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Abstract

Study Objectives: To evaluate sex-specific associations between known or suspected obstructive sleep apnea (OSA) and dementia
risk over 10 years among older women and men.

Methods: This study included 18 815 women and men age 50+ years (dementia-free at baseline) who participated in the Health and
Retirement Study (HRS), a nationally representative cohort of US adults. Presence of OSA was defined by self-reported diagnosis or
key HRS items that correspond to elements of a validated OSA screening tool (STOP-Bang). Incident dementia cases were identified
using a validated, HRS-based algorithm derived from objective cognitive assessments. Survey-weighted regression models based on
pseudo-values were utilized to estimate sex- and age-specific differences in cumulative incidence of dementia by OSA status.

Results: Data from 18 815 adults were analyzed, of which 9% of women and 8% of men (weighted proportions) met criteria for inci-
dent dementia. Known/suspected OSA was more prevalent in men than in women (weighted proportions 68% vs. 31%). Unadjusted
sex-stratified analyses showed that known/suspected OSA was associated with higher cumulative incidence of dementia across ages
60-84 years for women and men. By age 80, relative to adults without known/suspected OSA, the cumulative incidence of dementia
was 4.7% higher (CI 2.8%, 6.7%) for women with known/suspected OSA, and 2.5% (CI 0.5%, 4.5%) for men with known/suspected OSA,
respectively. Adjusted associations between age-specific OSA and cumulative incidence of dementia attenuated for both women and
men but remained statistically significant.

Conclusions: OSA contributes to dementia risk in older adults, particularly women. This study illuminates the impact of a potentially
modifiable yet frequently overlooked risk factor for dementia onset.
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Statement of Significance

This study utilized population-based, objective, longitudinal data from the Health and Retirement Study to estimate sex-specific
associations between known or suspected obstructive sleep apnea (OSA) and dementia incidence. Based on biennial surveys and
cognitive performance assessments, we determined the 10-year population-based risk of dementia among a stratified cohort of
women and men with known or suspected OSA. As 80% of adults with OSA are undiagnosed, this study implemented methodology
to identify most of the population at risk for OSA who do not carry an OSA diagnosis (a frequently overlooked cohort), to better
characterize the longitudinal relationship between OSA and dementia.
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Introduction

Nearly seven million Americans are currently living with demen-
tia [1]—a term that describes a group of progressive, incurable
neurological syndromes associated with irreversible decline in
cognitive function and behavioral changes. Alzheimer's dementia
(AD) accounts for approximately 70% of dementia cases and is
the sixth leading cause of death in the USA [2]. A critical need
exists to identify modifiable risk factors that can be effectively
addressed prior to the onset of irreversible cognitive decline.
Further, as older women are more likely to experience demen-
tia than men [3-9], additional research is needed to understand
how common comorbidities and environmental exposures that
disproportionately impact women could influence sex disparities
in dementia incidence.

Among potentially modifiable risk factors for dementia,
obstructive sleep apnea (OSA)—a chronic sleep disorder charac-
terized by repeated episodes of upper airway obstruction, sleep
fragmentation, and hypoxia during sleep—is associated with cog-
nitive decline [10, 11]. The prevalence of OSA increases with age,
making this condition particularly germane when considering
causal pathways to dementia onset in older adults. While prior
studies have associated OSA and dementia incidence [12, 13],
prospective, sex-stratified, population-based data that captures
potential undiagnosed OSA cases, includes longer follow up peri-
ods and incorporates more granular cognitive measures is still
needed to understand the scope and nature of the relationship,
and to more firmly establish causal pathways between OSA and
cognitive decline across women and men who are most at risk.
To characterize pathways between OSA and dementia risk, this
study evaluated sex-specific differences in cumulative dementia
incidence among midlife and older women and men with known
or suspected OSA over a 10-year observation interval using a
population-based cohort.

Methods

Data source and analytic sample

All study data were extracted from core files of The Health and
Retirement Study (HRS). The HRS, supported by the National
Institute on Aging and the Social Security Administration, is
a longitudinal cohort study that captures multidisciplinary
aspects of health and wellbeing in a nationally representa-
tive cohort of Americans aged 50+ years. The survey has been
conducted biennially since 1992, with recruitment of individ-
uals aged 51-56 years old every 6 years. As of 2020, the HRS

Table 1. Sample size crosswalk 2010-2020

has collected responses from over 43 000 individuals in 26 000
households. The study followed the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) report-
ing guideline [14]. Local institutional review board approval
(IRBMED) was obtained prior to extant HRS data access. As all
data were obtained from the HRS core (publicly available) data-
set, the investigators in this study were not involved in the con-
senting process of HRS participants.

The present analysis utilized 2010-2020 HRS datasets (waves),
which include follow up assessments every 2 years. Of 28 058 par-
ticipants interviewed in 2010-2020, the initial sample contained
115 116 observations. We first excluded 3 699 observations from
respondents below age 50 years at the time of interview, 5828
observations from proxy interviews, and 792 observations from
respondents residing in the nursing home at the time of inter-
view. We further restricted the sample to individuals with an
ascertainable OSA status who were dementia-free at baseline
and had complete sociodemographic information, resulting in a
final analytic sample of 89 155 observations from 18 815 respond-
ents (Table 1). The longitudinal attrition rate was low. On average,
there were 5.2 observations per respondent among people who
entered HRS prior to 2016, and 2.5 observations among those who
entered the study in 2016.

Assessment of known or suspected OSA

Known or suspected OSA was the primary exposure of interest,
identified by presence of self-reported diagnosis or, in the absence
of diagnosis, a positive screen on an adapted version of the STOP-
Bang Questionnaire that was constructed from medical history
and demographic data (age, sex, BMI, and hypertension history
collected at participant’s entry into HRS) and new sleep items
(snoring, witnessed apneas) that were introduced in the 2016-
2020 HRS waves. As up to 80% of adults with OSA remain undiag-
nosed, the addition of a validated symptom screening approach
to the self-report measure was employed. Evidence suggests that
assessment of the STOP-Bang questionnaire items can capture
the majority of undiagnosed cases, allowing for a more compre-
hensive assessment of the scope of OSA among older adults [15].

The validated STOP-Bang questionnaire consists of eight items
that form the acronym “STOP-BANG” (snoring, tiredness, observed
apneas, high blood pressure, BMI, age, neck circumference, and
gender) [16]. All items are yes/no questions or measures. Scoring
is based on the number of positive items. In general, a score of
zero to two reflects low risk for OSA, three to four as moderate
risk, and five or above as high risk. In addition, a modified scoring
rubric, with at least two positive STOP items and male sex or BMI

2010 2012 2014 2016 2018 2020
Women Men Women Men Women Men Women Men Women Men Women Men
HRS sample 12815 9219 12014 8540 11048 7699 12247 8665 10115 7031 9334 6389
Exclusion criteria
Age <50 761 239 523 172 341 117 594 177 353 106 236 80
Proxy interviews 653 705 563 564 525 515 469 461 319 339 340 375
Nursing home participants 97 32 116 62 118 60 64 36 46 35 80 46
No ascertainable OSA status 2937 2511 2208 1885 1329 1062 147 91 60 21 54 27
Incomplete demographic information’ 44 36 72 53 87 69 547 454 519 433 539 455
Analytic sample 8323 5696 8532 5804 8648 5876 10425 7445 8818 6097 8085 5406

Abbreviations: HRS, Health and Retirement Study; OSA, obstructive sleep apnea.

‘Sociodemographic information included race/ethnicity, educational attainment and cohabitation status.
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Table 2. Probable OSA assessment corresponding to STOP-Bang questionnaire items

Questions from the HRS physical health file

Cutoffs utilized for identifying
positive items

Corresponding STOP-Bang items

In the past 12 months, how often did you snore
while you were sleeping?t

How often do you really feel rested when you
wake up in the morning?

In the past 12 months, how often did you snort,
gasp or stop breathing while you were sleeping?"t

Has a doctor ever told you that you have high
blood pressure or hypertension?

In order to lower your blood pressure, are you
now taking any medication?

Occasionally (3-4 nights/week),
frequently (5 or more nights/week)

Sometimes, most of the time

Occasionally (3-4 nights/week),
frequently (5 or more nights/week)

Yes, to either one of two questions

Do you snore loudly?

Do you often feel tired, fatigued, or
sleepy during the daytime?

Has anyone observed you stop
breathing during sleep?

Do you have (or are you being
treated for) high blood pressure?

About how tall are you? BMI > 35 kg/m? BMI

About how much do you weigh?

Year born Age > 50 Age

N/A N/A Neck circumference
Sex Men Sex

Abbreviations: OSA, obstructive sleep apnea; HRS, Health and Retirement Study; BMI, body mass index; N/A, not available.
‘The question on gasping behaviour was only administered to respondents who endorsed snoring; non-snorers did not receive a point for gasping.

fQuestions that were only asked during the 2016 wave or later.

>35 kg/m?, has been demonstrated to improve the prediction per-
formance of the original scale [17].

Variables assessed in seven of the eight STOP-Bang items
were available in the HRS dataset; only neck circumference was
missing (Table 2). As the STOP-Bang utilizes binary responses, we
dichotomized corresponding HRS items, with cutoffs described
previously [18]. Probable OSA cases were defined by (1) total
STOP-Bang score of at least four; or (2) at least two positive STOP
items plus either male sex or BMI >35 kg/m? OSA status was
defined at the respondent level. Specifically, participants who met
criteria (1) or (2) were considered to have “known or suspected”
OSA. These assumptions were applied to the entire assessment
interval, as OSA is a chronic disorder that typically develops in
midlife prior to HRS enrollment [19].

Assessment of dementia

Dementia status at each wave of surveys for all enrolled HRS
respondents was identified through either self-reported diagno-
sis of dementia or Alzheimer’s disease, or based on performance
on an objective cognitive functioning assessment that was con-
ducted during each wave. Every 2 years, the HRS core interview
evaluates total cognitive functioning of self-respondents through
a set of measures. Using Weir-Langa classifications [20], scores
from immediate and delayed word recall, Serial Sevens Task and
backward count were mapped to a 27-point scale. Scores below
seven are considered a reliable proxy for dementia. Details on
these four measures are described in a prior publication [18].
We used the HRS imputed values on cognitive measurements to
account for missing data [21].

Covariates

We selected covariates that could confound the association
between OSA and dementia. The HRS provides age, sex, and race/
ethnicity, educational attainment, and cohabitation status for all
respondents. Self-reported race/ethnicity was categorized into
four groups in the HRS dataset: non-Hispanic White, nonHispanic
Black, Hispanic, and other. Educational attainment was charac-
terized as below and above college (i.e., a 2-year or 4-year college
degree or higher). Cohabitation status was defined by whether
the respondents ever had a spouse/partner from 2010 to 2020.

Although excessive body weight and hypertension are associated
with both OSA and dementia, they are both already captured in
the STOP-Bang questionnaire used for exposure definition and
therefore not included as confounders in regression models.

Statistical analysis

Baseline sociodemographic and health characteristics were sum-
marized at the respondent’s first assessment during 2010-2020.
Respondent-level sampling weights were incorporated to ensure
results were representative of US community-dwelling adults
over age 50 in 2016. Sampling weights in the analytic sample were
adjusted with the raking procedure (also known as iterative pro-
portional fitting) [22], according to marginal distributions of sex
and race/ethnicity in the full HRS sample.

Cumulative incidence (CI) was used to quantify dementia risk
by exposures of interest, while accounting for the competing risk
of mortality. For each respondent, we utilized information from all
waves to calculate cumulative dementia incidence for a specific
age group. For example, the cumulative dementia incidence at
age A is the proportion of the population having dementia by age
A, regardless of whether they are still alive at age A. For extreme
advanced age, the cumulative dementia risk becomes the lifetime
dementia risk. As HRS assessments are spaced 2 years apart (and
data can be missing during any given wave), we used methods for
interval censored data. Furthermore, the HRS does not consist-
ently capture mortality, so we used sex-specific mortality from
the Social Security Administration life tables [23] instead of infer-
ring mortality directly from the HRS. The sex—sspeciﬁc hazard for
dementia at age t; can be obtained as h(t;) = % where
Sq is the Turnbull estimate of the dementia-free survival func-
tion and the t; are the sorted centers of the Turnbull intervals.
The sex-specific cumulative incidence at age A was obtained by
summing hq (t;) * S (t;) over all t; < A, where Sy, (t) denotes sex-
specific mortality.

To assess associations between exposures and dementia CI, we
used a pseudo-value approach [24]. Jack-knifed CI estimates at
a sequence of ages between 60 to 84 were calculated for each
respondent, and linear regression models were fit using the
dementia CI estimates as the outcome and known or suspected
OSA as the exposure, while adjusting for confounders. Both linear
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and quadratic terms of age were included in all models to cap-
ture potential nonlinear relationships between age and dementia
CI. Cluster-robust standard errors were used to account for the
repeated CI estimates for each subject. Models were fit to assess:
(1) sex differences in the relationship between known or sus-
pected OSA and dementia CI, (2) sex- and age-specific differences
in dementia CI between respondents with and without known or
suspected OSA, and (3) attenuation of any relationship between
known or suspected OSA and dementia CI in sex-stratified analy-
sis when controlling for confounders. Cluster-robust chi-squared
tests were used to assess each of these hypotheses. Contrasts of
dementia CI were presented as point estimates and 95% confi-
dence intervals using cluster-robust standard errors. The known
or suspected OSA population attributable risk for dementia by
sex was also estimated using unadjusted regression models.
All statistical analyses were performed in R (version 4.2.3, with
packages ipfr, icenReg, sandwich, and survey). Unless otherwise
stated, data are reported as unweighted frequencies and survey-
weighted proportions.

Results

The analytic sample encompassed 89 155 observations from
18 815 respondents, including 11023 women (54%) and 7792
men (46%), Supplementary Table. The mean (SD) age was 61 (9)
years for women and 60 (9) years for men at the time of their first
cognitive assessment, with more than 80% younger than age 70
years. Most respondents were White (74% of women and men),
reported cohabitation (65% of women, 77% of men) and did not

obtain a college degree (62% of women, 58% of men). A total of
2 233 incident dementia cases [1 322 women (9%) and 911 men
(8%)] were identified. Forty-eight percent of respondents met cri-
teria for “known or suspected” OSA. The prevalence of known or
suspected OSA was more than twice as high in men as in women
(68% vs. 31%). Seventeen percent of the entire sample endorsed
a clinical OSA diagnosis. Among those who screened positive for
suspected OSA with the adapted STOP-Bang, 29% of men and 30%
of women also endorsed a clinical OSA diagnosis. Among those
who screened negative for suspected OSA, a clinical OSA diag-
nosis was endorsed in 10% of men and 7% of women. Regardless
of sex, respondents with suspected/known OSA tended to have
lower educational level compared to those at low risk or without
OSA. Additionally, cohabitation was more common in men with
OSA than those without OSA (Table 3).

In unadjusted analyses of the overall sample, sex was found
to moderate the relationship between known or suspected
OSA and cumulative incidence (CI) of dementia. Further sex-
stratified unadjusted analyses revealed that, relative to absence
of known/suspected OSA, the presence of known/suspected OSA
was associated with increased dementia CI across ages 60-84
years for both women and men (Figure 1, left panels). In addi-
tion, differences in dementia CI by OSA status were found to
be age- and sex-dependent (Figure 1, right panels). Specifically,
as age increased, the increase in dementia CI difference among those
with known or suspected OSA grew larger for women but stabilized
for men. Moreover, at every age level, OSA was associated with a
higher increase of dementia CI for women compared with men.
For example, at age 80 years, women with versus without known

Table 3. Sample characteristics overall and stratified by sex in the Health and Retirement Study [1]

Overall N = 18 815

Low risk OSA'N =10 018 Known or suspected

OSA'N =8797

Characteristic Women* Ment Women* Ment Women* Men'
Sample size (%) 11023 (54) 7792 (46) 7482 (69) 2536 (32) 3541 (31)* 5256 (68)*
Age at the first cognitive assessment for analysis

50-54 3481 (33) 2307 (32) 2200 (30) 733 (33) 1,281 (38) 1574 (32)

55-59 2273 (22) 1,880 (26) 1433 (22) 560 (23) 840 (24) 1320 (28)

60-64 1431 (16) 961 (15) 950 (16) 281 (15) 481 (16) 680 (15)

65-69 1138 (10) 760 (11) 772 (10) 224 (10) 366 (10) 536 (11)

70-74 1255 (8) 920 (7) 940 (9) 311 (8) 315 (6) 609 (7)

75-79 821 (5) 588 (5) 651 (6) 233 (6) 170 (4) 355 (4)

80-84 421 (3) 260 (2) 355 (4) 125 (3) 66 (2) 135 (2)

85+ 203 (2) 116 (1) 181 (3) 69 (2) 22 (1) 47 (1)
Race/Ethnicity$

White 6354 (74) 4621 (74) 4494 (76) 1553 (76) 1860 (70) 3068 (74)

Hispanic 1753 (10) 1264 (10) 1,179 (10) 411 (10) 574 (11) 853 (10)

Black 2450 (11) 1510 (10) 1484 (10) 437 (8) 966 (14) 1073 (10)

Other 466 (5) 397 (6) 325 (5) 135 (7) 141 (5) 262 (6)
Education

Below college 7554 (62) 5083 (58) 5066 (61) 1577 (54) 2488 (65) 3506 (60)

College/Graduate degree 3469 (38) 2709 (42) 2416 (39) 959 (46) 1053 (35) 1750 (40)
Cohabitation

Yes 6576 (65) 6067 (77) 4500 (65) 1881 (73) 2076 (64) 4186 (30)

No 4447 (35) 1725 (23) 2982 (35) 655 (27) 1465 (36) 1070 (20)

‘OSA = obstructive sleep apnea.
'Unweighted sample size n and weighted proportions (%).

*Weighted frequencies reflected prevalence of low risk OSA and known or suspected OSA by sex.

SRace and ethnicity information were self-reported by study participants.
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Figure 1. Line charts of unadjusted age-specific cumulative incidence of dementia and difference in cumulative incidence of dementia by known or
suspected OSA status in women and men aged 60-84 years. Left panels represent age-specific cumulative incidence (CI) of dementia by OSA status
among women (top) and men (bottom). Right panels reflect age-specific differences in cumulative dementia incidence for women (top) and men
(bottom) with known/suspected OSA versus no/low risk OSA. Figure 1 demonstrates that, regardless of sex, known or suspected OSA is associated
with higher cumulative dementia incidence across ages. Moreover, as age advances, the increased impact of OSA on cumulative dementia incidence

increases for women but decreases for men.

or suspected OSA had a 4.7% higher cumulative dementia inci-
dence (95% CI: 2.8%, 6.7%) whereas men with versus without
known or suspected OSA had only a 2.5% higher cumulative
dementia incidence (95% CI: 0.5%, 4.5%) (Table 4). Using age 80
years as an example, the population attributable risk percent
(PAR%) of dementia associated with OSA, i.e., the fraction of
dementia cases due to OSA, was estimated as 10.3% for women
and 13.2% for men. The lower PAR% of dementia in women rela-
tive to men can be explained by the lower prevalence of OSA in
women versus men (31% vs. 68%).

After adjusting for race/ethnicity, educational attainment, and
cohabitation status, the impact of known or suspected OSA on
age-specific dementia CI attenuated for both women and men
but remained statistically significant (Figure 2). As shown in Table
4, at age 80 years and relative to their counterparts without OSA,
women with known or suspected OSA had 3.7% greater cumu-
lative dementia risk (95% CI: 1.8%, 5.6%) while men with known
OSA had 2.1% greater cumulative dementia risk (95% CI: 0.1%,
4.1%).

Discussion

These population-based data implicate a common midlife sleep
disorder as a significant risk factor for dementia onset, with dis-
proportionate impact on women. Our findings offer new evidence
of a sleep-based pathway that underlies sex-specific differences
in dementia risk. Further, as OSA is a treatable condition, this
study illuminates the impact of a potentially modifiable yet fre-
quently overlooked risk factor for dementia.

Temporal relationships between OSA and dementia onset
demonstrated in this study substantiate growing support for
a causal role of OSA in the development of dementia. Indeed,
prior work has revealed compelling relationships between OSA
and objective measures of cognitive performance within and
outside of AD, and between OSA and measures of AD-associated
biomarker signatures in the cerebrospinal fluid and central nerv-
ous system [25-28]. Associations between OSA and dementia
diagnoses have been also suggested. In the Study of Osteoporotic
Fractures [12], community-dwelling older women (mostly white)
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Table 4. Difference in age- and sex-specific cumulative dementia incidence for known or suspected OSA versus no OSA among

women and men from the Health and Retirement Study

‘Women

Men

Age Unadjusted cumulative dementia
incidence difference (95% CI)

Adjusted cumulative dementia
incidence difference (95% CI)"*

Unadjusted cumulative dementia
incidence difference (95% CI)’

Adjusted cumulative dementia
incidence difference (95% CI)"*

60  2.4(13,35) 1.4 (0.3, 2.5)
62 2.6(16,3.6) 1.5 (0.5, 2.6)
64  2.7(17,3.8) 1.7 (0.7, 2.8)
66 2.9(1.8 4.1) 1.9 (0.8, 3.0)
63 3.2(19 4.4) 2.1(0.9,3.4)
70 3.4(20,47) 23(1.0,3.7)
72 36(22,50) 2.6 (1.2,4.0)
74 3.9(24,54) 2.8 (1.4,4.3)
76 42(25,58) 3.1(15,4.7)
78 44(27,62) 3.4(1.7,5.1)
80  47(28,67) 3.7 (1.8,5.6)
82 51(28,7.3) 40(1.8,6.2)
84  54(28,80) 44(18,69)

1.0 (0.0, 2.0) 0.7 (-0.3,1.7)
1.2(0.3,2.2) 0.9 (-0.1,1.9)
1.4 (0.4, 2.5) 1.1 (0.1, 2.1)
1.6 (0.5,2.7) 1.3(0.2,2.4)
1.8 (0.6, 3.0) 1.4 (0.2,2.7)
1.9 (0.6, 3.3) 1.6 (0.3,2.9)
2.1(0.6,3.5) 1.7 (0.3,3.1)
2.2(0.7,3.7) 1.9 (0.4,3.4)
2.3(0.7,4.0) 2.0(0.4,3.6)
2.4 (0.6,4.2) 2.1(0.3,3.8)
2.5(0.5,45) 2.1(0.1,4.1)
N/A N/A

N/A N/A

Abbreviations: OSA, obstructive sleep apnea; N/A, cumulative incidence differences are not available for men older than 80 years.

‘Difference in cumulative incidence (%).
TAdjusted for race/ethnicity, educational attainment and cohabitation status.

with evidence of moderate sleep apnea were 85% more likely to
develop mild cognitive impairment (MCI) or dementia. Further,
recent analyses of HRS data from our group revealed cross-
sectional associations between OSA and dementia among older
adults [18]. Recent evidence suggests that sleep deprivation or
insufficient sleep (salient features of OSA) are independently
associated with increased risk for AD progression and all-cause
cognitive decline, as well as accumulation of pathological
AD-associated biomarkers (AB42 and tau protein) in cognitively
intact individuals [29-32]. Chronic inflammation associated with
OSA and sleep deprivation may also contribute to impairment in
microglial function and to decreased clearance of AB [33-37], as
well as atherosclerotic disease that underlies vascular dementia.
Proinflammatory cytokines that are commonly elevated in the
plasma of patients with OSA are linked to reductions in brain
volume in AD and vascular dementia.

Despite this foundational work, use of regional samples with
low racial and ethnic diversity, cross-sectional designs, or limi-
tations in sleep data have stymied conclusions regarding sex-
specific temporal relationships between OSA and dementia onset,
on a population level. To date, prospective studies and big data-
set analyses focused on OSA and dementia have not allowed for
simultaneous evaluation of OSA (including undiagnosed cases)
and objective cognitive data over an extended period to examine
accrual of dementia cases. Despite the high prevalence of OSA
in the general population, the large majority of adults with OSA
remain undiagnosed [38]. Consequently, datasets, particularly
insurance claims that are restricted to OSA diagnostic or treat-
ment codes, are subject to misclassification bias since the major-
ity of undiagnosed cases will be missed with this approach [15].
Datasets such as the HRS that include more granular data regard-
ing sleep offer a more reliable means to identify undiagnosed
cases and minimize potential misclassification bias. Further,
implementation of cutting-edge statistical approaches to HRS
data now allows for causal inferences that could augment under-
standing of the differential impact of OSA on dementia incidence
and inform subsequent, more definitive prospective studies of the
OSA and dementia.

Our findings also add a new facet to recent reports on a grow-
ing list of comorbidities and health behaviors that may influence
dementia onset. In a recent analysis, Lee et al. calculated con-
temporary estimates of the fraction of dementia cases in the USA
that are associated with 12 potentially modifiable dementia risk
factors [39]. In this study, the estimated proportion of the pop-
ulation with dementia that was attributable to these collective
modifiable factors was 41%. Notably, OSA was not included in this
study; however, several of the 12 risk factors identified including
hypertension, obesity, and depression are closely related to OSA
[40-46]. A separate systematic review and meta-analysis sug-
gested that approximately 15% of AD cases may be attributable
to sleep problems; however, no studies to date have conducted
dedicated analyses to assess the proportion of dementia cases
that may be attributable to OSA, a common sleep disorder, or to
what extent this relationship could be mitigated with OSA treat-
ment. That said, evidence summarized by a recent systematic
review suggests a possible therapeutic benefit of positive airway
pressure (PAP) therapy on MCI and AD incidence, slower cognitive
decline, or progression to AD [47]. Further, in a recent analysis
of a nationally-representative dataset from n=>53 321 Medicare
beneficiaries with OSA, PAP use was associated with lower inci-
dent diagnoses of MCI, AD, and dementia not-otherwise-specified
in older adults at three years, highlighting a potentially protec-
tive role for PAP therapy on short-term dementia risk [48]. This
possibility merits further exploration over longer intervals and
statistical methods shaped by this current work.

Reasons for observed sex-specific differences in cumula-
tive dementia incidence by OSA status are still speculative. The
nearly twofold greater prevalence of dementia among women
relative to men has historically been attributed mainly to differ-
ences in the longevity of women; however, our findings suggest
there may be more complex explanations. Although OSA is esti-
mated to be more prevalent in men, women are more likely to
suffer from several downstream consequences of OSA that could
impact dementia risk [49]. Comparisons of women and men with
untreated OSA suggest that women are more likely to experi-
ence worse quality of life and sleep quality, fatigue, anxiety, and
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Figure 2. Line charts of differences in age-specific cumulative dementia incidence of known or suspected OSA status in women and men aged 60-84
years, adjusted for sociodemographic factors. Left panels represent age-specific cumulative incidence (CI) of dementia by OSA status among women
(top) and men (bottom). Right panels reflect age-specific differences in cumulative dementia incidence for women (top) and men (bottom) with
known/suspected OSA versus no/low risk OSA. Figure 2 demonstrates that associations between known or suspected OSA and age-specific cumulative
dementia incidence for both women and men remained significant following adjustment for sociodemographic factors.

depression [50, 51]. Relative to men, women with moderate OSA
may have a greater risk of cardiovascular disease [52] and are
more likely to present with insomnia [53, 54], which could impose
detrimental impact on cognitive function [55, 56]. Moreover,
sex-specific differences at the intersection between OSA and
ApoEe4 allelic status [57], an understudied yet important risk fac-
tor for dementia [58], could uncover mechanistic pathways that
contribute to the vulnerability of women in brain aging.

The disproportional burden of dementia among women also
warrants attention to interactions between sleep and reproduc-
tive determinants of cognitive health later in life. OSA risk in
women increases post-menopause [59, 60]. Later age at meno-
pause, which could be associated with fewer years of OSA expo-
sure, is associated with lower risk of dementia [61].

This study has several strengths. As a large, population-based
study, this cohort is representative of women and men aged 50+
who live in the USA, which allows for generalizability of the find-
ings. Prospectively designed, this study collects longitudinal, rich
data that provides unique opportunity to examine decade-long

temporal associations between OSA and dementia while account-
ing for important risk factors for both OSA and dementia. In addi-
tion, with a low attrition rate (13%), we were able to continually
follow up cognitive trajectories of most participants and retain
a good internal validity. Finally, as a flexible method to analyze
censored survival data in the presence of competing risks, the
pseudo-value regression approach provides more interpretable
estimates of covariate effects on cumulative incidence compared
with cause-specific hazard models and Fine-Gray sub-distribution
hazard models.

Some limitations should be noted. While the STOP-Bang is not
a diagnostic tool for OSA, it is routinely and widely used for OSA
screening with good validity. The HRS did not include an item
for neck circumference; however, prior work that has examined
alternative scoring methods for the STOP-Bang has shown neck
circumference to have less predictive value than other STOP-Bang
items [17]. Rather than at baseline, collection of two sleep-based
items utilized in the adapted STOP-Bang (snoring, witnessed
apneas) began in 2016. However, other items factored into OSA
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classification (age, sex, BMI, and hypertension) were collected at
time of HRS enrollment. Further, as OSA is a chronic, irreversible
condition that mostly occurs in midlife, reverse causality due to
potential misclassification of OSA cases prior to 2016 is unlikely,
and sensitivity analyses that evaluated dementia incidence from
the subsample who enrolled from 2016 to 2020 confirmed similar
associations between OSA and cumulative dementia incidence,
retaining significance for women specifically. Moreover, recent
longitudinal data from >27 000 adults suggests that OSA risk
plateaus at age 55-59 years among men and 65-69 years among
women [62], prior to dementia onset that increases at age 70
years and peaks after age 80 years [63]. Although the HRS cog-
nitive scoring criteria provide a reliable means to estimate cog-
nitive function in HRS respondents, detailed neuropsychological
testing data or claims data were not used to confirm dementia
diagnoses. Although the HRS dataset included a survey ques-
tion regarding presence and type of OSA treatment, it did not
allow for the assessment of OSA treatment adherence, includ-
ing PAP therapy which could influence cognitive function [47].
Further, this could only be assessed in those 15% who endorsed
an OSA diagnosis, and absent responses could not be confirmed
as negative, precluding assessment of the impact of OSA treat-
ment on dementia risk. As the STOP-Bang is in part weighted by
male gender, our findings regarding gender-specific differences
could partially stem from the higher number of OSA risk factors
that women must have outside of gender (including those inde-
pendently associated with dementia) to screen positive for OSA.
Additional research that examines the weights of STOP-Bang
components alone and in various combinations could provide
more nuanced predictions of dementia risk [48]. Weighting of
the STOP-Bang toward male gender could also explain the higher
prevalence of known or suspected OSA among men. As speci-
ficity of the full STOP-Bang may be lower among older adults,
modified OSA screening tools for this age demographic could
enhance future studies [64]. Finally, as in most large, longitudinal
studies, missing data are expected. To account for missingness
in cognitive data (22%), the HRS harnessed powerful imputation
techniques.

In conclusion, we demonstrated a sex-specific association
between known or suspected OSA and a decade-long cumulative
incidence of dementia. Further research is warranted to examine
the role of OSA therapy and potential mediators that lie in the
pathways between OSA and dementia, including genetic muta-
tions and comorbidities. Identification of potential mediators
could support sex-specific interventions to reduce the incidence
of dementia in older women and men with OSA.
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