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Abstract

Study Objectives: Insomnia with objective short sleep duration has been previously associated with adverse cardiometabolic health
outcomes as well as poorer cognitive performance in otherwise noncognitively impaired adults. However, studies demonstrating an increased
prevalence of cognitive impairment (CI) in this insomnia phenotype are lacking.

Methods: We analyzed data from Penn State Adult Cohort (N = 1,524; 48.9 + 13.4 years; 53.4% women). Self-reported sleep difficulty was
defined as normal sleep (n = 899), poor sleep (n = 453), and chronic insomnia (n = 172). Objective short sleep duration was defined as less
than 6-h of sleep, based on in-lab, 8-h polysomnography. CI (n = 155) and possible vascular cognitive impairment (pVCI, n = 122) were
ascertained using a comprehensive neuropsychological battery. Analyses adjusted for age, sex, race, education, body mass index, apnea/
hypopnea index, smoking, alcohol, psychoactive medication, and mental and physical health problems.

Results: Participants who reported poor sleep or chronic insomnia and slept objectively less than 6 hours were associated with a 2-fold
increased odds of CI (OR = 2.06, 95% confidence limits [CL] = 1.15-3.66 and OR = 2.18, 95% CL = 1.07-4.47, respectively) and of pVCI (OR = 1.94,
95% CL = 1.01-3.75 and OR = 2.33, 95% CL = 1.07-5.06, respectively). Participants who reported poor sleep or chronic insomnia and slept
objectively more than 6 hours were not associated with increased odds of either CI (OR = 0.72, 95% CL = 0.30-1.76 and OR = 0.75, 95%

CL = 0.21-2.71, respectively) or pVCI (OR = 1.08, 95% CL = 0.42-2.74 and OR = 0.76, 95% CL = 0.16-3.57, respectively).

Conclusions: Insomnia with objective short sleep duration is associated with an increased prevalence of CI, particularly as it relates to
cardiometabolic health (i.e. pVCI). These data further support that this insomnia phenotype may be a more biologically severe form of the
disorder associated with cardiovascular, cerebrovascular, and neurocognitive morbidity.

Statement of Significance

This study shows that insomnia with objective short sleep duration is associated with prevalent cognitive impairment, particularly as it
relates to vascular and metabolic contributors to brain health. Our findings provide further evidence that objective sleep measures in in-
somnia may be a useful marker of the biological severity, phenotyping, and adverse impact of this highly prevalent and chronic disorder.
Future studies should examine which subclinical conditions and underlying mechanisms account for the increased risk of vascular cogni-
tive impairment potentially associated with insomnia with objective short sleep duration.

Key words: insomnia; short sleep duration; cognitive impairment; brain health; cardiometabolic health

Submitted: 23 March, 2020; Revised: 27 June, 2020
© Sleep Research Society 2020. Published by Oxford University Press on behalf of the Sleep Research Society.
All rights reserved. For permissions, please e-mail journals.permissions@oup.com.

220z 1snbny g1 uo 1sanb Ag 888806S/0G LEBSZ/| /17/9|01Me/daa|s/wod dnoolwapede//:sdiy woly papeojumoq


mailto:jfmendoza@psu.edu?subject=

2 | SLEEPJ, 2021,Vol. 44, No. 1

Introduction

Insomnia is the most prevalent sleep disorder and is associated
with impaired quality of life, occupational dissatisfaction, and
other healthcare-related outcomes [1]. Approximately, 20%-30%
of the general population experience insomnia symptoms (i.e.
poor sleep), while 8%-15% experience chronic insomnia (i.e.,
insomnia syndrome) [2-4]. Multiple studies have established
that poor sleep and chronic insomnia are highly comorbid
with psychiatric disorders and are a risk factor for depression,
anxiety, and suicide [5]. Comparatively, fewer studies have es-
tablished the association between insomnia and other adverse
health outcomes, such as cardiometabolic health or cognitive
impairment (CI).

It is estimated that about 13% of the population has some
form of CI [6, 7], that approximately 50 million people worldwide
have dementia, and that the number of people living with de-
mentia will double by 2030 and triple by 2050. Mild CI (MCI) is
identified as a noticeable decline in cognitive abilities that does
not interfere with daily activities and is considered a precursor
of Alzheimer’s disease (AD) in up to 30% of cases [8]. While there
are no effective strategies for resolving dementia, yet, there is
growing evidence to suggest that sleep disturbances make indi-
viduals particularly vulnerable to developing MCI and progress
into AD and other types of major neurocognitive disorders [9].
However, most cross-sectional and longitudinal population-
based studies have examined the association between self-
reported sleep with CI, and we still lack large studies that include
objective measures of sleep to better ascertain severity and con-
trol for important potential confounders, such as sleep apnea.

Increasing evidence also suggests that self-reported cogni-
tive complaints may represent the earliest phases of cognitive
decline; however, there continues to be an absence of sensitive
biomarkers that can determine who of these individuals is at
a particular risk for developing dementia [10]. Individuals who
report insomnia typically complain of difficulties with cognitive
performance, such as concentration, attention, or memory, in
their daily activities at home, at work, or in their social life, and
attribute these difficulties to their nighttime sleep disturbances
[11]. However, the link between chronic insomnia and objective
performance deficits in noncognitively impaired adults has
been, at best, modest and has remained elusive [12-14]. Given
the accumulating evidence that insomnia with objective short
sleep duration may be a more biologically severe phenotype of
the disorder [15, 16], including its association with performance
deficits [17-19],itis likely that this insomnia phenotype may be at
a higher risk for CI. Furthermore, given the evidence on the asso-
ciation between this insomnia phenotype with cardiometabolic
conditions such as hypertension, diabetes, cardiovascular, and
cerebrovascular disease [20-25], which are known vascular con-
tributors to MCI and increased risk of AD [26], it is also likely that
this insomnia phenotype may be at a particularly increased risk
for vascular cognitive impairment (VCI) [27].

Based on these previous observations and significant gaps
in the neurocognitive literature, we hypothesized that adults
who report insomnia symptoms and sleep objectively short in
the lab will show a greater likelihood of having CI. Based on the
previous cardiometabolic observations, we also hypothesized
that the increased prevalence of CI in adults with insomnia
symptoms and objective short sleep duration is particularly
high for VCI. Thus, the aim of the present study was to test the
role of objective short sleep duration, as measured by in-lab

polysomnography (PSG), in the association between insomnia
and CI, as identified by objective neuropsychological testing, and
with possible VCI (pVClI), as identified by the presence of concur-
rent cardiometabolic conditions.

Methods
Participants

The data presented here were collected as part of the Penn
State Adult Cohort (PSAC), a randomly-selected, population-
based sample of 1,741 adults, which used a two-phase protocol
in order to recruit adult participants of various age groups to
estimate the prevalence and risk factors for sleep-disordered
breathing in adults [28, 29]. The second phase of the study
randomly recruited 741 men and 1,000 women to be studied
in the sleep laboratory (response rates of 67.8% and 65.8%, re-
spectively) between 1990 and 1999. Detailed descriptions of
the sampling procedure and the cohort composition have been
extensively described in previous publications [18, 22, 24, 25,
28-33]. After giving a complete description of the study to the
participants, written informed consent was obtained. The study
protocol study complied with the Declaration of Helsinki and
was approved by the Institutional Review Board at Penn State
University College of Medicine.

Sleep laboratory

All participants were evaluated for one night in the sleep labora-
tory in sound-attenuated and light- and temperature-controlled
rooms. During this evaluation, each participant was continu-
ously monitored for 8 hours (fixed-time period) using 16-channel
PSG, including electroencephalogram, electrooculogram, and
electromyogram. Bedtimes were adjusted to conform to partici-
pants’ usual bedtimes, and participants were recorded between
22:00 pm-23:00 pm and 06:00 am-07:00 am. The sleep recordings
were subsequently scored independently, according to stand-
ardized criteria [34]. Respiration was monitored throughout the
night by use of thermocouples at the nose and mouth and thor-
acic strain gauges. All-night recordings of hemoglobin oxygen
saturation (SpO,) were obtained with an oximeter attached to
the finger. The presence of obstructive sleep apnea (OSA) was
defined as an apnea/hypopnea index (AHI) > 5 events per hour
of sleep based on standard criteria [11]. According to the me-
dian PSG-measured sleep duration, we categorized the entire
study sample into two groups: >50th percentile (i.e. 26 hours)
and <50th percentile (i.e. <6 hours). This cutoff has previously
been shown to be associated with adverse health outcomes in
adults who report poor sleep or chronic insomnia [20-25, 28-33].

Sleep difficulty

All participants completed a standardized questionnaire to as-
sess the presence of sleep disorders, physical health conditions,
mental health problems, and substance use during their in-lab
study. Commensurate with our previous studies, the presence of
sleep difficulty was established based on three levels of severity
[2, 18, 22, 24, 25, 30-33]. First, “chronic insomnia” was defined
by a complaint of insomnia (“Do you have insomnia?”), with
all participants reporting a duration of at least 1 year. Second,
“poor sleep” was defined as a moderate-to-severe complaint,
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based on a 4-point Likert scale, of difficulty falling asleep (“Do
you have difficulty falling asleep?”), difficulty staying asleep (“Do
you have difficulty staying asleep?”), early morning awakening
(“Do you wake up in the morning earlier than desired?”), and/or
nonrestorative sleep (“Do you still feel groggy and unrefreshed
after morning awakening?”). Finally, “normal sleep” was defined
by the absence of either of these two categories. These three
levels of severity were mutually exclusive; no participant in the
poor sleep group reported chronic insomnia and no participant
in the normal sleep group reported either chronic insomnia or
poor sleep [2, 18, 22, 24, 25, 30-33].

Clinical history

Participants’ history of mental health conditions, including de-
pression, suicidal ideation or attempts, loneliness, marital prob-
lems, alcohol abuse, or drug abuse, was obtained. A composite
binary variable was created based on a positive response to any
of these mental health conditions [2, 35, 36]. Also, a history of
physical health conditions, including allergies/asthma, anemia,
birth defects, cancer/tumor, colitis, diabetes, encephalitis, epi-
lepsy, heart disease, hypertension, kidney/bladder disorders,
migraine, Parkinson’s disease, rheumatism, stroke, thyroid, or
ulcer, was obtained [2, 35, 36]. A composite binary variable was
created based on a positive response to any physical health
condition, except cardiometabolic conditions [2]. We identified
cardiometabolic conditions by the presence of stage 2 hyperten-
sion, type 2 diabetes, heart disease, and/or stroke. Stage 2 hyper-
tension was defined as systolic blood pressure > 140 mmHg or
diastolic blood pressure > 90 mmHg or the use of antihypertensive
medication [24, 25, 35, 36]. Type 2 diabetes was defined as fasting
glucose levels > 126 mg/dL or a report of having been diagnosed
with or received treatment for diabetes [24, 25, 35, 36]. As part
of the clinical history, participants also reported on the medica-
tions used, which were classified into broad classes; psychoactive
medication use was defined as a report of the use of hypnotics,
anxiolytics, anti-depressants, anti-psychotics, or other central
nervous system medication. Participants’ daily consumption of
caffeine (number of cups/day), tobacco (number of cigarettes/
day), and alcohol (number of drinks/day) as well as demographic
characteristics, including age, sex, race/ethnicity, and years of
education, were also obtained [35, 36].

Cognitive impairment

As reported in our previous studies [18, 35, 36], each participant
completed a battery of standardized neuropsychological tests
consisting of measures commonly used in clinical practice to as-
sess a wide range of cognitive domains on the evening before the
sleep recording (19:00 pm and 20:00 pm). This battery included
the Mini-Mental State Examination (MMSE) [37-39], the Symbol
Digit Modalities Test (SDMT) [40, 41], the Trail Making Test (TMT)
part-A (TMT-A) and part-B (TMT-B) scored for its derived out-
comes (TMT B-A, TMT B/A) [42-46], the Benton Visual Retention
Test (BVRT) scored for its type of errors [47], and the Thurstone
Word Fluency Test (TWFT) in oral and written forms [48]. While
the availability of the 16 outcomes that this test battery yields
is an advantage over having one single test score, it also im-
poses statistical (i.e. experiment-wise error rate) and clinical
(i.e. overlapping cognitive functions) limitations when testing
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our hypothesis. As previously reported [35], Z scores for each
test outcome were computed based on the raw score, with their
respective sample mean and standard deviation (SD) and prin-
cipal component analysis (PCA) reduced the 16 outcomes into a
smaller number of clinically meaningful and psychometrically
reliable cognitive domains consistent with established models
of cognition. In brief, PCA yielded a four-factor solution ex-
plaining 89% of the total variance and representing “processing
speed,” “executive attention,” “short-term visual memory,” and
“verbal fluency”; a fifth unspecific factor, indexed by the MMSE
score, was removed from the PCA as it loaded across all domains
and represented “global cognitive status” [35]. To identify parti-
cipants with CI, we used a 2-fold approach commensurate with
our previous study [35]. First, individuals with impaired “global
cognitive status” (i.e. MMSE score of <25), regardless of scores
from other cognitive domains, were identified as cognitively im-
paired [38, 39]. Second, individuals with a Z_, > 90th percentile
of the study population in the four other cognitive domains
were also identified as cognitively impaired, based on the esti-
mated 13% prevalence of CI in the US population (we chose the
90th percentile rather than the 85th percentile to rely on a more
conservative definition). The algorithm for calculating Z_  con-
sisted of the following equation [35]:

Zsum = Ztmr—A — Zspmr + ZTMT B-A+
ZTMT B/A — ZBVRT correct
+ZBVRT error — ZTWFT oral — ZTWFT written

A total of 217 participants did not have data in all neurocognitive
tests and, thus, were excluded from the analyses, which yielded
an effective sample size of 1,524. Out of these 1,524 partici-
pants, 155 were categorized as cognitively impaired [35]. In
addition, a group with “pVCI” was defined by the coexistence
of cardiometabolic conditions (i.e. stage 2 hypertension, type
2 diabetes, heart disease, and/or stroke) and CI (n = 122). This
group was labeled as “possible” (vs. “probable”) VCI [35] given the
absence of biomarker or brain imaging data that could establish
a definitive vascular etiology [49] and should be carefully inter-
preted as a proxy for pVCL

Statistical analyses

The demographic and clinical characteristics of the study popu-
lation were evaluated and presented as mean (SD) and propor-
tions for continuous and categorical variables, respectively. To
compare these characteristics according to CI and the three-
level sleep difficulty, analysis of variance or chi-square tests
were used, as appropriate.

To evaluate the cross-sectional association between the
three-level self-reported sleep difficulty and the two-level ob-
jective sleep duration variables with CI and pVCI, multivariable-
adjusted binary logistic regression models were used. In these
models, age, sex, race, education, BMI, smoking, alcohol use,
psychoactive medication, AHI, mental health problems, and
physical health problems were considered major co-variables
and were controlled for. In the model examining the associ-
ation with CI, the binary variable physical health problems in-
cluded hypertension, diabetes, heart disease, and stroke. In the
model examining the association with pVCI, the binary variable
physical health problems included all other conditions except
hypertension, diabetes, heart disease, and stroke. Odds ratios
(ORs) with the corresponding 95% confidence limits (95% CL) for
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self-reported sleep difficulty and objective short sleep duration
with respect to their independent relationship with CI and pVCI
were estimated.

Based on the presence of self-reported sleep difficulty and
objective short sleep duration, six mutually exclusive groups
were established: participants who reported normal sleep and
slept objectively more than 6 hours (i.e. reference group), partici-
pants who reported poor sleep and slept objectively more than 6
hours, participants who reported chronic insomnia and slept ob-
jectively more than 6 hours, participants who reported normal
sleep and slept objectively less than 6 hours, participants who
reported poor sleep and slept objectively less than 6 hours, and
participants who reported chronic insomnia and slept object-
ively less than 6 hours. The association of these six mutually
exclusive groups with CI and pVCI was further assessed in two
multivariable-adjusted binary logistic regression models while
adjusting for the same major co-variables mentioned above. To
graphically illustrate the role of objective short sleep duration
in the association between self-reported sleep difficulty with CI
and pVCI, we projected the multivariable-adjusted rates across
the six subgroups while accounting for equal demographic and
clinical characteristics (i.e. aged 48.9 years, 46.6% men, 91.5%
white, 13.6 years of education, 27.6 kg/m? BMI, 22% smoker, 1.1
alcoholic drinks/day, 11.8% psychoactive medication use, 2.4
event/hour AHI, 21.5% with a history of mental health prob-
lems, and 53.6% with a history of physical health problems). The
log odds of CI and pVCI rates were estimated by applying these
values, along with objective sleep duration stratum and sleep
difficulty status, to the fitted logistic regression model. The in-
verse logit function was then applied to transform log odds to CI
and pVCI probabilities. Statistical significance was set at a two-
sided p < 0.05. All analyses were performed using SAS version
9.4 [50].

Results

Table 1 presents the demographic, sleep, and clinical character-
istics of the sample as well as stratified by the presence of CI
and sleep difficulty. The presence of CI was significantly asso-
ciated with all demographic and clinical characteristics, except
mental health problems or psychoactive medication use, while
the presence of self-reported sleep difficulty was significantly
associated with several demographic and clinical characteris-
tics, except years of education, diabetes, heart disease, smoking,
alcohol use, AHI, or OSA (Table 1).

The results of multivariable models that examined the as-
sociation of the three-level self-reported sleep difficulty and
the two-level objective sleep duration with CI and pVCI after
adjusting for each other and potential confounders are pre-
sented in Table 2. While poor sleep and chronic insomnia
were not significantly associated with either CI or pVCI, ob-
jective short sleep duration was significantly associated with CI
(OR = 1.90, 95% CL = 1.22-2.95) and marginally associated with
pVCI (OR = 1.53,95% CL = 0.93-2.52). Based on the association of
objective short sleep duration with CI, we split the three-level
self-reported sleep difficulty into objective sleep duration sub-
groups and examined their association with CI and pVCI after
adjusting for potential confounders. As shown in Table 3, when
compared to the reference group, participants who reported
poor sleep or chronic insomnia and slept objectively less than 6
hours were significantly associated with increased odds of CI
(OR =2.06,95% CL = 1.15-3.66 and OR = 2.18,95% CL = 1.107-4.47,
respectively) as well as increased odds of pVCI (OR = 1.94, 95%
CL = 1.01-3.75 and OR = 2.33, 95% CL = 1.07-5.06, respectively).

In contrast, participants who reported poor sleep or
chronic insomnia and slept objectively more than 6 hours
were not significantly associated with increased odds of

Table 1. Demographic and clinical characteristics of the overall sample as well as stratified by the presence of CI and self-reported sleep

difficulty
CI Sleep difficulty
Overall No Yes Normal sleep Poor sleep Chronic insomnia
(N=1,524) (n=1,369) (n=155) Pt (n =899) (n = 453) (n=172) Pt

Age, years 489(134)  481(133) 593 (11.5) <001  49.8 (14.6) 46.1(11.7) 494 (9.6) <0.01
Male, % 46.6 45.6 58.8 <0.01 52.2 37.0 23.9 <0.01
Non-Hispanic White, % 91.5 92.3 82.4 <0.01 91.5 93.7 85.8 0.03
Education, years 13.6 (2.8) 13.8 (2.8) 11.2 (2.2) <0.01  13.6(3.2) 13.5(2.3) 13.5 (2.0) 0.77
BMI, kg/m? 27.6 (5.6) 27.5 (5.6) 28.5 (5.4) 0.08  27.1(5.4) 28.8 (5.5) 28.9 (6.2) <0.01
Hypertension, % 34.9 33.9 48.6 <0.01 33.2 34.8 51.7 <0.01
Diabetes, % 13.7 125 29.3 <0.01 133 13.6 18.6 0.29
Heart disease, % 10.0 9.3 19.5 <0.01 9.0 12.5 121 0.13
Stroke, % 1.6 1.3 4.9 <0.01 1.1 2.9 1.8 0.06
Physical health problems, % 53.6 54.3 48.8 0.05 478 65.1 71.4 <0.01
Mental health problems, % 21.5 21.2 24.7 0.39 13.5 37.7 45.3 <0.01
Psychoactive medications, % 11.8 11.3 15.5 0.13 8.0 14.6 23.8 <0.01
Smoker, % 22.0 20.6 39.2 <0.01 215 23.8 20.9 0.64
Alcohol use, drinks/day 1.1(5.5) 1.1(5.8) 0.5 (1.2) <0.01 1.3(7.0) 0.7 (2.0) 0.5 (1.1) 0.12
AHI, events/hour 2.4 (7.5) 2.1(7.0) 53(10.7)  <0.01 2.4(8.2) 2.4 (6.6) 2.2 (5.6) 0.97

OSA, % 10.8 10.1 19.7 <0.01 11.1 10.4 9.7 0.86
Objective sleep duration, hours 5.9 (1.2) 6.0 (1.2) 5.0 (1.2) <0.01 5.9 (1.3) 6.0 (1.1) 5.6 (1.0) 0.03

<6 hours, % 44.8 42.1 78.2 <0.01 43.7 44.3 55.7 0.05

AHI, apnea-hypopnea index; BMI, body mass index. OSA = AHI > 5 events per hour of sleep.

p value for CIL.
*p value for sleep difficulty.
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Table 2. Association between self-reported sleep difficulty and objective short sleep duration with CI and pVCI

No. (%) with CI OR (95%CL)" No. (%) with pvCI OR (95%CL)*

Sleep difficulty

Normal sleep 88 (9.8) 1.00 65(7.2) 1.00

Poor sleep 46 (10.2) 1.17 (0.76-1.81) 39 (8.6) 1.42 (0.89-2.29)

Chronic insomnia 21 (12.2) 1.25 (0.69-2.26) 18 (10.5) 1.57 (0.84-2.96)
Objective sleep duration

>6 hours 39 (5.3) 1.00 29 (3.9) 1.00

<6 hours 116 (14.7) 1.90 (1.22-2.95)* 93 (11.8) 1.53(0.93-2.52)

TOR and 95% CL adjusted for age, race, sex, education, BMI, smoking, alcohol use, psychoactive medication, AHI, mental health problems, and physical health prob-

lems, including hypertension, diabetes, heart disease, and stroke.

*OR and 95% CL adjusted for age, race, sex, education, BMI, smoking, alcohol use, psychoactive medication, AHI, mental health problems, and physical health prob-
lems, except hypertension, diabetes, heart disease, and stroke that were used to define the outcome.

*p value < 0.05.

Table 3. Association between self-reported sleep difficulty subgroups based on objective sleep duration with CI and pVCI

N No. (%) with CI OR (95%CL)* No. (%) with pVCI OR (95%CL)*
Normal sleep >6 hours 452 28 (6.2) 1.00 19 (4.2) 1.00
Poor sleep >6 hours 211 8(3.8) 0.72 (0.30-1.76) 8 (3.8) 1.08 (0.42-2.74)
Chronic insomnia >6 hours 74 3(4.1) 0.75 (0.21-2.71) 2(2.7) 0.76 (0.16-3.57)
Normal sleep <6 hours 447 60 (13.4) 1.48 (0.86-2.55) 46 (10.3) 1.23 (0.66-2.32)
Poor sleep <6 hours 242 38 (15.7) 2.06 (1.15-3.66)" 31 (12.8) 1.94 (1.01-3.75)*
Chronic insomnia <6 hours 98 18 (18.4) 2.18 (1.07-4.47)* 16 (16.3) 2.33 (1.07-5.06)*

TOR and 95% CL adjusted for age, race, sex, education, BMI, smoking, alcohol use, psychoactive medication, AHI, mental health problems, and physical health prob-

lems, including hypertension, diabetes, heart disease, and stroke.

*OR and 95% CL adjusted for age, race, sex, education, BMI, smoking, alcohol use, psychoactive medication, AHI, mental health problems, and physical health prob-
lems, except hypertension, diabetes, heart disease, and stroke that were used to define the outcome.

*p value < 0.05.

either CI (OR = 0.72, 95% CL = 0.30-1.76 and OR = 0.75, 95%
CL = 0.21-2.71, respectively) or increased odds of pVCI
(OR = 1.08, 95% CL = 0.42-2.74 and OR = 0.76, 95% CL = 0.16—
3.57). Furthermore, participants who reported normal sleep
and slept objectively less than 6 hours were also not associ-
ated with significantly increased odds of CI (OR = 1.48, 95%
CL = 0.86-2.55) or pVCI (OR = 1.23, 95% CL = 0.66-2.32) when
compared with the reference group of participants who re-
ported normal sleep and slept objectively more than 6 hours
(Table 3).

As shown in Figure 1, the projected rates of CI for partici-
pants who reported normal sleep, poor sleep, or chronic in-
somnia and slept objectively more than 6 hours were 3.1%,
2.3%, and 2.6%, respectively. Among participants who reported
sleep difficulty, those who slept objectively less than 6 hours
showed a significantly stronger association (Figure 1, plot A).
The projected CI rate for participants who reported normal
sleep and slept objectively less than 6 hours was 4.5%, whereas
the projected rates for participants who reported poor sleep or
chronic insomnia and slept objectively less than 6 hours were
6.3% and 6.9%, respectively. The substantial differences with
respect to the association of these subgroups with identical
demographic and clinical characteristics with the CI rates
shown in Figure 1, plot A, were commensurate with the rates
for pVCI shown in Figure 1, plot B. It should be noted that the
ratio of these projected rates can provide a closer estimate of
associated risk than the ORs reported above. For example, we
could estimate that the risk of CI and pVCI is 2.7 times (6.9%
vs. 2.6%) and 3.0 times (3.7% vs. 1.2%) higher, respectively, in
participants who reported chronic insomnia and slept object-
ively less than 6 hours than those sleeping more than 6 hours.

Discussion

This is the first study to demonstrate that insomnia with ob-
jective short sleep duration is significantly associated with
prevalent CI as it relates to cardiometabolic contributors to
brain health, i.e. pVCI. This association was independent of fac-
tors frequently associated with insomnia or CI, such as age, sex,
race, education, smoking, obesity, sleep apnea, or other mental
and physical health problems. Our findings provide further
evidence that objective sleep measures in insomnia may be a
useful marker of the biological severity, phenotyping, and ad-
verse impact of this highly prevalent and chronic disorder.
Sleep serves many functions, ranging from tissue restor-
ation to brain metabolite clearance of potential neurotoxic
waste products that accumulate during wakefulness [51]. While
normal, adequate sleep may actively promote restoration, con-
solidation, and integration of cognitive information, it is likely
that inadequate sleep serves as a catalyst to impair perform-
ance on attention and executive control tasks [52]. In the present
study, adults with insomnia and objective short sleep duration
were associated with a 2-fold increased odds of prevalent CI or
pVCIL. Previous studies indicate that noncognitively impaired
adults with chronic insomnia may have faster processing speed
on simple reaction time tasks but struggle greatly when the
complexity of the task is slightly increased [53]. We have shown
that noncognitively impaired adults with chronic insomnia and
objective short sleep duration demonstrated lower performance
on tasks tapping higher-order cognitive functions (i.e. execu-
tive/set-switching attention), while adults with insomnia and
normal sleep duration did not show decreased cognitive per-
formance in any cognitive task [18]. This finding was consistent
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Figure 1. Multivariable-adjusted probabilities of CI and pVCI across insomnia
phenotypes. Data are expected probability rates of (A) CI and (B) pVCI across
insomnia phenotypes based on objective sleep duration with identical demo-
graphic (e.g. age, sex, race, and years of education) and clinical (e.g. prevalence of
smoking, alcohol use, psychoactive medication, obesity, obstructive sleep apnea,
mental health problems, and physical health problems) characteristics.

with previous [54, 55] and subsequent studies using objective
sleep measures [56, 57] and more directly replicated in two inde-
pendent studies [17, 19] of also noncognitively impaired adults
with chronic insomnia and objective short sleep duration. The
novel finding of the current large, population-based study of
a wide age-range is that this insomnia phenotype appears to
be more likely to present with prevalent CI, a finding similar to
that observed in older adults [58]. Future clinical studies of large
samples with well-diagnosed minor or major neurocognitive
disorders (e.g. MCI, VCI, and AD) should examine the differential
neurocognitive profiles and potential underlying mechanisms
of those with a history of chronic insomnia who demonstrate
short sleep duration vs. normal sleep duration.

Another novel, but preliminary, finding of this study is that
the association of insomnia with objective short sleep dur-
ation with CI is particularly strong for pVCI, as identified by
the coexistence of cardiometabolic conditions and CI in this
study. Several studies have supported that insomnia with ob-
jective short sleep duration is associated with physiologic
hyperarousal, including hyperactivity of the hypothalamic-pi-
tuitary—adrenal and sympatho-adrenal-medullary axes [59-61]
and impaired cardiac autonomic modulation [23, 54, 62], as well
as an increased risk of adverse cardiometabolic health out-
comes [20-22, 24, 25, 60, 63-66]. Moreover, two recent studies
have found that shorter PSG-measured sleep duration is associ-
ated with lower GABA levels in the anterior cingulate cortex [67]

and that lower PSG-measured sleep efficiency is associated with
greater waking connectivity between the retrosplenial cortex/
hippocampus and various nodes of the default mode network in
adults with insomnia [68]. In addition, two studies have shown
that insomnia with objective short sleep duration is associated
with altered brain-based biomarkers, such as decreased gluta-
mate metabolites [57], and brain-derived neurotrophic factor
[17]. Taken together, these data can lead us to surmise that the
etiology of CI in middle-aged adults with insomnia with ob-
jective short sleep duration may be more likely related to dys-
function of the neurovascular unit and microvascular brain
damage, such as asymptomatic deep brain infarction, white
matter hyperintensities, and accelerated brain atrophy [27]. If
followed up as older adults, these individuals’ CI will eventu-
ally result from a mixture of cerebral amyloid angiopathy and
microinfarction, microhemorrhage, and macrohemorrhage of
the brain, which typically underlie VCI [27]. Additional research
into the association between insomnia and objective short sleep
duration with CI is vital, especially to further understand the
specific underlying central mechanisms of neurocognitive dys-
function and its progression to major neurocognitive disorders.
There is a clear need for longitudinal studies making use of
objective sleep and cognitive measures that can address these
hypotheses.

In contrast, adults with insomnia with objective normal sleep
duration were not associated with increased odds of either CI or
pVCI. This finding is consistent with our and others’ previous
studies showing a lack of performance deficits in noncognitively
impaired adults who report chronic insomnia and sleep object-
ively longer [17-19, 55, 57] or lack physiologic hyperarousal [56].
Furthermore, these data are also consistent with the absence of
an increased risk of adverse cardiometabolic health outcomes
in this insomnia phenotype with normal sleep duration [21-25].
It is important to note that this insomnia phenotype has been
shown to be associated with sleep misperception, anxious-
ruminative traits, dysfunctional sleep beliefs, or poor coping
resources [31, 55, 69], which appear to partially account for its
increased risk of psychiatric morbidity [33]. Thus, insomnia with
objective normal sleep duration should not be regarded simply
as a “symptom of the worried-well” but rather as a disorder in
which specific cognitive-emotional (e.g. dysfunctional beliefs,
cognitive arousal, and performance anxiety) and behavioral (e.g.
sleep-incompatible and sleep-inhibitory behaviors) factors play
a primary perpetuating role [15, 16, 69]. Our novel data further
support that objective sleep duration can be a useful marker not
only for predicting the biological severity of insomnia but also
for a meaningful phenotyping of the disorder.

It is worth mentioning that in univariate analyses, adults who
reported normal sleep and slept objectively short in the lab showed
a significantly higher prevalence of CI (13.4%) when compared to
those who also reported normal sleep but slept objectively longer
(6.2%). Multivariable-adjusted analyses, thereafter, showed that
these participants were associated with a nonsignificant 1.5-fold
increased odds of CI. These data indicate that the co-variables
adjusted for may have accounted for some of the risk of CI ob-
served in these short sleepers without insomnia symptoms. Our
previous study in noncognitively impaired adults [18] showed that
this group of non-complaining short sleepers had poorer pro-
cessing speed but no signs of performance deficits in higher-order
cognitive functions (i.e. executive attention, short-term memory,
or verbal fluency). Future studies should examine which clinical
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conditions account for the potential increased risk of CI of short
sleepers without insomnia complaints.

Some limitations should be considered when interpreting
our results. First, the cross-sectional design of this study pre-
cludes any conclusion regarding the direction of the associ-
ations found. It is equally plausible that adults who complain
of insomnia and sleep objectively short in the lab have an in-
creased risk of CI, as it is that adults with CI who complain of
insomnia are more likely to sleep objectively shorter in the lab.
Second, the definition of sleep difficulty differentiated those
with “poor sleep” (i.e. moderate-to-severe insomnia symp-
toms) and those with “chronic insomnia” (i.e. a complaint of
insomnia lasting at least a year) but did not include frequency
or daytime impairment criteria. Our previous studies have
supported the face, construct, and predictive validity of the
“poor sleep” and “chronic insomnia” definitions used in this
population-based cohort [2, 18, 22, 24, 25, 30-33]. These defin-
itions are similar to those of “insomnia symptoms” and “in-
somnia syndrome” in other cohorts that have used improved,
more sophisticated measures including frequency and daytime
impairment criteria [3]. Third, the objective sleep duration in
this study was based on one-night, 8-hour PSG, which may not
be representative of the participants’ habitual sleep duration.
Fourth, we did not have the ability to confirm the type of diag-
noses or medications via medical record data, either for sleep/
insomnia, CI, heart disease, stroke, or other physical or mental
health conditions, as reported by the participants during the
clinical history and physical examination. Fifth, the lack of bio-
marker or brain imagining data precluded the diagnosis of VCI
and, thus, the use of the term “possible” should be cautiously
interpreted as a proxy of VCI. Finally, the PSAC is a predomin-
antly non-Hispanic white cohort with an average of 13.5 years
of education. Thus, future population-based studies should in-
corporate longitudinal designs with multiple time points and
multiple night recordings and test our hypotheses in more ra-
cially/ethnically diverse cohorts, thereby extending the gener-
alizability of our findings and informing the causal direction of
the associations found.
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