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Abstract

Background Insomnia is known to be a major risk factor for incident hypertension. Nonrestorative sleep (NRS), which
refers to insufficiently rested sleep, has reported to associate with various diseases. This study aimed to investigate the
longitudinal association between insomnia-related symptoms including NRS and incident hypertension 1-2 years
later by age group (young, 18-39 years and middle-age, 40-64 years) using existing cohort data involving Hispanics/
Latinos.

Methods This study included 1100 subjects who had participated in both the Hispanic Community Health Study/
Study of Latinos and its follow-up study, the Suefio Ancillary Study, and met additional eligibility criteria. Incident
hypertension was assessed by self-reported history and/or the use of antihypertensives. The Women's Health Initiative
Insomnia Rating Scale (WHIIRS) was used to evaluate insomnia-related symptoms (difficulty initiating sleep, difficulty
maintaining sleep, early morning awakening, difficulty returning to sleep, and NRS). Logjistic regression analyses were
conducted to assess the degree to which insomnia-related symptoms at baseline predicted incident hypertension.

Results Among the participants (64% middle-aged, 36% young adults), 140 (12.7%) developed hypertension during
the follow-up period. Among the sleep-related symptoms, only NRS predicted incident hypertension after adjusting
for sociodemographic factors and physical condition (odds ratio: 1.88, 95% confidence interval: 1.10-3.21, p=0.022)

in middle-aged adults. None of the insomnia-related symptoms were associated with incident hypertension in the
young adults. No association was found between WHIIRS-defined insomnia (total score >9) and incident hypertension
in middle-aged adults or young adults.

Conclusion The present findings suggest the importance of focusing on NRS to help prevent the development of
hypertension in middle-aged adults.

Keywords Nonrestorative sleep, Incident hypertension, Insomnia, Middle-aged adults, Hispanic/Latinos, Young
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Background

At present, one in three adults around the world are diag-
nosed as having hypertension, and the number of hyper-
tensive patients has doubled in the past 30 years [1].
Hypertension is the principal risk factor for major life-
threatening diseases such as stroke and ischemic heart
disease [2]. Furthermore, the incidence of hypertension
increases with age [3], and the global population aged >
65 years is growing faster than all other age groups. Thus,
the establishment of early and efficient methods for the
prevention of hypertension is urgently needed.

Diabetes, obesity, male sex, insufficient exercise,
insomnia, smoking, and alcohol consumption have been
reported to be risk factors for incident hypertension
[4—8]. Therefore, focusing on such factors is considered
useful for reducing the incidence of hypertension. How-
ever, a recent study reported that the effect of these risk
factors on hypertension differ depending on age. Zang
et al. reported that male sex was a significant risk factor
in young and middle-aged individuals, but not in older
adults. Moreover, obesity, diabetes, a family history of
stroke, and hypertriglyceridemia were significant risk
factors in all age groups, but the degrees of the effects
differed depending on age [9]. Consequently, for more
effective prevention, individual risks should be examined
by age.

In addition to the above factors, insomnia is also rec-
ognized as a risk factor for hypertension. A recent meta-
analysis reported that insomnia increased the risk of
incident hypertension by about 1.2 times [10]. As for
subtypes of insomnia symptoms (difficulty initiating
sleep [DIS], difficulty maintaining sleep [DMS], and early
morning awakening [EMA]), a previous study found that
DIS was not associated with the development of hyper-
tension, whereas DMS and EMA were, with 1.3- and
1.1-fold increased risks, respectively [10]. Because the
incidence of insomnia increases with age [11], the signifi-
cance of insomnia as a risk factor for hypertension may
also vary with age. However, how each insomnia symp-
tom relates to the development of hypertension in differ-
ent generations remains unclear.

Nonrestorative sleep (NRS), which refers to sleep
that does not result in feeling rested [12], was excluded
from the core symptoms of insomnia in the revision of
the International Classification of Sleep Disorders from
the Second to the Third Edition [13]. However, NRS has
recently been reported to be associated with various dis-
eases, such as diabetes, gastroesophageal reflex disease,
eye diseases, arthritis, eczema, and depression [14—16].
In addition, a prospective study reported that NRS was
a risk factor for incident coronary artery heart disease
(CHD) [17]. Given that hypertension is one of the major
risk factors for CHD [18], NRS may be associated with
the development of CHD via the develop of hypertension.
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A few studies have investigated the association between
NRS and hypertension, but the results are conflicting,
possibly due to methodological differences [15, 19]. As
mentioned earlier, the degrees of the effects of risk fac-
tors for the incidence of hypertension differ depending
on age. Therefore, the effect of NRS on the development
of hypertension should also be examined by age group.

Given this background, the present study aimed to
investigate the longitudinal association between insom-
nia-related symptoms (DIS, DMS, EMA, difficulty
returning to sleep [DRS], and NRS) and incident hyper-
tension by age group (young, 18-39 years and middle-
age, 40—64 years) using existing cohort data from studies
involving Hispanics/Latinos living in the USA [20, 21].

Methods

We used existing longitudinally measured cohort data
from Hispanics/Latinos living in the USA taken from
the Hispanic Community Health Study/Study of Latinos
(HCHS/SOL) and its follow-up study conducted 1-2
years later, the Suefio Ancillary Study.

The present study was approved by the ethics commit-
tee of the National Center of Neurology and Psychiatry
(A2020-012). All data analyzed in this are publicly avail-
able (sleepdata.org).

Description of the data set

The HCHS/SOL study (Visit 1: V1) was a multicenter
cohort study involving Hispanics/Latinos living in the
USA conducted by the National Heart, Lung, and Blood
institute and six other institutes of the National Institutes
of Health from 2008 to 2010. The study was conducted
at four sites to specify protective and harmful factors in
regard to the health of Hispanics/Latinos: Bronx, Chi-
cago, Miami, and San Diego. The HCHS/SOL study
sample and design have been described elsewhere [22,
23]. The participants were identified and recruited for
the present study using population-based sampling. The
total number of participants (age range, 18-74 years)
was 16,415. After the date was decided by telephone,
the participants came to the field center to undergo the
examination.

The Sueno Ancillary Study (Visit 2: V2), the follow-up
study of the HCHS/SOL study, was conducted from 2010
to 2013. The inclusion criteria were as follows: age 18—64
years, the absence of severe sleep-disordered breathing
(respiratory event index [REI]>50 events per hour at the
baseline examination or positive airway pressure treat-
ment for obstructive sleep apnea [OSA]), or narcolepsy.
Consequently, 2,252 individuals were selected and under-
went the re-examination at each field center. Finally,
1,912 participants gave permission to researchers outside
the HCHS/SOL to use their data (Fig. 1). Approval for
both studies was obtained from the Institutional Review
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Visit 1 (2008-2010)
HCHS/SOL
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N=16,415

Screening criteria for Visit 2 (2010-2013)

Visit 2 (2010-2013)
Suefio Ancillary Study
N =2252

apnea

Those aged 18 to 64 years

Those who had REI <50 events per hour at V1

Those who had no narcolepsy diagnosis

Those who had never been treated for obstructive sleep

'

1912 consented to
share their data

Exclusion criteria (N = excluded subjects)

5. Having hypertension at V1 (N = 497).

1. Follow-up period <365 days (N = 33)
2. Incomplete data for covariates and WHIIRS (N =

. . 169)
1100 included in 3. Incomplete data for hypertension at V1 and V2 (N
the present study =108)
4. Incomplete data for the CES-D-10 at V1 (N = 5)

Fig. 1 Sample flowchart

HCHS/SOL: Hispanic Community Health Study/Study of Latinos, V1: Visit 1,V2: Visit 2, REl: respiratory event index, WHIIRS: Women'’s Health Initiative Insom-
nia Rating Scale, CES-D-10: 10-item Center for Epidemiologic Studies Depression Scale

Boards at each of the participating sites. All participants
provided informed consent.

Additional criteria for the present study

The following inclusion criteria were added for the
present study: (1) those who had more than 1 year of
follow-up between V1 and V2; (2) those who had com-
plete data on covariates (i.e., age, sex, participating sites,
body mass index [BMI], alcohol use, cigarette use, mari-
tal status, income, education level, follow-up periods,
sleep duration, Global Physical Activity Questionnaire
[GPAQ)], Short-Form 12-Item Survey—version 2 [SE-
12v2], 10-item Center for Epidemiologic Studies Depres-
sion Scale [CES-D-10], chronic obstructive pulmonary
disease [COPD], diabetes, and respiratory event index
[REI]) and the Women’s Health Initiative Insomnia Rat-
ing Scale (WHIIRS) from V1; (3) those who had complete
data on hypertension (questions about the diagnosis and
use of antihypertensives) from both V1 and V2; (4) those
who had completed the CES-D-10 at V1; and (5) those
who did not have hypertension at V1. Finally, 1100 sub-
jects were included in this study (Fig. 1).

Measures

Incident hypertension

The presence of hypertension was assessed using ques-
tions about the diagnosis and use of antihypertensives.
At both V1 and V2, the participants were asked about a
diagnosis of hypertension by using the following ques-
tion: “Has a doctor ever said that you have high blood
pressure or hypertension?” They were also asked to
declare all prescribed or over-the-counter medications
taken within the past 4 weeks at both time periods. Par-
ticipants who had been diagnosed with hypertension
and/or were taking antihypertensive medications at V1
were excluded. Among the other participants, those who
had been diagnosed with hypertension and/or were tak-
ing antihypertensive medications at V2 were defined as
those who developed hypertension during the follow-up
period.

Insomnia-related symptoms
The WHIIRS [24], the internal consistency of which has
been confirmed within acceptable limits («=0.78) [24],
was used to assess the following five insomnia-related
symptoms for the previous 4 weeks:

1) DIS: “Did you have trouble falling asleep?”

2) DMS: “Did you wake up several times at night?”
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3) EMA: “Did you wake up earlier than you planned
to?”

4) DRS: “Did you have trouble getting back to sleep
after you woke up too early?”

5) NRS: “Overall, was your typical night’s sleep during
the past 4 weeks:”

For questions 1) through 4), the participants chose
from the following five responses: 1, No, not in past 4
weeks; 2, Yes, less than once a week; 3, Yes, 1 or 2 times
a week; 4, Yes 3 or 4 times a week; and 5, Yes, 5 or more
times a week. We regarded those who answered 1 and
2 as not having the respective sleep problem, and those
who answered 3-5 as having the respective sleep prob-
lem [25]. For question 5), the participants chose from
the following five responses: 0, Very sound or restful; 1,
Sound or restful; 2, Average quality; 3, Restless; and 4,
Very restless. We defined those who answered 0-2 to
the questions as having restorative sleep, and those who
answered 3 and 4 as having NRS [25].

Based on a previous study [24], a WHIIRS total score
of 29 was used as the cutoff for insomnia. The original
response score ranges from 0 to 4, whereas the response
score used in the present study ranged from 1 to 5. The
total score was calculated using the following formula
[16]: WHIIRS total score=DIS+DMS+EMA+DRS+N
RS - 4.

Covariates
Sociodemographic variables
We treated all sociodemographic data at V1, except for
physical health, as categorical variables. The sociodemo-
graphic variables included as covariates were as follows:
age (<29, 30-39, 40-49, 50-59, 260 years), gender (male,
female), BMI (<25, >25 kg/m?), field center (Bronx, Chi-
cago, Miami, San Diego), income (<30,000 USD, >30,000
USD, not reported), education level (less than high
school, high school, and more than high school), marital
status (single, married or living with a partner, separated,
divorced, or widowed), alcohol drinking (never, former,
current), and smoking (never, former, current). Physical
activity was assessed using the GPAQ, and was catego-
rized into three levels (low, moderate, high) [26].

Physical health was evaluated using the SF-12v2, which
provided a numeric variable score that was calculated
using a standardized score of 0-100 [27].

Sleeping pill use

The use of sleeping pills at V1 was assessed the following
question: “Did you take sleeping pills to help you sleep ?”.
Participants chose from the following five responses: 1,
No, not in the past 4 weeks; 2, Yes, less than once a week;
3, Yes, 1 or 2 times a week; 4, Yes, 3 or 4 times a week;
and 5, Yes, 5 or more times a week. We defined those
who answered 2-5 as sleeping pill users.
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Sleep duration

Sleep duration was assessed separately for weekdays and
weekends by using the following questions: “What time
do you usually go to bed?” and “What time do you usually
wake up?” Average weekly sleep duration was calculated
using the following formula:

Average sleep duration = ([weekend sleep duration] x 2
+ [weekday sleep duration] x 5) / 7.

Sleep duration was divided into five groups (<6 h; 26
to <7 h; 27 to <8 h; 28 to <9 h; 29 h). A previous meta-
analysis reported a U-shaped relationship between sleep
duration and mortality [28], with those who slept approx-
imately 7 h having the lowest risk of death. Therefore, we
used those who slept 27 to <8 h with the lowest health
risk as a reference [29].

Follow-up period
We classified the follow-up period into two groups (1
year: 2365 to <729 days and 2 years: 2730 days).

Physical and mental disorders

Obstructive sleep apnea (OSA)

The presence of OSA at V1 was examined using a home
sleep apnea devise (ARES Unicorder 5.2; B-Alert, Carls-
bad, CA). Those who had an REI respiratory event fre-
quency per hour of monitoring>15 were defined as
having OSA.

Chronic obstructive pulmonary disease (COPD)

The participants who answered on a self-report respira-
tory form that a doctor had informed them that they had
COPD or emphysema were considered to have COPD.

Diabetes

The presence of diabetes was assess using the following
questions: “Has a doctor ever said that you have dia-
betes?” and “Was this during pregnancy?” Those who
answered that a doctor had told them that they had dia-
betes were considered to have diabetes.

Depression

The CES-D-10 is composed of 10 items to assess depres-
sion over the past week, with a cutoff score of 10 [30].
The validity and reliability of the CES-D-10 have been
confirmed in HCHS/SOL samples [31].

As the dependent variable was insomnia-related symp-
toms, we excluded the item related to sleep (item 7: “My
sleep was restless”) to account for confounding bias. As
a result, a total of nine items (CES-D-9) were used. The
total score was calculated using the following formula:

Total CES-D-9 score=SUM (items 1-6, items 8—10) X
10/9 [16].

Participants with a score of 10 or more at V1 were con-
sidered to have depression [30].
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Statistical analysis

Differences in demographic characteristics between the
participants with and without incident hypertension
were examined using x> and £ tests.

We chose possible confounders for their potential
association with incident hypertension based on clini-
cal knowledge. Due to small number of case of incident
hypertension in the younger adults, we used the propen-
sity score to calculate the effect for all confounders. A
logistic regression model was conducted to estimate the
propensity score, in which each insomnia-related symp-
tom was a dependent variable and the sociodemographic
and health status factors (age, gender, BMI, field center,
income, education level, marital status, drinking alcohol,
smoking, OSA, sleep duration, sleeping pills use, follow-
up period, GPAQ, SF-12v2, depression, COPD, diabetes)
were independent variables. After examining the risk of
each insomnia-related symptom at V1 for the develop-
ment of V2 hypertension in univariate regression, each
insomnia-related symptom at V1 was regressed on the
incident hypertension in V2 adjusting for the propensity
score of the sociodemographic and health status factors.
The level of statistical significance was set at p<0.05. All
statistical analyses were performed using SPSS ver. 26.0
(IBM, New York, USA).

We defined those aged 18—39 years as young adults and
those aged 40—64 years as middle-aged, referring to the
2019 NICE NG136 criteria for developing hypertension
in young adults (<40 years old) [32].

Results

Demographic characteristics

Of the 1100 participants, 393 and 707 were categorized
as young and middle-aged adults, respectively. Tables 1
and 2 show the participants’ demographic characteristics
at V1 for both age groups.

The mean age of the young adults, who were pre-
dominantly female, was 28.7£7.0 years. 70% of the
sample reported having obesity and being a nonsmoker.
More than half of the individuals had a household
income <30,000 USD, an education history of high school
or more than high school, were single, and currently
consumed alcohol. Most of the individuals had not used
sleeping pills in the past 4 weeks, did not have OSA or
COPD, and had low or moderate physical activity. The
mean sleep duration was 8.1+1.4 h. About 25% of the
individuals had depressive symptoms, and 3% reported
diabetes.

The mean age of the middle-aged adults, who were
also predominantly female, was 49.8+6.1 years. 80% of
the sample reported having obesity. More than half of
the individuals had a household income<30,000 USD,
an education history of high school or more than high
school, were married or living with a partner, and had
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consumed alcohol. 70% were nonsmokers. Most of indi-
viduals had not used sleeping pills in the past 4 weeks,
did not have OSA or COPD, and had low or moderate
physical activity. The mean sleep duration was 7.7+1.4 h.
Almost 30% of the individuals had depressive symptoms
and 15% reported diabetes.

Incident hypertension

The average follow-up period was 7861135 days. Of
1100 participants included in the analysis, 140 (12.7%)
had incident hypertension at V2. No significant differ-
ence in incident hypertension was found by gender (male
vs. female: 13.5% vs. 12.3%, x*°=0.29, df=1, p=0.59). In
addition, the proportion of those who developed hyper-
tension increased with age (x*=31.58, df=4, p<0.001),
incident hypertension was almost twice as high in those
aged 40-59 as in those aged 18-39 years, and was twice
as high in those aged 60—64 as in those aged 40-59 years
(Table 3). The prevalence of incident hypertension was
6.9% among young and 16.0% among middle-aged adults.

Prevalence of insomnia/insomnia-related symptoms

The young adults had a significantly lower prevalence of
insomnia and WHIIRS scores compared with the middle-
age adults (young vs. middle-aged, prevalence of insom-
nia: 27.0% vs. 37.6%, x>=12.8, df=1, p<0.001, WHIIRS:
5.9+4.9 vs. 7.2£5.5, ¢ (887) = —3.97, p<0.001). Table 4
shows the results regarding the prevalence of insom-
nia and the five insomnia-related symptoms by gender
and age. Females had a significantly higher prevalence
of insomnia and all five symptoms compared with males
(insomnia: x*=12, df=1, p<0.001, DIS: x*=10, df=1,
p=0.002, DMS: x*=5.9, df=1, p=0.015, EMA: x*=5.3,
df=1, p=0.021, DRS: x*=10, df=1, p=0.002, NRS: x*=10,
df=1, p=0.001).

In all subjects, the prevalences of insomnia (x*=27.6,
df=4, p<0.001), DIS (x2=12.4, df=4, p=0.015), DMS
(x*=27.5, df=4, p<0.001), EMA (¥*=15.9, df=4,
p=0.003), and DRS (x*=24.1, df=4, p<0.001) tended to
increase with advanced age. However, no such increase
with age was observed for NRS.

Association between insomnia/insomnia-related
symptoms and incident hypertension

Table 5 shows the results of logistic regression analysis
for the association between insomnia/insomnia-related
symptoms and incident hypertension. Neither insom-
nia nor any insomnia-related symptoms was associated
with incident hypertension in univariate logistic analysis
among the young adults.

On the other hand, among middle-aged adults, signifi-
cant associations were found between incident hyperten-
sion and insomnia, DIS and NRS and (insomnia, odds
ratio [OR]=1.65; DMS, OR=1.60; NRS, OR=2.04) in
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univariate logistic regression analysis. After adjusting for
the propensity scores of sociodemographic factors and
health status factors, only NRS showed a significant asso-
ciation with incident hypertension (OR: 1.88, 95% confi-
dence interval: 1.10-3.21, p=0.022).

Discussion

The results of the present study indicated age differ-
ences in the association between insomnia-related symp-
toms and incident hypertension. In middle-aged adults
(40-64 years), multivariate analysis revealed that among
the insomnia-related symptoms, only NRS was a sig-
nificant predictor of incident hypertension at 1-2 years
later. Conversely, in young adults (18-39 years), none
of the insomnia-related symptoms were associated with
incident hypertension at 1-2 years later. No association
was found between WHIIRS-defined insomnia (total
score>9) and incident hypertension in middle-aged
adults or young adults.

To the best of our knowledge, this is the first study to
investigate the longitudinal association between NRS and
incident hypertension by age group. Our findings suggest
the importance of focusing on NRS in addition to other
insomnia symptoms to help prevent the development of
hypertension in middle-aged adults.

Incident hypertension

The rate of incident hypertension in this study was 12.7%.
Previous studies investigating the association between
insomnia and incident hypertension in the USA reported
that the rate of incident hypertension ranged from 5.4—
36.0% [33—35]. This wide range of incidence might be due
to methodological differences such as observational peri-
ods. Given that the follow-up period in the present study
was approximately 2 years, the incidence of hypertension
was comparable to those of previous studies. However,
the Hispanic Latinos living in the USA are characterized
by lower rates of disease awareness compared with non-
Hispanic whites [36]. Therefore, the actual incidence of
hypertension might be higher.

Prevalence of insomnia/insomnia-related symptoms

The prevalence of insomnia, DIS, DMS, and EMA
were 33.8%, 40.3%, 53.6%, and 41.9%, respectively. The
prevalence of insomnia and DMS were similar to those
reported in previous general adult population surveys,
but the prevalence of DIS and EMA were higher than
those of the general population [37]. This may be due to
differences in the participants’ age and gender. Further-
more, we also found that the prevalence of these core
symptoms of insomnia increased with age and were sig-
nificantly higher in women than in men; these findings
were also in agreement with a previous study [37].
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The prevalence of NRS in the present study was 15.3%,
which was comparable with that reported by a study
involving a large European population (10.8%) [38]. The
present results are consistent with that study in that NRS
was significantly more common in females than in males
[38]. No age differences were found with regard to the
prevalence of NRS, but a previous study reported that the
prevalence of NRS tended to be higher in a younger age
group [38]. On the other hand, another study reported
finding a higher prevalence of NRS in middle-aged and
older adults [39]. Therefore, no agreement has been
obtained with regard to the age-related prevalence of
NRS.

Association between insomnia/insomnia-related
symptoms and incident hypertension

In the present study, no significant association was found
between insomnia/insomnia-related symptoms and inci-
dent hypertension in young adults. Young adults tend to
complain of insomnia-related symptoms less frequently
than do middle-aged adults [40]. Therefore, factors other
than insomnia-related symptoms may have affected the
prevalence of incident hypertension in this age group.
Indeed, based on a comparison of demographic data
between young adults with and without hypertension
(Table 2), differences were found in some factors, includ-
ing alcohol consumption, OSA, depressive symptoms,
and diabetes. These risk factors may have contributed
to incident hypertension more than to insomnia-related
symptoms. In addition, the small sample size of young
adults in this study may have reduced the statistical
power.

Although NRS was a predictor of incident hyperten-
sion in middle-aged adults, insomnia and other sleep-
related symptoms were not. Some general population
studies targeting similar age groups have reported incon-
sistent findings. A study involving military personnel
reported that insomnia was associated with incident
hypertension [41]. The discrepancy of these results might
be explained by whether chorionic insomnia was inves-
tigated. Cheng et al. [33] investigated the association
between the core symptoms of insomnia (DIS and DMS)
and the onset of hypertension 1 year later in those aged
in their 30 to 50 s, and reported that DMS was a signifi-
cant risk factor of incident hypertension. Rod et al. [42]
investigated these relationships over a longer follow-up
period (19 years), and reported that DMS and EMA were
significant predictors of incident hypertension in females
and males, respectively. However, several methodologi-
cal differences should be noted between our study and
previous studies. Cheng et al. [33] and Rod et al. [42]
evaluated the symptoms of insomnia using items differ-
ent from those used in the present study and determined
the presence of incident hypertension based only on the
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Table 3 Incident hypertension by age group

Page 11 of 15

No HT HT incidence Prevalence of HT
N (%) N (%) (%)
All Age, years 960 140

18-29 192 20.0 I 7.9 54

30-39 174 18.1 16 114 84

40-49 327 34.1 56 40.0 14.6

50-59 222 23.1 38 27.1 14.6

60-64 45 4.7 19 136 29.7

HT: hypertension

presence of hypertension, not the presence or absence of
antihypertensive medication, in a questionnaire survey.
In addition, some differences in terms of covariates and
the prevalence of incident hypertension may have con-
tributed to the discrepancies in the results.

NRS as a predictor of incident hypertension among
middle-aged adults

The results of the present study indicated that NRS was
a predictor of incident hypertension in middle-aged
adults. It is generally considered that the ability to main-
tain homeostasis in response to physical load is superior
in younger adults than in middle-aged adults, and thus
the association between NRS and the development of
hypertension may be found only in middle-aged adults.
Although the present results are consistent with those
of another study involving middle-aged and older adults
[19], an additional study involving only middle-aged
adults showed discordant results [15]. The latter study
included participants with persistent hypertension; that
is, they did not exclude participants who had hyperten-
sion at baseline. This methodological difference might be
associated with the inconsistency with our results.

Although it remains unclear why only NRS predicted
incident hypertension at 1-2 years later in middle-aged
adults, the following explanations might be adequate.
Daytime dysfunction was considered to be profoundly
associated with NRS. Ohayon et al. [38] mentioned
that compared with those with the core symptoms of
insomnia, subjects with NRS more often experienced a
more depressive mood, anxious mood, physical fatigue,
decreased efficacy, memory problems, and excessive
daytime sleepiness, and consulted a physician about
their sleep problems more frequently. Therefore, NRS
has a close relationship with mental and physical health
problems and daytime impairments, and could reflect
restorative dysfunctions of the physical and psychological
systems more than the core symptoms of insomnia, such
as DIS, DMS, and EMA.

The present results might also be explained by the link
between NRS and inflammation. Zhang et al. [43] com-
pared C-reactive protein (CRP) in blood among four
groups—subjects without NRS or insomnia, those with

only NRS, those with only insomnia, and those with NRS
and insomnia—and found that those with NRS and with
both NRS and insomnia had significantly higher CRP lev-
els compared with those without NRS or insomnia. It has
been considered that increased CRP levels are associated
with future incident hypertension and arterial stiffness
[44, 45]. Therefore, NRS could lead to the development
of hypertension via microinflammation. Furthermore,
Mathews et al. reported decreased delta power dur-
ing NREM periods in females who developed hyperten-
sion [46]. NRS has also been associated with increased
alpha waves during NREM periods [47]. The associa-
tion between NRS and the development of hyperten-
sion in middle-aged adults may be mediated by changes
in NREM periods. Finally, NRS has been reported to
be more prevalent in females [38] and almost 70% of
the middle-aged subjects in this study were females.
Although menopausal symptoms may underpin the sig-
nificant association between NRS and the development
of hypertension in middle-aged women [48], menopausal
status was not evaluated in this study. Further stud-
ies using inflammatory markers and evaluations such as
polysomnography and menopausal status are needed to
confirm these associations.

Limitations

The strengths of this study were the longitudinal design,
division of participants into age groups, and the consid-
eration of 18 potential confounders. However, this study
had also several limitations. First, the sample size was
small and no older adults were included in this study.
Moreover, the sample sizes of young and middle-aged
adults differed. Validation studies with a larger sample
size and wider age range are needed. Second, a self-report
questionnaire was used to assess hypertension and the
use of antihypertensive medications. Objective assess-
ments of hypertension such as blood pressure measure-
ments or a review of medical records are needed for the
more accurate detection of incident hypertension. Third,
since the definition of NRS differed among previous stud-
ies, it was difficult to compare it with previous studies.
A unified definition of NRS will be needed in the future.
Fourth, this study examined with only Hispanics/Latinos
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Table 5 Association between insomnia-related symptoms and incident hypertension

Crude OR Adjusted OR

(95% CI) p (95% ClI) p
<40 (27/393)
Insomnia 7(0.7-3.7) 0.226 3(0.5-3 4) 0.525
DIS 7(03-1.7) 0484 6 (0.2-1.5) 0.258
DMS 2.1(09-4.7) 0.069 .7(0.7-3. 9) 0.237
EMA 5(0.7-33) 0.309 2(0.5-29) 0.651
DRS 6(0.7-3.7) 0.239 .3(0.5-3.1) 0.553
NRS 1(04-34) 0.834 2(04-37) 0.814
>40 (113/707)
Insomnia 6(1.1-2.5) 0.016 * 4 (0.9~ 22) 0.159
DIS 4(0.9-2.1) 0.110 2(0.7-1.8) 0499
DMS 6(1.0-24) 0.030 * 4(0.9-2. 2) 0.138
EMA 4(09-2.1) 0.121 2(0.8-1.8) 0.449
DRS 4(09-2.1) 0.122 10.7-1.7) 0.647
NRS 0(13-3.3) 0.004 ** 9(1.1-32) 0.022 *

*p<0.05, **p<0.01

OR: odds ratio, Cl: confidence interval, DIS: difficulty initiating sleep, DMS: difficulty maintaining sleep, EMA: early morning awakening, DRS: difficulty returning to

sleep, NRS: nonrestorative sleep

Adjusted the each propensity score

living in the USA. To generalize the results of the pres-
ent study, it remains necessary to confirm whether simi-
lar results can be obtained in more diverse populations.
Fifth, hypertension was measured using questionnaires
about hypertension and the use of antihypertensive
medications that were not graded. Therefore, the effect
of insomnia-related symptoms on the severity of hyper-
tension remains unclear. Finally, the covariates did not
include menopausal status or a family history of cardio-
vascular disease or stroke. As we did not fully adjust for
these factors, and they might have affected the accuracy
of the results.

Conclusion

None of the insomnia-related symptoms examined in the
present study were associated with incident hyperten-
sion among young adults. By contrast, NRS was a predic-
tor of the development of hypertension in middle-aged
adults. These findings suggest the importance of focusing
on NRS in addition to other insomnia symptoms to help
prevent the development of hypertension in middle-aged
adults.

Abbreviations
NRS Nonrestorative sleep
HT hypertension

DIS difficulty initiating sleep

DMS difficulty maintaining sleep

EMA early morning awaking

DRS difficulty returning to sleep

CHD coronary artery heart disease

HCHS/SOL  the Hispanic Community Health Study/Study of Latinos
V1 Visit 1

V2 Visit 2

REI respiratory event index

OSA obstructive sleep apnea

BMI body mass index

GPAQ Global Physical Activity Questionnaire

SF-12v2 Short-Form 12-Item Survey—version 2

CES-D-10 10-item Center for Epidemiologic Studies Depression Scale
COPD chronic obstructive pulmonary disease

WHIIRS the Women'’s Health Initiative Insomnia Rating Scale

OR odds ratio
@ confidence interval
NREM non-rapid eye movement sleep
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