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Abstract

IMPORTANCE Dementia research is susceptible to bias arising from selective survival, a process that
results in individuals with certain characteristics disproportionately surviving to old age. Spurious
associations between risk factors and dementia may be induced when factors associated with longer
survival also influence dementia incidence.

OBJECTIVE To assess the role of selective survival in explaining reported sex/gender differences in
dementia incidence.

DESIGN, SETTING, AND PARTICIPANTS This decision analytical model used a simulated cohort of
US participants aged 50 years and without dementia at baseline followed up for incident dementia
through age 95 years. Selective survival was induced by a selection characteristic (eg, childhood
social disadvantage or Alzheimer genetic risk) that influenced both mortality and dementia incidence
at varying magnitudes. Data analysis was performed from April 2018 to May 2020.

EXPOSURE Sex/gender, conceptualized as the combination of biological sex and social
consequences of gender.

MAIN OUTCOMES AND MEASURES Dementia incidence rate ratios (IRRs) for women compared
with men. In all simulations, it was assumed that there would be no true effect of sex/gender on
dementia incidence; all observed sex/gender differences were due to selective survival.

RESULTS At baseline, the simulation included 100 000 participants aged 50 years (51 000 [51%]
women, mirroring the 1919-1921 US birth cohort of non-Latino White individuals at age 50 years);
distributions of the selection characteristic were standard normal (mean [SD], 0.0 [1.0]). Observed
sex/gender differences in dementia incidence in individuals aged 85 years or older ranged from
insignificant (IRR, 1.00; 95% CI, 0.91-1.11) to consistent with sex/gender differences (20% higher risk
for women [IRR, 1.20; 95% CI, 1.08-1.32]) reported in an extant study. Simulations in which bias was
large enough to explain prior findings required moderate to large differential effects of selective
survival (eg, hazard ratio for selection characteristic on mortality at least 2.0 among men, no effect
among women).

CONCLUSIONS AND RELEVANCE These results suggest that selective survival may contribute to
observed sex/gender differences in dementia incidence but do not preclude potential contributions
of sex/gender-specific mechanisms. Further research on plausibility of selection characteristics with
outcomes of the magnitude required for selective survival to explain sex/gender differences in
dementia incidence and sex/gender-specific mechanisms represent an opportunity to understand
prevention and treatment of dementia.
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Key Points
Question Can selective survival

plausibly explain reported sex/gender

differences in dementia incidence?

Findings In this decision analytical

model of 100 000 simulated adults

aged 50 years and without dementia at

baseline, sex/gender differences in

dementia incidence consistent with

literature (ie, 15%-20% elevated risk for

women aged �85 years) were only

observed in the presence of moderate

to strong effects of selective survival

characteristics that differed by

sex/gender.

Meaning These findings suggest that

selective survival may contribute to

sex/gender differences in dementia

incidence but do not preclude the

potential for additional contributions

from biological mechanisms.
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Introduction

Most people living with dementia are women.1 Excess dementia burden among women compared
with men could be explained by women’s longer life expectancy, higher age-specific dementia
incidence rates among women, or selective survival bias.2 Some studies report higher age-specific
dementia incidence in women compared with men at older ages (ie, ages �85 years),3-9 while other
studies have not reported differences.10-12 Mechanisms triggered by either biological sex or social
consequences of gender could contribute to the difference.10,13-15 Selective survival bias can occur if
men (or women) with specific characteristics disproportionately survive to old age and those same
characteristics are associated with dementia risk.16-19 Subsequently, measures of association among
survivors may not represent causal effects and can be exaggerated, attenuated, or reversed
compared with the truth.16 The magnitude of bias is driven by the strength of association between
exposure of interest and mortality, strength of association between dementia and mortality, and
cumulative mortality.20,21

If true effects of sex/gender on dementia incidence exist—differences not attributable to
selective survival bias—identifying mechanisms for this inequality may inform development of
effective strategies to prevent or treat dementia in both men and women.22,23 This has motivated
research focused on sex/gender differences in dementia incidence, pathological processes
associated with dementia,24-26 and resilience to dementia-related pathological processes27,28; but
there are no formal evaluations of the role of selective survival bias.10,11,14

Simulation studies are useful for quantifying potential magnitudes of selective survival bias.18,19

Motivated by prior evidence documenting elevated dementia incidence among older women
compared with men,3-7 we developed a decision analytical model to simulate and quantify the extent
to which selective survival may contribute to estimates of sex/gender differences in dementia
incidence.

Methods

This decision analytical model included simulations that did not include individual-level data; thus,
institutional review board review was not required per institutional policy at the University of
California, Los Angeles. Reporting of this study follows the relevant noncost aspects of the
Consolidated Health Economic Evaluation Reporting Standards (CHEERS) reporting guideline for
decision analytical model studies.

Simulated Cohort Study
We simulated a cohort of 100 000 participants aged 50 years without dementia at baseline (51 000
[51%] women, mirroring the 1919-1921 US birth cohort of non-Latino White individuals at age 50
years29). The simulated cohort was followed for incident dementia through age 95 years (45-year
follow-up). We chose a sample size of 100 000 to balance computational feasibility while maximizing
the number of survivors at the oldest ages. We considered several causal scenarios reflecting
selective survival that might explain sex/gender differences in dementia incidence, with input
parameters guided by real-world data. We use the term sex/gender to recognize that either biological
or social mechanisms may contribute to observed excess dementia among women; this distinction
would not affect findings from simulations.

Causal Scenarios
We investigated 3 causal scenarios (Figure 1). Arrows represent causal relationships specified for
each simulation scenario. Associations induced by the causal structures (not specified in the data-
generating process directly), are not marked in the diagrams. In all scenarios, the level of cognitive
function at age 50 years and rate of cognitive change after age 50 years influenced dementia
incidence. The double-headed arrow between cognitive function at age 50 years and rate of
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cognitive change indicates that these variables were simulated as correlated, reflecting a potential
common cause or causal path in either direction. To quantify the extent to which selective survival
may explain higher dementia incidence in women vs men at older ages, we generated data under the
sharp null hypothesis of no sex/gender effect on dementia incidence for individuals in the population.
Thus, in our simulations, observed sex/gender differences in dementia incidence reflect selective
survival bias.

To represent the selective survival process, we included a variable U (normally distributed with
mean [SD], 0.0 [1.0]), that represented the set of characteristics (eg, childhood social disadvantage
or Alzheimer genetic risk), that influenced cognitive function at age 50 years and, in causal scenarios
with possible selective survival bias, survival. Larger U values were harmful to survival and cognitive
function. We specified a causal structure such that at age 50 years, U was unrelated to sex/gender.
Because life expectancy is longer for women than men,29 we expected that as the cohort aged,
individuals with values of U protective against dementia (smaller values) would be overrepresented
among surviving men. As a result, we expected lower dementia incidence among surviving men
compared with surviving women at older ages.

To ensure simulations worked as expected, we calibrated them using a scenario in which no bias
was anticipated. In the no selective survival scenario, U influenced level of cognitive function at age
50 years, but did not influence survival (Figure 1A). All other simulated scenarios could potentially
give rise to selective survival bias. In the homogeneous selective survival scenario, U decreased
survival for men and women (Figure 1B). In the heterogeneous selective survival scenario, U
decreased survival in men only (interaction between U and sex/gender, such that U influenced
mortality for men only) (Figure 1C). We did not simulate a scenario in which U influenced mortality for
women only because this would not produce elevated dementia incidence in women and therefore
could not explain observed higher dementia incidence among women.

Data-Generating Process
In all scenarios, we generated data specifying no true effect of sex/gender on dementia. Age-specific
mortality and dementia incidence rates in simulations were calibrated to real-world data. Mortality

Figure 1. Causal Scenarios Under Investigation
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In all scenarios, sex/gender affected survival while U
(selection characteristic) influenced level of cognitive
function at age 50 years (the age at baseline in all
simulations) and subsequent dementia incidence. In
the no selective survival scenario (A), U had no effect
on survival. In the homogeneous selective survival
scenario (B), U affected survival for both men and
women. In the heterogeneous selective survival
scenario (C), U affected survival for men only
(interaction effect between U and sex/gender). The
red arrows in B and C highlight U’s effect on survival,
which induces the selective survival process. Although
it is unconventional to show interaction terms in
directed acyclic graphs, the pseudo–directed acyclic
graph in C explicitly shows the sex/gender-U
interaction term for clarity.
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was calibrated to US lifetable data for non-Latino White individuals born 1919 to 192129; this birth
cohort is representative of the cohort used to calibrate dementia incidence in our simulations and is
the most recent birth cohort with published mortality data through age 95.7 Lifetable data were
taken in 5-year age bands for ages 50 to 95 years. To generate sex/gender-specific survival
distributions calibrated to match the 1919 to 1921 US birth cohort of non-Latino White individuals, we
used mortality hazard models, allowing the baseline mortality hazard and effect of sex/gender on
mortality to vary across 5-year age bands (eAppendix in the Supplement).

Dementia incidence was calibrated to a 2005 study by Tom et al7 that reported age- and
sex/gender-specific dementia incidence rates from the Adult Changes in Thought (ACT) study, a
contemporary (ie, aged �65 years in 1994-2010) US population.30 Because dementia incidence
rates vary by study and tend to be imprecisely estimated at older ages owing to small sample sizes
(eg, 120 to 250 adults aged �85 years),3,4,7,31-36 reported dementia incidence rates were used as a
guide rather than a strict calibration criterion. Incident dementia in simulations was conceptualized
as reflecting the culmination of a continuous process of cognitive decline; we generated person-
specific cognitive trajectories from age 50 years using a quadratic growth curve with random
intercepts, random linear slopes, and random quadratic slopes. Individuals could develop dementia
in 2 ways: either their cognitive function declined below an age-constant dementia cutoff or they
experienced a random shock event (eg, a serious stroke) that triggered dementia onset (eAppendix
in the Supplement). Mean cognitive trajectories and samples of individual trajectories are presented
in eAppendix in the Supplement.

We varied effects of U on mortality and cognitive function within investigated causal scenarios.
We used log(2.0) as the age-constant effect of U on log mortality hazard as a moderate effect size
and log(3.5) as a large effect size. For the moderate effect, a 1-SD increase in U increased the mortality
hazard 2-fold; for the large effect, a 1-SD increase in U increased mortality hazard 3.5-fold. In the
heterogeneous selective survival scenario, U affected mortality hazard for men only. Moderate
effects of U on cognition were set to −0.1 (moderate homogeneous selective survival scenario and
moderate heterogeneous selective survival scenario) and large effects to −0.5 (large homogeneous
selective survival scenario and large heterogeneous selective survival scenario). Thus, 1-SD higher U
value was associated with 0.1 SD lower cognitive function at age 50 years in moderate scenarios and
with a 0.5 SD lower cognitive function in scenarios with large effects.

Statistical Analysis
We quantified bias in sex/gender differences in age-specific dementia incidence rates induced by
selective survival. The ACT study reported by Tom et al7 and several other studies3-6 reported
sex/gender differences in dementia (estimated incidence rate ratio [IRR] for women vs men, >1.00)
for participants aged 85 years or older. In the ACT study,7 the estimated dementia IRR for women vs
men was 1.27 (95% CI, 0.96-1.69) for individuals aged 85 to 89 years and estimated dementia IRR
for women vs men was 1.10 (95% CI, 0.74-1.63) for individuals aged 90 to 94 years (eAppendix in the
Supplement).

For each sample across 1000 iterations of sample generation, we calculated the age band–
specific dementia IRR for women vs men. Sex/gender-specific IRRs were calculated by summing
incident dementia cases within an age band and dividing by total person-years at risk within the age
band. We quantified the magnitude of bias induced by selective survival for each scenario by
comparing the exponentiated mean of the age-band specific log(estimated IRR for women vs men)
with the true effect of sex/gender on dementia incidence in simulated data (IRR for women vs
men = 1.00). By comparing estimated sex/gender differences in dementia incidence with simulation
truth (no effect), we quantified the extent to which selective survival explained observed differences
in simulations.

Simulations were carried out using R statistical software version 3.6.2 (R Project for Statistical
Computing). P values were 2-sided, and statistical significance was set at P < .05. Data analysis was
performed from April 2018 to May 2020.
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Results

At baseline, the cohort included 100 000 simulated participants aged 50 years, with 51 000 (51%)
women, and selection characteristic U was standard normal (mean [SD], 0.0 [1.0]). In all simulation
scenarios, median (interquartile range) survival time from age 50 years was 22.6 (14.3-30.2) years for
men and 23.6 (15.3-31.0) years for women. Mean (SD) cumulative incidence of mortality by age 95
years was 99.1% (<0.1%), consistent with US life tables for the selected birth cohort.29 In all
simulation scenarios, dementia incidence rates for men (used as the calibration reference)
approximated age-specific dementia incidence rates in the ACT study7 (calibration sample)
(eAppendix in the Supplement).

We used the no selective survival scenario to check the simulation model. In this scenario, the
mean estimated dementia IRR for women vs men was unbiased in all age bands, as expected.
Figure 2 shows that in the no selective survival scenario, mean estimated dementia IRR for women
vs men was 1.00 (95% CI, 0.91-1.11) for ages 85 to 89 years and 1.00 (95% CI, 0.82-1.22) for ages 90
to 94 years. Figure 3 shows that U distributions remained standard normal in this scenario through
the end of follow-up.

In the moderate homogeneous selective survival scenario, mean estimated dementia IRR for
women vs men was 1.00 (95% CI, 0.91-1.11) for ages 85 to 89 years and 1.01 (95% CI, 0.82-1.23) for
ages 90 to 94 years. For the same causal structure, but with large input parameters (the large
homogeneous selective survival scenario), mean estimated dementia IRR for women vs men was
1.02 (95% CI, 0.92-1.12) for ages 85 to 89 years and 1.00 (95% CI, 0.82-1.23) for ages 90 to 94 years.
In both scenarios, U distributions for both men and women shifted to smaller (ie, more protective)
values as the cohort aged (ie, survivors became more selected for protective U values over time); this
shift was more pronounced in the large homogeneous selective survival scenario. Precise numbers
varied across simulations owing to chance, but U distributions in these simulations differed little for
men and women. For example, in 1 simulated cohort for the moderate homogeneous selective
survival scenario, mean (SD) U at age 95 years (ie, end of follow-up) was −2.05 (0.62) for men and
−1.94 (0.72) for women; in the large homogeneous selective survival scenario, mean (SD) U at age 95
years was −2.35 (0.55) for men and −2.24 (0.54) for women (Figure 3). Thus, the populations of men
and women survivors at age 95 years were similarly enriched in factors, represented by U, that
protected against mortality and dementia. This is consistent with our result of no sex/gender
differences in dementia incidence in this simulation scenario.

Figure 2. Mean Estimated Dementia Incidence Rate Ratio (IRR) for Women vs Men for Individuals Aged 80 Years
and Older Across 1000 Simulated Cohorts for All Scenarios Compared With the Adult Changes in Thought Study
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The heterogeneous selective survival scenarios produced estimates that were consistent with
estimates from the ACT study7 at older ages. In the moderate heterogeneous selective survival
scenario, mean estimated dementia IRR for women vs men was 1.15 (95% CI, 1.05-1.27) for ages 85 to
89 years and 1.17 (95% CI, 0.96-1.43) for ages 90 to 94 years. For the large heterogeneous selective
survival scenario, mean estimated dementia IRR for women vs men was 1.20 (95% CI, 1.08-1.32) for
ages 85 to 89 years and 1.22 (95% CI, 1.00-1.51) for ages 90 to 94 years. In both heterogeneous
selective survival scenarios, the selective survival process manifested in differences in U distributions
for surviving men and women: surviving men were more selected for protective values of U than
surviving women. Differences in U distributions for surviving men and women were more
pronounced in the large heterogeneous selective survival scenario. For example, in 1 simulated
cohort of the moderate heterogeneous selective survival scenario, mean U at age 95 years was −1.94
(0.66) for men and −0.02 (0.99) for women; for the large heterogeneous selective survival scenario,
mean U at age 95 years was −2.32 (0.54) for men and 0.08 (0.92) for women.

Discussion

This decision analytical model assessed the role of selective survival in explaining sex/gender
differences in dementia incidence by simulating cohorts under varying causal scenarios. In all
simulations, we generated data specifying no true effect of sex/gender on dementia incidence; thus,
any sex/gender differences in estimated dementia incidence in simulations reflected selective
survival bias. In homogeneous selective survival scenarios, we observed little to no selective survival
bias (ie, mean estimated dementia IRR for women vs men close to 1.00). However, the

Figure 3. Box Plots of Selection Characteristic, U, by Age and Sex/Gender for All Simulation Scenarios
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heterogeneous selective survival scenarios produced enough selective survival bias to generate
estimates consistent with prior results from the ACT study reported by Tom et al,7 showing 10% to
27% higher dementia incidence among women at age 85 years and older (Figure 2); the large
heterogeneous selective survival scenario produced estimates closest to those reported in the ACT
study,7 with 20% to 22% higher dementia incidence in women compared with men at the
oldest ages.

In our simulations, a differential selection process (heterogeneous selective survival scenario)
was necessary to produce notable sex/gender differences in dementia incidence. This suggests that
research on factors that are associated with dementia risk and are differentially associated with
survival for men vs women is necessary to gain a comprehensive understanding of the role of
selective survival in sex/gender differences in dementia incidence. In our simulations, U represented
a set of selection characteristics. To produce sufficient selective survival bias to fully explain
sex/gender differences in dementia incidence, our simulations suggest the necessity of selection
characteristics with moderate to large effect size: for every 1-SD increase, the characteristics would
have to increase mortality approximately 2-fold for men only and reduce cognitive function by 0.1 SD.

One example of a factor with an effect size of this magnitude is cardiovascular disease (CVD),
which kills men at 2- to 6-fold the rate at which it kills women37,38 and shares risk factors with
dementia.39 CVD is differentially distributed among men and women; thus, CVD is an example of a U
that is influenced by sex/gender. In our simulations, sex/gender did not influence U, but prior
simulation work demonstrates that causal structures in which U mediates the effect of sex/gender on
dementia would produce results consistent with those from structures such as ours, in which U is not
on the causal pathway of interest.19 Future simulations could explore the complex associations
between sex/gender, CVD, mortality, and dementia.

Most work on sex/gender differences in dementia focuses on sex/gender differences in
susceptibility to dementia-related pathological processes.24-26,28 A 2020 review by Ferretti et al13

outlines hypothesized sex/gender-specific risk factors for Alzheimer pathological processes (eg
cardiovascular risk factors, depression, APOE*E4 genotype, and historically limited access to high-
level education and societal leadership roles for women) and pathophysiological mechanisms for
these differences (immune system and mitochondrial cascade). Some sex/gender differences in
associations of risk factors with dementia or dementia-related pathological processes, such as
APOE*E4,40 are generally accepted. Other active avenues of research include possible sex/gender-
specific susceptibility to amyloid-β and τ pathological mechanisms.24-26,28 However, our findings
suggest that a more comprehensive picture of possible mechanisms that drive sex/gender
differences in dementia incidence should include the possibility that selective survival accounts for
at least some of the disparity. Because the role of selective survival bias depends on existence of
dementia risk factors that have differential effects on survival for women vs men, identifying such
risk factors is essential for understanding sex/gender differences in dementia.

Limitations
This study has some limitations, and there are simplifying assumptions in our simulations. For
simplicity in the heterogeneous selective survival scenario, we specified that U only affected survival
for men. We anticipate that any scenarios with heterogenous selection (eg, U affects women’s
survival but has larger effects on men’s survival) would yield similar results. Second, sex/gender did
not influence U in simulations; including an effect of sex/gender on U (eg, cardiometabolic health) is
an alternative causal structure in which sex/gender has a true causal effect on dementia (indirectly
through U). In this study, we were interested in whether higher dementia incidence rates among
women vs men could be entirely explained by selective survival. Prior simulation studies have
suggested that results would be consistent whether or not U was on the causal pathway of interest.19

Additionally, our simulations were constrained by available calibration data. For example, we
calibrated simulations to all-cause dementia. Future simulation work could evaluate roles of selective
survival and selective study participation on estimates of sex/gender differences in dementia
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subtypes, pathological mechanisms associated with dementia, and effects of risk factors on
dementia and pathological mechanisms associated with dementia. There is limited research on
sex/gender differences in dementia in racially/ethnically diverse populations; however, a 2019 study
by Avila et al41 suggested that sex/gender differences in cognitive performance may vary by race/
ethnicity. Simulations in this study were calibrated to all-cause dementia incidence from the ACT
study,7 a sample comprising predominantly non-Latino White participants. Our findings may not be
generalizable to other populations. Differences in cumulative mortality (overall and by sex/gender)
across populations could influence the potential role of selective survival on sex/gender differences
in dementia incidence.18,21

Conclusions

The results of this decision analytical model pertain to the role of selective survival bias in
understanding sex/gender differences in dementia incidence, but lessons from this example can be
applied to dementia research more broadly. Sources and potential impacts of selective survival bias
are study-specific; for example, racial/ethnic differences in survival18 or differential survival among
persons with hypertension or other comorbidities,19,42 may represent other sources of selective
survival in dementia research. Researchers might anticipate and mitigate such bias by considering
relevant selection characteristics in the design phase, collecting data on those characteristics, and
adjusting for them in analyses.16 Because it is often not possible to measure all relevant selection
characteristics, simulations can be used to assess the extent to which unmeasured selection
characteristics could bias study results. Our results suggest that selective survival may contribute to,
and under some more extreme scenarios, may fully explain sex/gender differences in dementia
incidence, but our results do not preclude the potential contribution of sex/gender-specific
mechanisms for dementia. Importantly, if sex/gender differences in dementia incidence are small
after accounting for selective survival, this does not diminish the value of researching potential
sex/gender-specific mechanisms. Since most people living with dementia are women, it is critical to
determine the role of sex/gender in dementia risk. Further research on important determinants of
dementia that have differential effects on survival for women vs men and sex/gender-specific
mechanisms represents an opportunity to identify potential strategies to prevent and treat
Alzheimer and related dementias.

ARTICLE INFORMATION
Accepted for Publication: January 17, 2021.

Published: March 9, 2021. doi:10.1001/jamanetworkopen.2021.1001

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2021 Shaw C et al.
JAMA Network Open.

Corresponding Author: Elizabeth Rose Mayeda PhD, MPH, Fielding School of Public Health, University of
California, Los Angeles, 650 Charles E Young Dr S, CHS 46-070B, Los Angeles, CA 90095 (ermayeda@ph.
ucla.edu).

Author Affiliations: Fielding School of Public Health, Department of Epidemiology, University of California, Los
Angeles (Shaw, Hayes-Larson, Mayeda); Fielding School of Public Health, Department of Biostatistics, University of
California, Los Angeles (Shaw, Brookmeyer); Department of Epidemiology and Biostatistics, University of
California, San Francisco (Glymour); Centre Inserm U1219, d’Epidémiologie et de Développement, Bordeaux School
of Public Health, Institut de Santé Publique Université de Bordeaux, Bordeaux, France (Dufouil); Pole de sante
publique, Centre Hospitalier Universitaire de Bordeaux, Bordeaux, France (Dufouil); Vanderbilt Memory and
Alzheimer’s Center, Vanderbilt University Medical Center, Nashville, Tennessee (Hohman); Vanderbilt Genetics
Institute, Vanderbilt University Medical Center, Nashville, Tennessee (Hohman); Alzheimer’s Disease Research
Center, University of California, Davis (Whitmer); Department of Public Health Sciences, University of California,
Davis (Whitmer); Department of Epidemiology, University of Michigan School of Public Health, Ann Arbor
(Kobayashi).

JAMA Network Open | Neurology Evaluation of Selective Survival and Sex/Gender Differences in Dementia Incidence Using a Simulation Model

JAMA Network Open. 2021;4(3):e211001. doi:10.1001/jamanetworkopen.2021.1001 (Reprinted) March 9, 2021 8/11

Downloaded From: https://jamanetwork.com/ on 04/21/2021

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.1001&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.1001
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.1001
mailto:ermayeda@ph.ucla.edu
mailto:ermayeda@ph.ucla.edu


Author Contributions: Ms Shaw and Dr Mayeda had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.

Concept and design: Shaw, Glymour, Hohman, Whitmer, Kobayashi, Brookmeyer, Mayeda.

Acquisition, analysis, or interpretation of data: Shaw, Hayes-Larson, Dufouil, Mayeda.

Drafting of the manuscript: Shaw, Whitmer, Mayeda.

Critical revision of the manuscript for important intellectual content: Shaw, Hayes-Larson, Glymour, Dufouil,
Hohman, Kobayashi, Brookmeyer, Mayeda.

Statistical analysis: Shaw, Hayes-Larson, Whitmer, Brookmeyer, Mayeda.

Obtained funding: Mayeda.

Administrative, technical, or material support: Shaw, Dufouil, Kobayashi, Mayeda.

Supervision: Whitmer, Mayeda.

Conflict of Interest Disclosures: Dr Hohman reported serving on the advisory board for Vivid Genomics outside
the submitted work. No other disclosures were reported.

Funding/Support: This work was supported by grants R13AG064971 (Ms Shaw and Drs Hayes-Larson, Glymour,
Dufouil, and Mayeda), R00AG053410 (Drs Hayes-Larson and Mayeda), R01AG059716 (Dr Hohman),
R21AG059941 (Dr Hohman), K01AG049164 (Dr Hohman), RF1AG050782 (Dr Whitmer), R01AG069128 (Dr
Kobayashi), and R21AG055361 (Ms Shaw and Dr Brookmeyer) from the National Institute on Aging.

Role of the Funder/Sponsor: The funder had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

REFERENCES
1. Hebert LE, Weuve J, Scherr PA, Evans DA. Alzheimer disease in the United States (2010-2050) estimated using
the 2010 census. Neurology. 2013;80(19):1778-1783. doi:10.1212/WNL.0b013e31828726f5

2. Mayeda ER. Invited commentary: examining sex/gender differences in risk of Alzheimer disease and related
dementias—challenges and future directions. Am J Epidemiol. 2019;188(7):1224-1227. doi:10.1093/aje/kwz047

3. Miech RA, Breitner JCS, Zandi PP, Khachaturian AS, Anthony JC, Mayer L. Incidence of AD may decline in the
early 90s for men, later for women: the Cache County study. Neurology. 2002;58(2):209-218. doi:10.1212/WNL.
58.2.209

4. Ott A, Breteler MMB, van Harskamp F, Stijnen T, Hofman A. Incidence and risk of dementia: the Rotterdam
Study. Am J Epidemiol. 1998;147(6):574-580. doi:10.1093/oxfordjournals.aje.a009489

5. Letenneur L, Gilleron V, Commenges D, Helmer C, Orgogozo JM, Dartigues JF. Are sex and educational level
independent predictors of dementia and Alzheimer’s disease: incidence data from the PAQUID project. J Neurol
Neurosurg Psychiatry. 1999;66(2):177-183. doi:10.1136/jnnp.66.2.177

6. Fratiglioni L, Launer LJ, Andersen K, et al; Neurologic Diseases in the Elderly Research Group. Incidence of
dementia and major subtypes in Europe: a collaborative study of population-based cohorts. Neurology. 2000;54
(11)(suppl 5):S10-S15.

7. Tom SE, Hubbard RA, Crane PK, et al. Characterization of dementia and Alzheimer’s disease in an older
population: updated incidence and life expectancy with and without dementia. Am J Public Health. 2015;105(2):
408-413. doi:10.2105/AJPH.2014.301935

8. Gilsanz P, Corrada MM, Kawas CH, et al. Incidence of dementia after age 90 in a multiracial cohort. Alzheimers
Dement. 2019;15(4):497-505. doi:10.1016/j.jalz.2018.12.006

9. Mayeda ER, Glymour MM, Quesenberry CP, Whitmer RA. Inequalities in dementia incidence between six racial
and ethnic groups over 14 years. Alzheimers Dement. 2016;12(3):216-224. doi:10.1016/j.jalz.2015.12.007

10. Andrew MK, Tierney MC. The puzzle of sex, gender and Alzheimer’s disease: why are women more often
affected than men? Womens Health (Lond). 2018;14:1-8. doi:10.1177/1745506518817995

11. Mielke MM, Ferretti MT, Iulita MF, Hayden K, Khachaturian AS. Sex and gender in Alzheimer’s disease—does it
matter? Alzheimers Dement. 2018;14(9):1101-1103. doi:10.1016/j.jalz.2018.08.003

12. Corrada MM, Brookmeyer R, Paganini-Hill A, Berlau D, Kawas CH. Dementia incidence continues to increase
with age in the oldest old: the 90+ study. Ann Neurol. 2010;67(1):114-121. doi:10.1002/ana.21915

13. Ferretti MT, Martinkova J, Biskup E, et al. Sex and gender differences in Alzheimer’s disease: current challenges
and implications for clinical practice: position paper of the Dementia and Cognitive Disorders Panel of the
European Academy of Neurology. Eur J Neurol. 2020;27(6):928-943. doi:10.1111/ene.14174

JAMA Network Open | Neurology Evaluation of Selective Survival and Sex/Gender Differences in Dementia Incidence Using a Simulation Model

JAMA Network Open. 2021;4(3):e211001. doi:10.1001/jamanetworkopen.2021.1001 (Reprinted) March 9, 2021 9/11

Downloaded From: https://jamanetwork.com/ on 04/21/2021

https://dx.doi.org/10.1212/WNL.0b013e31828726f5
https://dx.doi.org/10.1093/aje/kwz047
https://dx.doi.org/10.1212/WNL.58.2.209
https://dx.doi.org/10.1212/WNL.58.2.209
https://dx.doi.org/10.1093/oxfordjournals.aje.a009489
https://dx.doi.org/10.1136/jnnp.66.2.177
https://www.ncbi.nlm.nih.gov/pubmed/10854355
https://www.ncbi.nlm.nih.gov/pubmed/10854355
https://dx.doi.org/10.2105/AJPH.2014.301935
https://dx.doi.org/10.1016/j.jalz.2018.12.006
https://dx.doi.org/10.1016/j.jalz.2015.12.007
https://dx.doi.org/10.1177/1745506518817995
https://dx.doi.org/10.1016/j.jalz.2018.08.003
https://dx.doi.org/10.1002/ana.21915
https://dx.doi.org/10.1111/ene.14174


14. Mielke MM, Vemuri P, Rocca WA. Clinical epidemiology of Alzheimer’s disease: assessing sex and gender
differences. Clin Epidemiol. 2014;6:37-48. doi:10.2147/CLEP.S37929

15. Dumitrescu L, Mayeda ER, Sharman K, Moore AM, Hohman TJ. Sex differences in the genetic architecture of
Alzheimer’s disease. Curr Genet Med Rep. 2019;7(1):13-21. doi:10.1007/s40142-019-0157-1

16. Banack HR, Kaufman JS, Wactawski-Wende J, Troen BR, Stovitz SD. Investigating and remediating selection
bias in geriatrics research: the Selection Bias Toolkit. J Am Geriatr Soc. 2019;67(9):1970-1976. doi:10.1111/jgs.16022

17. Weuve J, Proust-Lima C, Power MC, et al; MELODEM Initiative. Guidelines for reporting methodological
challenges and evaluating potential bias in dementia research. Alzheimers Dement. 2015;11(9):1098-1109. doi:10.
1016/j.jalz.2015.06.1885

18. Mayeda ER, Filshtein TJ, Tripodis Y, Glymour MM, Gross AL. Does selective survival before study enrolment
attenuate estimated effects of education on rate of cognitive decline in older adults: a simulation approach for
quantifying survival bias in life course epidemiology. Int J Epidemiol. 2018;47(5):1507-1517. doi:10.1093/ije/dyy124

19. Mayeda ER, Banack HR, Bibbins-Domingo K, et al. Can survival bias explain the age attenuation of racial
inequalities in stroke incidence: a simulation study. Epidemiology. 2018;29(4):525-532. doi:10.1097/EDE.
0000000000000834

20. Hernán MA, Robins JM. Causal Inference: What If. CRC Press; 2019.

21. Mayeda ER, Tchetgen Tchetgen EJ, Power MC, et al. A simulation platform for quantifying survival bias: an
application to research on determinants of cognitive decline. Am J Epidemiol. 2016;184(5):378-387. doi:10.1093/
aje/kwv451

22. National Institute on Aging. Goal A: improve our understanding of healthy aging and disease and disability
among older adults. Accessed February 14, 2020. https://www.nia.nih.gov/about/aging-strategic-directions-
research/goal-biology-impact

23. The Gerontological Society of America. Purposes and mission. Accessed February 14, 2020. https://www.geron.
org/about-us/purposes-and-mission

24. Buckley RF, Mormino EC, Rabin JS, et al. Sex differences in the association of global amyloid and regional tau
deposition measured by positron emission tomography in clinically normal older adults. JAMA Neurol. 2019;76(5):
542-551. doi:10.1001/jamaneurol.2018.4693

25. Buckley RF, Mormino EC, Chhatwal J, et al; Alzheimer’s Disease Neuroimaging Initiative. Associations between
baseline amyloid, sex, and APOE on subsequent tau accumulation in cerebrospinal fluid. Neurobiol Aging. 2019;
78:178-185. doi:10.1016/j.neurobiolaging.2019.02.019

26. Dumitrescu L, Barnes LL, Thambisetty M, et al; Alzheimer’s Disease Genetics Consortium and the Alzheimer’s
Disease Neuroimaging Initiative. Sex differences in the genetic predictors of Alzheimer’s pathology. Brain. 2019;
142(9):2581-2589. doi:10.1093/brain/awz206

27. Davis EJ, Broestl L, Abdulai-Saiku S, et al. A second X chromosome contributes to resilience in a mouse model
of Alzheimer’s disease. Sci Transl Med. 2020;12(558):1-16. doi:10.1126/scitranslmed.aaz5677

28. Buckley RF, Mormino EC, Amariglio RE, et al; Alzheimer’s Disease Neuroimaging Initiative; Australian Imaging,
Biomarker and Lifestyle study of ageing; Harvard Aging Brain Study. Sex, amyloid, and APOE ε4 and risk of
cognitive decline in preclinical Alzheimer’s disease: Findings from three well-characterized cohorts. Alzheimers
Dement. 2018;14(9):1193-1203. doi:10.1016/j.jalz.2018.04.010

29. National Center for Health Statistics. National Vital Statistics Reports. Accessed December 17, 2019. https://
www.cdc.gov/nchs/products/nvsr.htm

30. Kukull WA, Higdon R, Bowen JD, et al. Dementia and Alzheimer disease incidence: a prospective cohort study.
Arch Neurol. 2002;59(11):1737-1746. doi:10.1001/archneur.59.11.1737

31. Tang M-X, Cross P, Andrews H, et al. Incidence of AD in African-Americans, Caribbean Hispanics, and
Caucasians in northern Manhattan. Neurology. 2001;56(1):49-56. doi:10.1212/WNL.56.1.49

32. Bienias JL, Beckett LA, Bennett DA, Wilson RS, Evans DA. Design of the Chicago Health and Aging Project
(CHAP). J Alzheimers Dis. 2003;5(5):349-355. doi:10.3233/JAD-2003-5501

33. Kuller LH, Lopez OL, Becker JT, Chang Y, Newman AB. Risk of dementia and death in the long term follow up
of the Pittsburgh Cardiovascular Health Study—Cognition Study. Alzheimers Dement. 2016;12(2):170-183. doi:
10.1016/j.jalz.2015.08.165

34. Knopman DS, Gottesman RF, Sharrett AR, et al. Mild cognitive impairment and dementia prevalence: the
Atherosclerosis Risk in Communities Neurocognitive Study (ARIC-NCS). Alzheimers Dement (Amst). 2016;2:1-11.
doi:10.1016/j.dadm.2015.12.002

JAMA Network Open | Neurology Evaluation of Selective Survival and Sex/Gender Differences in Dementia Incidence Using a Simulation Model

JAMA Network Open. 2021;4(3):e211001. doi:10.1001/jamanetworkopen.2021.1001 (Reprinted) March 9, 2021 10/11

Downloaded From: https://jamanetwork.com/ on 04/21/2021

https://dx.doi.org/10.2147/CLEP.S37929
https://dx.doi.org/10.1007/s40142-019-0157-1
https://dx.doi.org/10.1111/jgs.16022
https://dx.doi.org/10.1016/j.jalz.2015.06.1885
https://dx.doi.org/10.1016/j.jalz.2015.06.1885
https://dx.doi.org/10.1093/ije/dyy124
https://dx.doi.org/10.1097/EDE.0000000000000834
https://dx.doi.org/10.1097/EDE.0000000000000834
https://dx.doi.org/10.1093/aje/kwv451
https://dx.doi.org/10.1093/aje/kwv451
https://www.nia.nih.gov/about/aging-strategic-directions-research/goal-biology-impact
https://www.nia.nih.gov/about/aging-strategic-directions-research/goal-biology-impact
https://www.geron.org/about-us/purposes-and-mission
https://www.geron.org/about-us/purposes-and-mission
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2018.4693&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.1001
https://dx.doi.org/10.1016/j.neurobiolaging.2019.02.019
https://dx.doi.org/10.1093/brain/awz206
https://dx.doi.org/10.1126/scitranslmed.aaz5677
https://dx.doi.org/10.1016/j.jalz.2018.04.010
https://www.cdc.gov/nchs/products/nvsr.htm
https://www.cdc.gov/nchs/products/nvsr.htm
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archneur.59.11.1737&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.1001
https://dx.doi.org/10.1212/WNL.56.1.49
https://dx.doi.org/10.3233/JAD-2003-5501
https://dx.doi.org/10.1016/j.jalz.2015.08.165
https://dx.doi.org/10.1016/j.dadm.2015.12.002


35. Langa KM, Plassman BL, Wallace RB, et al. The Aging, Demographics, and Memory Study: study design and
methods. Neuroepidemiology. 2005;25(4):181-191. doi:10.1159/000087448

36. Demirovic J, Prineas R, Loewenstein D, et al. Prevalence of dementia in three ethnic groups: the South Florida
Program on Aging and Health. Ann Epidemiol. 2003;13(6):472-478. doi:10.1016/S1047-2797(02)00437-4

37. Bots SH, Peters SAE, Woodward M. Sex differences in coronary heart disease and stroke mortality: a global
assessment of the effect of ageing between 1980 and 2010. BMJ Glob Health. 2017;2(2):e000298. doi:10.1136/
bmjgh-2017-000298

38. Mikkola TS, Gissler M, Merikukka M, Tuomikoski P, Ylikorkala O. Sex differences in age-related cardiovascular
mortality. PLoS One. 2013;8(5):e63347. doi:10.1371/journal.pone.0063347

39. Gottesman RF, Albert MS, Alonso A, et al. Associations between midlife vascular risk factors and 25-year
incident dementia in the Atherosclerosis Risk in Communities (ARIC) cohort. JAMA Neurol. 2017;74(10):1246-1254.
doi:10.1001/jamaneurol.2017.1658

40. Ungar L, Altmann A, Greicius MD. Apolipoprotein E, gender, and Alzheimer’s disease: an overlooked, but
potent and promising interaction. Brain Imaging Behav. 2014;8(2):262-273. doi:10.1007/s11682-013-9272-x

41. Avila JF, Vonk JMJ, Verney SP, et al. Sex/gender differences in cognitive trajectories vary as a function of race/
ethnicity. Alzheimers Dement. 2019;15(12):1516-1523. doi:10.1016/j.jalz.2019.04.006

42. Corrada MM, Hayden KM, Paganini-Hill A, et al. Age of onset of hypertension and risk of dementia in the
oldest-old: the 90+ Study. Alzheimers Dement. 2017;13(2):103-110. doi:10.1016/j.jalz.2016.09.007

SUPPLEMENT.
eAppendix. Supplemental Methods
eReferences.

JAMA Network Open | Neurology Evaluation of Selective Survival and Sex/Gender Differences in Dementia Incidence Using a Simulation Model

JAMA Network Open. 2021;4(3):e211001. doi:10.1001/jamanetworkopen.2021.1001 (Reprinted) March 9, 2021 11/11

Downloaded From: https://jamanetwork.com/ on 04/21/2021

https://dx.doi.org/10.1159/000087448
https://dx.doi.org/10.1016/S1047-2797(02)00437-4
https://dx.doi.org/10.1136/bmjgh-2017-000298
https://dx.doi.org/10.1136/bmjgh-2017-000298
https://dx.doi.org/10.1371/journal.pone.0063347
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2017.1658&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.1001
https://dx.doi.org/10.1007/s11682-013-9272-x
https://dx.doi.org/10.1016/j.jalz.2019.04.006
https://dx.doi.org/10.1016/j.jalz.2016.09.007

