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Abstract

INTRODUCTION: We examine if the relationship between apolipoprotein E (APOE)

ε4 and cognitive decline and dementia onset differs by sex in non-Hispanic White and

Black respondents from theHealth and Retirement Study.

METHODS:We used race-stratified linear mixedmodels to estimate cognitive decline

and Cox proportional hazards models to estimate time to dementia onset. Sex

differences were estimated using interaction terms.

RESULTS:APOE ε4was associatedwith cognitive decline (b=−0.4) anddementia onset

(hazard ratio [HR] = 1.48) in White adults, and cognitive decline (b = −0.5) in Black

adults. The relationship between APOE ε4 and cognitive decline or dementia onset did

not differ by sex in either group.

DISCUSSION:Our findings question a key hypothesis in the field—that femaleAPOE ε4
carriers experience faster cognitive decline and earlier dementia onset than their male

counterparts—and highlight the importance of using probability samples to reduce

survivor and participation bias commonly found in genetics research.
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Highlights

∙ White apolipoprotein E ε4 allele (APOE ε4) carriers had faster cognitive decline and
earlier dementia onset.

∙ Black APOE ε4 carriers had faster cognitive decline.
∙ These patterns did not vary by sex for either Black orWhite adults.

1 BACKGROUND

The apolipoprotein E ε4 allele (APOE ε4) is a well-established genetic

risk factor for late-onset Alzheimer’s disease (AD)1–4 associated with

a 3- to 15-fold increase in AD risk.5,6 APOE ε4 is also associated with

preclinical signs of dementia, including poorer cognitive performance

and faster cognitive decline.7,8
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Clinical and community-based studies have identified sex differ-

ences in the strength of APOE ε4 for clinical and pathological AD and

cognitive decline,5,9–14 with several reporting that femaleAPOE ε4 car-
riers transition to clinical AD at higher rates and experience faster

cognitive decline than their male counterparts.9,11–14 This pattern

is inconsistent across cognitive domains, with some studies showing

conflicting11,12,15 or null14,16–19 results, even within the same study,
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depending on the cognitive assessment used. For example, Swan and

colleagues found that male APOE ε4 carriers had a faster rate of

decline in executive function and verbal memory than female APOE

ε4 carriers,15 whereas Beydoun and colleagues17 found no sex differ-

ence in the relationship of APOE ε4 and transition to clinically defined

mild cognitive impairment (MCI) or AD. At the same time they found

thatAPOE ε4wasmore strongly associatedwith impairment in delayed

recall amongwomen than amongmen.

The inconsistent findings may arise from the use of clinical and

community samples drawnusing non-probabilitymethods,which often

results in selective samples of highly educated, urban respondents in

select regions of the country.9,13–18 These respondents may volun-

teer for the study for reasons that differ by gender and are related

to dementia.20,21 Researcher-defined inclusion criteria (e.g., age and

health status) may also lead to healthy survivor bias,22 particularly

as men typically die at younger ages compared to women, resulting

in older male participants who are disproportionately healthier com-

pared to their peers who did not survive.23,24 These factors complicate

efforts to determine if the observed sex differences are genuine or

artifacts of sampling or study design.

Our study uses prospective data from the Health and Retirement

Study (HRS) to examine sex differences in the relationship between

APOE ε4 and (1) cognitive decline and (2) dementia onset in a sample in

which themen andwomen are representative of the U.S. population of

non-Hispanic Black andWhite midlife and older adults. The HRS study

design addresses two key weaknesses in previous research. First, by

using probability sampling, the HRS ensures that all potential respon-

dents are identified and it can adjust for participation bias through

sampling weights, unlike studies using convenience samples.25 Sec-

ond, HRS follows participants from midlife onward, regardless of their

health status, even if they move into nursing homes.26 When partici-

pants are unable to complete cognitive tests, proxy reports are used.27

These features help minimize sample attrition and allow the HRS to

adjust for it with sampling weights, thereby reducing concerns about

healthy survivor bias, a common issue in clinical studies.

2 METHODS

2.1 Study population

Data come from the HRS, a nationally representative, prospective

study of U.S. adults age 50 and older.26 The HRS is a multistage area

probability sample of age-eligible households selected from primary

sampling units chosen fromU.S. Metropolitan Statistical Areas (MSAs)

and non-MSAcounties, with an oversampling ofminorities. Since 1992,

the HRS has conducted core interviews with age-eligible respondents

and their spouses approximately every 2 years. TheHRS uses a steady-

state design that replenishes the sample with younger cohorts every

6 years to ensure that it remains nationally representative of the U.S.

population age 50 and older. Genetic data collection began in 2006

among community-dwelling respondents who completed a face-to-

face interview.28 This design allowed the HRS to construct sample

RESEARCH-IN-CONTEXT

1. Systematic review: We reviewed the literature using

traditional (e.g., PubMed) sources. There is a body of

evidence that shows sex differences in the strength of

apolipoprotein E ε4 allele (APOE ε4) for Alzheimer’s dis-

ease (AD) and cognitive decline. These studies often, but

not always, report that femaleAPOE ε4 carriers transition
to dementia at higher rates and experience faster cog-

nitive decline than their male counterparts. Inconsistent

findings may be due, in part, to the use of non-probability

samples that are highly selective and researcher-defined

inclusion criteria that can lead to healthy survivor bias.

2. Interpretation: In a nationally representative sample of

older White and Black adults in the United States, we

found no sex differences in the relationship between

APOE ε4 and cognitive decline or dementia onset.

3. Future directions: Our findings should be replicated in

other U.S. probability samples that include additional

racial and ethnic groups, as well as in international sam-

ples, to determine the robustness of our results. Studies

that use more comprehensive measures of cognitive

function and dementia should be prioritized.

weights that accounted for differential participation in the genetic

data collection using detailed respondent information. Respondents

who provided salivary DNA from 2006 to 2012, had apolipoprotein E

(APOE) genotyped. The HRS maintains a panel response rate of 74.4%

as of 2018.29

For models estimating cognitive decline, we restricted our sample

to HRS respondents interviewed between 2006 and 2018, who partic-

ipated in salivary DNA data collection and for whom APOE genotype

was publicly available, who were age and cohort-eligible, and who self-

reported as non-Hispanic Black or White (n = 15,312). Next, using

principal component analysis (PCA), HRS generated 10 PCs to account

for population stratification. We used loadings on PCs 1 and 2 to

exclude respondentswhose genetic ancestry fell outside the range that

HRS identified as European or African ancestry (n = 738).30 Finally,

we excluded respondents who were missing data on cognition dur-

ing the period of observation (n = 7), APOE genotype (n = 71), or

education (n = 40), or who had a zero-sampling weight (n = 18).

This resulted in a final analytic sample of 11,572 non-Hispanic White

(hereafter White) and 2867 non-Hispanic Black (hereafter Black)

respondents.

In models assessing dementia onset, we excluded respondents with

dementia onset before age 65 (n = 290) (i.e., early-onset dementia) or

before 2006 (n = 366), or who were not observed at or after age 65

(n = 2939). We excluded respondents born before 1924 (n = 1062) to

minimize healthy survivor bias. This resulted in a final analytic sample

of 8297White respondents and 1509 Black respondents.
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2.2 Measures

2.2.1 Cognitive function

In each survey year, the HRS administered the validated Telephone

Instrument for Cognitive Status (TICS) to assess cognitive function

by phone, face-to-face, or, in 2018, online for a small subset (8%) of

respondents.27 The TICS consists of immediate and delayed 10-word

recall tests, a serial 7 s subtraction test, and a counting backward test.

We summed across all TICS items, resulting in a composite score of

cognitive function that ranged from 0 to 27, and higher scores reflect

better cognitive function. We subtracted 1 point from the TICS if a

respondent completed the TICS online in 2018 to account for mode

differences.31

2.2.2 Dementia status

We assessed dementia status using established cut points.32 If a

respondent completed the TICS, they were classified as having cogni-

tive impairment consistent with dementia if their TICS score was≤6. If

a respondent did not complete the TICS, we used a proxy’s assessment

of their memory and limitations in five instrumental activities of daily

living and the interviewer’s assessment of how difficult it was for them

to complete the interview due to cognitive limitations. Proxy scores

ranged from 0 to 11; higher scores indicated greater impairment. We

classified respondentswith proxy scores of 6 or higher as having cogni-

tive impairment consistentwith dementia. This categorization has good

predictive ability when compared with classification from a consensus

panel of experts in neuropsychiatric assessments of dementia.27

2.2.3 APOE genotype

Two genetic variants (rs7412 and rs429358) contribute to three APOE

alleles (ε2, ε3, and ε4), resulting in six potential APOE genotypes (ε2/ε2,
ε2/ε3, ε2/ε4, ε3/ε3, ε3/ε4, and ε4/ε4). Genotyping was performed using

TaqMan allelic discrimination single-nucleotide polymorphism (SNP)

assays. HRS imputed APOE status from previously genotyped array

data that used the 1000 Genomes Cosmopolitan Reference Panel

(phase 3) if genotyping did not pass quality control (one or both SNPs

failed). This resulted in dosage data for rs7412 and rs429358, which

the HRS used to determine a “best guess genotype” and infer the

APOE isoform. Per HRS recommendations, we dropped respondents

with a posterior probability <0.8 on imputations of rs7412 (n = 20)

or rs429358 (n = 76).28 Overall, APOE was imputed for 1511 respon-

dents in the cognitive decline sample and 1055 respondents in the

dementia-onset sample. We dichotomized APOE as APOE ε4 carriers

versus non-carriers because more refined classifications yielded sim-

ilar findings but resulted in small cell sizes for the ε4/ε4 genotype

(Table S1).

2.2.4 Covariates

We included sex, birth cohort, interview mode (face-to-face or

phone/web), years of schooling completed (0–17 years), if APOE

was imputed (yes/no), and ancestry-specific PCs, which include the first

10 PCs identified through PC analysis to account for population strat-

ification. For the dementia-onset models, we included an indicator of

whether the respondent’s cognition assessment was ever determined

by proxy (yes/no).

2.3 Statistical analysis

We estimated the level and change in cognitive function using linear

mixed models to account for observations nested within persons and

varying numbers of observations per person.33 Age represents time

and is centered at age 70, respondents’ mean age over the observation

period, and divided by 10. Thus each unit increase in age represents

change over a decade.

Unconditional linear mixedmodels supported a quadratic specifica-

tion of age. All models included sex, APOE genotype, and sex × APOE

genotype to estimate sex differences in the relationship betweenAPOE

genotype and level of cognitive function, after adjusting for covariates.

We interacted age with all variables to assess whether these factors

were associated with the rate of cognitive decline. We did not inter-

act quadratic age with covariates because it did not improve model fit.

It is important to note that models that did not include quadratic age

yielded inferences similar to those we present (results available upon

request).

We used Cox proportional hazards models to estimate the risk of

transitioning to dementia at or after age 65.34 We calculated the age

at dementia onset as the midpoint between respondents’ last non-

demented assessment and the first time they were observed with

dementia. Respondents who left the study with no dementia or did

not have dementia by the end of the study period were censored at

their last observation. Hazard models included sex, APOE genotype,

and sex×APOEgenotype toestimate sexdifferences in the relationship

between APOE genotype and the hazard of dementia, after adjusting

for covariates.

We estimated several additional models to determine the robust-

ness of our findings. First, we re-estimated the main models after

restricting our nationally representative sample to respondents who

shared characteristics of clinical samples—that is, highly educated

and urban residents. Next, we investigated healthy survivor bias and

attrition in our cognitive decline sample by (1) restricting to younger

respondents (<75 years), (2) assigning everyone who died during the

study period a value of 6 on the TICS (the threshold for dementia clas-

sification) at their last observation, and (3) restricting to respondents

who provided at least four observations. We examined the influence

of mortality in the dementia-onset sample by (1) restricting to younger

respondents (<75years) and (2) estimating a competing riskmodel that
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F IGURE 1 Predicted cognitive function by sex across age among non-HispanicWhite (A) and Black (B) adults ages 50 and older (HRS
2006–2018). Predicted scores were calculated usingmargins in Stata 18 from race-stratified estimates fromModel 1 that hold covariates
constant at their race-specific means. Predicted scores are reported in Tables S3 and S5. Post hoc race differences were not tested, but potential
race differences are discussed in the supplementarymaterial. HRS, Health and Retirement Study.

estimated the probability of dementia accounting for the probability of

transitioning to death.34

Given that several studies report a sex × APOE ε4 interaction for

memory decline,11,14,15,17 we also estimated linear mixed models pre-

dicting episodic memory (sum of the immediate and delayed recall

scores from the TICS) in the full sample and for highly educated,

urban residents, and younger respondents (<75 years). Finally, we re-

estimated the main models for cognitive function, episodic memory,

and dementia status excluding ε2/ε4 carriers, consistent with some

previous studies.9,13–16,18 We discuss results from these models in

the Sensitivity Analysis section.

We used person-level sample weights constructed to account for

the complex sampling design of the HRS, sample non-response and

respondent attrition, and participation in the genetic data collection.35

If respondents did not have sample weights for the genetic data

collection (n = 451), we used their sampling weight from their last

core interview, which accounts for all but participation in the genetic

data collection. Because most studies estimating sex × APOE geno-

type on cognitive decline and dementia onset restrict analyses to

White respondents, we stratify analyses by self-reported race for

comparability with other studies.

We conducted weighted analyses in Stata version 18 (StataCorp,

LLC) using mixed for models estimating cognitive decline and stcox for

models estimating dementia onset.36 Weusedmargins to calculate pre-

dicted cognitive function scores and stcurve to calculate the weighted

survivor function of dementia onset across age by sex, race, and APOE

genotype and to plot the values in Figures 1 (cognitive decline) and 2

(dementia onset). When using margins, covariates were set to their

sample mean. We used a two-tailed test, with statistical significance

reached at p< 0.05.

3 RESULTS

3.1 Sample characteristics

Table 1 describes the sample used to estimate cognitive decline by

sex and race. Among White adults, women had significantly higher

cognitive function scores than men at their first (mean = 16.9,

women; mean = 16.3, men; p < 0.01) and last (mean = 15.4, women;

mean = 15.1, men; p = 0.01) observations. APOE ε4 prevalence did

not differ by sex; about 26% of White men and women were APOE
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F IGURE 2 Survival curves of dementia onset by sex among non-HispanicWhite (A) and Black (B) adults ages 65 and older (HRS, 2006–2018).
Survival estimates were calculated using stcurve in Stata 18 from race-stratifiedmodels. Post hoc race differences were not tested, but potential
race differences are discussed in the supplementarymaterial. HRS, Health and Retirement Study.

ε4 carriers (p = 0.81). Among Black adults, women had significantly

higher cognitive function scores than men only at their first observa-

tion (mean=13.8,women;mean=13.0,men; p<0.01). The prevalence

ofAPOE ε4was similar by sex: 37.9% of women and 40.9% ofmenwere

APOE ε4 carriers (p= 0.22).

Table 2 describes the sample used to estimate the hazard of demen-

tia onset by sex and race. During the study period, 8.0% of White men

and9.3%ofWhitewomen transitioned to dementia (p=0.03),whereas

13.8% of Blackmen and 16.2% of Blackwomen transitioned to demen-

tia (p=0.24). For both groups, the prevalence ofAPOE ε4was similar by

sex.

3.1.1 APOE ε4×sex associations with cognitive
decline

Figure 1A plots predicted cognitive function scores across age by sex

for White adults. Predicted cognitive function scores were derived

from linearmixedmodel estimates reported in Table S2 (Model 1) using

margins in Stata 18. Predicted scores and their 95% confidence inter-

vals (CIs) are reported in Table S3. Cognitive function was significantly

lower at age70amongAPOE ε4carriers thanamongnon-carriers (Table

S2 Model 1: bage70 = −0.5; 95% CI: −0.7, −0.3) and their rate of cogni-

tive decline was faster (Table S2Model 1: bchange = −0.4; 95% CI: −0.6,
−0.3). Therewas no statistically significant difference in this pattern by
sex (Table S2 Model 1: bage70 = −0.3; 95% CI: −0.6, 0.0; bchange = −0.1;
95%CI:−0.3, 0.1).

Figure1Bplotspredicted cognitive function scores across ageby sex

for Black adults. We report linear mixed model estimates in Table S4

(Model 1) and predicted scores in Table S5. At age 70, therewas no sta-

tistically significant difference in cognitive function by APOE ε4 carrier
status (Table S4 Model 1; bage70 = −0.4; 95% CI: −1.0, 0.2); however,
APOE ε4 carriers had faster cognitive decline than non-carriers (Table

S4Model 1; bchange =−0.5; 95%CI:−0.9,−0.1). These patterns did not
differ statistically by sex (Table S4Model 1: bage70 =−0.1; 95%CI:−0.8,
0.6; bchange = 0.2; 95%CI:−0.3, 0.7).

3.1.2 APOE ε4 × sex associations with dementia
onset

Figure 2A plots the weighted survival function estimating dementia

onset during the study period across age and by sex for White adults.

Hazard ratios and estimated survival functions were calculated using

stcurve in Stata 18 reported in Tables S6 (Model 1) and S7. APOE ε4 car-
riers had a higher risk of transitioning to dementia (Table S6 Model 1:



6 of 9 KERR ET AL.

TABLE 1 Descriptive statistics for sample estimating cognitive decline by sex and race (HRS, 2006–2018).

No. (%)

Non-HispanicWhite (n= 11,572) Non-Hispanic Black (n= 2867)

Characteristic Male Female p-value Male Female p-value

Cognitive function, first observation, mean (SE) 16.3 (0.06) 16.9 (0.06) <0.01 13.0 (0.17) 13.8 (0.14) <0.01

Cognitive function, last observation, mean (SE) 15.1 (0.07) 15.4 (0.07) 0.01 12.1 (0.20) 12.6 (0.15) 0.06

APOE ε4 1307 (26.2) 1700 (25.9) 0.81 454 (40.9) 650 (37.9) 0.21

Age at first observation, mean (SE), y 62.4 (0.14) 63.4 (0.15) <0.01 60.4 (0.28) 61.0 (0.25) 0.08

Age at last observation, mean (SE), y 70.0 (0.15) 71.3 (0.15) <0.01 67.3 (0.28) 68.5 (0.26) <0.01

Birth cohort <0.01 0.23

<1924 367 (4.9) 581 (7.3) 36 (2.3) 78 (3.5)

1924–1930 723 (8.4) 887 (10.5) 67 (4.8) 95 (7.0)

1931–1941 1779 (21.3) 2134 (21.4) 296 (16.1) 447 (16.2)

1942–1947 662 (19.8) 997 (17.3) 114 (17.1) 204 (16.6)

1948–1953 804 (25.6) 977 (23.2) 288 (35.1) 443 (33.7)

1954–1959 723 (20.0) 938 (20.4) 327 (24.6) 472 (23.1)

Interviewmode, first observation 0.02 0.30

In person 1650 (32.8) 2283 (35.2) 251 (26.4) 466 (28.8)

Phone 3408 (67.2) 4231 (64.8) 877 (73.6) 1273 (71.2)

Interviewmode, last observation 0.14 0.42

In person 1791 (40.8) 2279 (39.2) 412 (39.6) 699 (41.6)

Phone or internet 3267 (59.2) 4235 (60.8) 716 (60.4) 1040 (58.4)

Imputed APOE 524 (9.8) 728 (10.5) 0.27 93 (9.1) 166 (10.4) 0.39

Years of education, mean (SE), y 13.7 (0.04) 13.3 (0.03) <0.01 12.1 (0.12) 12.4 (0.08) 0.03

No. of respondents (unweighted) 5058 6514 1128 1739

Person-period observations 25,627 34,954 5263 8846

Average observations per person 5.1 5.4 4.7 5.1

Note: Data areN (%) unless otherwise specified. UnweightedN reported.Weighted percentages andmeans reported. Percentagesmay not add up to 100 due

to rounding.Means across sex were compared using an adjustedWald test. Percentages across sexes were compared using Pearson’s chi-square test.

Abbreviations: APOE, apolipoprotein E; HRS, Health and Retirement Study; SE, standard error.

HR = 1.54; 95% CI: 1.19, 1.98) than non-carriers, but this relationship

did not differ statistically by sex (Table S6Model 1: HR= 1.22; 95% CI:

0.89, 1.67).

Figure 2B plots the weighted survival function estimating dementia

onset during the study period across age and by sex for Black adults.

Hazard ratios and estimated survival functions are reported in Tables

S8 (Model 1) and S9. AmongBlack adults, the risk of dementia onset did

not vary by APOE ε4 status (Table S8Model 1: HR= 1.37; 95%CI: 0.84,

2.20), and this null association did not differ by sex (Table S8 Model 1:

HR= 1.02; 95%CI: 0.57, 1.82).

3.2 Sensitivity analyses

Models that restricted our nationally representative sample to respon-

dents with characteristics similar to those found in clinical samples

(Tables S2 and S4 for cognitive decline and Tables S6 and S8 for demen-

tia onset for White and Black adults, respectively) did not show sex

differences.

Models that investigated healthy survivor and attrition bias in the

sample estimating cognitive decline (Tables S10 and S11) also showed

no sex differences in the relationship between APOE and cognitive

decline for eitherWhite or Black adults. In the dementia-onset sample,

accounting for healthy survivor bias (Tables S6andS8,Model 4) and the

competing risk of mortality (Table S12) also showed no sex differences

in either group.

Finally, we found no sex differences in the APOE ε4 relationship

with memory decline among White or Black adults (Tables S13 and

S14) in the full sample (Model 1) or after restricting to the highly

educated (Model 2), urban residents (Model 3), or younger respon-

dents (Model 4). After excluding ε2/ε4 carriers (Tables S6 and S8

[Model 5, dementia onset], Table S15 [cognitive function, episodic

memory]) results were unchanged with two exceptions: White female

APOE ε4 carriers had lower cognitive function at age 70 (Table

S15: bcognitive function at age 70 = −0.3; 95% CI: −0.6, 0.0, p = 0.04)

and lower episodic memory at age 70 (bepisodic memory at age 70 = −0.2;
95% CI: −0.5, −0.0, p = 0.04) than male APOE ε4 carriers. With

adjustment for multiple comparisons within outcome and race,
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TABLE 2 Descriptive statistics for sample estimating dementia onset by sex and race (HRS, 2006–2018).

No. (%)

Non-HispanicWhite respondents (n= 8297) Non-Hispanic Black respondents (n= 1509)

Characteristic Male Female p-value Male Female p-value

Transitioned to dementia 400 (8.0) 538 (9.3) 0.03 114 (13.8) 176 (16.2) 0.24

APOE ε4 940 (26.1) 1232 (26.1) 0.99 229 (38.3) 340 (36.9) 0.66

Age at first observation, mean (SE), y 64.3 (0.15) 64.9 (0.14) <0.01 62.8 (0.34) 62.6 (0.29) 0.62

Age at last observation, mean (SE), y 74.0 (0.13) 75.0 (0.13) <0.01 72.1 (0.32) 72.5 (0.28) 0.26

Birth cohort <0.01 0.78

1924–1930 693 (12.2) 859 (15.4) 53 (7.0) 64 (8.5)

1931–1941 1737 (31.4) 2088 (32.0) 249 (25.2) 375 (24.4)

1942–1947 625 (28.2) 958 (25.2) 93 (26.3) 175 (24.9)

1948–1953 583 (28.2) 754 (27.4) 180 (41.5) 320 (42.3)

Interviewmode, first observation 0.22 0.41

In person 1483 (42.5) 1978 (44.1) 187 (35.2) 352 (37.9)

Phone 2155 (57.5) 2681 (55.9) 388 (64.8) 582 (62.1)

Interviewmode, last observation 0.04 0.62

In person 1302 (41.3) 1616 (38.6) 205 (41.5) 378 (43.2)

Phone or internet 2336 (58.7) 3043 (61.4) 370 (58.5) 556 (56.8)

Cognition ever given by proxy 362 (8.6) 387 (7.0) 0.01 67 (10.7) 68 (5.7) <0.01

Imputed APOE 376 (9.9) 529 (10.9) 0.22 47 (9.0) 103 (11.9) 0.19

Years of education, mean (SE), y 13.8 (0.05) 13.3 (0.04) <0.01 12.3 (0.17) 12.7 (0.10) 0.07

No. of respondents (unweighted) 3638 4659 575 934

Note: Data areN (%) unless otherwise specified. UnweightedN reported.Weighted percentages andmeans reported. Percentagesmay not add up to 100 due

to rounding.Means across sex were compared using an adjustedWald test. Percentages across sexes were compared using Pearson’s chi-square test.

Abbreviations: APOE, apolipoprotein E; SE, standard error.

these two sex × APOE ε4 interactions were no longer statistically

significant.

4 DISCUSSION

Using a nationally representative sample of older White and Black

adults, we found no sex differences in the relationship between APOE

ε4, cognitive decline, and dementia onset. Our results call into question

existing knowledge derived mostly from clinical and community-based

samples that often, although not always, find that APOE ε4 is associ-

ated with faster cognitive decline or a higher risk of dementia among

women (Table S16 for summary). Because clinical and community-

based samples are often highly selective—that is, highly educated and

live in urban areas—we conducted additional analyses to determine

if we would find sex differences among HRS respondents who shared

characteristics similar to the participants of clinical studies. We found

no such pattern.

Our results suggest that prior reports of sex differences may

be due to the use of non-probability samples, which can introduce

sex-differential participationbias, defined asunmeasured gender differ-

ences in why people participate in a clinical study (e.g., health-seeking

behaviors, personality, health, and social factors) rather than sex-

differentiated genetic risk.20,37–39 Non-probability sampling methods

do not provide the researcher with the means to identify nonrespon-

ders or their characteristics,making it impossible to evaluate or correct

for participation bias.25 In addition, covariate adjustment alone cannot

address this bias, further highlighting the need for probability sampling

methods like those used in HRS to ensure accurate and representative

results.

Researcher-defined sample inclusion/exclusion criteria may also

explain inconsistencies in identifying sex differences in the APOE ε4
and cognition relationship. For example, some researchers exclude

ε2/ε4 genotypes,9,13–16,18 whereas others do not.11,12,17,19 When we

excluded this group, we identified two statistically significant sex

× APOE ε4 interactions for cognitive function and episodic mem-

ory among White adults that were no longer statistically signifi-

cant after multiple test corrections. Differences in inclusion crite-

ria can also affect APOE ε4 prevalence across studies that use the

same data, with potential implications for the inferences drawn.

Using data from the Baltimore Longitudinal Study of Aging, Bey-

doun et al.17 reported statistically significant sex differences in APOE

ε4 frequency in their sample (23% for men, 31.2% for women),

whereas Williams et al.13 did not, which may be why the two stud-

ies reported conflicting sex differences in APOE ε4 and cognitive

decline.
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4.1 Strengths and limitations

Our study has several strengths. First, the HRS sampling design,

including the construction and use of sampling weights, avoids sex-

differential participation bias found in non-probability samples. Sec-

ond, we assessed both cognitive decline and dementia onset to com-

pare with prior studies and to determine if sex differences in the APOE

ε4 relationship are found in a younger sample before healthy survivor

bias affects validity. Third, our sample includes both older White and

Black adults, an important addition to the literature that relies almost

exclusively on samples ofWhite older adults.

Our study includes limitations. Our dementia measure is based

on respondent tests or proxy reports, not neurological assessments,

and does not differentiate between AD and other dementias. Still, it

shows good predictive validity compared to expert neuropsychiatric

classifications.29 Although TICS is a validated measure of cognitive

function, it does not capture all cognitive domains examined previ-

ously in the APOE ε4 × sex literature and may be less sensitive to small

changes in cognitive decline.40 Respondents, however, were followed

for an average of 7–8 years, thereby increasing the opportunity to

capture cognitive decline during the observation period. Our sample

included only 228 White and 117 Black adults with the ε4/ε4 geno-

type, limiting our ability to estimate sex differences in homozygotes,

although patterns for homozygotes were similar to those for ε4 carri-

ers. Finally, our findings are generalizable only to non-Hispanic Black

and White adults, as small sample sizes for other racial/ethnic groups

in the HRS limited broader analysis.

4.2 Conclusions

Our study is one of the first to estimate sex differences in APOE ε4,
cognitive decline, and dementia onset in a nationally representative

sample of older White and Black adults. The findings indicate similar

associations between APOE ε4, cognitive decline, and dementia onset

for both men and women. This underscores the importance of using

probability samples in genetic and dementia research. Future work

should replicate these findings in other U.S. probability samples that

include additional racial and ethnic groups and more comprehensive

cognitive and dementia measures, as well as in international samples,

to test the robustness of our results.
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