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Study Objectives: To estimate the prevalence of insomnia disorder among older veterans and to study relationships among age and self-rated health, with 
insomnia disorder, self-reported sleep duration and sleep efficiency.
Methods: A cross-sectional postal survey of community-dwelling older veterans (older than 60 years) seen at one VA Healthcare System in the prior 18 
months was performed, which was constructed to align with the general diagnostic criteria for insomnia disorder (International Classification of Sleep 
Disorders, Second Edition [ICSD-2]). The survey also queried self-reported sleep duration, bedtime, and wake time, which were used to calculate sleep 
efficiency. The survey also asked about race/ethnicity and self-rated health (using the general health item from the Short Form-36).
Results: A completed survey was returned by 4,717 individuals (51.9% response rate; mean age 74.1 years). Of those, 2,249 (47.7%) met ICSD-2 diagnostic 
criteria for insomnia disorder. In logistic regression analyses, insomnia disorder was more likely among younger age categories (odds ratios [OR] 1.4–2.5) 
and in those with worse self-rated health (OR 2.1–14.4). Both total nocturnal sleep time and time in bed increased with older age (all P < .001), whereas sleep 
efficiency did not differ. Worse self-rated health was associated with shorter total nocturnal sleep time, more time in bed, and lower (worse) sleep efficiency.
Conclusions: Results of the postal survey suggest that almost half of community-dwelling older veterans have insomnia disorder, which was more common 
in young-old and among those with worse self-rated health. Additional work is needed to address the high burden of insomnia among older adults, including 
those with poor health.
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INTRODUCTION

Insomnia is common among older adults, and some evidence 
suggests it is particularly common among veterans.1 How-
ever, reported prevalence varies widely and most studies re-
port insomnia symptoms rather than established diagnostic 
criteria for insomnia disorder.2–6 Insomnia is associated with 
adverse consequences on health and quality of life,4–6 but the 
relationship between sleep and health may be bidirectional.7,8 
Insomnia symptoms are common in older people with co-
morbidities,9–11 and the severity of chronic insomnia seems 
to correlate with worse health-related quality of life12–15 and 
greater health care utilization.16,17 Furthermore, there may be 
significant economic consequences of insomnia.18 The rela-
tionship between insomnia and advanced age is unclear, with 
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some studies suggesting insomnia symptoms increase with 
age,19,20 whereas other studies have found nonlinear relation-
ships with sleep complaints actually decreasing after age 
60 years.21,22

Insomnia symptoms are common among military veter-
ans.23–25 In addition, a recent study of older veterans with im-
pairment in activities of daily living showed that 71% had at 
least mild daytime sleepiness.26 One reason why identifying 
those with insomnia disorder is so critical is that treatments 
(such as cognitive behavioral therapy for insomnia [CBT-I]) 
depend on the patient meeting diagnostic criteria (for example, 
CBT-I is not used for other sleep disorders or for insufficient 
sleep). As the Department of Veterans Affairs (VA) (and other 
health care systems) seeks to expand the availability of CBT-
I through a nationwide dissemination program,27 identifying 

BRIEF SUMMARY
Current Knowledge/Study Rationale: There has been a wide range of estimates of insomnia in older patients. The purpose of this study was to 
estimate the prevalence of insomnia disorder in an older veteran population using a survey instrument designed to align with diagnostic criteria for 
insomnia disorder.
Study Impact: Nearly half of the community-dwelling veterans surveyed responded in a manner consistent with diagnostic criteria for insomnia 
disorder. Older age and better self-rated health were associated with a decreased likelihood of having insomnia disorder.
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how many veterans are likely appropriate for this treatment has 
become essential.

To identify veterans with insomnia who may be appropriate 
for CBT-I, we conducted a postal survey of all community-
dwelling patients aged 60 years and older who had received 
care at one large VA ambulatory care center in the prior 18 
months. The objectives of the current study were to deter-
mine the prevalence of insomnia disorder according to estab-
lished diagnostic criteria, and to examine the relationships 
between insomnia disorder, age, and self-rated health. Asso-
ciations between age and self-rated health with self-reported 
nocturnal sleep time, time in bed, and sleep efficiency were 
also examined.

METHODS

Participants
Using electronic data, we identified all patients aged 60 years 
and older who had received care at one large VA ambulatory 
care center within the previous 18-months. We developed a 
survey instrument, which was mailed to all patients (n = 9,080) 
who were aged 60 years and older, and lived within 30 miles 
of the ambulatory care center (based on ZIP codes), in ran-
dom blocks between May 2010 and January 2012. Returned 
surveys were reviewed and participants with vague or miss-
ing responses were contacted by telephone by research staff 
for clarification unless they checked an “opt out” box indicat-
ing they did not wish to be contacted. If the survey was not 
returned, a second copy was mailed 3 weeks later. There were 
21 surveys completed by someone other than the patient (for 
example, a family member), which were dropped. All other 
returned surveys that provided adequate information to deter-
mine insomnia diagnosis (as described in the next paragraphs) 
were included in the analyses. This survey was implemented 
in the recruitment phase of a randomized controlled trial as-
sessing the efficacy of CBT-I using nonclinician health coaches 
in older veterans, and was used to both assess the prevalence 
of insomnia and to identify those who might be eligible for 
the trial.28 The study procedures were approved by the Institu-
tional Review Board at the VA Greater Los Angeles Healthcare 
System and a waiver of documentation of informed consent 
was obtained.

Procedures
The survey instrument was developed by the research team 
to determine whether respondents had insomnia based on the 
International Classification of Sleep Disorders, Second Edi-
tion (ICSD-2) general diagnostic criteria for insomnia,29 which 
were the diagnostic criteria in place at the time of the study. In 
ICSD-2, these general criteria apply to several insomnia diag-
noses (eg, psychophysiological insomnia, idiopathic insomnia). 
Our interest focused on individuals with “chronic insomnia” 
rather than “adjustment (acute) insomnia. For simplicity (and 
in keeping with International Classification of Sleep Disor-
ders, Third Edition [ICSD-3]), throughout this manuscript we 
use the term “insomnia disorder,” rather than the more tech-
nically correct term (per ICSD-2) “insomnia disorders other 

than adjustment (acute) insomnia.” In addition, as described 
in the next section, in keeping with ICSD-3, our focus was on 
participants with chronic insomnia disorder (≥ 3 months dura-
tion). Differences between the ICSD-2 diagnostic criteria used 
in the current study, and the more recent update (ICSD-3)30 are 
indicated in the next section. Survey items were developed us-
ing four steps:

1. Previously published and validated scales for sleep and 
insomnia were reviewed for potential survey items.

2. Items were adapted and simplified, and reading level 
(with a goal of a fifth-grade level) adjusted for use as a 
postal survey.

3. Cognitive interviews with older patients were 
performed to ensure respondents understood questions 
consistently and as intended.

4. After revising items based on cognitive interviews, 
three investigators (JLM, CAA, KJ) independently 
reviewed the items and finalized the survey in a 
consensus process.

The finalized survey (see supplemental materials) contained 
25 items that queried sleep-related items over the previous 
month. Self-reported race/ethnicity information was col-
lected from a single item (stating “Which of these categories 
best describes you,” with instructions to check all that ap-
ply). The survey also included the general health item from 
the Short Form-36 (SF-36), which asks the participant to rate 
their general health on a five-point Likert scale from poor to 
excellent health.

Measures
Survey responses identified patients who met ICSD-2 crite-
ria for insomnia disorder that was of chronic duration using 
four steps, which determined the presence of: (1) nighttime 
sleep disturbance, (2) the sleep disturbance occurs despite ad-
equate opportunity and circumstances for sleep, (3) daytime 
symptoms, and (4) duration of symptoms of 3 months or more. 
Respondents who met criteria in all four steps were consid-
ered to have insomnia disorder. The survey items related to 
diagnostic criteria for insomnia disorder are shown in the 
supplemental material.

Step 1 determined ICSD-2 criterion A, which includes at 
least one of the following sleep complaints: difficulty falling 
asleep, difficulty staying asleep, waking too early, or sleep that 
is nonrestorative. Survey items queried whether on a typical 
night respondents have trouble falling asleep, trouble stay-
ing asleep all night, or wake up earlier than they wanted; an 
additional item asked them to describe their sleep in general 
as very good, fairly good, fairly bad, or very bad (sleep qual-
ity). Based on cognitive interviewing, the candidate items for 
“nonrestorative” sleep did not meet acceptable standards, and 
were not included in the final survey. Of note, this also agrees 
with the most recent update of diagnostic criteria for insomnia, 
where nonrestorative sleep has been removed.30 The survey 
also asked about typical bedtime, minutes to fall asleep, usual 
time to get out of bed in the morning, and hours of actual sleep. 
These items were used to calculate sleep efficiency (ie, hours 
of sleep divided by time in bed calculated as the difference 
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between bedtime and rise time) and sleep latency (ie, minutes 
to fall asleep). Criterion A was met if the respondent reported 
difficulty falling asleep, difficulty staying asleep, waking too 
early, sleep quality reported as “fairly bad” or “very bad,” 
sleep efficiency less than 80%, or sleep latency greater than 
30 minutes.31

Step 2 determined ICSD-2 criterion B, which requires that 
the sleep complaint cannot be explained by an inadequate place 
or opportunity to sleep. The survey included a question asking 
whether the respondent had a “comfortable place to sleep.” Cri-
terion B was met if respondents answered yes to this question 
and reported a time in bed of at least 5 hours (calculated as the 
elapsed time from bedtime to rise time reported on the survey).

Step 3 addressed ICSD-2 criterion C, which requires the 
presence of at least one daytime consequence related to the 
nighttime sleep complaint. Specific daytime consequences 
listed in ICSD-2 were operationalized in a lay language, yes/
no format. These items asked whether during the past month 
the respondent had any of the following daytime symptoms 
because he or she did not sleep well at night: feel tired or fa-
tigued; trouble paying attention, concentrating, or remember-
ing things; difficulty with work or social life; feel irritable, 
depressed, or anxious; feel sleepy during the day; have less 
motivation, energy or drive; make mistakes or have acci-
dents; feel achy, have headaches or stomach problems; take a 
nap or doze off during the daytime; and have concerns about 
sleep (derived from sleep quality reported as “fairly bad” or 
“very bad”).

Step 4 assessed the duration of insomnia. We were primarily 
interested in chronic insomnia, which is also consistent with 
the most recent diagnostic criteria for insomnia.30 An item que-
ried how long the respondents had problems with their sleep. 
Respondents who selected “less than 3 months” or “I don’t 
have sleep problems” did not meet Step 4. Respondents who 
selected a duration of “3 months to 12 months” or “more than 
12 months” met Step 4.

Our survey did not query whether the nighttime sleep dis-
turbance and daytime symptoms occurred at least three times 
per week, which was added in the most recent diagnostic cri-
teria for insomnia.30

Reassessment of Insomnia
Survey respondents who met criteria for insomnia and met other 
study eligibility requirements were invited to participate in the 
behavioral treatment trial, which included a baseline in-person 
assessment.28 During the baseline assessment, the survey items 
addressing the ICSD-2 diagnostic criteria were repeated and 
the Insomnia Severity Index (ISI)32 and Pittsburgh Sleep Qual-
ity Index (PSQI)33 were administered, providing confirmatory 
evidence for insomnia. We compared survey results with re-
peat in-person ICSD-2 diagnosis of insomnia and ISI and PSQI 
scores among survey participants (n = 429) who completed this 
in-person assessment.

Statistical Analysis
All statistical analyses were completed using Stata version 
13.1 (StataCorp LP, College Station, Texas, United States). 
The prevalence of insomnia was determined by calculating the 

proportion of responders who met the aforementioned diagnos-
tic criteria. Descriptive statistics were computed for selected 
demographic and other variables, computing mean and stan-
dard deviation (SD) for continuous variables and frequency for 
categorical variables.

We tested for differences between responders and nonre-
sponders using variables obtained from the administrative da-
tabase including age, sex, and months since last visit at the 
VA Healthcare System. Patients were classified as responders 
versus nonresponders with the intent to adjust prevalence rates 
for response bias. For returned surveys, a responder was de-
fined as providing a sufficiently complete survey to ascertain 
diagnostic criteria for insomnia. All others (and those who did 
not return a survey) were categorized as nonresponders. Re-
sponders were older than nonresponders (mean age 74.1 years 
versus 73.2 years, P < .001) and had less time since their last 
clinic visit (mean of 8.8 versus 9.2 months, P < .001). There 
was no difference in sex between responders and nonre-
sponders (χ2(1) = 1.87, P = .17). Age and time since last visit 
were used to create nonresponse weights. These variables were 
computed by entering age and time since last visit as predic-
tors in a logistic regression model predicting nonresponse. The 
inverse of the predicted probability of being a responder was 
used as a nonresponse weight for analyses of prevalence esti-
mates. As described in the next paragraphs, 47.7% of respond-
ers met insomnia diagnostic criteria. The estimated prevalence 
of insomnia adjusted for response bias was 48.1%. Because the 
difference between the observed and adjusted prevalence of in-
somnia was small, our subsequent analyses were not adjusted 
for potential response bias.

We also investigated the degree to which insomnia rates 
were sensitive to more stringent application of criterion C (day-
time consequences), by calculating the prevalence of insom-
nia when satisfaction of criterion C required two or more, and 
three or more daytime consequences.

A logistic regression model was used to predict the pres-
ence of insomnia disorder based on age, sex, race/ethnicity, 
and self-reported health. The logistic regression model was 
used to compute predicted probabilities as a function of age 
and self-reported health status by computing the average mar-
ginal value. Seemingly unrelated regression (SUR) models (ie, 
where the error terms in the regression equations are corre-
lated) were used to predict other sleep-related variables (ie, to-
tal nocturnal sleep time, time in bed and sleep efficiency) with 
age category, self-rated health status, race/ethnicity and sex as 
predictor variables.34 Tests of categorical predictors (within the 
SUR models) were tested using Wald χ2 tests. The differences 
in hours of sleep, time in bed, and sleep efficiency between 
those with and without insomnia disorder were compared 
using t tests.

RESULTS

Survey Participant Characteristics
Of the 9,080 patients mailed a survey, 4,717 patients (51.9%) 
returned a sufficiently completed survey. Descriptive statis-
tics are presented in Table 1. Mean age was 74.1 years (range 
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60–100 years). Most respondents were male, reflecting the 
older veteran population. A total of 2,249 respondents (47.7%) 
met diagnostic criteria for insomnia disorder (as described pre-
viously). Chi-square omnibus testing showed that overall there 
was a significant relationship between age and insomnia disor-
der (χ2(5) = 53.9, P < .001), as well as between self-rated health 
and insomnia disorder (χ2(4) = 365.1, P < .001).

Sensitivity Analysis of Insomnia Prevalence
When criteria were adjusted to require at least two daytime 
consequences for meeting criterion C, the number of patients 
meeting criteria for insomnia decreased to 2,140 (45.4%). If at 
least 3 daytime consequences were required for criterion C, the 
number of patients meeting criteria of insomnia decreased to 
1,994 (42.3%).

Factors Related to Insomnia Disorder
Table 2 shows the results of the logistic regression model 
predicting insomnia disorder. Insomnia was more likely in 
those who were younger and in those with poorer self-rated 
health. Insomnia was less likely among African Americans 
and Asians compared to Whites. Figure 1A illustrates the re-
lationship between insomnia and age, showing that the prob-
ability of insomnia disorder decreases as a function of age. 

The relationship between insomnia and self-rated health is il-
lustrated in Figure 1B, which shows that the probability of in-
somnia decreases with increasing (ie, better) self-rated health.

Factors Related to Total Nocturnal Sleep Time, Time in 
Bed, and Sleep Efficiency
The results of the seemingly unrelated regression models with 
the outcomes of total nocturnal sleep time, time in bed, and 
sleep efficiency are also shown in Table 2.

There was a significant relationship between age and total 
nocturnal sleep time (Wald χ2(5) = 135.8, P < .001) and time in 
bed (Wald χ2(5) = 251.7, P < .001), but not sleep efficiency (Wald 
χ2(5) = 6.2, P = .29). Specifically, total nocturnal sleep time and 
time in bed both increased with increasing age (Figure 2, pan-
els A, B, and C).

Self-rated health was significantly associated with noctur-
nal sleep time (Wald χ2(4) = 217.2, P < .001) and sleep effi-
ciency (Wald χ2(4) = 368.9, P < .001) but not time in bed (Wald 
χ2(4) = 7.5, P = .113). Total nocturnal sleep time and sleep effi-
ciency were higher with increasing (ie, better) self-rated health, 
whereas time spent in bed decreased slightly with improved 
self-rated health (Figure 2, panels D, E, and F).

Figure 1—Predicted probability of insomnia disorder 
(adjusting for age, self-rated health, race/ethnicity, and sex).

(A) Predicted probability of insomnia disorder as a function of age. (B) 
Predicted probability of insomnia disorder as a function of self-rated 
health.

Table 1—Demographic information, self-reported health, 
insomnia disorder, self-reported total nocturnal sleep time, 
time spent in bed, and sleep efficiency (n = 4,717).

Age, years 74.1 ± 9.2
Age categories, years 

60–64 852 (18.1)
65–69 1,050 (22.3)
70–74 556 (11.8)
75–79 744 (15.8)
80–84 709 (15.0)
≥ 85 806 (17.1)

Sex, male 4,631 (98.2)
Race/ethnicity categories, self-reported 

Non-Hispanic white 3,736 (79.2)
African American 269 (5.7)
Hispanic 350 (7.4)
Asian 140 (3.0)
Other/no answer 222 (4.7)

Self-rated health status (n = 4,693)
Poor 305 (6.5)
Fair 1,061 (22.6)
Good 1,827 (38.9)
Very good 1,183 (25.2)
Excellent 317 (6.8)

Insomnia disorder, present 2,249 (47.7)
Nocturnal sleep time, hours (n = 4,639) 6.7 ± 1.7
Time spent in bed, hours (n = 4,628) 8.3 ± 1.6
Sleep efficiency, % (n = 4,577) 81.5 ± 16.7

Values are presented as mean ± standard deviation or n (%).
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Differences in Other Self-Reported Sleep Measures By 
Insomnia Disorder
Not surprisingly, there were significant differences in total 
nocturnal sleep time, time in bed, and sleep efficiency between 
respondents who did and did not meet diagnostic criteria for 
insomnia. In those with insomnia disorder, the mean noctur-
nal sleep time was 6.0 hours versus 7.3 hours in those with-
out insomnia (P < .001). There was no significant difference in 
time in bed: 8.3 hours in those with insomnia disorder versus 
8.2 hours in those without insomnia (P = .507). Mean sleep 
efficiency was 74.0% in those with insomnia disorder versus 
88.4% in those without (P < .001).

Reassessment of Insomnia
Of the 429 participants who met criteria for insomnia disor-
der based on the postal survey, and completed an in-person 
assessment, 381 (88.8%) still met the basic criteria for insom-
nia disorder at the time of the baseline assessment (on aver-
age, 73 days later). The mean ISI score was 10.7 (SD 5.4), and 
69.9% had at least mild insomnia. The mean PSQI score was 
8.6 (SD 3.8), 74.6% (n = 250) had a score higher than 5, con-
sistent with clinically significant poor-quality sleep. Similarly, 
when the more stringent criteria were used to identify those 
with daytime consequences on the survey (ie, requiring at least 
3 daytime symptoms), 310 (71.6%) still met criteria for those 

more stringent criteria for insomnia disorder at the time of the 
baseline assessment, 70.9% (n = 224) had at least mild insom-
nia on the ISI, and 74.7% (n = 230) had a PSQI score higher 
than 5, consistent with clinically significant poor-quality sleep.

DISCUSSION

Using a postal survey to identify older patients who met basic 
criteria for insomnia disorder, we found that 47.7% of commu-
nity-dwelling veterans aged 60 years and older had evidence of 
insomnia and therefore may be in need of treatment for their 
sleep-related difficulties. When more strict criteria for daytime 
consequences are applied, the rate of insomnia decreased by 
only 5.4%, to 42.3%. Previous population-based studies of in-
somnia have varied widely in estimated prevalence of insom-
nia, from 7.9% to more than 50%.22,35 This variation may be the 
result of differences in population studied and in methods used 
to identify insomnia. We used established diagnostic criteria; 
requiring nighttime symptoms, daytime impairment, and long-
standing symptoms. This definition of insomnia disorder fa-
cilitates identification of those in need of treatment in clinical 
settings. In a recent study using VA administrative data, only 
3.4% of veterans had an insomnia diagnosis based on presence 
of an ICD-9 code for insomnia in their medical record.36

Table 2—Models predicting insomnia disorder, total nocturnal sleep time, time in bed, and sleep efficiency.
Insomnia Disorder

n = 4,693
Total Nocturnal Sleep Time 

(hours), n = 4,554
Time in Bed (hours)

n = 4,554
Sleep Efficiency (%)

n = 4,554
OR 95% CI B 95% CI B 95% CI B 95% CI

Age Categories, years
60–64 1.88 *** 1.53, 2.31 −0.87 *** −1.04, −0.71 −1.08 *** −1.23, −0.92 0.11 −1.48, 1.71
65–69 1.61 *** 1.32, 1.96 −0.65 *** −0.80, −0.49 −0.91 *** −1.05, −0.76 1.38 −0.13, 2.90
70–74 1.40 ** 1.12, 1.77 −0.58 *** −0.77, −0.40 −0.79 *** −0.96, −0.62 1.01 −0.76, 2.78
75–79 1.26 * 1.02, 1.55 −0.29 *** −0.46, −0.12 −0.52 *** −0.68, −0.37 1.45 −0.18, 3.09
80–84 0.95 0.77, 1.18 −0.30 *** −0.47, −0.13 −0.39 *** −0.55, −0.23 0.54 −1.12, 2.20
≥ 85 Reference Reference Reference Reference
Self-Rated Health
Poor 8.56 *** 5.93, 12.35 −1.07 *** −1.33, −0.80 0.29 * 0.05, 0.53 −15.55 *** −18.11, −12.99
Fair 7.83 *** 5.77, 10.62 −0.95 *** −1.17, −0.74 0.21 * 0.01, 0.40 −13.05 *** −15.09, −11.01
Good 4.11 *** 3.07, 5.51 −0.54 *** −0.74, −0.34 0.13 −0.05, 0.32 −7.80 *** −9.74, −5.87
Very good 2.04 *** 1.51, 2.76 −0.07 −0.27, 0.14 0.12 −0.07, 0.31 −2.64 ** −4.65, −0.63
Excellent Reference Reference Reference Reference
Race/Ethnicity
African American 0.68 ** 0.53, 0.89 −0.38 *** −0.60, −0.17 −0.07 −0.27, 0.12 −3.78 *** −5.84, −1.72
Hispanic 0.81 0.65, 1.03 −0.14 −0.33, 0.05 0.03 −0.14, 0.20 −1.54 −3.33, 0.25
Asian 0.58 ** 0.40, 0.83 −0.22 −0.50, 0.06 −0.15 −0.41, 0.11 −1.20 −3.93, 1.53
Other/missing 0.80 0.60, 1.07 −0.32 ** −0.55, −0.09 −0.15 −0.36, 0.07 −2.71 * −4.95, −0.47
Non-Hispanic white Reference Reference Reference Reference
Sex
Female 0.93 0.59, 1.46 0.16 −0.20, 0.53 0.58 *** 0.25, 0.92 −3.22 −6.74, 0.30
Male Reference Reference Reference Reference

Logistic regression was used to predict insomnia disorder. Seemingly unrelated regression was used to predict total nocturnal sleep time, time in bed, and 
sleep efficiency. All models included age, self-rated health, race/ethnicity, and sex as predictors. Asterisks indicate statistical significance: * = P < .05, 
** = P < .01, *** = P < .001. CI = confidence interval, OR = odds ratio.
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We found the prevalence of insomnia disorder decreased 
with increasing age in our sample (ie, there was more insom-
nia in the “young-old” compared to the “older-old”), even after 
adjusting for self-rated health. This was not likely due to sam-
pling error at the extremes of age because each age category 
had a relatively large number of respondents. Prior research 
addressing the relationship between insomnia and advanced 
age has had mixed results, with some evidence suggesting a 
decrease,21,37 and other evidence suggesting an increase in in-
somnia with advancing age.2,35,38,39 For example, Jaussent et al. 
found the odds of insomnia increased in each 5-year cohort 
after age 65 years, particularly in men.20

The increased prevalence of insomnia disorder we found 
in the young-old may be related to “cohort” differences in 

young-old versus older-old individuals who seek care in the 
VA. It is also possible that increasing rates of cognitive impair-
ment may have affected the ability of the older-old individuals 
to accurately recall details about their sleep habits and quality 
over the past month. In addition, sleep complaints have been 
linked to comorbidities in older populations,40 and a healthy 
survivor effect may be one factor explaining less insomnia in 
the older-old veterans. However, the persistent relationship be-
tween insomnia and age after controlling for self-rated health 
status suggests this does not explain the entire story. Another 
possibility is that young-old patients are more likely to report 
symptoms of insomnia. A study from Norway found increased 
nocturnal sleep disturbance with age, but reports of daytime 
symptoms were decreased with age.41 Thus, it is conceivable 

Figure 2—Predicted mean of nocturnal sleep time, time in bed, and sleep efficiency (adjusting for age, self-rated health, race/
ethnicity, and sex).

(A) Predicted mean of total nocturnal sleep time as a function of age. (B) Predicted mean of time in bed as a function of age. (C) Predicted mean of sleep 
efficiency as a function of age. (D) Predicted mean of total nocturnal sleep time as a function of self-rated health. (E) Predicted mean of time in bed as a 
function of self-rated health. (F) Predicted mean sleep efficiency as a function of self-rated health.
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that older patients have fewer daytime complaints, which pre-
vents them from meeting insomnia diagnostic criteria. Fur-
thermore, the factors that go into satisfaction with sleep seem 
to change with age.42 Previous studies in older patients without 
insomnia complaints found they had more self-reported and 
objectively disturbed sleep compared to younger counterparts, 
suggesting a possible adaptation to what they consider accept-
able sleep.43 A prior study suggests that total nocturnal sleep 
time and sleep efficiency decrease with increasing age.44 In our 
sample, however, self-reported nocturnal sleep time actually 
increased with age, which may reflect that insomnia disorder 
also decreased with increasing age. However, sleep efficiency 
did not change with increasing age, perhaps related to the in-
creased time in bed with age.

The relationship between worse self-rated health and in-
somnia was strong, and is largely consistent with prior re-
search.12,37,39,45,46 Worse self-rated health may indicate a higher 
level of medical illness burden, which may affect sleep qual-
ity. Insomnia itself may be a risk factor for worse health, or 
the self-perception of worse health. Given the cross-sectional 
nature of our study, we cannot make inferences about the di-
rection of causality between self-rated health and insomnia in 
this population. Unfortunately, we did not have access to more 
complete comorbidity data; however, this is an important area 
for future investigation as frailty, disease burden, and markers 
of “physiological aging” may be important.

We found that non-Hispanic whites had a small but signifi-
cant increase in the odds of insomnia, which differs from some 
prior research.47 Further study of the relationship between race/
ethnicity and insomnia among veterans is required to confirm 
this finding.

Several study limitations need to be acknowledged. As a 
cross-sectional sample using self-report, we are unable to in-
fer causality, and there may be inaccuracies associated with 
self-reported data. However, insomnia disorder is clinically 
diagnosed based on the self-report of symptoms.31,32 An-
other limitation is that the survey instrument has not been 
formally tested for psychometric validity; however, there are 
no validated instruments for assessing ICSD-2 criteria that 
can be used in a postal survey format (eg, with no skip pat-
terns or multipart questions), and relying on medical record 
evidence of insomnia disorder is likely to underestimate the 
number of older veterans in need of treatment. We did draw 
many of the survey items from validated instruments, and 
sensitivity analyses (eg, for number of daytime symptoms) 
suggested high rates of insomnia even with more conser-
vative criteria using our survey items. Furthermore, of the 
participants who completed an in-person assessment (as part 
of the parent clinical trial), 89% still screened positive for 
insomnia based on ICSD-2 criteria. This supports the test-
retest reliability of the postal survey in identifying those with 
insomnia. However, our inability to retest those with a survey 
response that was negative for insomnia meant we could not 
calculate a kappa coefficient to more rigorously assess test-
retest reliability. Another limitation is that this survey did not 
assess the frequency of symptoms, which has been added to 
the insomnia diagnostic criteria in recent years. Likewise, the 
space and structure limitations of the postal survey design 

prevented us from being able to assess the severity of the 
daytime symptoms.

Another limitation of the study is that we did not have ac-
cess to administrative or electronic health record data among 
participants who completed the survey (access to these data 
was not allowed for the survey sample by our institutional 
review board). Therefore, we do not have access to medical 
record information regarding comorbidities, functional status, 
and other factors that may have affected participant responses. 
Another limitation was that, in this predominantly male, older 
veteran population, there were too few women to reliably test 
for sex differences; however, a study of women veterans found 
similarly high rates of insomnia disorder across age groups.48

The survey response rate (51.9%) might also be considered a 
limitation of the study, however, this rate is similar to average 
response rates reported in a meta-analysis of surveys (52.3% 
average response rate),49 and an older report of mailed surveys 
published in medical journals (60% average response rate).50 
Analysis of the limited demographic data available from the 
administrative database used to obtain address information 
suggests that, compared to nonresponders, responders were 
older and more recently visited the ambulatory care center. It 
is possible that the prevalence of insomnia disorder is differ-
ent between responders and nonresponders; we are unable to 
test this possibility with the available data. Finally, this study 
did not account for important covariates such as obstructive 
sleep apnea, psychiatric conditions, and pain, although in-
somnia should likely be treated even in the context of these 
comorbid conditions.

In conclusion, we found that nearly half of veterans 60 years 
of age and older suffer from insomnia disorder that likely meets 
established diagnostic criteria for insomnia and therefore may 
benefit from treatments such as CBT-I. Insomnia disorder was 
less common among older-old versus young-old respondents, 
and less common in those with better self-rated health. Prior 
reports of a low prevalence of insomnia in clinical databases 
suggest that much of the insomnia in older veterans is undi-
agnosed. Further work is needed to improve access to care in 
older adults for this important and highly prevalent condition.

ABBRE VI ATIONS

CBT-I, cognitive behavioral therapy for insomnia
ICD, International Classification of Diseases
ICSD, International Classification of Sleep Disorders
ISI, Insomnia Severity Index
PSQI, Pittsburgh Sleep Quality Index
SF-36, Short Form-36
SUR, seemingly unrelated regression
VA, Veterans Affairs
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