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Study Objectives: To examine the association between obstructive sleep apnea (OSA) risk and cognitive disorders among US adults.

Methods: Data from the 2016 wave of the Health and Retirement Study (HRS) were utilized. Probable OSA cases were identified with survey items that
resembled critical elements of a clinically validated OSA screen (STOP-Bang questionnaire). Weighted prevalences of cognitive impairment not dementia (CIND)
and dementia among individuals with and without probable OSA were assessed. Cross-sectional analyses of associations between OSA risk and cognitive
outcomes, along with effect modification by race and ethnicity, were estimated using imputed data.

Results: Of the 20,910 HRS participants, 60% had probable OSA. CIND and dementia were more common among adults with probable OSA as compared with
those without (12.7% vs 8.0% for CIND; 3.2% vs 2.0% for dementia). Probable OSA was associated with CIND (odds ratio [OR] = 1.22, 95% confidence interval
[CI]=1.08-1.37) and dementia (OR = 1.27, 95% Cl = 1.04-1.54). Race/ethnicity significantly modified the association between probable OSA and CIND, with a
higher risk for CIND in Whites (OR = 1.35, 95% Cl = 1.17-1.57) as compared with non-Whites (OR = 0.98, 95% CI=0.81-1.19).

Conclusions: CIND and dementia are more common among older adults who are at high risk for OSA, as compared with low-risk individuals. These data highlight
the importance of consideration of OSA risk in large-scale studies of OSA and cognitive disorders.

Keywords: obstructive sleep apnea, cognitive disorders, dementia, effect modification

Citation: Shieu MM, Dunietz GL, Paulson HL, Chervin RD, Braley TJ. The association between obstructive sleep apnea risk and cognitive disorders: a

population-based study. J Clin Sleep Med. 2022;18(4):1177-1185.

BRIEF SUMMARY

Current Knowledge/Study Rationale: To date, evidence regarding the association between OSA and cognitive disorders has relied on diagnosed cases.
Given the under-diagnosis of OSA, the magnitude of these associations could be significantly different than current estimates. This study utilized a nation-
ally representative cohort with a diverse OSA risk profile to address this gap.

Study Impact: These data highlight the potential impact of undiagnosed OSA in cognitive disorders in middle-aged and older adults. The observed rela-
tionships between OSA risk factors and cognitive disorders may have a dose-response pattern.

INTRODUCTION

Approximately 5.7 million Americans are living with demen-
tia.! The most common types of dementia, Alzheimer disease
(AD) and vascular dementia, account for 70% of cases.” In
addition, 15% of older Americans are estimated to experience
mild cognitive impairment (MCI; or “cognitive impairment, not
dementia” [CIND]), a condition that progresses to AD in
approximately 80% of cases.® The lack of effective treatments
to prevent, cure, or slow dementia progression has galvanized
the need to identify modifiable risk factors for these conditions.

Sleep disturbances, and obstructive sleep apnea (OSA) in
particular, have gained substantial attention recently as poten-
tially modifiable risk factors for AD and MCI/CIND.*” Despite
these intriguing findings, prior research on OSA and cognitive
outcomes has been restricted to examination of OSA cases diag-
nosed by polysomnography, or self-reported OSA cases.””’
Given that up to 80% of those with OSA remain undiag-
nosed,®’ the more comprehensive potential impact of missed
OSA cases on neurodegeneration is unknown, highlighting a

Journal of Clinical Sleep Medicine, Vol. 18, No. 4

critical gap in sleep and dementia research. This gap may be
particularly germane for older adults. Although older work esti-
mates OSA to affect approximately 20% of adults aged 65 years
and older,” more recent data from our group suggest that a sub-
stantially higher proportion (56%) of older adults may have
undiagnosed OSA.' These data illuminate the value of
research methods that more inclusively evaluate associations
between OSA risk (including probable cases) and cognitive
decline. Specifically, population-based research that utilizes
nationally representative samples, measures that capture
undiagnosed OSA cases, and algorithms that reliably identify
cognitive impairment and dementia are necessary to fully
understand the scope and magnitude of the relationship between
OSA and cognitive disorders. In addition, a better understand-
ing of effect modifications of demographic variables on OSA
and cognitive disorders on a population level is sorely needed.
The objective of this study, therefore, was to examine relation-
ships between probable OSA and cognitive disorders among
midlife and older adults, by leveraging objective cognitive and
health data collected from the Health and Retirement Study
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(HRS). The HRS is an ideal dataset to study this relationship,
given its large and diverse sample that is representative of US
adults aged over 50. The 2016 HRS wave included detailed data
regarding features of OSA risk and objective cognitive testing."''
An evaluation of key health and demographic effect modifiers on
this relationship was also conducted.

METHODS

The HRS
The HRS is a large, nationally representative, racially and ethni-
cally diverse, prospective cohort study of US adults aged over
50, designed to investigate the health, social, and economic
implications of the aging of the American population. The pre-
sent study utilized health data from the core dataset of the 2016
wave of the HRS when detailed sleep- and OSA-related ques-
tions first became available. This biennial survey, which began
in 1992, collects a wide-range of data on health, cognition, fam-
ily, employment, and wealth, with oversampling of Black, His-
panic, and minority-headed households. The HRS follows
respondents longitudinally until death. If a respondent is unable
or unwilling to participate in the survey, the HRS attempts to
identify a proxy respondent (usually a spouse or adult child) to
complete the survey for them. "'

This study was deemed “nonregulated” by the Medical
School Institutional Review Board at the University of Michi-
gan, as only publicly available, de-identified data were used.

Study variables
Identification of high-risk (probable) OSA cases

In the 2016 wave, the HRS included items that allowed for the
assessment of OSA risk; specifically, HRS items that closely
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resembled 7 out of § items from the STOP-Bang questionnaire
were adapted for use in this study. This approach has proven
useful previously in a large-scale epidemiological study'® and
effective as the original version when used as a patient-
administered tool only (no health care provider administra-
tion).'?> The STOP-Bang questionnaire is a validated, 8-item
screening instrument that assesses characteristics known to con-
fer OSA risk that form the acronym “STOP-Bang” (Snoring,
Tiredness, Observed apneas, high blood Pressure, BMI, Age,
Neck circumference, Gender)." Item scores (1/0) are based on
yes/no answers. In general, a total score of 0 to 2 is considered
low risk, 3 to 4 moderate risk, and 5 or greater high risk. Fur-
thermore, a modified STOP-Bang score that includes 2 positive
“STOP” items plus confirmation of male sex and/or body mass
index (BMI) >35 kg/m?® has been reported to reflect higher
OSA risk, and to be more sensitive than total score alone.'* The
utility of the STOP-Bang has been widely demonstrated in a
variety of large samples, many of which included high propor-
tions of older adults.'*'?

In this study, we defined the exposure (probable OSA) based
on these adapted STOP-Bang items derived from the HRS (see
Table 1 for details and cutoffs). For primary analyses, to
enhance specificity, high-risk (probable OSA) cases were
defined by the presence of either (1) a STOP-Bang score of = 3,
in which at least 2 of the positive items came from the “STOP”
portion of the questionnaire, plus a positive score for male sex
or BMI > 35,'* or (2) a total STOP-Bang score of > 4, in which
case any combination of at least 4 positive items was permissi-
ble. Participants who were not probable OSA were considered
as low OSA risk.

Identification of CIND and dementia cases

CIND and dementia cases were identified through the applica-
tion of a validated, HRS-based algorithm applied to objective

Table 1—Probable OSA (high OSA risk) corresponding to STOP-Bang questionnaire items.

Questions from the HRS Physical Health

Cutoffs of the HRS Questions Considered
File as a Positive Result

Corresponding STOP-Bang Item

snore while you were sleeping?

In the past 12 months, how often did you 23

Do you snore loudly?

persistent or troublesome problems?
Severe fatigue or exhaustion.

Have you had any of the following Yes

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

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

Rarely, occasionally, and frequently

Has anyone observed you stop breathing during
sleep?

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

Has a doctor ever told you that you have Yes

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

About how much do you weigh (lbs)? How > 35 kg/m? BMI
tall are you (feet, inches)?
Year born > 50 years Age
N/A N/A Neck circumference
Sex Men Sex

BMI = body mass index, HRS = Health and Retirement Study, N/A = Not available, OSA = obstructive sleep apnea.
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Table 2—Cognitive tests included in the study.

Name

Description

Score Range

Immediate word recall

The interviewer read 1 of 4 possible lists of 10 nouns to the respondent. 0-10
The lists do not overlap in word content and the initial list was randomly
assigned to the respondent, in a longitudinal manner such that each
respondent was assigned a different set of words in each of four
successive waves of data collection.

Delayed word recall

part of the immediate recall task.

After approximately 5 minutes of asking other survey questions (eg, 0-10
depression, and cognition items including backward count, and serial 7's)
the respondent was asked to recall the nouns previously presented as

beginning with the number 20.

Serial 7's task The interviewer asked the respondent to subtract 7 from 100, and continue 0-5
subtracting 7 from each subsequent number for a total of 5 trials.
Backward count Respondents were asked to count backward for 10 continuous numbers 0-2

cognitive test scores from the HRS core dataset. The HRS
“core” interview objectively assesses cognitive function in self-
respondents with a range of tests. Cognitive testing includes
assessment of immediate and delayed 10-noun recall, serial 7
subtraction test, backward number counting, vocabulary (crys-
tallized knowledge), and mental status (see Table 2 for details).
Using an algorithm described in Iwashyna et al'® and developed
by Crimmins et al,'” scores from the immediate and delayed
10-noun recall test, serial 7 subtraction test, and a backward
count from 20 test were converted to a 27-point cognitive scale,
which allowed for the classification of respondents into 3 cate-
gories: dementia (score 0 to 6), CIND (score 7 to 11), and nor-
mal cognition (score 12 to 27). These assessments have been
validated to reliably identify cognitively normal individuals in
87% of cases, and conversely, > 80% of adults with CIND and/
or dementia, when compared with more formal neuropsycho-
logical testing applied to a specialized HRS cohort.'” Individu-
als with proxy scores who scored from 6 to 11 were classified
as having dementia, 3—5 as having CIND, and 0-2 as having
normal cognition. To account for missing data, cognitive meas-
urements were imputed as described in Langa et al.'®

Covariates

Demographic information (age, sex, and race/ethnicity) was
collected during the 2016 interview. Race/ethnicity was catego-
rized into 4 groups: Hispanic, non-Hispanic White, non-
Hispanic Black/African American, and non-Hispanic other
race. Hypertension, diabetes, and depression were defined by
either of 2 criteria: self-report of each condition as being told of
this condition by a doctor and self-reported use of condition-
specific medications. Marital status was classified for married
or cohabiting respondents. Smoking status was categorized
as current smoker, ex-smoker, and nonsmoker. Similarly,
alcohol consumption was divided into 3 categories: current,
past, and none.

We created a metabolic equivalent (MET) score, accounting
for the relative energy expended across levels of intensity and
frequency reported for 3 physical activity questions (frequency
of mild activity, moderate activity, and vigorous activity).'*-*
This approach approximates MET by combining the 3
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questions and weighting the responses to reflect the relative
energy expended. The final MET score ranged from 0 to 16.33.

Statistical analysis

Descriptive statistics were calculated as proportions for cate-
gorical variables and as means and standard errors for continu-
ous variables. The weighted prevalence, accounting for HRS
weights, of CIND and dementia and mean score of each objec-
tive cognitive test were calculated for the entire sample and by
OSA risk.

Cross-sectional associations between high OSA risk and
cognitive outcomes were examined. Weighted logistic regres-
sion was used to estimate the crude and adjusted prevalence
odds ratios (ORs) and 95% confidence intervals (Cls). In this
analysis, we implemented multinomial logistic regression to
estimate the effects of probable OSA on both CIND and demen-
tia, defined as categorical outcomes, vs normal cognition as the
reference. Models were adjusted for age, race/ethnicity, educa-
tion, marital status, smoking, alcohol consumption, and physi-
cal activity. Sex and hypertension were not included in the
model since they were binary items that are included in the
STOP-Bang questionnaire (exposure). Finally, we examined
whether there is a dose—response association between the num-
ber of OSA risk factors (as an ordinal variable) and CIND or
dementia.

To examine potential mediation of diabetes and depression,
we further adjusted for diabetes and depression in the models.
BMI was taken into account to investigate its effect on the rela-
tionship between OSA risk and cognitive disorders. To examine
race/ethnicity as a possible modifier of the associations between
OSA risk and cognitive function, an interaction term for White/
non-White and OSA risk was added to the model. Prevalence
ORs were reported for Whites and non-Whites.

Identification of CIND by algorithms is more challenging in
comparison to dementia or normal cognition.'” We conducted
sensitivity analyses to adjust for possible misclassification of
CIND by restricting the sample to HRS participants who
obtained concordant classifications of CIND during the survey
waves of 2012, 2014, and 2016. That is, we classified
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participants with CIND if their cognitive function scores corre-
sponded to CIND in at least 2 HRS waves.

Common approaches to addressing the presence of missing
data include multiple imputation, which may help reduce bias or
increase precision. Multiple imputation methods impute or fill in
multiple plausible values of a given variable for each study par-
ticipant with missing data. Implementation of multiple imputa-
tion creates several completed datasets that are utilized in the
statistical analysis. We conducted multiple imputation to account
for missing values of the following items: snoring (4.8% miss-
ing), fatigue (0.4% missing), snort (42.3% missing), BMI (3.4%
missing), smoking (46.0% missing), and alcohol consumption
(0.6% missing), assuming data were missing at random.' First,
we imputed values for the missing data 25 times by sampling
from the chained equations using PROC MI procedures within
SAS software (SAS Institute, Cary, NC). We included auxiliary
variables that may contain information about the missing data,
variables and outcomes involved in the planned analysis, and
variables accounting for the clusters and strata in the process.**
From the complete set of variables and the imputed set, we cre-
ated 25 complete datasets. Second, we analyzed the 25 complete
datasets using SURVEY procedures within SAS. Finally, we
combined the 25 parameter estimates and standard errors to cal-
culate pooled estimates and standard errors using PROC MIA-
NALYZE procedures, which reflect the variability of the
imputed data along with the HRS survey design.>®

Population attributable risk percent (PARP) for CIND and
dementia was calculated using a model-based method devel-
oped by Greenland and Drescher”* and SAS macros provided
by Riickinger et al.?®> The method was shown to generate the
most plausible results comparing with some other methods of
calculating PARP when confounders appear in a dataset.>> We
estimated PARP from adjusted logistic models for age, race/
ethnicity, marital status, education, smoking categories, drink-
ing categories, and physical activity. All analyses were per-
formed in SAS version 9.4 and accounted for the HRS survey
weights.

RESULTS

Data from 20,910 respondents were utilized. The weighted
prevalence of probable OSA was 59.7%. Weighted summary
statistics of demographic and characteristics are presented in
Table 3. The mean age of HRS participants was 65.2 years.
Nearly 47% were men and 80% were non-Hispanic Whites. In
comparison to low OSA risk participants, those with high OSA
risk were more likely to be older, men, and have high BMI, dia-
betes, hypertension, depression, and lower physical activity.
Those with high OSA risk were also less likely to be married or
to have obtained at least a college education.

The weighted prevalence, mean score, and distribution for
each cognitive test are shown in Table 4 and Figure 1. Overall,
the prevalences of CIND and dementia were 13.0% and 3.7%,
respectively, and higher for those at high risk for OSA (12.7%
for CIND and 3.2% for dementia) compared with those at low
risk for OSA (8.0% for CIND and 2.0% for dementia).
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The prevalences of CIND and dementia for those with missing
exposure data are not shown. Participants at high risk for OSA,
in comparison to those at low risk, had lower scores on all cog-
nitive tests except for the backward count. The inverse associa-
tion between positive STOP-Bang items and cognitive test
score was seen in the composite cognitive score, immediate
word recall, and delayed word recall (Figure 1).

Table 5 displays the cross-sectional associations between
high OSA risk and cognitive disorders among all respondents.
This analysis utilized imputed data generated to account for the
47.5% of values that were missing in 1 question of the adapted
STOP-Bang score. Overall, high OSA risk was significantly
associated with CIND (OR=1.22, 95% CI=1.08-1.37) and
dementia (OR=1.27, 95% CI=1.04-1.54). After adding diabe-
tes and depression (potential mediators) to the models, the asso-
ciations for CIND (OR=1.18, 95% CI=1.05-1.33) and
dementia (OR=1.21, 95% CI=0.99-1.48) remained signifi-
cant. When we further adjusted for BMI in the models, associa-
tions increased in magnitude for dementia (OR=1.46, 95%
CI=1.18-1.81) (data not shown in Table 5). Increased age;
Black, Hispanic, and “other” racial categories; and current/prior
tobacco use were also significantly and positively associated
with CIND and dementia. Conversely, having a college or above
college degree, married/cohabitating status, and current/prior
alcohol use were associated with lower prevalence odds of hav-
ing CIND and dementia. When the STOP-Bang score was ana-
lyzed as an ordinal variable, for every additional STOP-Bang
item that was positive, the odds for CIND (adjusted OR=1.10,
95% CI=1.05-1.15) and dementia (adjusted OR=1.11, 95%
CI=1.02-1.21) increased by 10%, on average, respectively (data
not shown).

Sensitivity analyses restricted HRS participants to those who
obtained at least 2 concordant classifications of CIND during
the survey waves of 2012, 2014, and 2016 (15,721 study partic-
ipants with normal cognition, 2,585 participants with CIND,
and 1,065 participants with dementia). These adjusted analyses
showed a very similar magnitude of association between high
OSA risk and cognitive disorders (CIND: OR=1.23, 95%
CI=1.07-1.40; dementia: OR =1.26, 95% CI=1.03-1.53).

We also conducted formal interaction analysis to examine
whether race/ethnicity modified the association between high
OSA risk and CIND or dementia. As the study population was
predominantly White, we reported the imputed effect estimates
of OSA risk on cognitive disorders stratified by White and non-
White participants (Table 6). The weighted prevalence of proba-
ble OSA was 58% for Whites and 66% for non-Whites. Adjusted
analyses demonstrated increased prevalence ORs of CIND in
Whites with OSA (OR=1.35, 95% CI=1.17-1.57), but not in
non-Whites with OSA (OR=0.98, 95% CI=0.81-1.19). This
reflects a positive interaction between race and OSA risk (P for
interaction < .001). In contrast, probable OSA was associated
with an increased prevalence OR of dementia in both Whites
(OR=1.24, 95% CI=0.96-1.60) and non-Whites (OR=1.23,
95% CI =0.91-1.66), with no significant interaction between
race and OSA risk (P for interaction=0.14).

Finally, given the apparent increased prevalence odds for
CIND and dementia when probable OSA is present, we esti-
mated the PARP for each cognitive disorder using a model-based
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Table 3—Summary statistics of demographic and characteristics.

Total (n=20,910) Percentage of Missing High OSA Risk (n=6,612) | Low OSA Risk (n=4,361)

Men (%) 46.5 0.0 65.3 26.7
Age (years) 65.2 (0.09) 0.0 63.6 (0.1) 63.2 (0.2)
Race/ethnicity (%) 0.0

White 79.5 77.6 83.0

Black 10.7 12.2 8.3

Hispanic 42 4.4 3.2

Other? 5.6 5.8 5.5
Education (%) 5.2

Below college 60.8 62.7 55.2

College 26.1 26.0 29.0

Above college 131 1.3 15.8
Married (%) 65.2 0.04 7.7 74.3
BMI (kg/m?) 29.0 (0.06) 34 31.2 (0.1) 27.3 (0.09)
Diabetes (%) 22.3 0.1 29.3 13.5
Hypertension (%) 54.8 0.2 76.0 25.0
Depression (%) 25.1 0.2 29.3 220
Smoking (%) 46.0

Nonsmoker 64.2 61.7 60.4

Ex-smoker 101 12.0 121

Current smoker 25.7 26.3 275
Alcohol (%) 0.6

Nondrinker 36.6 35.0 31.0

Past drinker 17.9 17.6 18.0

Current drinker 455 474 51.0
MET score® 4.5 (0.04) 1.0 4.1 (0.06) 5.2 (0.08)
STOP-Bang score 3.8 (0.02) 47.5 4.6 (0.01) 2.7 (0.01)

HRS survey weighted proportion (%) or HRS survey weighted mean (and standard error) of selected variables, by OSA risk; total study population. ®Includes
American Indian, Alaska Native, Asian, Native Hawaiian, Pacific Islander, and other race/ethnicity. "Metabolic equivalent of task accounting for mild, moderate,
and vigorous activities. Ranged from 0 to 16.33. BMI = body mass index, MET = metabolic equivalent of task, OSA = obstructive sleep apnea.

Table 4—Prevalence of cognitive disorders and mean of cognitive test score.

Total (n = 20,910) High OSA Risk (n = 6,612) Low OSA Risk (n = 4,361)
Normal cognition (n, weighted %) 15,110 (83.3) 4,932 (84.1) 3,362 (90.0)
CIND (n, weighted %) 3,446 (13.0) 1,089 (12.7) 474 (8.0)
Dementia (n, weighted %) 1,065 (3.7) 292 (3.2) 134 (2.0)
Immediate word recall (weighted 6 (0.02) .5 (0.03) .0 (0.03)
mean score, SE)
Delayed word recall (weighted 4.6 (0.02) 4.5 (0.03) 5.0 (0.04)
mean score, SE)
Serial 7’s task (weighted mean 3.8 (0.01) 3.8 (0.02) 3.9 (0.03)
score, SE)
Backward count (weighted mean 1.9 (0.004) 1.9 (0.07) 1.9 (0.008)
score, SE)

HRS survey weighted prevalence (%) of each cognitive disorder and HRS survey weighted mean (and SE) of each objective cognitive test score, by OSA risk.
CIND = cognitive impairment not dementia, OSA = obstructive sleep apnea, SE = standard error.
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Figure 1—Distribution of composite cognitive scores and each individual test score by number of positive STOP-Bang items.
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method. The assumption, although not yet proven, is that proba-
ble OSA may contribute to CIND and dementia onset. The
PARP from adjusted models for OSA and CIND is 12% and
16% for OSA and dementia. Under the above assumption, these
results suggest that successful identification and treatment of
OSA could eliminate up to 12% and 16% of CIND and dementia
cases, respectively.

DISCUSSION

Among a nationally representative cohort of 20,901 middle-aged
and older Americans, more than half (60%) had probable OSA
and the prevalence of cognitive impairment was > 1.5-fold higher
among US adults at high risk for OSA, in comparison to those at
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low risk. In addition, probable OSA was associated with 22%
increased odds of CIND and 27% increased odds of dementia.
These findings suggest an increased risk of cognitive disorders
among adults with probable OSA. Whether OSA contributes in a
causal manner to the risk of CIND and dementia cannot be
proven in a cross-sectional study. If so, however, the magnitude
of contribution suggested by the current findings would represent
a very substantial public health burden, and potential opportunity
for intervention.

Our findings build upon existing data that suggest a positive
association between claims-based or diagnostically confirmed
cases of OSA and poor cognitive outcomes. A prior case-control
study that utilized national claims data reported a 1.7 times
higher risk of developing dementia over the 5-year study period
among adults over age 40 with an OSA diagnosis, in comparison
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Table 5—Association between OSA and cognitive disorders.

CIND (n = 3,446) Dementia (n = 1,065)
Unadjusted Adjusted® Adjusted® Unadjusted Adjusted® Adjusted®

High vs low OSA risk 1.21 (1.09, 1.34) | 1.22 (1.08, 1.37) | 1.18 (1.05, 1.33) | 1.12 (0.94, 1.34) | 1.27 (1.04, 1.54) | 1.21 (0.99, 1.48)
Age 1.05 (1.05, 1.06) | 1.06 (1.06, 1.07) | 1.07 (1.06, 1.07) | 1.11 (1.10, 1.12) | 1.1 (110, 1.12) | 1.11 (1.10, 1.13)
Race/ethnicity®

Black 2.90 (2.59, 3.27) | 2.99 (2.62, 3.41) | 3.14 (2.75, 3.59) | 3.29 (2.75, 3.92) | 3.97 (3.19, 4.93) | 4.20 (3.37, 5.24)

Hispanic 2.65 (2.19, 3.21) | 3.19 (2.57,3.95) | 3.27 (2.63, 4.06) | 2.89 (2.16, 3.88) | 5.75 (4.10, 8.06) | 5.86 (4.23, 8.18)

Other® 1.28 (1.02, 1.61) | 2.07 (1.62, 2.65) | 2.13 (1.66, 2.73) | 0.84 (0.54, 1.31) | 2.06 (1.28, 3.32) | 2.15 (1.33, 3.47)
Education

College 0.27 (0.23, 0.31) | 0.37 (0.32, 0.44) | 0.37 (0.32, 0.44) | 0.16 (0.12, 0.22) | 0.29 (0.21, 0.40) | 0.30 (0.22, 0.41)

Above college 0.16 (0.12, 0.21) | 0.22 (0.17,0.28) | 0.22 (0.17, 0.28) | 0.20 (0.13, 0.32) | 0.37 (0.23, 0.60) | 0.38 (0.23, 0.61)
Married 0.54 (0.49, 0.60) | 0.85 (0.76, 0.95) | 0.89 (0.80, 0.99) | 0.31 (0.26, 0.36) | 0.66 (0.55, 0.80) | 0.70 (0.58, 0.85)
Diabetes 154 (1.38, 1.71) 1.10 (0.88, 1.12) | 1.80 (1.52, 2.12) 1.00 (0.84, 1.20)
Depression 1.49 (1.33, 1.67) 1.54 (1.36, 1.74) | 1.53 (1.29, 1.81) 1.67 (1.38, 2.01)
Smoking 0.99 (0.92, 1.07) | 1.28 (1.17, 1.40) | 1.27 (1.17,1.39) | 0.77 (0.68, 0.86) | 1.31 (1.14, 1.51) | 1.30 (1.13, 1.50)
Alcohol 0.62 (0.59, 0.66) | 0.81 (0.76, 086) | 0.81 (0.76, 0.86) | 0.41 (0.37, 0.46) | 0.63 (0.56, 0.71) | 0.64 (0.57, 0.72)
Physical activity® 0.88 (0.87, 0.90) | 0.95 (0.94, 0.97) | 0.96 (0.94, 0.97) | 0.72 (0.69, 0.76) | 0.84 (0.80, 0.87) | 0.85 (0.81, 0.88)

Cross-sectional association (adjusted prevalence odds ratio and 95% confidence interval) between OSA risk (exposure) and CIND or dementia (outcome)
(imputed dataset). Adjusted for age, race/ethnicity, education, marital status, smoking, alcohol, and physical activity. "Adjusted for age, race/ethnicity,
education, marital status, smoking, alcohol, physical activity, diabetes, and depression. “White is the reference. 9Includes American Indian, Alaska Native,
Asian, Native Hawaiian, Pacific Islander, and other race/ethnicity. *Accounted for mild, moderate, and vigorous activities. Ranged from 0 to 16.33. CIND =

cognitive impairment not dementia, OSA = obstructive sleep apnea.

to controls.’® Similarly, increased AD and dementia risk were
observed in veteran men aged 55 and over with an OSA claims
diagnosis relative to veterans without an OSA diagnosis.® Studies
of objectively confirmed OSA have yielded similar results. For
example, a cohort study that used polysomnography found that
severe OSA (defined as an apnea-hypopnea index = 30 events/h)
was associated with a 1.7 times higher risk of AD and a 2.4 times
higher risk of dementia among individuals with OSA, compared
with those without OSA.>” In a prior study that assessed OSA
through self-report, a significant association between sleep-
disordered breathing and earlier age of AD onset was observed.”®

If confirmed, and again if an underlying causal relationship
exists, this association could have important treatment implica-
tions. In a recent Medicare claims analysis of beneficiaries with
OSA, positive airway pressure treatment was associated with
lower odds of incident diagnoses of Alzheimer and nonspecified
forms of dementia (OR=0.78, 95% CI=0.69-0.89; OR=0.69,
95% CI=0.55-0.85). Lower odds of MCI, approaching statisti-
cal significance, were also observed among positive airway pres-
sure users.”’

While the aforementioned studies have offered important
insight into associations between OSA and dementia risk, the

Table 6—Association between OSA and cognitive disorders by race.

CIND Dementia
Prevalence of Crude OR Adjusted OR? Crude OR Adjusted OR?
probable OSA (%) (95% Cl) (95% Cl) (95% ClI) (95% Cl)

Total sample 59.7

High vs low OSA risk 1.21 (1.09, 1.34) 1.22 (1.08, 1.37) 112 (0.94, 1.34) 1.27 (1.04, 1.54)
Whites 58.1

High vs low OSA risk 1.25 (1.10, 1.42) 1.35 (1.17, 1.57) 1.04 (0.83, 1.32) 1.24 (0.96, 1.60)
Non-whites 66.3

High vs low OSA risk

1.01 (0.84, 1.21)

0.98 (0.81, 1.19)

1.13 (0.86, 1.48)

1.23 (0.91, 1.66)

Association (adjusted OR and 95% Cl) between OSA risk (exposure) and CIND or dementia (outcome), by race (Whites and non-Whites) (imputed dataset).
@Adjusted for age, education, marital status, smoking, alcohol, and physical activity. The models for the total population were further adjusted for race/ethnicity.
Cl = confidence interval, CIND = cognitive impairment not dementia, OR = odds ratio, OSA = obstructive sleep apnea.
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national scope and public health impact of OSA—including
effects on cognitive outcomes—must be informed by large,
population-based studies that minimize referral bias. Further-
more, current studies do not account for undiagnosed OSA
cases, as the majority of those with OSA, up to 80% of cases,
remain undiagnosed.” Symptoms of OSA may not be men-
tioned or recognized during routine clinical assessments. In this
regard, nationally representative datasets that assess clinical
factors associated with OSA risk, such as survey items that
closely resembled STOP-Bang questionnaires, offer a useful
means to minimize bias and misclassification issues that arise
from claims data and self-report.

Interestingly, an increased OR of CIND was seen in Whites
with probable OSA, relative to non-Whites with OSA (P for
interaction < .001). In contrast, there was little difference in the
prevalence OR of dementia between Whites and non-Whites (P
for interaction=.14). This could result from the fact that algo-
rithms to identify CIND have lower sensitivity and specificity
in comparison to those for normal cognition or dementia.>* We
performed a sensitivity analysis by restricting the HRS sample
to participants who had concordant classification of cognitive
function across assessment time points and showed a slightly
stronger association between OSA risk and cognitive disorders,
further suggesting the role of OSA risk in CIND.

Our study also highlights race/ethnicity as a potential modera-
tor, between OSA and cognitive disorders, which warrants fur-
ther study. Blacks, Hispanics, and Asians are particularly more
likely to have OSA.>' Moreover, the prevalence of AD is also
higher among non-Whites as compared with Whites.*> While
further studies are necessary to understand this relationship, bio-
logical and also cultural risk factors can impact diagnosis and
treatment.>® Yet, despite the higher prevalence of both conditions
among non-Whites, moderation by age, sex, and race/ethnicity
has been only rarely been examined for associations between
OSA and cognitive outcomes. One study examining moderation
found that women with sleep apnea, but not men, were more
likely to develop dementia (hazard ratio=2.4).>° These data sug-
gest that age and sex are moderators on the association of sleep
apnea and dementia. We did not examine age and sex as modera-
tors of OSA and cognitive disorders in our study, as both varia-
bles are items in the STOP-Bang score utilized to define the
exposure (probable OSA). Future studies focusing on interaction
of demographic characteristics, such as sex, age, and race/ethnic-
ity, with OSA could help uncover differential impact of OSA on
cognitive outcomes in a specific subgroup.

Our study has several strengths. First, this study consisted of a
large, racially and ethnically diverse, and nationally representative
sample. Furthermore, the inclusion of study participants aged over
50 allow us to examine the association between OSA and cognitive
outcomes among not only the older population but also among
middle-aged individuals. Second, we utilized survey items that
closely resembled those of the validated and commonly used clini-
cal screening tool to define probable OSA (exposure). In addition,
cognitive outcomes were defined by objective cognitive testing.
Finally, rich information on covariates including comorbidities and
socioeconomic status was available in the study. Hence, we were
able to adjust for covariates in the models and stratify the dataset to
examine effect modifications of certain variables.
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Some limitations of the study should be noted. Missing values
in OSA and cognitive outcomes were observed. However, we
used the imputed cognitive outcome data described in Langa et al'®
and imputed the survey items for probable OSA. In fact, missing
data issues often arise in studies that contain cognitive measure-
ment in older populations. This could result in decreased power
and biased results. Second, probable OSA was based, in part, on
self-reported questions. Nevertheless, similar survey items in the
validated questionnaire (STOP-Bang questionnaire) have been
shown to reliably identify probable OSA. Further, when subjecting
another nationally representative sample of Medicare beneficiaries
to a similar analysis, 94% of participants with high surrogate
STOP-Bang scores and concomitant polysomnography claims had
a corresponding OSA diagnosis.'® Our data did not include infor-
mation about daytime sleepiness, patient’s chorotype, and time of
the day when cognitive tests were administered that could influ-
ence the association between OSA and cognitive disorders.
Finally, the study reported cross-sectional associations of probable
OSA and cognitive outcomes that could lead to temporal ambigu-
ity. Despite the cross-sectional design, epidemiological evidence
of OSA as a determinant of dementia appears more biologically
plausible than that of dementia as a cause of OSA.*

In short, the high frequencies of cognitive impairment, OSA,
and cognitive impairment among persons with OSA raise sev-
eral important implications. Most OSA remains undiagnosed
and probable OSA ascertained in a manner similar to our
approach may be an essential complement to more objective
data, especially in large-scale studies where definitive diagnosis
is not feasible. Future research must further address the likeli-
hood that OSA causes or contributes to neurodegeneration,
especially among minority groups, and study the effects of
treatment for OSA on cognitive decline. Our estimates of the
PARP for OSA and CIND (12%) and OSA and dementia (16%)
suggest that if cause-and-effect associations can be proven, and
middle-aged or older individuals with OSA can be treated effec-
tively for OSA, then this strategy may be the single most effec-
tive thus far identified to alter trajectories, toward CIND and
dementia, that so far remain largely unalterable.

ABBREVIATIONS

AD, Alzheimer disease

CI, confidence interval

CIND, cognitive impairment not dementia
HRS, Health and Retirement Study

MET, metabolic equivalent of task

OR, odds ratio

OSA, obstructive sleep apnea

PARP, population attributable risk percent
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