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INSOMNIA

Objective but Not Subjective Short Sleep Duration Associated with Increased

Risk for Hypertension in Individuals with Insomnia

Christina J. Bathgate, PhD'; Jack D. Edinger, PhD'2; James K. Wyatt, PhD?; Andrew D. Krystal, MD?
National Jewish Health, Denver, CO; 2Duke University Medical Center, Durham, NC; *Rush University Medical Center, Chicago, IL

Study Objectives: To examine the relationship between hypertension prevalence in individuals with insomnia who have short total sleep duration < 6 h or
sleep duration = 6 h, using both objective and subjective measures of total sleep duration.

Methods: Using a cross-sectional, observational design, 255 adult volunteers (n = 165 women; 64.7%) meeting current diagnostic criteria for insomnia
disorder (Mage = 46.2 y, SDage = 13.7 y) participated in this study at two large university medical centers. Two nights of polysomnography, 2 w of sleep diaries,
questionnaires focused on sleep, medical, psychological, and health history, including presence/absence of hypertension were collected. Logistic regressions
assessed the odds ratios of hypertension among persons with insomnia with short sleep duration < 6 h compared to persons with insomnia with a sleep
duration = 6 h, measured both objectively and subjectively.

Results: Consistent with previous studies using objective total sleep duration, individuals with insomnia and short sleep duration < 6 h were associated with a
3.59 increased risk of reporting hypertension as a current medical problem as compared to individuals with insomnia with sleep duration = 6 h. Increased risk
for hypertension was independent of major confounding factors frequently associated with insomnia or hypertension. No significant risk was observed using

subjectively determined total sleep time groups. Receiver operating characteristic curve analysis found that the best balance of sensitivity and specificity
using subjective total sleep time was at a 6-h cutoff, but the area under the receiver operating characteristic curve showed low accuracy and did not have

good discriminant value.

Conclusions: Objectively measured short sleep duration increased the odds of reporting hypertension more than threefold after adjusting for potential
confounders; this relationship was not significant for subjectively measured sleep duration. This research supports emerging evidence that insomnia with
objective short sleep duration is associated with an increased risk of comorbid hypertension.

Keywords: hypertension, insomnia, polysomnography, prevalence, short sleep

Citation: Bathgate CJ, Edinger JD, Wyatt JK, Krystal AD. Objective but not subjective short sleep duration associated with increased risk for hypertension in

individuals with insomnia. SLEEP 2016;39(5):1037-1045.

Significance

Insomnia and hypertension are highly prevalent medical concerns; practitioners should be aware that patients with untreated chronic insomnia may

also have comorbid hypertension. Previous research found an association between objective short sleep duration (< 6 h per night) and increased risk

for comorbid hypertension; this study replicates and extends these previous findings using a different population. Additionally, we examine differences
between using objective and subjective measures of sleep to evaluate associated hypertension risk. The current study found that insomnia with objective
short sleep was associated with a 3.59 increased risk of reporting hypertension, regardless of age, sex, race, weight, frequency of sleep medication use,
sleep disordered breathing, daytime sleepiness, diabetes, high cholesterol, depression, and consumption of alcohol, caffeine, and tobacco.

INTRODUCTION

A growing body of research has suggested that inadequate
sleep, as a result of insomnia or short sleep duration, can
have negative effects on individuals’ medical health. In-
somnia, characterized by difficulty initiating or maintaining
sleep at least three times per week for 3 mo with associated
daytime impairment,' affects more than 30% of the popula-
tion intermittently, and 10% to 15% chronically.> Previously
studies examining chronic insomnia on its own have shown
it is associated with increased mortality risk (adjusted hazard
ratio [HR] = 1.58, 95% confidence interval [95% CI] = 1.02—
245, P < 0.05),} incident depression (odds ratio [OR] = 1.9,
P =0.031),* and medical disorders associated with adverse out-
comes, such as hypertension.’” Short sleep duration (< 6 h per
night), which is a separate phenomenon, affects approximately
70.1 million US adults.® As is the case with insomnia, short
sleep duration on its own has been correlated with a variety
of adverse health outcomes. Both meta-analytic and popula-
tion based studies have indicated that short sleep is associated
with increased risk for mortality (relative risk [RR] = 1.12,
95% CI = 1.06-1.18, P < 0.01),° incident myocardial infarc-
tion in women (HR = 2.98, 95% CI = 1.48-6.03) but not men
(HR = 1.13, 95% CI = 0.66—-1.92),!° and incident hypertension
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(RR=1.21, 95% CI = 1.05-1.40; test for overall effect: Z =2.61,
P = 0.009),” compared to individuals without short sleep du-
ration (commonly > 7 h). As such, having either insomnia or
short sleep alone may have significant negative implications
for individuals’ health.

Although insomnia and short sleep duration have been
independently correlated to increased risk of mortality and
morbidity, the combination of insomnia and short sleep du-
ration within the same individual appears especially detri-
mental. Sivertsen et al."' reported that individuals with both
insomnia and short sleep duration (< 6.5 h) showed nearly
a threefold increased risk for mortality compared to those
sleeping > 6.5 h; the association between insomnia with
normal/greater sleep duration was not associated with mor-
tality."" Furthermore, Vgontzas et al.'> found that insomnia
with objectively measured short sleep duration (< 6 h) was
associated with significantly increased mortality rates in men
(but not women), after adjusting for diabetes, hypertension,
and other confounders.

Perhaps one of the more consistently documented mor-
bidity outcomes linked to insomnia with short sleep dura-
tion is its association with an increased risk for hypertension.
Hypertension currently affects 26.4% of adults worldwide
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and is the leading risk factor for mortality.”® The association
between hypertension risk and insomnia with short sleep
duration has been documented in several cross-sectional ob-
servation studies,>'*!* a recent clinical review,'® and meta-
analytic work with prospective adult cohort studies using
at least a 1-y follow-up period.” Only one study showed
conflicting results, reporting no associations between in-
somnia symptoms, short sleep duration, and increased risk
for hypertension.”” However, that particular study identified
insomnia based solely on subjective reports of symptom
frequencies per month (i.e., did not include daytime impair-
ment as part of the insomnia definition), and used subjec-
tive reports of sleep duration, which is commonly discordant
with objective, polysomnographic (PSG) measures of sleep
duration.”” As much of the available literature’'® has sug-
gested, hypertension risk is associated with the combination
of insomnia and objective short sleep duration (< 6 h). Fur-
thermore, it appears that objectively measured total sleep
duration is a better predictor of associated hypertension risk
in insomnia populations compared to subjectively-measured
total sleep duration.

To date, most research linking insomnia with objective
short sleep duration and hypertension risk has been conducted
by Vgontzas and colleagues using the Penn State Cohort, a
sample of 1,700 men and women from central Pennsylvania
recruited originally to determine the age distribution for sleep
disordered breathing.?** Key findings from this group have
shown that individuals with insomnia who also have objec-
tively measured sleep durations of < 5 h or 5-6 h per night,
had a fivefold and 3.5-fold increased odds of having hyper-
tension, respectively, compared to a control group of indi-
viduals without insomnia complaints sleeping > 6 h.® Authors
also found that after a 7.5-y follow-up period, those having
insomnia with short sleep duration (< 6 h) showed 3.75-fold
(95% CI = 1.58-8.95, P = 0.012) greater odds for hyperten-
sion incidence compared to normal sleepers who slept > 6 h.’
These studies showed that neither individuals with chronic
insomnia sleeping > 6 h (using objective PSG measurement)
nor a control group of normal sleepers showed elevated odds
for either current or incident hypertension.>® Based on these
findings, Vgontzas et al.?> contend that objective short sleep
duration < 6 h in individuals with insomnia is associated with
increased morbidity risk (measured via incident hypertension)
and has clinical utility for severity assessment and subsequent
treatment selection.

Whereas these findings are both significant and compel-
ling, they are primarily based on one research cohort in
which sleep duration was defined using 1 PSG night to iden-
tify individuals with insomnia who also have short sleep du-
ration. The purpose of this study was to replicate and extend
the findings of Vgontzas et al. in a sample other than the
Penn State cohort. Specifically, the current study: (1) exam-
ined the odds for current hypertension among individuals
with insomnia with and without short sleep duration; and (2)
tested whether there are differences in associated hyperten-
sion risk based on total sleep duration derived objectively
from 1 or 2 nights of PSG, or subjectively from 2 w of sleep
diaries.
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METHODS

Design

This study consisted of a secondary analysis of data from a
parent study at Duke University (Durham, NC) and Rush Uni-
versity (Chicago, IL) Medical Centers examining the reliability
and validity of insomnia diagnoses.? This study’s protocol
was reviewed and approved by the Institutional Review Boards
of Duke and Rush University Medical Centers.

Participants

The original sample (n = 352) was recruited between January
2004 and February 2009. Participants included: (1) met Re-
search Diagnostic Criteria for insomnia disorder,* (2) were
older than 18 y, and (3) spoke English fluently. To simulate
Insomnia Disorder criteria from the Diagnostic Statistical
Manual for Mental Disorders, Fifth Edition* and the Inter-
national Classification of Sleep Disorders, Third Edition,! we
selected individuals reporting insomnia for > 3 mo for the cur-
rent analysis. We also required that participants have complete
data for all variables used in planned analyses. Participants
excluded were: (1) suffering an unstable or life-threatening
medical condition; (2) imminently suicidal; (3) cognitively im-
paired (i.e., a score of <24 on the Mini Mental State Examina-
tion [MMSE]*); or (4) previously evaluated by any of the study
clinicians. Based on the aforementioned criteria, 97 of the
original 352 participants were excluded (24 reported having
less than 3 mo of insomnia and 73 did not have complete ques-
tionnaire data). There were no significant baseline differences
between those excluded (n = 97) and our final sample (n = 255)
on their objective total sleep time (TST) group assignment, age,
sex, body mass index (BMI), frequency of hypnotic medica-
tion use, excessive daytime sleepiness (ESS), apnea-/hypopnea
index (AHI from PSG), current hypertension, current diabetes,
current hypercholesterolemia, depression (Inventory to Diag-
nose Depression [IDD]), or consumption of alcohol, caffeine,
and tobacco. In terms of racial distribution (whites versus non-
whites), we found a significantly greater percentage of whites
in the excluded group (68/97, 70.1%) compared to whites in
our final sample (144/255, 56.47%; P = 0.02), suggesting that
our final sample (n = 255; 130 from Duke, 125 from Rush) was
more racially diverse than those who were in the excluded

group.
Sleep Assessments

Polysomnography

Participants underwent two consecutive nights of in-laboratory
PSG with a monitoring montage consisting of electroencepha-
lography (Cs;-M,, Oz-Cz), chin electromyography channel,
electro-oculography (left eye-M;, right eye-M,), airflow (nasal-
oral thermistor), respiratory effort (thoracic and abdominal im-
pedance), pulse oximetry, anterior tibialis electromyography
(right and left legs), and body position monitoring. Participants
followed their customary bed and rising times on PSG nights.
Those with occasional hypnotic use underwent PSGs off of
such medications; those using hypnotics > 3 nights per week
or taking antidepressants/anxiolytics underwent PSGs while
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on these medications. PSGs were scored using traditional
scoring criteria for sleep stages, apneas/hypopneas, periodic
limb movements in sleep (PLMS), and related or idiopathic
arousals.”’ %

Electronic Sleep Diary

Participants maintained 2-w records of their sleep (bedtime,
sleep onset latency, nocturnal wakefulness, rising time, etc.)
using a personal digital assistant. Those who had difficulty
using this device completed paper diaries. Diary entries were
downloaded (or hand-entered for paper diaries) into a computer
database for subsequent analyses. The database contained in-
formation about each participant’s time in bed and total wake
time from which nightly TST was calculated.

Questionnaire Instruments

Participants completed a sleep history questionnaire (SHQ),
Epworth Sleepiness Scale (ESS),***" and IDD.*? The 10-page
SHQ contained questions about demographic information,
current and past sleep complaints, sleep schedule, bedtime
routines, and use of hypnotic agents, caffeine, alcohol, and to-
bacco. It also contained a health problem checklist containing
54 medical (e.g., hypertension, hypercholesterolemia, etc.) and
mental (e.g., depression, anxiety, etc.) disorders allowing par-
ticipants to check all current and past health problems. The
eight-item ESS questionnaire is designed to assess daytime
sleepiness using a four-point rating scale (0 = “would never
doze” to 3 = “high chance of dozing”) with the sum of all items
comprising the participant’s ESS score. The 22-item, well-vali-
dated IDD was used to measure mood status.

Procedures

Study candidates had an initial visit with a project coordinator
(PC), who described study procedures, obtained informed con-
sent, and assessed the candidate’s cognitive status using the
MMSE.?¢ Candidates with MMSE scores < 24 were excluded
and referred for further cognitive evaluation. The PC also ad-
ministered insomnia diagnostic questions from the Duke Sleep
Structured Interview for Sleep Disorders,** to confirm candi-
dates met Research Diagnostic Criteria (RDC) for insomnia
disorder.”* Those who had a MMSE score > 24 and met Re-
search Diagnostic Criteria for insomnia disorder were enrolled.
However, to simulate Diagnostic and Statistical Manual for
Mental Disorders, Fifth Edition and International Classifica-
tion of Sleep Disorders, Third Edition diagnostic criteria, only
individuals who reported having insomnia for at least 3 mo
were selected for the current study.

Enrolled participants completed study questionnaires, 2 w of
sleep diaries, and 2 consecutive nights of PSG. Values of TST
and the AHI were computed for each PSG night. Each partici-
pant’s objective TST was determined by using the TST observed
solely on the first night, and then computing the mean TST
from 2 PSG nights. We regarded the latter of these estimates
to be more reliable, as it was based on repeated observations,
whereas the former was a more pragmatic index, as clinicians
often have just 1 night of recorded PSG for their patients.

Participants were classified as having short objective sleep
duration < 6 h (n = 130, based on 2 nights of PSG; n = 136,
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using first night PSG only) or objective sleep duration > 6 h
(n = 125, based on 2 nights of PSG; n = 119, using first night
of PSG only). A cutoff of < 6 h was used because it has proven
optimal for predicting morbidity and mortality among individ-
uals with insomnia.>®!? Participants were also classified into
groups based on their subjective total sleep duration (i.e., mean
TST across 2 w of sleep diaries), resulting in those with short
sleep duration <6 h (n = 123) and sleep duration > 6 h (n = 132).

The presence of hypertension was discerned from par-
ticipants’ self-report of this condition on the SHQ’s health
problem checklist. This process was repeated for diabetes and
hypercholesterolemia. The total depression score was obtained
from IDD and daytime sleepiness score from the ESS. Partici-
pants’ age, sex, race, height, weight, and daily consumption of
alcohol (number of drinks/day), caffeine (number of servings/
day), hypnotic agents and tobacco (number of cigarettes/day)
were obtained from the SHQ. BMI was calculated using self-
reported height and weight.

Statistical Analyses

Correlation and paired #-tests were used to determine if we
should use sleep duration groups derived from the PSG TST
from night 1 only, night 2 only, or an average across both
nights.

Chi-square tests determined if there were significant pro-
portional differences for categorical variables by study site
and sleep duration group (defined by 2 PSG nights). One-way
analyses of variance determined if there were significant mean
differences among continuous variables by study site, sleep
duration group, or for the study site x sleep duration group in-
teraction. Logistic regression models assessed the association
between hypertension prevalence and insomnia with objective
and subjective short sleep duration. Each analysis adjusted for
various covariates including age, sex, race (white vs. nonwhite),
BMI, frequency of hypnotic medication use, daytime sleepi-
ness (ESS), apnea-hypopnea index (AHI from PSG), current
diabetes, current hypercholesterolemia, depression (IDD), and
consumption of alcohol, caffeine, and tobacco. OR with 95%
CI were calculated for three models. Model 1 used objective
sleep data from 2 consecutive nights of PSG, model 2 used
objective sleep data from the first PSG night only, and model
3 used subjective sleep data from 2 w of sleep diaries. To re-
duce type 1 error, we applied a Bonferroni correction for the
multiple logistic regression analyses conducted; our adjusted
a = 0.016 (i.e., 0.05 =+ 3).

Chi-square tests were used to examine the sensitivity and
specificity of data derived from (1) the first night of PSG only
and (2) 2 w of sleep diary monitoring for correctly determining
the objective sleep duration classification (i.e., short < 6 h
versus > 6 h) based on their mean TST across 2 PSG nights.
Although a cutoff of < 6 h using PSG has been shown to be
optimal for predicting morbidity and mortality among indi-
viduals with insomnia,>*!? it is unclear whether this cutoff
also applies to subjective reports of TST. A receiver-operating
characteristic (ROC) curve was used to graphically depict the
relationship between the sensitivity and specificity of hyper-
tension detection in individuals with insomnia using average
TST from 2 w of sleep diaries.
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RESULTS

Participants were mostly female (64.7%), white (56.5%),
well educated (Meayeation = 15.2 £ 3.1 y), middle-aged
(Mage = 46.2 + 13.7 y), and most were single (40.8%) or mar-
ried/living as married (39.6%). One quarter of our sample re-
ported hypertension (25.5%). Objective TST from PSG night
1 and PSG night 2 were significantly correlated (» = 0.46,
P <0.0001), and there were no significant differences between
TST on night 1 (M; = 346.35 min, SD; = 92.57) and night 2
(M, = 35746, SD, = 93.19), t = —1.62, P = 0.11. Therefore, we
choose to conduct analyses that looked at objective TST group
based on the average across both nights of PSG, as well as the
first night of PSG only.

Using the TST duration average across 2 nights of PSG, par-
ticipants were evenly divided between the objective short sleep
duration group < 6 h (n = 130, 51%) and objective normal sleep
duration group > 6 h (n = 125, 49%). When using the TST du-
ration of night 1 only, participants fell into similar groupings,
with n =136 (53.3%) being in the objective short sleep duration
group < 6 h, and n = 119 (46.7%) being in the objective normal
sleep duration group > 6 h.

Compared to the Rush sample, Duke participants were sig-
nificantly older (Mpyk = 49.6 years, SD = 13.6; Mgy = 42.6 y,
SD = 13.0; F(3,251) = 12.93, P < 0.001), more likely to be mar-
ried/living as married, ¥* = 25.22 (2, n = 255), P < 0.001, more
likely to report diabetes, x> = 6.26 (1, n = 255), P < 0.05, and
less ethnically diverse, x> = 12.02 (4, n = 255), P < 0.05. No
other significant differences were observed between study
sites. Table 1 provides demographic frequencies, means, and
values for chi-square and analysis of variance analyses.

There were more females than males in the sample but there
was a significantly larger proportion of males in the objective
short sleep duration < 6 h group (42.3%) compared to the ob-
jective normal sleep duration > 6 h group (28%). Participants
in the objective short sleep group were also significantly older,
had a higher frequency of nightly hypnotic medication use over
the past month, reported lower ESS scores, and were more
likely to report high blood pressure as a current medical con-
cern. Table 2 shows chi-square results for hypertension preva-
lence by objective sleep duration group based on 2 nights of
PSG. No significant differences were observed between objec-
tive short sleep < 6 h and normal > 6 h sleep duration groups
on race, education, marital status, BMI, insomnia duration,
number of sleep diary days completed, AHI, diabetes, hyper-
cholesterolemia, depressive symptoms, and daily consumption
of alcohol, caffeine, and tobacco.

More participants with objective short sleep < 6 h were from
Duke (59.2%) than Rush (40.1%), ¥* (1, n =255) =7.22, P <0.01.
However, this is likely a result of Duke being a significantly
older sample, as TST tends to decrease with age.** No signifi-
cant interactions between study site and objective sleep dura-
tion group were observed by age, education, BMI, daytime
sleepiness, AHI, frequency of hypnotic medication use, dia-
betes, hypercholesterolemia, depressive symptoms, and daily
consumption of alcohol, caffeine, and tobacco.

Table 3 shows results of logistic regression analyses. In
model 1, insomnia with objectively short sleep < 6 h, based
on 2 PSG nights, was associated with a significantly greater
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risk for hypertension after adjusting for covariates (OR = 3.59,
95% CI = 1.58-8.17, P = 0.002), as compared to insomnia with
objective sleep duration > 6 h. In model 2, objective short sleep
duration < 6 h (first PSG night only) was associated with in-
creased risk for hypertension after adjusting for covariates
(OR = 3.33, 95% CI = 1.50-7.41, P = 0.003), as compared to
insomnia with objective sleep duration > 6 h. In model 3, no
significant differences were found between groups having in-
somnia with subjective (2 w of sleep diaries) short sleep <6 h
and subjective longer sleep duration > 6 h in their hypertension
risks after adjusting for covariates.

A chi-square analysis was used to test the level of agree-
ment between sleep duration classification based on only the
first night of PSG and such classification based on the mean
TST from 2 consecutive nights of PSG. Results of this analysis
show a high rate of agreement between classifications based
on the first PSG night and those based on the mean TST of
2 PSG nights (y*> = 109.46, degrees of freedom = 1, n = 255,
P < 0.0001). In fact the classification based on the first PSG
night only showed a high sensitivity (85%) and specificity
(80%) for the classification results based on the 2 PSG nights.
Therefore, if only 1 night of PSG is available, which may often
be the case for clinicians, using the TST gathered from that
night will still be clinically useful. In contrast, using means
data from 2 w of subjective sleep diary reports demonstrated
both lower sensitivity (60%) and lower specificity (64%) of
classifying persons into the sleep duration groups derived
from using 2 consecutive nights of PSG (y* = 14.70, degrees of
freedom = 1, n =255, P < 0.0001).

Given the systemic differences between measuring TST
using PSG versus self-report, it is plausible that the TST
cutoff point that dictates “short sleep” might be different for
diary and PSG measures. To test this assumption we con-
ducted an ROC curve analysis to examine the association
between hypertension risk and the subjective sleep time re-
ports of those in our study sample (see Figure 1). The ROC
curve is plotted for all TST values; the further the ROC curve
lies above the diagonal reference line, the more accurate the
test.® Another index of accuracy is the area under the curve
(AUC); this is the probability that a test result for a randomly
chosen positive case will exceed the result for a negative
case. Swets* has suggested that AUC values under 0.7 have
“low” accuracy, values between 0.7 and 0.9 have “moderate”
accuracy, and values greater than 0.9 have “high” accuracy.
Our model had low accuracy (AUC = 0.639), which suggests
that subjective TST is not able to reliably predict the prob-
ability of reporting hypertension. Figure 2 shows a plot of
the sensitivity (i.e., percentage of those with reported hyper-
tension included) and specificity (i.e., percentage of those
without reported hypertension included) when TST data
from sleep diaries are used to discriminate those with and
without hypertension. Assuming it is desirable to obtain a
balance between correct identification of true hypertension
cases and correct exclusion of false positives (i.e., people
without hypertension that are classified as having hyperten-
sion), the figure shows that as we approach 6 h (360 min),
we achieve an optimal balance of sensitivity and specificity.
However, as stated previously, the AUC for this test has low
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Table 1—Demographic and health characteristics of insomnia participants.

Objective Short Sleep*  Objective Normal Sleep*

Characteristic Overall Sample (< 6 h per night) (2 6 h per night) Test Values
Frequencies, n (%) n =255 n=130 n=125 e df P
Sex 5.71 1 0.02
Female 165 (64.7) 75 (57.7) 90 (72.0)
Male 90 (35.3) 55 (42.3) 5 (28.0)
Race 4.50 4 0.34
White 144 (56.5) 79 (60.8) 65 (52.0)
Black or African American 95 (37.3) 46 (35.4) 49 (39.2)
American Indian or Alaska Native 1(0.3) 0(0) 1(0.8)
Asian 7(2.8) 3(2.3) 4(3.2)
Other 8(3.1) 2(1.5) 6 (4.8)
Marital status 0.35 2 0.84
Single 104 (40.8) 51(39.2) 53 (42.4)
Married/living as married 101 (39.6) 52 (40.0) 49 (39.2)
Divorced/separated/widowed 50 (19.6) 27 (20.8) 23 (18.4)
High blood pressure 65 (25.5) 48 (36.9) 17 (13.6) 18.25 1 <0.0001
Diabetes 16 (6.3) 10 (3.9) 6 (2.4) 0.91 1 0.34
Hypercholesterolemia 56 (22.0) 34(26.2) 22 (17.6) 2.72 1 0.10
Mean (SD) F df P
Age 46.2 (13.7) 50.2 (13.2) 42.1(13.1) 18.99 1,254 <0.0001
Years of education 15.2 (3.1) 15.4 (2.9) 14.9 (3.4) 0.92 1,246 0.34
BMI 28 6(7.0) 29 0(7.1) 28.1(6.9) 1.01 1,254 0.32
AHI 4(12.4) 5(14.6) 4.2 (9.5) 1.72 1,254 0.19
Cigarettes per day 0(5.7) .2 (5.6) 1.8(5.7) 0.59 1,254 0.44
Alcoholic drinks per day 4(1.0) 4(1.2) 0.3(0.8) 1.76 1,254 0.19
Caffeinated drinks per day 2(2.2) 2(2.0) 2.2(24) 0.13 1,254 0.72
ESS 6(5.1) 2 (5.0) 9.1(5.2) 7.90 1,254 0.005
IDD 178(12 4) 175(12 8) 18.0 (12.1) 0.22 1,254 0.64
Hypnotic use, nights per month 4(10.9) 6(11.9) 5.2 (9.3) 9.37 1,254 0.002
Sleep diary recorded days 15 5(2.9) 15 2 (3.2) 15.9 (2.6) 3.49 1,254 0.06

Missing data on education from 8 participants (2 from the short sleeper group, 6 from the normal sleeper group). Mean and standard deviation (SD)
calculations exclude subjects with missing data. *Based on 2 nights of polysomnography. AHI, apnea-hypopnea index; BMI, body mass index; df, degrees
of freedom; ESS, Epworth Sleepiness Scale; IDD, Inventory for Diagnosing Depression; SD, standard deviation.

accuracy, which supports our logistic regression finding that
subjective TST duration group was not a significant pre-
dictor of increased hypertension risk.

DISCUSSION

This is one of the first studies outside of those with the Penn
State Cohort demonstrating that insomnia with objective short
sleep duration < 6 h is associated with increased risk for hy-
pertension prevalence, independent of major confounding
factors including age, sex, race, BMI, frequency of hypnotic
medication use, AHI, daytime sleepiness, diabetes, hypercho-
lesterolemia, depression, or alcohol, caffeine, and tobacco con-
sumption. Consistent with previous literature,>® we found that
individuals with the combination of insomnia with objective
short sleep duration < 6 h resulted in increased OR of reporting
hypertension as a current problem compared to individuals
with insomnia and objective sleep duration > 6 h. This finding
was also significant when using data from solely the first PSG
night, which provided higher sensitivity and specificity of
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Table 2—Results of chi-square test and descriptive statistics for
hypertension prevalence by objective sleep duration group.

High Blood Objective Sleep Duration Group*
Pressure Short Sleep (<6 h) Normal Sleep (2 6 h)
Yes 48 (36.9%) 17 (13.6%)
No 82 (63.1%) 108 (86.4%)

= 18.25, degrees of freedom = 1, n = 255, P < 0.0001. Numbers in
parentheses indicate column percentages. *Objective sleep duration
group derived from average total sleep time across 2 consecutive nights
of PSG.

correctly classifying individuals into their respective sleep du-
ration group compared to using 2 w of sleep diary reports. Our
findings also align with two large cohort samples that did not
specifically select for insomnia patients. The Coronary Artery
Risk Development in Young Adults (CARDIA) Study,” which
included a large cohort of African American and white adults,
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Model 1: Objective TST

Table 3—Multivariable adjusted odds ratios of hypertension associated with insomnia and objective sleep duration.

(2 nights PSG)
Characteristic Adjusted OR  95% CI [LL, UL]

Normal sleep duration (= 6 h) 1.00 -
Short sleep duration (< 6 h) 3,590 [1.58, 8.17]
AHI 1.03 [0.99, 1.06]
ESS 1.03 [0.96, 1.10]
Diabetes 4952 [1.08, 22.63]
Hypercholesterolemia 3.00° [1.24,7.26]
BMI 1.02 [0.97,1.08]
Cigarettes per day 0.97 [0.90, 1.04]
Alcoholic drinks per day 1.14 [0.79, 1.63]
Caffeinated drinks per day 0.842 [0.70, 0.99]
Depression (IDD) 1.04° [1.01, 1.06]
Hypnotic use, nights per month 1.03 [1.00, 1.07]
Female 1.00 -
Male 0.95 [0.43,2.10]
Race — White 1.00 -
Race — Nonwhites 6.11°¢ [2.53, 14.77]
Age 1.07¢ [1.03, 1.10]

Reference groups are shaded gray. Bonferroni corrections were used to prevent alpha slippage, which set our significance level to P < 0.016. 2P < 0.05
(significant without Bonferroni correction). ®P < 0.016. P < 0.001. AHI, apnea-hypopnea index; BMI, body mass index; ESS, Epworth Sleepiness Scale;
IDD, Inventory for Diagnosing Depression; OR, odds ratio; PSG, polysomnography; TST, total sleep time.

Model 2: Objective TST Model 3: Subjective TST
(Night 1 PSG only) (2 w sleep diaries)
Adjusted OR  95% CI [LL, UL] Adjusted OR  95% CI [LL, UL]

1.00 - 1.00 -

3.330 [1.50, 7.41] 1.28 [0.60, 2.73]
1.02 [0.99, 1.06] 1.02 [0.99, 1.06]
1.03 [0.96, 1.10] 1.01 [0.94, 1.09]
4842 [1.12,20.93] 4192 [1.02, 17.25]
2.96° [1.23,7.12] 2,582 [1.09, 6.13]
1.03 [0.98, 1.09] 1.04 [0.98, 1.09]
0.97 [0.91, 1.04] 0.97 [0.91, 1.05]
1.14 [0.79, 1.63] 1.21 [0.85,1.72]
0.84° [0.71,0.99] 0.842 [0.71,0.99]
1.032 [1.01, 1.06] 1.032 [1.00, 1.06]
1.032 [1.00, 1.07] 1.042 [1.01,1.07]
1.00 - 1.00 -

1.01 [0.46, 2.24] 1.07 [0.48, 2.39]
1.00 - 1.00 -

5.72¢ [2.40, 13.65] 4.44¢ [1.88, 10.45]
1.07¢ [1.04,1.11] 1.07¢ [1.04,1.11]

1.0
0.5
= 0.6
2
.‘ﬁ
c
[ 1]
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1 - Specificity
Figure 1—Receiver operating characteristic curve for detecting hyper-
tension using average total sleep time derived from a 2-w sleep diary.
Diagonal segments are produced by ties.

and the Sleep Heart Health Study,"* which enrolled a large
community cohort to examine cardiovascular consequences
of obstructive sleep apnea, found an association between ob-
jectively short sleep and increased hypertension incidence and
prevalence, respectively.
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There were some significant baseline differences in our ob-
jective short sleep < 6 h and > 6 h sleep duration groups, such
that the short sleepers were more likely to report lower ESS
scores and were more likely to report high blood pressure as
a current medical concern. Lower daytime sleepiness scores
in individuals with insomnia and short sleep duration might
indicate a higher level of physiological hyperarousal, which
may make such individuals more vulnerable to medical co-
morbidities. A recent study®” on persons with insomnia using
a Multiple Sleep Latency Test (MSLT) supports this conjec-
ture. Results of that study showed that those with insomnia and
physiological hyperarousal, defined as the 75th percentile of
the sample’s mean MSLT value (> 17 min), showed increased
odds of having hypertension (OR =4.33; 95% CI = 1.48—12.68)
as compared to normal sleepers with MSLT < 14 min.*” The
lower ESS scores in our short sleep duration group might also
reflect a likelihood of physiological hyperarousal.

This study provides further support for the use of objective
sleep measures to determine sleep duration, rather than subjec-
tive measures, when attempting to detect comorbidity risk as-
sociated with insomnia. Subjective sleep duration appears to be
a less reliable index, with recent evidence suggesting that there
is no significant association between insomnia with subjec-
tively short sleep and hypertension risk.”” Consistent with this
previous finding, we found that subjectively determined short
sleep was not associated with increased risk of hypertension;
a significant association was only found when using objective
sleep duration. Although our study found that the a subjective
TST cutoff point of 6 hours maximized sensitivity and speci-
ficity of predicting the probability of reporting hypertension as

Insomnia, Short Sleep, and Hypertension—Bathgate et al.



—0— Sensitivity —#— Specificity
1.0 -
L 08
S
=
£ 06
'S
[}
QL
Q
>
"
‘@
[ =
(1]
P 02
60 120 180 240 300 360 420 480 540 600 660
Subjective Total Sleep Time in Minutes
Figure 2—Sensitivity and specificity of detecting hypertension by average total sleep time derived from a 2-w sleep diary.

a current medical problem, this cutoff was of little use since
the model exhibited such low accuracy (AUC = 0.639). The
accuracy of sleep time perceptions within our sample varied
greatly; more than one-third of participants with insomnia
misperceived what objective total sleep group they would be
in based on their sleep diary reports. Forty percent of the ob-
jective short sleep duration < 6 h group reported sleeping more
than 6 h, whereas 36% of the > 6 h sleep duration group re-
ported sleeping less than 6 h. It appears that when people are
asked to report their nightly sleep using a sleep diary, their
subjective reports do not always reflect what the objective PSG
measures record. This discrepancy between subjective and ob-
jective TST is similar to previous work our group has done
with individuals with insomnia, which found that only 36.5%
accurately predicted their TST; most underestimated their TST
(52%), but some consistently overestimated TST (11.5%)."°
Sleep time misperceptions among individuals with insomnia
seem to explain, in part, the discrepancy in findings between
our objectively and subjectively determined TST groups and
their association with an increased risk of hypertension.
Hypertension in this study’s insomnia population was as-
certained by self-report and found to have a slightly lower
prevalence (25.5%) compared a national, age-stratified average
of individuals with and without insomnia at the time of data
collection (30.4%, years 2009-2010).*® Similarly, our sample’s
diabetes prevalence was lower (6.3%) than the Centers for Dis-
ease Control and Prevention’s (CDC’s) diabetes prevalence rate
among 45—-64 y olds in 2009 (12.2%).** The prevalence dif-
ferences observed could reflect differences in the way hyper-
tension was ascertained (subjectively measured in our sample
versus objectively measured in the CDC data report). It might
indicate that our sample of insomnia participants was slightly
healthier than the sample in the CDC report, which was a more
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general US adult population consisting of individuals with and
without insomnia.

When considering the association between insomnia with
short sleep and hypertension, studies vary on whether they
relied on a self-reported hypertension, or a combination of
self-report and objective blood pressure measurement. A meta-
analysis of 11 prospective studies found that approximately half
of the studies (45%) measured incident hypertension by self-
reported diagnosis or treatment only.” Although short sleep
duration seemed more strongly associated with incident hyper-
tension ascertained with objective blood pressure measurement
compared to self-report, the difference between the groups was
not significant.” Having an objective measure of blood pressure
would likely have increased the number of individuals classified
as having hypertension, which might positively affect the as-
sociation between insomnia with short sleep and hypertension.

Admittedly, this study had several limitations. The sample
was relatively large and diverse, but included mainly research
volunteers. Results may have differed for clinical patients or
individuals with insomnia randomly selected from the commu-
nity. Given our cross-sectional design, we were unable to infer
causality between insomnia with short sleep and hypertension.
However, based on the large amount of evidence documenting
the connection between insomnia and physiologic hyper-
arousal,’"* it appears likely that physiologic hyperarousal may
be a driving factor of insomnia with short sleep, which may
lead to increased adverse outcomes, such as hypertension. Be-
cause our entire sample consisted of individuals with insomnia,
we lacked a control group of normal sleepers without insomnia,
which has often been used in previous research studies exam-
ining insomnia, short sleep duration, and hypertension.>%%3
Additionally, our insomnia sample consisted largely of indi-
viduals with chronic insomnia symptoms for one year or longer.
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Although this is consistent with most other studies examining
insomnia, short sleep, and hypertension, future longitudinal
studies might want to measure blood pressure at multiple points
to help determine how long it takes hypertension to surface after
experiencing insomnia. Despite these limitations, we think we
were able to minimize experimenter bias because participants
enrolled in the study were not originally chosen for their sleep
duration characteristics. Additionally, having subjective and
objective sleep duration measurements in the same dataset pro-
vided us the opportunity to compare the relative usefulness of
each in determining hypertension risk. Thus, our results fill a
notable void in the literature and provide guidance for future re-
search on potential insomnia phenotyping using objective short
sleep as an indicator.

In conclusion, our results indicate a positive association
between insomnia, objective short sleep duration, and hyper-
tension prevalence. Objective but not subjective short sleep in-
creased the odds of reporting hypertension more than threefold
after adjusting for potentially important covariates. Despite
practice guidelines dissuading the use of PSG for routine dif-
ferential diagnosis, or severity assessment of insomnia,** our
research supports emerging evidence that objective measures
of sleep can be useful in determining morbidity risks associ-
ated with insomnia.?? Future research might focus on whether
extending TST in short sleepers with insomnia can help im-
prove health by reducing associated hypertension risk.

ABBREVIATIONS

AHI, apnea-hypopnea index

ANOVA, analysis of variance

AUC, area under curve

BMI, body mass index

CARDIA, Coronary Artery Risk Development in Young
Adults

CI, confidence interval

df, degrees of freedom

DSM, Diagnostic and Statistical Manual of Mental Disorders

ESS, Epworth Sleepiness Scale

h, hour(s)

HR, hazard ratio

ICSD, International Classification of Sleep Disorders

IDD, inventory to diagnose depression

M, mean

MI, myocardial infarction

MMSE, Mini-Mental Status Examination

MSLT, Multiple Sleep Latency Test

n, number

ns, non-significant

OR, odds ratio

PC, project coordinator

PLMS, periodic limb movements in sleep

RDC, research diagnostic criteria (for insomnia disorder)

ROC, receiver-operating characteristic

RR, risk ratio

SD, standard deviation

SHQ, Sleep History Questionnaire

TST, total sleep time

1, chi-square ratio
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