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BACKGROUND: Sleep-disordered breathing (SDB) is common and associated with worse
cardiovascular and brain health. Hispanic/Latino individuals are at increased risk for SDB.
OSA is the most studied SDB; it is characterized by apnea-hypopnea events and has been
linked to adverse vascular health and cognitive sequelae. Less is known about upstream
factors such as parameters of breathing. Breathing dynamics such as breathing rate and
breathing rate variability have been linked to changes in mood and oscillatory brain activity.
Their relationships with cognitive performance, particularly in diverse and understudied
Hispanic/Latino communities, are unknown.

RESEARCH QUESTION: What is the association between parameters of breathing and cognitive
outcomes?

STUDY DESIGN AND METHODS: The Hispanic Community Health Study/Study of Latinos
(HCHS/SOL) is a prospective study of diverse Hispanic/Latino participants. Individuals were
given a home sleep apnea device for in-home sleep testing. Breathing information was extracted
from the cannula channel, and parameters of breathing were calculated by using bycycle, a novel
tool for time series analysis. A total of 6,737 individuals were included in the study.

RESULTS: Faster breathing rate was linked with worse domain-specific and global cognitive
performance (bgopas = -0.011; P < .01), and breathing rate variability was associated with
worse global cognitive performance (Bglobal = -0.022; P < .05). In interaction models,
breathing rate variability was found to be significantly associated with worse verbal fluency
and global cognitive performance in women but not in men.

INTERPRETATION: Parameters of breathing are novel methods for understanding SDB and
cognitive function. These results also suggest that faster breathing rate variability in women,
but not in men, is related to worse cognitive function. CHEST Pulmonary 2025; 3(1):100102

KEY WORDS: cognition; sleep; sleep-disordered breathing; Latino subjects

ABBREVIATIONS: B-SEVLT = Brief Spanish-English Verbal Learning
Test; BR = breathing rate; BRV = breathing rate variability; DSS = Digit
Symbol Substitution; REI = respiratory event index; SDB = sleep-
disordered breathing; WF = word fluency
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Take-home Points

Study Question: Our goal was to examine whether
sleep breathing patterns were correlated with cogni-
tive performance in a population of diverse Hispanic/
Latino communities.

Results: We found that faster breathing was associ-
ated with worse domain-specific and global cognitive
performance, whereas higher breathing rate vari-
ability was only associated with worse global cogni-
tive performance.

Interpretation: Sleep breathing patterns could pro-
vide novel insights into cognitive health; future work
should examine pathophysiologic mechanisms.

An estimated 50 to 70 million US adults have a sleep
disorder." Sleep disorders are more prevalent among
older adults™ and possibly among Hispanic/Latino
individuals compared with non-Hispanic White
individuals.” Sleep disorders have been linked to poor
health outcomes, including type 2 diabetes,
cardiovascular disease, depression, and higher
mortality.”® Sleep disorders account for an estimated
$94.9 billion in incremental health care costs in the
United States.” Sleep is a prime modifiable risk factor for
clinical and pharmacologic interventions over the life
course; identifying sleep symptoms and their sequelae in
cognitive aging and cognitive disorders is therefore a
priority for the National Institutes of Health and the
National Institute on Aging.

Sleep disorders may adversely affect cognitive health. A
systematic review provided consistent evidence that
sleep-disordered breathing (SDB) increases the risk for
cognitive impairment in middle-aged adults.® Several
studies have found that self-reported sleep apnea
accelerates cognitive decline and the onset of cognitive
impairment.”"”
predominantly on non-Hispanic White samples, and
little to no research has examined upstream factors such
as sleep parameters of breathing. Disordered breathing

Most of these studies focused

could be indicative of changes in autonomic function."
Indeed, Miglis et al'’ suggested that intermittent hypoxia
and sleep fragmentation could lead to sympathetic
activation, with downstream sequelae in cardiovascular
outcomes.'* Because cardiovascular disease has been
linked to increased odds of dementia,'” sympathetic
activation could mediate the effects of SDB on cognitive
outcomes. Although breathing dynamics have been
linked to changes in cognition, mood, and oscillatory
brain activity,'®""* little research exists linking parameters
of breathing during sleep (eg, breathing rate [BR] or
breathing rate variability [BRV]) to cognitive outcomes.

Sex and age are important factors in understanding
relationships between sleep and cognition. Hispanic/
Latino individuals are understudied in sleep research
despite increased risk for insomnia-like sleep
disorders, including fragmented sleep and poorer
sleep quality.'” Aging also has distinct effects on sleep
and cognition, yet studies on how aging affects
particular sleep disorders and their effects on
cognitive functioning remain understudied.’
Metabolic syndrome,”’ greater exposure to stress,”’
poor sleep quality,”” and OSA status'* amplify the
impact of older age on sleep-related cognitive
impairment. The role of age in sleep dysfunction and
cognition warrants further research, particularly in
diverse Hispanic/Latino communities.

Traditional methods to ascertain parameters of
breathing are onerous and inaccessible for large-scale
studies. The current study used a novel tool to quantify
parameters of breathing in a large and diverse Hispanic/
Latino sample. Two features, BR and BRV, were derived
and their relationships with function examined among
diverse Hispanic/Latino individuals. We hypothesized
that faster BR and increased BRV would be associated
with lower cognitive function. Given that SDB is rarely
studied outside of sleep apnea events, this novel
approach may elucidate mechanisms by which breathing
may be linked to cognitive disorders and other
important health outcomes.

Study Design and Methods

Population

This study used data from the Hispanic Community
Health Study/Study of Latinos (HCHS/SOL; 2008-
2011), which is a multisite, prospective cohort study of
diverse Hispanic/Latino participants. A total of 16,415
diverse Hispanic/Latino (18-74 years old) individuals

were sampled from four major metropolitan cities:
Bronx, New York; Miami, Florida; Chicago, Illinois;
and San Diego, California. The goals of HCHS/SOL
are to examine cardiovascular disease risk factors among
a diverse Hispanic/Latino cohort. The HCHS/SOL
parent study (N = 12,088) obtained both sleep question-
naires and in-home sleep testing data to ascertain and
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TABLE 1 | Descriptive Statistics Grouped According to Sex

Characteristic Female Male Total P Value
Unweighted N 4,206 2,551 6,757
% 55.3 44.7 100.0
Age, y 56.66 + 10.60 56.03 + 8.87 56.38 + 9.85 .035
BMI, kg/m? 30.47 + 7.40 28.99 + 5.15 29.81 + 6.46 < .001
REI 3% 6.39 + 12.54 10.50 + 15.42 8.23 + 14.46 < .001
Breathing rate 16.15 + 3.58 16.18 + 3.25 16.16 + 3.45 .801
Breathing rate variability -0.12 + 0.98 0.13 + 0.94 -0.01 + 0.98 .001
Hispanic/Latino background

Dominican 10.47 (0.83) 8.49 (0.95) 9.59 (0.76) .002

Central American 7.36 (0.55) 5.56 (0.53) 6.56 (0.45)

Cuban 23.72 (1.95) 29.92 (2.50) 26.49 (2.07)

Mexican 32.03 (1.94) 30.73 (2.01) 31.45 (1.79)

Puerto Rican 18.00 (1.25) 17.64 (1.22) 17.84 (1.07)

South American 5.98 (0.49) 5.06 (0.50) 5.57 (0.38)

Other/mixed 2.43 (0.60) 2.59 (0.39) 2.51 (0.39)
Education

Less than high school 40.78 (1.31) 37.04 (1.45) 39.11 (1.06) .037

High school or equivalent 20.00 (1.16) 23.42 (1.07) 21.53 (0.86)

More than high school 39.22 (1.35) 39.53 (1.51) 39.36 (1.07)
Field center

Bronx, NY 28.23 (1.94) 24.33 (1.70) 26.49 (1.70) .022

Chicago, IL 12.03 (0.86) 13.92 (1.13) 12.87 (0.90)

Miami, FL 34.95 (2.39) 37.23 (2.73) 35.97 (2.41)

San Diego, CA 24.79 (1.88) 24.52 (1.99) 24.67 (1.77)
Currently smokes 15.94 (0.91) 24.67 (1.29) 19.84 (0.86) < .001
Alcohol use 35.57 (1.27) 58.31 (1.44) 45.72 (0.97) <.001
Asthma 20.51 (1.16) 11.62 (0.80) 16.54 (0.78) < .001

Data are presented as mean =4 SD or % (SE) unless otherwise indicated. REI = respiratory event index.

quantify sleep patterns. At all testing centers, institu-
tional review board approval was obtained for the study.
Individuals provided written informed consent in their
preferred language in accordance with the Declaration
of Helsinki.

Study Details

A total of 8,303 individuals were aged = 45 years
and had cognitive testing data available, including
8,163 with sleep questionnaire data. A total of
7,377 participants had information on respiratory
measures. After processing raw cannula recordings
and excluding those with low-quality data or not
enough data, a total of 6,886 with breathing infor-
mation were extracted. We excluded observations
with missing covariables. The final analytic sample
was 6,757.

Individuals were administered sleep questionnaires and
cognitive assessments in the individual’s preferred lan-
guage (Spanish or English). They underwent a single-
night, at-home sleep apnea test using the Apnea Risk
Evaluation System (ARES Unicorder 5.2; B-Alert).”’
The ARES Unicorder is a validated system that records
multiple signals collected during home sleep apnea
testing, including airflow in and out of the nostrils
measured by a nasal pressure transducer, through a
nasal cannula with a sampling rate of 10 Hz. Raw data
from the cannula channel were used to derive BR and
BRV.

Breathing signals were processed using the bycycle py-
thon package developed by Cole and Voytek.”* In short,
bycycle uses time-based, instead of traditional
frequency-based, methods to analyze time series data.
Bycycle detects peaks, troughs, and midpoints in
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TABLE 2 | Associations Between Breathing Parameters and Cognitive Outcomes

Parameter

B-SEVLT Summary

B-SEVLT Recall

Model 1

Model 2

Model 1

Model 2

b (95% CI)

b (95% CI)

b (95% CI)

b (95% CI)

Breathing rate

Breathing rate variability

-0.010° (~0.019 to -0.001)
B (95% CI)
-0.023 (=0.053 to 0.007)

-0.0097 (~0.018 to -0.001)
B (95% CI)
-0.020 (~0.051 to 0.010)

-0.009 (-0.019 to 0.001)
B (95% CI)
-0.023 (-0.055 to 0.008)

-0.008 (-0.018 to 0.002)
B (95% CI)
-0.018 (-0.050 to 0.013)

World Fluency

Digit Symbol Substitution

Model 1

Model 2

Model 1

Model 2

b (95% CI)

b (95% CI)

b (95% CI)

b (95% CI)

Breathing rate

Breathing rate variability

-0.019° (-0.032 to -0.006)
B (95% CI)
-0.052° (~0.095 to -0.010)

-0.0147 (~0.027 to -0.001)
B (95% CI)
-0.039 (~0.080 to 0.002)

-0.017° (-0.026 to -0.008)
B (95% CI)
-0.017 (-0.051 to 0.017)

-0.016° (-0.024 to -0.007)
B (95% CI)
-0.010 (-0.043 to 0.022)

Global Cognition

Model 1

Model 2

b (95% CI)

b (95% CI)

Breathing rate

Breathing rate variability

-0.013° (-0.020 to -0.006)
B (95% CI)
-0.029° (~0.052 to —0.006)

-0.011° (-0.019 to -0.004)
B (95% CI)
-0.022° (~0.044 to -0.000)

[ GZ0C HOYVIW Ateuow|nd 1S3IHD T#€ ]

B = standardized regression coefficient; b = unstandardized regression coefficient; B-SEVLT= Brief Spanish-English Verbal Learning Test. Model 1 includes for continuous age, dichotomous sex (male, female),
Hispanic/Latino background (Central American, Cuban, Dominican, Mexican, Puerto Rican, South American), and education (less than high school, high school or equivalent, more than high school). Model 2 additionally
includes for cigarette use (does not smoke, currently smokes), alcohol use (does not drink, drinks; based on > 1 drink per day), continuous BMI, continuous respiratory event index (3%), testing center (Bronx, New
York; Chicago, Illinois; Miami, Florida; and San Diego, California), and asthma (no asthma, asthma).

9P < .05.

bp < .01.

‘P < .001.
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Figure 1 - Associations between breathing rate and cognitive function. The models were defined as follows. Model 0: unadjusted. Model 1: model
includes for continuous age, dichotomous sex (male, female), Hispanic/Latino background (Central American, Cuban, Dominican, Mexican, Puerto
Rican, South American), and education (less than high school, high school or equivalent, more than high school). Model 2: additionally includes for
cigarette use (does not smoke, smokes), alcohol use (does not drink, drinks; based on > 1 drink per day), continuous BMI, continuous respiratory event
index (3%), testing center (Bronx, New York; Chicago, Illinois; Miami, Florida; and San Diego, California), and asthma (no asthma, asthma).
B-SEVLT Sum = Brief Spanish-English Verbal Learning Test summary; Std = standardized.

breathing cycles to extract 10 parameters that describe
the waveform of each breath, such as the rise and decay
durations, amplitudes, and symmetry. This approach is
adopted from the Matlab BreathMetrics toolbox, which
has been validated in human data.”” Although extraction
of breathing parameters is automated, bycycle requires
user input on four different heuristics to optimize iden-
tification of breathing cycles. Further information on
methodology is provided in e-Appendix 1. Individuals
with < 250 total breathing cycles (ie, inhales and ex-
hales) were not further processed. This was done to
ensure that every individual had enough data to create
robust measures (< 3% of individuals with breathing cy-
cle data had < 250 cycles). We extracted several mea-
sures based on breathing detection and calculated the
average BR and BRYV for the whole recording.

Cognitive testing was administered during onsite inter-
views to middle-aged and older Hispanic/Latino sub-
jects. Bilingual technicians were trained and supervised
by the Cognitive Reading Center to ensure generaliz-
ability across the four sites. Technicians administered
the following tests: (1) Brief Spanish-English Verbal

Learning Test (B-SEVLT), summary and delayed recall,
which assesses learning and memory”>”’; (2) word
fluency (WEF) test from the Multilingual Aphasia Exam-
ination, which measures verbal ﬂuencyzg; and the (3)
Digit Symbol Substitution (DSS) test, which assesses
cognitive processing speed.”” Each of these measures
was standardized (z scored) to aid in interpretability
across tests. Global performance was assessed by aver-
aging the four normalized cognitive measures. Further
information on cognitive testing and methodology has
been detailed in a previous publication.™

Outcomes include standardized B-SEVLT Summary,
B-SEVLT Recall, WF, DSS, and global performance. Ex-
posures include BR (breaths per minute) and BRV
(interquartile range of BR; log-transformed and stan-
dardized). Covariates include continuous age, dichoto-
mous sex (male, female), Hispanic/Latino heritage
(Central American, Cuban, Dominican, Mexican, Puerto
Rican, South American), education (less than high
school, high school or equivalent, more than high
school), smoking status (never or formerly smoked,
currently smokes), alcohol use (never drinks, drinks;
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Figure 2 — Associations between breathing rate variability and global cognitive function. The models were defined as follows. Model 0: unadjusted.

Model I: model includes for continuous age, dichotomous sex (male, female), Hispanic/Latino background (Central American, Cuban, Dominican,

Mexican, Puerto Rican, South American), and education (less than high school, high school or equivalent, more than high school). Model 2: addi-

tionally includes for cigarette use (does not smoke, currently smokes), alcohol use (does not drink, drinks; based on > 1 drink per day), continuous BMI,
continuous respiratory event index (3%), testing center (Bronx, New York; Chicago, Illinois; Miami, Florida; and San Diego, California), and asthma
(no asthma, asthma). Breathing rate variability was log-transformed due to its non-normal distribution and z scored to aid in interpretability. SD
changes in the z score provide information of cognitive performance by percentile in breathing variability relative to the target population. Std =

standardized.

based on > 1 drink per day), continuous BMI, contin-
uous respiratory event index (REL 3% desaturation),
testing center (Bronx, Chicago, Miami, and San Diego),
and asthma (no asthma, asthma; self-report).

Data Analysis

Subsequent data analysis on processed breathing signals
was performed by using Stata 17 (StataCorp). First, we
generated descriptive statistics over our exposures and
covariates of interest based on sex groupings. Differ-
ences across sex groupings were tested by using F tests
and * tests for continuous and categorical indicators,
respectively (Table 1). Next, survey-weighted linear
regression models were run on each of the outcomes

using several modes: (1) crude; (2) age, sex, education,
background; and (3) full covariate adjusted models.

Beta (88 when both exposure and outcomes are standard-
ized; b when only the outcome is standardized) estimates
and 95% ClIs are presented in Table 2. To aid in interpre-
tation of findings, marginal estimates were plotted for
both exposures (Figs 1, 2). Next, we assessed sex modifi-
cations on our exposures. The significance of the models
was estimated by using an F test, and results are presented
in Table 3. Stratified sex models were run on significant
models, and these data are presented in Table 4 and
Figure 3. In supplemental models, we assessed age mod-
ifications on our exposures of interest. Results from these
models are presented in e-Tables 1 and 2 and e-Figure 1.

Results

Descriptive statistics are presented in Table 1. Female
participants comprised 55.3% of individuals in this
study. The average BR for the sample was 16.16 & 3.45
breaths/min, and no sex differences were found based on
the 7* test. On average, female participants, compared

with male participants, were older; they had lower REI,
BRYV, smoking prevalence, and alcohol use but higher
asthma rates and BMI. A total of 4,012 (approximately
59%) had an REI < 5; 1,739 (approximately 25%) had an
REI of 5 to 15; and 1,006 (approximately 15%) had an
REI = 15.
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TABLE 3 | Test of Modification of Breathing Measures According to Sex Groupings

B-SEVLT Summary B-SEVLT Recall Word Fluency Digit Symbol Substitution Global Cognition

Model F Test P Value df F Test P Value df F Test P Value df F Test P Value df F Test P Value df
Breathing variability

MO 4.04 .04 1.00 7.59 .01 1.00 4.51 .03 1.00 0.03 .87 1.00 4.83 .03 1.00

M1 3.58 .06 1.00 5.95 .01 1.00 4.46 .04 1.00 0.06 .81 1.00 6.19 .01 1.00

M2 2.90 .09 1.00 5.40 .02 1.00 3.73 .05 1.00 0.00 .96 1.00 5.02 .03 1.00
Breathing rate

MO 0.34 .56 1.00 0.84 .36 1.00 1.04 31 1.00 1.24 .27 1.00 0.11 .74 1.00

M1 0.82 .37 1.00 1.28 .26 1.00 1.62 .20 1.00 0.89 .34 1.00 1.00 .32 1.00

M2 0.59 .44 1.00 1.04 31 1.00 1.12 .29 1.00 1.34 .25 1.00 0.53 47 1.00

B-SEVLT = Brief Spanish-English Verbal Learning Test. Model 0 (M0): unadjusted. Model 1 (M1): includes for continuous age, dichotomous sex (male, female), Hispanic/Latino background (Central American, Cuban,
Dominican, Mexican, Puerto Rican, South American), and education (less than high school, high school or equivalent, more than high school). Model 2 (M2): additionally includes for cigarette use (does not smoke,
currently smokes), alcohol use (does not drink, drinks; based on > 1 drink per day), continuous BMI, continuous respiratory event index (3%), testing center (Bronx, New York; Chicago, Illinois; Miami, Florida; and San
Diego, California), and asthma (no asthma, asthma).

TABLE 4 | Associations Between Breathing Rate Variability and Cognitive Function

Parameter

B-SEVLT-Recall

Word Fluency

Global Cognition

Female

Male

Female

Male

Female

Male

Breathing variability

-0.026
(-0.059 to 0.008)

0.021
(-0.007 to 0.049)

-0.058°
(-0.104 to -0.012)

0.004
(-0.029 to 0.038)

-0.027°
(-0.048 to -0.007)

0.010
(-0.013 t0 0.033)

Data are presented as B (95% CI). Results are based on stratified sex analyses. Model includes for continuous age, dichotomous sex (male, female), Hispanic/Latino background (Central American, Cuban, Dominican,
Mexican, Puerto Rican, South American), education (less than high school, high school or equivalent, more than high school), cigarette use (does not smoke, smokes), alcohol use (does not drink, drinks; based on > 1
drink per day), continuous BMI, continuous respiratory event index (3%), testing center (Bronx, New York; Chicago, Illinois; Miami, Florida; and San Diego, California), and asthma (no asthma, asthma). B =
standardized regression coefficient; B-SEVLT = Brief-Spanish English Verbal Learning Test.

P < .05.
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Figure 3 — Associations between breathing rate variability and cognitive function. Results are based on stratified sex analysis. The models were defined
as follows. Model 0: unadjusted. Model 1: model includes for continuous age, dichotomous sex (male, female), Hispanic/Latino background (Central
American, Cuban, Dominican, Mexican, Puerto Rican, South American), and education (less than high school, high school or equivalent, more than
high school). Model 2: model additionally includes for cigarette use (does not smoke, smokes), alcohol use (does not drink, drinks; based on > 1 drink
per day), continuous BMI, continuous respiratory event index (3%), testing center (Bronx, New York; Chicago, Illinois; Miami, Florida; and San Diego,
California), and asthma (no asthma, asthma). Breathing rate variability was log-transformed due to its non-normal distribution and z scored to aid in
interpretability. SD changes in z score provide information of cognitive performance by percentile in breathing variability relative to the target
population. Std = standardized. B-SEVLT = Brief Spanish-English Verbal Learning Test.

Faster breathing (BR) was negatively associated with
learning (bg sgvit-sum = -0.009; 95% CI, -0.018 to
-0.001; P < 0.05), verbal fluency (bwr = -0.014; 95% CI,
-0.027 to -0.001; P < .05), processing speed (bpss =
-0.016; 95% CI, -0.024 to -0.007; P < .001), and global
cognition (bgiepar = —0.011; 95% CI, -0.019 to -0.004; P <
.01). BRV was negatively associated with WF and global
cognition (Bgjopar = —0.022; 95% CI, -0.044 to —0.000;
P < .05), but only global cognition remained significant
following full covariate adjustment (Figs 1, 2; Table 2).

Sex did not modify the associations between BR and
cognition. For BRYV, significant modifications were
found in episodic memory, verbal fluency, and global
cognition (Table 3). In stratified models, a negative
association between BRV and cognition in female
participants was noted for verbal fluency (8yr = -0.058;
95% CI, -0.104 to —0.012; P < .05) and global cognition
(Baiobal = —-0.027; 95% CI, -0.048 to -0.007; P < 0.05),
but these associations were not present in male
participants (Fig 3, Table 4).

In age modification models, significant modifications
were found for BRV in verbal fluency and global
cognition (e-Table 1). Stratified models show that those
aged = 65 years had strong negative associations

between BRV and cognitive function, although the CIs
are large (e-Fig 1, e-Table 2).

Discussion

In the current analysis of large epidemiologic data on
community-residing diverse Hispanic/Latino adults, a
novel approach was used to relate parameters of
breathing with cognitive performance. These findings
suggest that BR and potentially BRV could be useful
parameters of breathing to examine and potentially
target for interventions in the context of cognitive health
and aging.

We found that faster breathing was associated with
worse cognitive performance. Faster breathing could be
a biomarker for changes in parasympathetic/
sympathetic balance. Gerritsen and Band’' proposed
that slower breathing may lower the threshold for
triggering a parasympathetic vagal response that reduces
blood pressure and heart rate. Sympathetic changes
could also play a role. OSA may be associated with
sympathetic overactivity,” and possible mechanisms
include baroreceptor activation due to reduced
oxygenation (ie, intermittent hypoxia) and arousal due
to sleep fragmentation.'” Because changes in the
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parasympathetic/sympathetic systems have been linked
with cognitive change,” these breathing measures
provide an opportunity to further elucidate these
possible mechanisms in large epidemiologic studies.

We found that female participants had lower rates of
BRV compared with male participants and that higher
rates of BRV were associated with worse cognitive
performance in female participants only. These results
suggest possible baseline differences in parameters of
breathing according to sex. Indeed, Pal et al’* found that
women had a lower BRV but the largest increase in BRV
after performing a breath hold task. Sleep fragmentation
is a suggested mechanism by which BRV leads to worse
cognitive outcomes. For instance, in individuals without
OSA, higher BRYV is linked to increased wakefulness.”
BRV therefore could be an indicator for fragmented
sleep, which has been linked to sympathetic activation'”
and decreased glymphatic clearance of aberrant proteins
in brain (eg, amyloid beta).”® Although the female
participants in the current cohort have lower BRV
compared with male participants, they are also at an
increased risk for insomnia and sleep fragmentation.'”
Most participants in this sample had low levels of OSA
(based on REI), and thus these breathing markers could
help create a more comprehensive picture of SDB and
sleep health, as well as better characterize how these
factors relate to cognition.

Significant modifications were also found in how BRs
are related to cognition with older age, particularly for
verbal fluency. Because the prevalence of SDB increases
with age,”” our results highlight the importance of sleep
breathing problems and cognition for older individuals.
A 2017 meta-analytic review found that sleep
deprivation was linked to worse executive function,
attention, and long-term memory,”® all of which could
be important for verbal fluency. Paradoxically, although
the meta-analysis found that associations became
stronger as individuals aged, these were not present in
the oldest age group (= 60 years). Given the relatively
young age of the current cohort (upper age range was 74
years), most individuals were cognitively healthy. As
such, our findings can become more pronounced with
aging of the cohort. Longitudinal analyses to examine
cognitive change and potentially impairment outcomes
are needed.

The current study had several strengths as well as
limitations. HCHS/SOL is a cohort study of diverse

Hispanic/Latino communities; therefore, this work is
critical in providing knowledge for such understudied
populations. This study introduced novel standard
parameters of sleep dysfunction and provides novel
parameters that could be effective for clinical practice.
Because of the large sample size, we were able to test for
possible sex and age modifications, both known risk
factors for cognitive aging. We have also accounted for
several important confounders, such as REI, which allow
us to better understand relationships between breathing
and cognition regardless of OSA status. There are also
some limitations to this work. First, we did not have
sleep data on all individuals with cognitive testing, which
may have affected our ability to detect associations
between our novel sleep breathing parameters and
cognitive function. Second, we only examined two of the
10 parameters extracted using the bycycle toolbox; more
sleep breathing parameters could provide more
comprehensive and nuanced assessments of
dysfunctions in breathing. We also could not account for
possible important confounders such as menopause or
neuromuscular disorders that could affect these
relationships. These possible confounders should be
explored in future work. Lastly, this study includes
individuals middle-aged up to 74 years, and thus it does
not account for the full continuum of cognitive aging.

Interpretation

These novel sleep breathing parameters, outside of sleep
apnea events, may be critical in understanding healthy
cognitive aging, especially in older adults. Further
research is needed to fully characterize breathing during
sleep and how it correlates with cognitive function and

aging.
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