary File 1: Supplementary Tables 7 and 8).

Data analysis

We extracted the following information from
included studies: first author, publication year, study
name (if available), year of data collection, coun-
try, settings, and sample sizes (number of men and
women) in five-year age bands from 60 years. Where
the sample size was reported but only a percentage or
ratio for female and male subgroups was provided,
numbers of males and females were calculated and
rounded to the closest whole number.

For the incidence studies, we also extracted the
number of incident cases and person-years at risk for
Any dementia, AD, and VaD in five-year age bands
from 60 years. In cases when only incidence rates
were available and person-years or case numbers
were unavailable, we contacted the corresponding
authors to request these data. Crude age-specific inci-
dence rates for each of the three outcomes were then
pooled in the meta-analysis. Specifically, we used
a weighted random effects model with a country-
specific random intercept for males and females
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separately, weighted by the person-years at risk
for each of the age bands. Random effects mod-
els provide more conservative estimates, which are
appropriate for our analyses given the potential het-
erogeneity across studies.

For prevalence studies we also extracted the num-
ber of prevalent cases and prevalence percentage
of Any dementia, AD, and VaD, and 95% confi-
dence intervals (CI) for each age band and for males
and females separately. Using the age-specific preva-
lence, we also calculated the number of people in
each age band where this was not reported separately.
Where dementia prevalence was provided as cases
per 100, 1000, or 100,000 people, the prevalence per
1000 was calculated.

As a form of sensitivity analysis, crude prevalence
for adults aged 65 years and older and 75 and older
were calculated by aggregating the number of people
in each group and the corresponding case numbers.
This was because a large number of studies aggre-
gated their data for ages 65 and older or 75 and
older. For the meta-analysis of prevalence studies,
the crude prevalence of each of the three dementia
outcomes at five-year age bands were pooled across
studies using a weighted random effects model with
a country-specific random intercept for males and
females separately, where the number of people at
each age-band was used as the weight. This analysis
was also repeated to estimate the pooled prevalence
among 65 + and 75 + age groups.

For both incidence and prevalence data, the
country-specific estimated incidence/prevalence was
then examined using forest plots. Heterogeneity was
examined by using the inconsistency index (I2) statis-
tic. Subgroup analyses were conducted to explore
sources of heterogeneity by calculating Cochran’s
Q statistic. Publication bias was assessed visually
using a funnel plot (log odds of the effect mea-
sure, i.e., log odds against the standard error).
All statistical analyses were performed using Stata
16.1.

Additional analyses

The degree to which country-level factors
explained variability in prevalence and incidence
of dementia globally was evaluated by inclusion of
country-level meta-data (e.g., life expectancy, educa-
tion level for males and females in each country, GII,
GDI) in a meta-regression.

Role of the funding source

The funder of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had
full access to all the data in the study and had final
responsibility for the decision to submit for publica-
tion.

RESULTS

The study selection process is described in Supple-
mentary File 1: Supplementary Figure 1. Electronic
database searches identified 8,731 articles, of which
6,922 were screened for eligibility following the
removal of duplicates. Of these 6,922 articles, two
non-English language publications were translated
(via Google Translate and native speaker), 6,717 were
found to be ineligible, 205 met inclusion criteria for
the systematic review, and 200 were included in the
meta-analysis.

The characteristics of studies included in the
review are shown in Supplementary File 1: Supple-
mentary Table 4. Data were available for 43 countries.
There were 13 countries from Europe (Belgium,
Denmark, France, Germany, Greece, Italy, Norway,
Poland, Portugal, Spain, Sweden, The Netherlands,
and the United Kingdom), 10 countries from Asia
(Bangladesh, China, India, Japan, Mongolia, Singa-
pore, South Korea, Sri Lanka, Taiwan, and Thailand),
2 from North America (Canada and the United
States), 1 country from Oceania (Australia), 5 coun-
tries from Africa (Benin, Central African Republic,
Democratic Republic of the Congo, Nigeria, and
Tanzania), 7 countries from Latin America and
the Caribbean (Brazil, Cuba, Dominican Republic,
Jamaica, Mexico, Peru, and Venezuela), 4 coun-
tries from the Middle East (Egypt, Iran, Israel, and
Lebanon), and Turkey, which is in both Asia and
Europe. Reasons for exclusion of excluded studies
are reported in Supplementary File 1: Supplementary
Table 5.

The incidence data were collected between 1980
and 2019, and prevalence data between 1978 and
2018. Altogether there were 178,227 participants
included in the synthesis of the incidence data and
824,424 for prevalence data. A total of 187 studies
reported use of clinical diagnoses of dementia, and
13 did not use clinical diagnoses of dementia but
used a validated application of DSM or ICD crite-
ria (Supplementary File 1: Supplementary Table 4).
A summary of data from studies included in the sys-
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Table 1
Global age- and sex-specific incidence per 1000 person-years and prevalence per 1000 people for Any dementia, AD, and VaD

Incidence (95% CI)
Any dementia AD VaD

Male Female Male Female Male Female

60–64 2.5 (1.9, 3.2) 1.8 (1.3, 2.5) 0.6 (0.4, 1.0) 1.8 (1.2, 2.7) 1.7 (1.0, 3.1) 0.5 (0.3, 0.7)
65–69 5.1 (4.0, 6.5) 3.4 (2.5, 4.7) 1.9 (1.3, 2.9) 2.0 (1.4, 3.0) 1.6 (0.9, 2.8) 0.9 (0.6, 1.3)
70–74 10.1 (7.9, 12.8) 9.1 (6.6, 12.4) 4.7 (3.1, 7.0) 6.4 (4.3, 9.4) 2.6 (1.4, 4.6) 1.4 (1.0, 2.0)
75–79 19.7 (15.5, 24.9) 23.7 (17.3, 32.4) 9.6 (6.5, 14.3) 16.2 (11.0, 23.9) 5.5 (3.0, 9.9) 5.7 (4.0, 8.1)
80–84 34.0 (26.9, 43.0) 46.4 (34.1, 62.9) 20.0 (13.5, 29.7) 35.2 (24.0, 51.4) 11.3 (6.3, 20.2) 7.3 (5.1, 10.4)
85–89 59.6 (47.3, 74.8) 84.54 (62.8, 112.9 35.4 (24.0, 52.1) 65.3 (44.9, 94.0) 31.7 (17.8, 55.8) 14.6 (10.2, 20.8)
90+ 84.5 (67.5, 105.4) 142.2 (107.4, 185.9) 48.6 (33.0, 71.0) 115.0 (80.4, 161.9) 64.7 (36.7, 111.4) 12.6 (8.9, 18.0)

Prevalence (95% CI)
Any dementia AD VaD

Male Female Male Female Male Female

60–64 5.1 (4.1, 6.4) 8.5 (6.6, 10.9) 3.1 (2.3, 4.1) 5.6 (4.2, 7.4) – –
65–69 15.2 (12.1, 19.1) 16.1 (12.5, 20.7) 8.9 (6.7, 11.7) 14.7 (11.0, 19.5) 9.9 (7.8, 12.5) 4.2 (3.2, 5.6)
70–74 30.2 (24.1, 37.8) 30.9 (24.1, 39.6) 16.1 (12.1, 21.3) 23.9 (18.0, 31.7) 12.4 (9.8, 15.7) 11.1 (8.4, 14.7)
75–79 56.8 (45.6, 70.5) 65.8 (51.7, 83.4) 34.7 (26.3, 45.6) 64.4 (49.0, 84.3) 13.6 (10.8, 17.2) 15.1 (11.4, 19.9)
80–84 115.4 (93.8, 141.2) 134.4 (107.3, 167.2) 77.6 (59.4, 100.6) 109.3 (149.7, 239.4) 22.6 (17.9, 28.5) 24.0 (18.2, 31.5)
85–89 182.0 (150.0, 219.0) 249.9 (205.0, 301.0) 113.4 (87.8, 145.8) 190.6 (149.7, 239.4) 32.8 (26.0, 41.2) 49.2 (37.6, 64.2)
90+ 263.7 (221.2, 311.1) 423.0 (361.9, 486.6) 230.4 (183.2, 285.7) 354.2 (290.8, 423.3) 38.7 (30.6, 48.9) 41.5 (31.6, 54.3)
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Fig. 1. Global incidence of Any dementia, AD, and VaD for males
and females by age.

tematic review, but not meta-analysis, is presented in
Supplementary File 1: Supplementary Table 6.

The pooled results for incident Any dementia, AD,
and VaD for all the available studies for males and
females are shown in Table 1 and Fig. 1. Country-
level data and global estimates for Any dementia,
AD, and VaD in five-year age bands from 60 years
are reported in Supplementary File 2: Supplementary
Figures 1–3. It is clear from Fig. 1 and Supplemen-
tary File 2: Supplementary Figures 1–3 that although
women have higher incidence of Any dementia, AD,
and VaD compared to men, this was not significant
except in very late life (age 90+).

The pooled estimates of prevalence of Any demen-
tia, AD and VaD in 5-year age bands are shown in
Table 1 and Fig. 2. Country-level distribution of the
prevalence data are reported in Supplementary File 2:
Supplementary Figures 4–6 for Any dementia, AD,

Fig. 2. Global prevalence of Any dementia, AD, and VaD for
males and females by age.

and VaD. The prevalence of Any dementia was only
higher in women than men among adults aged 85 and
older. Global prevalence of AD (95% CI) was signif-
icantly higher in women compared with men among
all age groups except between 70 and 74.

We also estimated the global prevalence of Any
dementia, AD, and VaD in men and women among
those aged 65 and older and 75 years and older
as a sensitivity analysis. This was done because
some of the studies reported aggregated preva-
lence rather than prevalence for 5-year age intervals.
These results are presented in Supplementary File
2: Supplementary Figures 7–9. Global prevalence
of dementia among those aged 65 years and older
was 67.54 (95% CI 56.82–78.27) per 1000 and this
was significantly higher for women (80.22/1000,
95% CI 62.83–97.61) than men (54.86/1000, 95%
CI 43.55–66.17). Among those aged 75 and older,
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Fig. 3. Global prevalence of dementia among persons (A) aged 65 years and older, and (B) aged 75 years and older, by country.

global prevalence of Any dementia was 116.97/1000
(95% CI 104.23–129.71) and was higher in women
(134.43/1000, 95% CI 114.81–154.05) than men
99.51/1000 (85.13–113.89). This significant differ-
ence in dementia prevalence is greater in older age
groups. Global distribution of dementia prevalence
in this age group across countries is shown in Fig. 3.

Country-level data for prevalence of AD in those
aged 65 and over and 75 and over are reported in Sup-
plementary File 2: Supplementary Figure 8. Among
those aged 65 and over, the global prevalence of AD
was 46.38 (95% CI 37.38–55.39) per 1000, and this
was higher for women (61.18, 95% CI 47.36–75.00)
than men (31.59, 95% CI 24.94–38.23), p < 0.01.
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Among those 75 and older, global AD prevalence was
89.51 (95% CI 73.57–105.45) and was again higher
in women (119.32, 95% CI 96.97–141.66) compared
to men (61.36, 95% CI 48.11–74.61), p < 0.01.

Country-level data for prevalence of VaD are
reported in Supplementary File 2: Supplementary
Figure 9 for those aged 65 and 75 and over,
respectively. Among people aged 65 and over, the
global prevalence of VaD was 17.10/1000 (95% CI
13.59–20.61), and among adults aged 75 and over it
was 28.07/1000 (95% CI 19.81–36.33). The differ-
ence in prevalence of VaD between men and women
was not significant.

Funnel plots (Supplementary File 2: Supplemen-
tary Figures 10–15) showed some publication bias
in the estimates of the prevalence of Any dementia.
Apart from this, there was little evidence of bias in
the estimates of incidence or prevalence. The most
common study limitation was short length of follow-
up. There was also variation in the proportion of
females within the samples, which was likely due
to the different baseline ages of samples, particu-
larly in countries where men and women differ in life
expectancy. There were also differences in the years
of birth cohorts included in the study. Gender ratios
for study participation are reported in Supplementary
File 1: Supplementary Table 4.

Finally, we used hierarchical meta-regression to
evaluate whether country-level factors explained
variability in sex differences in the prevalence and
incidence of dementia. In unadjusted analyses, there
was a significant association between sex and preva-
lence of dementia (B = 0.28 (95% CI 0.12 to 0.43)),
but not incidence (B = 0.14 (95% CI –0.07 to 0.34)).
(Supplementary File 2: Supplementary Table 1).
When life expectancy at 65 (LE65) was included in
the models, the coefficients for sex increased (preva-
lence B = 0.58 (95% CI 0.29 to 0.86); incidence
B = 1.03 (95% CI 0.75 to 1.31) compared to the unad-
justed models. Results showed that life expectancy
was a potential confounder as it was influenced by
sex and was significantly associated with the out-
come. Education was a significant predictor of both
incidence and prevalence and was also a potential
confounder because it was associated with sex. This
was confirmed by its inclusion in the model leading
to a change in the coefficient for sex. The GDI was
associated with incidence but not prevalence, the GII
was associated with both incidence and prevalence,
and the unemployment ratio of female to male was
associated with incidence but not prevalence. How-
ever, these three factors do not qualify as potential

confounders because their adjustment did not affect
the sex coefficient. Finally, there were no interactions
between LE65 and sex, and the interaction between
education and sex was B = –0.13 (95% CI –0.25 to
–0.01). All meta-regression models were adjusted for
age group.

The final meta-regression evaluated the impact
of the above covariates on estimates of dementia
incidence and prevalence (Table 2). Using the 2016
country-level data, women with higher education had
reduced dementia incidence and prevalence com-
pared with men with the same level of education. In
a sensitivity analysis using 2006 country-level data
(Table 2), higher education reduced the incidence and
prevalence of dementia for men and women equally.

DISCUSSION

Our study reports, what is to our knowledge, the
first synthesis of global data on dementia incidence
and prevalence stratified by sex. Apart from higher
incidence of Any dementia in very old adults, which
is similar to a previous report [22], we found no dif-
ference in incidence between men and women for
Any dementia, AD, or VaD. The heterogeneity among
studies was high. We found higher prevalence of AD
in women at all ages except 70 to 74, but there was
no sex difference in the prevalence of VaD. Preva-
lence data were also highly heterogenous. Gender
differences in education contributed to prevalence
and incidence of dementia, with women benefiting
more from higher education when the 2016 country-
level data were analyzed. We note that in very late
life when sex differences are most apparent, there
are high rates of mixed dementia, and the clinical
diagnoses are less reliable. Although country-level
indicators of gender inequality and development did
not explain gender differences in dementia rates, they
were associated with higher dementia rates regardless
of sex.

A recent systematic review reported that between
the ages of 60 and 69, females had 1.9 times the rate
of AD compared to males, but that this difference did
not reach statistical significance [22] and a second
review also reported higher incidence and prevalence
of dementia in women but again, these differences
did not reach significance [23]. In comparison, our
study also found that the prevalence of AD at age 65
was twice as high in women than in men but in our
analysis, this was statistically significant. The differ-
ence in our study may have been due to our inclusion
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Table 2
Meta-regression to find the association between dementia incidence/prevalence and country-specific factors in 2006 and 2016

Incidence Prevalence
2016 Country-level factors � (95% Cl) p � (95% Cl) p

Female 1.05 (–2.37, 4.46) 0.55 1.56 (–2.14, 5.27) 0.41
Life expectancy at age 65 –0.37 (–0.52, –0.22) <0.001 –0.14 (–0.26, –0.02) 0.02
Gender difference in life expectancy* 0.12 (–0.06, 0.29) 0.18 0.08 (–0.07, 0.23) 0.32
Education (y) 0.02 (–0.07, 0.12) 0.62 –0.00 (–0.09, 0.09) 0.99
Gender difference in education* –0.13 (–0.26, –0.00) 0.05 –0.14 (–0.26, –0.02) 0.02
Age group

60–64 Ref Ref
65–69 0.90 (0.47, 1.33) <0.001 0.72 (0.35, 1.09) <0.001
70–74 1.73 (1.30, 2.16) <0.001 1.43 (1.06, 1.79) <0.001
75–79 2.61 (2.19, 3.02) <0.001 2.15 (1.79, 2.51) <0.001
80–84 3.22 (2.81, 3.64) <0.001 2.91 (2.54, 3.28) <0.001
85–89 3.73 (3.29, 4.18) <0.001 3.56 (3.17, 3.94) <0.001
90+ 4.28 (3.84, 4.73) <0.001 4.23 (3.85, 4.61) <0.001

Incidence Prevalence
2006 Country-level factors � (95% Cl) p � (95% Cl) p
Female 3.17 (–1.16, 7.50) 0.15 1.05 (–1.40, 3.50) 0.40
Life expectancy at age 65 –0.20 (–0.40, –0.00) 0.05 –0.18 (–0.30, –0.06) 0.003
Gender difference in life expectancy* –0.10 (–0.32, 0.13) 0.40 –0.02 (–0.16, 0.13) 0.81
Education (y) –0.10 (–0.18, –0.02) 0.02 –0.03 (–0.09, 0.03) 0.33
Gender difference in education* –0.03 (–0.15, 0.08) 0.55 0.02 (–0.07, 0.10) 0.66
Age group

60–64 Ref
65–69 0.83 (0.37, 1.28) <0.001 0.83 (0.48, 1.18) <0.001
70–74 1.65 (1.20, 2.11) <0.001 1.53 (1.18, 1.87) <0.001
75–79 2.57 (2.13, 3.01) <0.001 2.25 (1.91, 2.59) <0.001
80–84 3.19 (2.75, 3.63) <0.001 3.04 (2.69, 3.39) <0.001
85–89 3.73 (3.26, 4.20) <0.001 3.75 (3.38, 4.11) <0.001
90+ 4.34 (3.87, 4.81) <0.001 4.42 (4.06, 4.79) <0.001

*‘Gender difference in life expectancy at age 65’ refers to the interaction term gender*life expectancy at age 65, and ‘gender difference in
education’ refers to the interaction term gender*education, with male as the reference.

of more studies leading to a larger sample size. The
difference in age ranges used for meta-analyses may
have also influenced results. We also observed higher
rates of AD at age 75, confirming many other reports
of the higher prevalence of AD among women.

Our review’s findings of the global incidence of
dementia based on 53 studies of 178,227 participants
had similar findings to a comparable prior review
of global incidence of dementia including 62 stud-
ies [1] of 109,952 participants from the literature up
until 2015. While our review found incidence of 2.55,
4.90, and 11.08 for ages 60–64, 65–69, and 70–74,
the prior review reported incidence of 3.9, 6.4, and
10.6 for ages 60–64, 65–69, and 70–74, respectively.
However, that review did not report incidence by sex.

Our review is limited by the quality of diag-
nostic classification in the source studies, variable
geographical representation and constraints on the
availability of data from many low- and middle-
income countries (Fig. 3). There was also variation
in the number of studies contributing data for dif-
ferent age groups with less data available for the
youngest and oldest age ranges, and variation in the

birth era of cohorts. Our findings may also be subject
to mortality bias. As women live longer than men,
this may lead to higher rates of dementia observed
among women and some risk factors for dementia
may also cause mortality. The use of standardized
tools for case ascertainment is a study strength, but
language and cultural differences between countries
may still introduce bias. Other study strengths include
the large sample size, consideration of country-level
factors, and consideration of dementia sub-types. The
lower rates of women in some studies may reflect bias
at recruitment or gender differences in education or
engagement with health services.

Our meta-regression analyses suggest that the
main contribution to sex differences in dementia
prevalence is life expectancy and gender differences
in education. This suggests that classification of
research participants into categories of sex is likely
to be strongly influenced by the socio-cultural fac-
tors contributing to gender. Hence ‘sex differences’
in dementia prevalence may be attributable in part to
gender inequality. Education may impact opportuni-
ties to build cognitive reserve [24] in early life, which
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is recognized as important for reducing risk of late-
life dementia [25]. Employment provides opportunity
for mental stimulation as well as financial indepen-
dence, which in turn provides opportunities for health
care, education, and social engagement, which have
been linked to reduced risk of dementia [26]. Without
considering the broad impact of socio-demographic
factors, research into biological mechanisms under-
pinning sex and gender differences in risk of dementia
is likely to be inconclusive.

Conclusion

In conclusion, we found dementia incidence was
the same for men and women except in the over
90s age group, where it was higher in women. We
found AD more prevalent in women, but no sex
difference in the prevalence of VaD or Any demen-
tia. Although women’s longer lives explain some of
their observed higher prevalence of AD, gender dif-
ferences in education may also influence dementia
outcomes. Greater focus on gender differences in life
expectancy and inequality in education as potential
explanations of sex differences in dementia and AD
prevalence is needed.
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