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INTRODUCTION
Nationally representative surveys have demonstrated that in-

somnia symptoms are common in the US general population, with 
1-year or 1-month prevalence ranging from 17.4% to 36.3%.1-4 
However, insomnia symptoms are highly heterogeneous in terms 
of causes and manifestations. The three major diagnostic systems 
for sleep disorders are divided into three subtypes of insomnia 
symptoms including difficulty initiating sleep (DIS), difficulty 
maintaining sleep (DMS) and/or nonrestorative sleep (NRS).5-7 
Although far less is known about the epidemiology and medical 
correlates of NRS than those of nocturnal insomnia symptoms 
(NIS), recent studies have documented that there may be distinct 
risk factors and correlates for these two types of insomnia symp-
toms. For example, although the sociodemographic character-
istics of NIS and NRS, such as female sex, separated/divorced 
status, and unemployment, are similar,8,9 there is a reverse asso-
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ciation between age and these two sleep conditions. Specifically, 
NRS is more common among young adults, whereas NIS is more 
frequent in older people.10 Furthermore, sleep laboratory evidence 
suggests that NRS can occur without NIS and hence may com-
prise a distinct component of insomnia.11 Moreover, people with 
NRS only (without NIS) have a stable course over 3 months and 
comparable impairment to those with NRS + NIS (DIS and/or 
DMS). In addition, NRS has been reported to have more effect on 
daytime functioning when compared with other insomnia symp-
tom subtypes in the National Comorbidity Survey-Replication.1

Although this emerging evidence suggests the importance 
of distinguishing NRS from NIS, most of the previous epide-
miologic studies have not investigated NRS separately from 
NIS.1,4,12-14 Therefore, the differences between NRS and NIS in 
medical comorbidity and associations with other sleep problems 
warrant further investigation.15 In particular, because NRS is a 
core symptom of several disorders associated with increased 
inflammatory responses, distinguishing patterns of medical co-
morbidity between NIS and NRS might inform interventions 
and etiology.16 This study aimed to examine the sociodemo-
graphic correlates, patterns of medical and sleep comorbidity, 
C-reactive protein (CRP; as a biomarker for inflammation), and 
functional impairment of NRS and NIS in a nationally repre-
sentative US sample.

METHODS
The sample is composed of participants in the National 

Health and Nutrition Examination Surveys (NHANES) from 
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2005-2008. The NHANES is a nationally representative prob-
ability sample of noninstitutionalized US citizens. The partici-
pants were selected using a complex, stratified, and multistage 
probability cluster design. The current study focuses on self-
reported insomnia symptoms among subjects 20 years or older 
(n = 10,908). Detailed survey material of the NHANES 2005-
2008 is available on the NHANES Web site.17 The questions 
on demographics, sleep disorders, and medical conditions were 
administered by a computer-assisted personal interview (CAPI), 
which is programmed with built-in consistency checks to reduce 
data entry errors. CAPI also uses online help screens to assist 
interviewers in defining key terms used in the questionnaire.

Analyses

Covariates
Sex, age, and race/ethnicity were obtained by self-report. 

Race/ethnicity was classified as non-Hispanic white, non-His-
panic black, Mexican American, other Hispanic, and other race 
including multiple races. Socioeconomic status was assessed by 
the poverty income ratio (PIR), which is calculated as the ratio 
of self-reported family income to the family’s poverty threshold 
level, based on family size, according to US Census Bureau pov-
erty guidelines. PIR was defined as three groups; < 1, 1-3, and 
≥ 3. Higher PIR indicates less poverty. The Patient Health Ques-
tionnaire (PHQ-9) was used to assess depressive symptoms.18 
Subjects with a score of ≥ 10 were considered to have clinically 
relevant symptoms of depression.18 Sleep duration was collected 
by the following question in the NHANES interview: “How much 

sleep do you usually get at night on weekdays or workdays?”19 
Response categories were 1-12 h; those participants with a sleep 
duration of < 6 h were considered to be short sleepers.

Exposures: NIS and NRS
Three questions regarding the frequency of NIS during the 

past month were measured in the NHANES study: (1) “Do you: 
have trouble falling asleep (DIS)? (2) wake up during the night 
and have trouble getting back to sleep (DMS)? (3) wake up too 
early in the morning and be unable to get back to sleep (Early 
Morning Awakening - EMA)?” Another question on NRS was 
also included in the sleep disorders section: “In the past month, 
how often did you feel unrested during the day, no matter how 
many hours of sleep you have had?”19 All of the questions were 
rated on a five-point Likert scale (never, rarely [once a month], 
sometimes [2-4 times a month], often [5-15 times a month]), 
almost always [16-30 times a month]). A response of “almost 
always” was defined as abnormal.19,20 For the current analyses, 
the participants were divided into four groups according to their 
condition of NIS and NRS: no insomnia; NIS only; NRS only; 
NIS + NRS. The NRS only, NRS only, and NIS + NRS groups 
were combined to create an ‘any insomnia symptoms’ group.

Outcome Measures
Medical conditions: Participants were asked whether they 

had ever been told by a doctor or other health professional that 
they had the following conditions: congestive heart failure, 
coronary heart disease, angina, heart attack, stroke, arthritis, 
emphysema, thyroid problems, chronic bronchitis, liver prob-
lems, diabetes, cancer, and asthma. Systolic and diastolic blood 
pressures (average of three recordings) in mm Hg were also 
measured during the interview. Those participants with aver-
age systolic blood pressure ≥ 140 mm Hg, with diastolic blood 
pressure ≥ 90 mm Hg, and/or a history of antihypertensive 
medications during the past month were considered hyperten-
sive. Persons with an interviewer-measured body mass index 
(BMI) ≥ 30 kg/m2 were considered to be obese. In total, there 
were 15 medical conditions measured in the current study.

Inflammatory marker (CRP): Serum CRP was measured 
by latex-enhanced nephelometry. A total of 9,830 participants 
had a valid CRP measure. Because CRP data were abnormally 
distributed, they were natural-log transformed and tested by the 
General Linear Model (GLM) procedure. The CRP values were 
transformed back to the original scale for easier interpretation 
(Figure 1). In addition, we also examined the association of risk 
quintile of CRP with different groups, and the upper quintile 
(> 0.53 mg/dL) was used as risk quintile in the current study as 
done in a previous study.21

Sleep problems: Participants were asked whether they had 
ever been told by a doctor or other health professional that they 
had a sleep disorder.19 If the answer was yes, they were asked 
to specify among the following options: sleep apnea, insomnia, 
restless legs, or other. Subjects with multiple sleep disorders 
were allowed to answer yes to all that applied. Habitual snoring 
was defined as snoring at least 5 nights/week. Those partici-
pants taking pills to help sleep at a frequency of at least five 
times/month were considered to have habitual sleeping pill use.

General productivity assessments: The general productivi-
ty in the current study was assessed using the general productiv-

Figure 1—Comparison of mean C-reactive protein levels (mg/dL) across 
groups. Nocturnal insomnia symptoms include difficulty initiating sleep, 
difficulty maintaining sleep, and early morning awakening. *P < 0.05 
significant difference when compared with normal sleep. $P < 0.10 when 
compared with normal sleep. &Significant difference between NIS-only 
and NIS + NRS. Model 1 adjusted for age, sex, poverty income ratio, 
ethnicity, educational level, and marital status. Model 2 adjusted for age, 
sex, poverty income ratio, ethnicity, educational level, marital status, 
Patient Health Questionnaire (PHQ-9) total score, body mass index, 
sleep duration, any cardiovascular disease, arthritis, lifetime smoking, 
clinician-diagnosed sleep apnea, habitual sleeping pill use, habitual 
snoring, and restless legs syndrome. Error bars = SEM.
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ity subscale of the Functional Outcomes of Sleep Questionnaire 
(FOSQ). The FOSQ is a 30-item, disease-specific, self-reported 
measure designed to assess the daily functioning impairment of 
excessive daytime sleepiness.22 The general productivity sub-
scale is an eight-item subscale with a total score from one to 
four. A lower score indicates greater functioning impairment. 
A total of 10,877 participants with valid responses on FOSQ 
general productivity subscale were included in this analysis.

Statistical Analyses
Statistical Package for the Social Sciences (SPSS) 19.0 for 

Windows (SPSS Inc, Chicago, IL) was used for statistical anal-
yses. All procedures accounted for clustering, weighting, and 
stratification of complex sampling design features to accurately 
calculate point estimates and standard errors. Descriptive sta-
tistics were given as means ± standard errors and frequencies 
(percentages). The associations across groups and sociode-
mographics were tested using the chi-square test. Logistic re-
gression was used to determine the odds ratios (ORs) and 95% 
confidence intervals (CIs) for the associations of the four groups 
(no insomnia, NIS only, NRS only, NIS + NRS) with medical 
conditions and other sleep problems as assessed after control-

ling for demographic characteristics, sleep duration, and PHQ-
9 total score, which set no insomnia as a reference (Table 1). 
In addition, the differences in the strength of associations with 
medical and sleep problems between NIS-only and NRS-only 
groups were further tested in the logistic regression models. As 
medical conditions or sleep problems may confound the asso-
ciations between insomnia symptoms and increased CRP level, 
we adjusted for these variables. In these logistic models, group-
ing based on NIS or NRS status was treated as an independent 
variable whereas the medical conditions, other sleep problems, 
or CRP level were treated as dependent variables. Mean differ-
ences in natural-log transformed CRP level and FOSQ general 
productivity subscale score across groups were examined by 
the GLM. Two-sided P values less than 0.05 were considered 
statistically significant.

RESULTS
The 1-month prevalence estimates were 18.1% for any in-

somnia symptoms, 7.9% for NIS-only, 5.4% for NRS-only, and 
4.8% for NIS + NRS groups (Table 2). Approximately 26% 
of those with any insomnia symptoms (persons with NIS or 
NRS) had both NIS and NRS. The associations between so-

Table 1—Associations between insomnia subgroups and other sleep problems and medical disorders (odds ratio, 95% confidence interval)

n
No insomnia

n = 8,925

Any insomnia 
symptoms

(NIS and/or NRS)
OR (95% CI)

n = 1,983

NIS only
OR (95% CI)

n = 911

NRS only
OR (95% CI)

n = 522

NIS + NRS
OR (95% CI)

n = 550
Other sleep problems

Habitual snoring 3,178 Reference 1.12 (0.95-1.33) 0.88 (0.68-1.13) 1.50 (1.17-1.92)a 1.21 (0.88-1.66)
Sleep apnea 471 Reference 1.63 (1.15-2.30)a 1.16 (0.76-1.79) 2.58 (1.77-3.77)a 1.39 (0.83-2.35)
Restless legs syndrome 41 Reference 3.44 (1.35-8.76)a 2.84 (0.58-14.0) 3.71 (1.40-9.86)a 4.05 (1.27-12.9)a

Habitual sleeping pill use 936 Reference 3.30 (2.70-4.03)a 3.87 (3.07-4.87)a 2.24 (1.57-3.18)a,b 3.90 (2.72-5.61)a 

Respiratory
Asthma 1,423 Reference 1.54 (1.28-1.86)a 1.54 (1.25-1.90)a 1.69 (1.24-2.31)a 1.33 (1.01-1.76)a

Emphysema 261 Reference 1.42 (0.94-2.13) 1.14 (0.61-2.15) 1.93 (1.07-3.46)a 1.36 (0.69-2.72)
Chronic bronchitis 665 Reference 1.46 (1.16-1.83)a 1.20 (0.84-1.73) 1.44 (1.01-2.04)a 2.04 (1.39-2.99)a 

Cardiovascular diseases 
Congestive heart failure 396 Reference 1.55 (1.09-2.22)a 1.72 (1.15-2.58)a 1.38 (0.89-2.15) 1.43 (0.67-3.06)
Coronary heart disease 452 Reference 1.34 (0.93-1.94) 1.64 (1.02-2.63)a 0.71 (0.45-1.14)b 1.52 (0.72-3.21)
Angina 318 Reference 1.49 (1.05-2.13)a 1.64 (1.05-2.55)a 1.21 (0.75-1.95) 1.55 (0.71-3.36)
Heart attack 495 Reference 1.34 (1.01-1.76)a 1.45 (1.00-2.08)a 0.82 (0.53-1.25)b 1.83 (1.00-3.34)a

Stroke 450 Reference 1.57 (1.07-2.32)a 1.64 (1.03-2.63)a 1.23 (0.60-2.51) 1.92 (1.09-3.37)a

Hypertension 3,744 Reference 1.11 (0.96-1.28) 1.15 (0.99-1.33) 1.07 (0.80-1.44) 1.06 (0.81-1.39)

Endocrinology 
Diabetes 1,264 Reference 1.39 (1.16-1.67)a 1.46 (1.11-1.92)a  1.44 (1.04-1.98)a 1.18 (0.80-1.73)
Thyroid problem 1,011 Reference 1.30 (1.06-1.61)a 1.20 (0.86-1.67) 1.43 (0.99-2.06) 1.39 (0.89-2.15)

Other medical conditions
Cancer 988 Reference 1.55 (1.20-2.00)a 1.12 (0.81-1.55) 2.00 (1.28-3.13)b 2.14 (1.37-3.34)a

Liver condition 389 Reference 1.37 (0.88-2.13) 1.19 (0.64-2.22) 1.51 (0.88-2.57) 1.56 (0.87-2.78)
Arthritis 2,999 Reference 1.34 (1.10-1.63)a 1.30 (0.99-1.70) 1.45 (1.10-1.91)a 1.25 (0.89-1.76)
Obesity (BMI ≥ 30 kg/m2) 3,691 Reference 1.03 (0.87-1.21) 0.99 (0.80-1.22) 1.01 (0.81-1.27) 1.14 (0.89-1.45)

Those participants without any insomnia (no insomnia) were considered as reference group in the logistic regression. Adjustment for age, sex, poverty income 
ratio, ethnicity, educational level, marital status, PHQ-9 total score, lifetime smoking, and sleep duration. aP < 0.05 when compared with no insomnia. bP < 0.05 
between NIS-only and NRS-only groups. BMI, body mass index; CI, confidence interval; NIS, nocturnal insomnia symptoms (including difficulty initiating 
sleep, difficulty maintaining sleep, and early morning awakening); NRS, nonrestorative sleep; OR, odds ratio.
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Table 2—One-month prevalence of insomnia subgroups by demographic and clinical characteristics (n = 10,908)

Total n

No insomnia
% (SE)

n = 8,925

Any insomnia 
symptoms

(NIS or NRS)
% (SE)

n = 1,983

NIS only
% (SE)
n = 911

NRS only
% (SE)
n = 522

Both (NIS + NRS)
% (SE)
n = 550

Overall prevalence 10,908 81.9 (0.6) 18.1 (0.6) 7.9 (0.3) 5.4 (0.3) 4.8 (0.4)
Sex  

Male 5,295 85.4 (0.6) 14.6 (0.6) 6.5 (0.4) 4.5 (0.3) 3.6 (0.4)
Female 5,613 78.6 (1.0) 21.4 (1.0) 9.1 (0.5) 6.3 (0.4) 6.0 (0.4)
P value < 0.001 < 0.001 < 0.001 < 0.001

Age group (y)
20-29 1,965 82.2 (1.2) 17.8 (1.2) 6.6 (0.6) 6.3 (0.7) 4.9 (0.9)
30-44 2,775 81.2 (1.0) 18.8 (1.0) 6.9 (0.5) 7.2 (0.6) 4.8 (0.6)
45-59 2,449 81.7 (1.0) 18.3 (1.0) 8.4 (0.6) 4.4 (0.6) 5.6 (0.7)
≥ 60 3,719 82.8 (1.0) 17.2 (1.0) 9.5 (0.6) 3.7 (0.4) 3.9 (0.4)
P value 0.686 0.012  < 0.001 0.147

Race/ethnicity
Mexican American 2,035 87.3 (1.0) 12.7 (1.0) 6.2 (0.4) 3.3 (0.5) 3.2 (0.4)
Other Hispanic 820 81.7 (1.9) 18.3 (1.9) 9.6 (1.6) 4.4 (1.2) 4.3 (0.7)
Non-Hispanic white 5,253 81.1 (0.8) 18.9 (0.8) 8.0 (0.5) 5.9 (0.4) 5.0 (0.5)
Non-Hispanic black 2,349 83.0 (0.8) 17.0 (0.8) 8.1 (0.6) 4.3 (0.4) 4.6 (0.5)
Other 451 81.9 (1.6) 18.1 (1.6) 6.7 (1.1) 5.6 (1.3) 5.8 (1.2)
P value 0.005 0.028 0.003 0.043

Poverty Index Ratio
< 1 1,926 73.3 (1.5) 26.7 (1.5) 11.7 (1.0) 5.1 (0.7) 9.8 (0.7)
1-2 4,318 81.0 (0.9) 19.0 (0.9) 8.0 (0.4) 5.5 (0.4) 5.6 (0.5)
≥ 3 3,852 84.9 (0.7) 15.1 (0.7) 6.8 (0.5) 5.3 (0.5) 3.0 (0.4)
Unknown, 812 79.7 (2.1) 20.3 (2.1) 8.0 (1.2) 6.5 (1.3) 5.8 (1.3)
P value < 0.001 < 0.001 0.073 < 0.001

Education levela

< 9th grade 1,436 79.7 (1.6) 20.3 (1.6) 9.3 (0.9) 3.8 (0.6) 7.1 (1.0)
9th-11th grade 1,816 78.9 (0.9) 21.1 (0.9) 9.6 (0.7) 4.6 (0.7) 5.9 (0.8)
High school 2,643 79.0 (1.0) 21.0 (1.0) 9.4 (0.6) 5.7 (0.5) 5.8 (0.6)
Some college 2,921 81.3 (0.9) 18.7 (0.9) 7.7 (0.5) 6.2 (0.6) 4.8 (0.6)
≥ College graduate 2,077 87.3 (0.8) 12.7 (0.8) 5.3 (0.6) 5.1 (0.7) 2.4 (0.3)
P value < 0.001 < 0.001 < 0.001 < 0.001

Marital status 
Married or living with partner 6,609 82.7 (0.7) 17.3 (0.7) 7.7 (0.4) 5.4 (0.3) 4.3 (0.5)
Single or divorced 4,299 80.4 (0.9) 19.6 (0.9) 8.2 (0.6) 5.5 (0.6) 5.9 (0.5)
P value 0.016 0.291 0.593 0.027

Patient Health Questionnaire-9b

< 10 8,668 84.0 (0.5) 16.0 (0.5) 7.5 (0.3) 5.1 (0.3) 3.4 (0.3)
≥ 10 770 48.2 (2.2) 51.8 (2.2) 13.8 (1.9) 11.1 (1.5) 26.9 (2.4)
P value < 0.001 < 0.001 < 0.001 < 0.001

Sleep duration (h)
< 6 1,750 37.4 (3.1) 62.6 (3.1) 22.3 (1.9) 9.8 (1.8) 30.5 (2.1)
≥ 6 9,146 85.2 (0.5) 14.8 (0.5) 6.8 (0.3) 4.9 (0.3) 3.1 (0.3)
P value < 0.001 < 0.001 < 0.001 < 0.001

Lifetime smoking
No 5,762 85.2 (0.6) 14.8 (0.6) 6.6 (0.5) 4.8 (0.3) 3.3 (0.2)
Yes 5,146 78.2 (0.9) 21.8 (0.9) 9.2 (0.4) 6.1 (0.4) 6.5 (0.7)
P value < 0.001 < 0.001 < 0.001 < 0.001

Those participants without any insomnia (no insomnia) were considered as reference for comparisons. aExcluded 15 participants reporting “unknown.” 
bExcluded 1,470 participants without valid data. NIS, nocturnal insomnia symptoms (including difficulty initiating sleep, difficulty maintaining sleep, and early 
morning awakening); NRS, nonrestorative sleep; SE, standard error.
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ciodemographic variables, depression, short sleep duration, 
and the sleep disorders groups are shown in Table 2. Females, 
non-Hispanic whites, poorer people, and those with lower edu-
cational levels were more likely to report insomnia symptoms 
than controls. Higher prevalence rates of both NIS only and 
NRS only were found in females and among those with depres-
sive symptoms (PHQ-9 ≥ 10), a lifetime history of smoking, 
and short sleep duration when compared with those partici-
pants without any insomnia symptoms (P < 0.001). However, 
there were different patterns of demographic correlates of the 
NIS-only and NRS-only groups when compared with controls 
without insomnia. For example, the prevalence of NIS only in-
creased with age (from 6.6% in group age 20-29 y to 9.5% in 
group age ≥ 60 y) whereas the prevalence of NRS decreased 
with age (from 6.3% in group age 20-29 y to 3.7% in group age 
≥ 60 y). Lower PIR was associated with a higher prevalence of 
NIS only (from 11.7% in PIR < 1 to 6.8% in PIR ≥ 3, P < 0.001) 
but not NRS only (P > 0.05). Regarding ethnic differences, the 
prevalence of NIS only was highest in Hispanics other than 
Mexican Americans, but the prevalence of NRS only was high-
est in non-Hispanic whites. Lower education level was associ-
ated with a higher prevalence of NIS only but lower prevalence 
of NRS only. Participants with NIS only were older and had a 
lower PIR and shorter sleep duration than those with NRS only 
directly (P < 0.05) (data not shown).

The associations between insomnia symptoms and a se-
ries of common medical conditions and sleep problems are 
shown in Table 1. Those with any insomnia symptoms were 
significantly more likely to have a series of medical condi-
tions. However, there were differences between the NIS-only 
and NRS-only groups in the patterns of associations; the NIS-
only group was significantly associated with all cardiovascular 
diseases, except for hypertension (adjusted ORs ranging from 
1.45-1.72; P < 0.05), whereas the NRS-only group was not as-
sociated with any of these cardiovascular diseases (P > 0.05). 
In contrast, the NRS-only group was significantly associated 
with chronic obstructive pulmonary disease (emphysema or 
chronic bronchitis) and sleep problems (including habitual 
snoring, sleep apnea, and restless legs syndrome), whereas 

the NIS-only group was not. In summary, of the 15 medical 
and four sleep problems measured, only four of them were 
associated with both NIS only and NRS only, one was asso-
ciated with neither NIS only nor NRS only, but 13 were as-
sociated with either NIS only or NRS only in the final models 
(Table 3). The NIS-only group was strongly associated with 
coronary heart disease, heart attack, and habitual sleeping pill 
use, and weakly associated with habitual snoring, sleep apnea, 
and cancer when compared with the NRS-only group directly. 
The NIS + NRS group was not more strongly associated with 
sleep problems or medical conditions in terms of the number 
of problems when compared with the NIS-only and NRS-only 
groups. This finding indicates that it is unlikely that there is an 
additive association between NIS + NRS on comorbidity in 
medical conditions and sleep problems.

Insomnia symptoms were associated with the high CRP risk 
quintile with an OR of 1.30 (95% CI: 1.06-1.59) in the fully 
adjusted model (Table 3). Furthermore, Table 3 also shows that 
different insomnia symptoms were more often in the CRP risk 
quintile in the univariate model (ORs ranging from 1.35-2.04, 
P < 0.05) when compared with normal sleep. However, after 
adjustment for potential confounding factors, the association 
persisted in the NRS-only group, but not in the NIS-only group. 
This indicates that the significant association between any in-
somnia symptoms and CRP risk quintile was likely to be at-
tributable to NRS. Similar results were found when comparing 
the mean differences in CRP level across groups (Figure 1). 
The NIS + NRS group had the highest CRP level, followed by 
the NRS-only group, NIS-only group, and normal sleep group 
in all models. In the univariate analyses, NIS-only, NRS-only, 
and NIS + NRS groups had higher CRP levels than the nor-
mal sleep group. However, the differences in mean CRP level 
between the NIS-only and normal sleep groups did not main-
tain statistical significance in adjusted models. There was also a 
trend (P = 0.06) for the NRS-only group to have a higher CRP 
level than the normal sleep group in the fully adjusted model 
(adjusted model two).

The association between the insomnia symptom groups and 
the FOSQ–general productivity subscale score was examined 

Table 3—Association between insomnia subgroups and increased C-reactive protein level (odds ratio, 95%CI)

Increased CRP level, 
upper quintile

Control group
(no insomnia)

n = 8,039

Any insomnia 
symptoms

(NIS and/or NRS)
OR (95% CI)

n = 1,791

NIS only
OR (95% CI)

n = 825

NRS only
OR (95% CI)

n = 479

NIS + NRS
OR (95% CI)

n = 487
Univariate model Reference 1.59 (1.32-1.92)a 1.35 (1.02-1.80)a 1.60 (1.26-2.04)a 2.04 (1.49-2.80)a,c

Adjusted model 1 Reference 1.46 (1.27-1.70)a 1.27 (1.00-1.61)a 1.50 (1.20-1.89)a 1.77 (1.36-2.30)a,c

Adjusted model 2 Reference 1.30 (1.06-1.59)a 1.18 (0.88-1.58) 1.36 (1.05-1.77)a 1.47 (0.98-2.19)b

Those participants without any insomnia (no insomnia) were considered as reference group in logistic regression; a total of 9,830 participants with valid 
CRP measure. No insomnia as Reference for each comparison. Adjusted model 1, adjusted for demographic characteristics (age, sex, poverty income ratio, 
ethnicity, educational level, marital status). Adjusted model 2, adjusted for demographic characteristics (age, sex, poverty income ratio, ethnicity, educational 
level, marital status), arthritis, PHQ-9 total score, body mass index, sleep duration, any cardiovascular disease, lifetime smoking, clinician-diagnosed sleep 
apnea, habitual sleeping pill use, habitual snoring, and restless legs syndrome. aP < 0.05 significant difference when compared with no insomnia. bP < 0.10 
when compared with no insomnia. cSignificant difference between NIS-only and NIS + NRS groups. CI, confidence interval; CRP, C-reactive protein; NIS, 
nocturnal insomnia symptoms (including difficulty initiating sleep, difficulty maintaining sleep, and early morning awakening); NRS, nonrestorative sleep 
disease, lifetime smoking, clinician-diagnosed sleep apnea, habitual sleeping pill use, habitual snoring, and restless legs syndrome; OR, odds ratio.
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using a GLM procedure. In the univariate analysis (data not 
shown), there were significant differences across groups in the 
FOSQ-general productivity subscale score. The No Insomnia  
group had the highest mean FOSQ-general productivity sub-
scale score (3.88), followed by NIS-only (3.80), NRS-only 
(3.65), and NIS + NRS (3.45) groups (P < 0.001 in post hoc 
analyses). However, there was no difference in the FOSQ-
general productivity subscale score between the No Insomnia 
and NIS-only groups after adjustment for sociodemographics, 
PHQ-9 total score, and sleep duration (Figure 2). NRS-only and 
NIR + NRS groups had lower scores than both No Insomnia 
and NIS-only groups in the final model. 

DISCUSSION
The current study demonstrates that less than half of par-

ticipants reporting NRS symptoms also had NIS symptoms. 
Furthermore, there are more differences than similarities in the 
sociodemographic features, medical comorbidity, other sleep 
problems, CRP level, and functional impairment of NRS-only 
and NIS-only groups. In view of the limited understanding of 
the nature of NRS,23 our findings suggest that NRS should be 
further investigated to determine whether this symptom may in-
dex a different subgroup of people with insomnia in the general 
population. Another interesting finding is that although those 
with both NIS and NRS symptoms do not have more sleep 
problems or medical comorbidity, they have substantially more 
functional impairment than those with either insomnia symp-
tom alone or normal controls.

Differences in Demographic Correlates between the NIS-Only 
and NRS-Only Groups

The sociodemographic correlates of insomnia symptoms 
have been examined in previous studies of aggregate NIS and 
NRS. The current study confirms the associations of any insom-
nia symptoms with female sex,8 lower family income, lower 
education level, and single or divorced marital status.24 How-
ever, there were substantial differences in the sociodemograph-
ic characteristics (age, PIR, education level, and ethnicity) of 
those with NIS only compared with those with NRS only; in 
fact, some associations with demographic correlates were in 
the opposite direction. It is generally assumed that the preva-
lence of insomnia increases with age due to somatic symptoms 
and comorbid medical and mental problems.24 However, in 
agreement with several population-based studies,25-27 this find-
ing could be an artifact of less impairment associated with in-
somnia with increasing age as reported by Roth et al. in the 
American Insomnia Study.4 This study showed that the preva-
lence of insomnia symptoms increases with age4; however, the 
low rate of insomnia disorder in the elderly patients despite the 
high prevalence of insomnia symptoms suggests that insomnia 
symptoms are better tolerated in elderly patients.4

Differences in Associations with Sleep Problems between the 
NIS-Only and NRS-Only Groups

Although insomnia symptoms have been correlated with ob-
structive sleep apnea (OSA),28 our results revealed that NRS, 
but not NIS, was associated with self-reported sleep apnea and 
the core symptom of sleep apnea (habitual snoring). This sug-
gests that the associations between insomnia symptoms and 
OSA found in previous studies may be attributable to NRS. 
NRS was also associated with habitual sleeping pill usage, even 
though sleeping pills have not been shown to be effective in 
treating NRS. However, we could not investigate the order of 
the association between NRS and sleeping pill use. Given the 
significant associations of NRS with all sleep problems assessed 
in this study, we speculate that NRS might be an integrated in-
dicator of insufficient sleep quantity or sleep quality as induced 
by other sleep problems. Indeed, the International Classifica-
tion of Sleep Disorders, Second Edition (ICSD-2) suggests that 
in addition to being a core symptom of insomnia, NRS is also a 
nonspecific consequence of various sleep disturbances, includ-
ing OSA, sleep deprivation, and restless legs syndrome.5 In this 
regard, NRS is probably a heterogeneous complaint.

Differences in Comorbidity of Medical Conditions between the 
NIS-Only and NRS-Only Groups

The current study confirms the findings of two previous stud-
ies that insomnia symptoms are pervasively associated with 
several medical conditions.29,30 Insomnia symptoms are com-
monly associated with chronic medical conditions and may be 
consequences of some of these conditions.29,31-33 The different 
patterns for the associations of most of the medical conditions 
between the NIS-only and NRS-only groups indicate, however, 
that there are likely to be different underlying mechanisms for 
the associations between NIS and NRS and other chronic medi-
cal conditions. For example, persons with NIS are more likely 
to have cardiovascular diseases (CVD), whereas persons with 
NRS more often have chronic obstructive pulmonary diseases 

Figure 2—Comparison in mean Functional Outcomes of Sleep 
Questionnaire general productivity scores across groups. Nocturnal 
insomnia symptoms include difficulty initiating sleep, difficulty maintaining 
sleep, and early morning awakening. ***P < 0.001 when compared with 
any other group. #No statistically significant difference between normal 
sleep and nocturnal insomnia symptoms only (P = 0.670). Multivariable 
analysis was adjusted for age, sex, poverty income ratio, ethnicity, 
educational level, marital status, habitual sleep duration, habitual snoring, 
PHQ-9, lifetime smoking, clinician-diagnosed sleep apnea, restless legs 
syndrome, habitual sleeping pill use, and number of medical conditions. 
Error bars = SEM.
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(emphysema or chronic bronchitis), cancer, and thyroid dis-
ease. Although it is interesting that there are clear differences 
between the NIS-only and NRS-only groups in their associa-
tions with CVD, it is consistent with the demographic asso-
ciation between younger age and NRS alone. Recent evidence 
suggests that similar to short sleep duration, NIS is a risk factor 
for the onset and mortality associated with CVD.34,35 Although 
the longitudinal associations between NRS and CVD have not 
been tested in previous prospective studies, the current study 
indicates a lower prevalence of CVD in persons with NRS than 
in persons with NIS. With regard to cancer, three prospective 
studies have shown that nocturnal insomnia symptoms are a 
prevalent and persistent problem in patients with cancer.36-38 
However, the findings in the current study suggest that “pure 
NIS” is not related to self-reported cancer.

Differences in CRP Level between the NIS-Only and NRS-Only 
Groups

According to ICSD-2, NRS has been considered as a con-
sequence of other sleep disorders, including restless legs syn-
drome and OSA.1 However, the current study demonstrates that 
the relationship between NRS alone and increased CRP level 
persisted after controlling for these sleep disorders. This indi-
cates that increased CRP level in NRS might be directly linked 
to the pathogenesis of NRS. Indeed, NRS is a core symptom 
of chronic fatigue syndrome (CFS) and some forms of major 
depression,39 both of which have been shown to be associated 
with increased peripheral inflammatory markers.40 However, 
CFS was not measured in the current study. Future studies 
should examine the role of CFS in the higher CRP level in NRS. 
In addition, further prospective studies with comprehensive 
measures of these domains are warranted to examine the causal 
relationship between NRS and increased CRP level.

Differences in Functional Impairment between the NIS-Only and 
NRS-Only Groups

Previous studies have demonstrated that insomnia symptoms 
exert significant effect on functional impairment.1,4,41,42 NRS 
is the only insomnia subtype that was significantly associated 
with all five measures of role functioning after excluding or 
controlling for 12-months Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition (DSM-IV) axis I disorders in 
the National Comorbidity Survey Replication study.1 Hence, it 
has been argued that the effect of insomnia symptoms on func-
tional impairment may be confounded by medical and mental 
comorbidity.43 In line with these findings, the current study 
demonstrates that medical comorbidity may explain impair-
ment associated with NIS but not with NRS. In addition, the 
lowest FOSQ general productivity score found in NIS + NRS 
group in the current study suggests that NIS may exacerbate 
the functional impairment associated with NRS, although there 
is no association between NIS and FOSQ general productivity 
score in the final model. Nonetheless, the effect sizes in the dif-
ferences between groups were rather small. In this regard, the 
clinical significance of these differences might be modest.

Clinical Implications and Future Directions
The current study suggests that insomnia symptoms are het-

erogeneous,5-7 even though different insomnia symptoms may 

be highly correlated with each other.1,14 However, different 
insomnia symptoms have not been assessed or reported sepa-
rately in most previous studies.2,3 In particular, few epidemio-
logic studies have assessed NRS separately. For example, little 
is known about NRS in terms of operational measures,44 natural 
history,23 and effective management.16 A recent study has shown 
that 31.9% of those with NRS have a persistent course,45 which 
would therefore also suggest that NRS would be associated 
with substantial impairment and disability. However, we are 
unaware of previous epidemiologic studies that stratified NIS 
and NRS to explore the differences in their sociodemographic 
correlates, mental and physical comorbidity, biomarkers, and 
functional impairments.

The close associations of NRS with medical conditions and 
depression found in the current study support the stratification of 
NRS into NRS secondary to medical conditions, NRS second-
ary to psychiatric conditions, and NRS alone.46,47 In addition, 
as suggested by previous research,43 the strong associations of 
NRS with other sleep problems and sleeping pill use also sug-
gest the importance of consideration of other sleep problems 
and treatments when investigating pathophysiologic mecha-
nisms of NRS alone. In addition, as noted by Vernon et al.,44 a 
standardized, operational diagnostic tool for NRS should be de-
veloped to meet the need to address the variability in definitions 
used in previous studies. The currently available treatments for 
insomnia, including pharmacologic managements and psycho-
logical therapy, are designed for NIS rather than NRS, even 
though NRS is associated with a greater level of functional im-
pairment.1,30 Our findings of the high comorbidity of medical 
conditions and sleep problems in the NRS-only group indicate 
that the management of other sleep problems and medical con-
ditions might also benefit those with NRS symptoms, and may 
consequently improve daytime functioning.

Limitations
First, the self-reported information on insomnia symptoms, 

other sleep problems, and most of the medical conditions with-
out further objective measures or clinical assessment may have 
led to reporting bias. Similar to previous studies of NRS,44 the 
validity and reliability of the measure of NRS in the current 
study has not been established. In addition, the NRS item in 
the current study that referred to “feeling unrested” during the 
day rather than specifically targeting this symptom upon awak-
ening may also have tapped people who suffer from chronic 
fatigue, which has been associated with elevated CRP. Second, 
the measure of general productivity was derived from FOSQ, 
which was designed to assess the functional outcomes related to 
sleep disorders. Therefore, the effect of NRS and NIS on other 
functional impairment, such as physical functioning, cannot be 
addressed in the current study. Third, insomnia symptoms in the 
current study were rated for the past month. In view of the wax-
ing and waning course of insomnia,48 other studies over longer 
time frames, particularly with prospective designs, are neces-
sary to replicate our findings. Finally, due to the relatively small 
numbers, we were not able to stratify NIS into DIS, DMS, and 
EMA. However, these three symptoms of NIS have low stabil-
ity across time.49 In addition, all of the associations that were 
tested in our analyses were not prespecified and hence might 
have raised false positive results.
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CONCLUSIONS
Both NIS and NRS are common sleep problems in the US 

adult population. There are more differences than similarities 
between NIS and NRS in sociodemographic characteristics, 
sleep disorders and medical comorbidity, increased inflamma-
tory response, and functional impairment. These findings sug-
gest that sources of heterogeneity in the correlates of NRS and 
NIS should be investigated in future studies.
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