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with 27.6 days per year of insomnia-related lost productivity 
versus 2.6 days per year for good sleepers.15 In a related analy-
sis, 40.6% of those with insomnia reported a reduction in their 
productivity versus 12.3% of those without insomnia.16

While existing evidence consistently demonstrates that in-
somnia is associated with significantly higher healthcare and 
lost productivity costs, studies in this area have had a number 
of limitations. First, studies that examined insomnia and total 
medical costs have relied on administrative health claims defi-
nitions for insomnia and as a result did not ascertain the pres-
ence of insomnia using validated tools. Second, most studies in 
this area have studied the presence or absence of insomnia in 
a binary fashion without considering the relevance of insom-
nia severity to health care and productivity costs. Third, while 
several studies provide evidence of the directional impact of in-
somnia on lost productivity, the association is often confounded 
by concomitant physical and mental illnesses.

This study linked survey data with administrative health 
claims data to better understand the association between in-
somnia severity and total healthcare and lost productivity costs 
due to presenteeism and absenteeism in insomnia patients com-
pared to patients without insomnia.

METHODS
A single health plan in the Midwestern USA which contrib-

utes to MarketScan with coverage of approximately 150,000 
lives was used to select potential study participants. In order to 
ensure adequate respondents with insomnia and a wide range 

INTRODUCTION
Epidemiologic studies consistently estimate that about one 

third to one half of the general population report occasional 
problems with sleep, and 6% to 10% report sleep problems and 
associated daytime consequences consistent with diagnostic 
criteria for chronic insomnia.1,2 The growing recognition of the 
widespread prevalence of insomnia and its symptoms has led 
to an increase in the published literature on insomnia-related 
healthcare costs and productivity burden. Several studies have 
shown that patients with insomnia tend to have higher utiliza-
tion of health care resources and increased health care costs 
relative to patients without insomnia.3-13

Daytime consequences of insomnia impact indirect costs 
through absenteeism (defined as employees’ absence from the 
workplace) or presenteeism (defined as being present at the 
workplace despite being sick or impaired, directly leading to 
compromised productivity).14-22 For example, a large study con-
ducted in Canada found that having insomnia was associated 
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After allowing plan members to opt out of the study, a to-
tal of 2,432 health plan members (22.1%) participated in the 
telephone survey, including 1,257 of the insomnia-related claim 
group and 1,175 of the no-insomnia-related claim group. Of 
these, only 2,086 subjects had complete administrative health 
records and formed the sample for healthcare cost analyses. Af-
ter excluding those who did not work for pay, 1,329 subjects 
remained and formed the study sample for the ascertainment 
of lost productivity costs. A study sample flow diagram is pre-
sented in Figure 1 and is described elsewhere.23 Study protocol 
including the patient identification process and informed con-
sent was reviewed and approved by the health plan’s IRB.

Measures

Healthcare claims based measures
Subjects’ age, gender, demographic variables, comorbidities, 

and total health care costs were ascertained directly from the 
healthcare claims records.

The Chronic Disease Score (CDS) was used as a measure of 
chronic medical comorbidities. The CDS was calculated based 
on the number of therapeutic drug classes an individual takes in 
each of 17 disease/condition categories. CDS has high year-to-

of insomnia severity levels, 5000 subjects with an insomnia di-
agnosis health claim or prescription claim in 2004/5 and 6,000 
randomly selected individuals who had no insomnia related 
health care claims and who were representative of the health 
plan population were invited to participate in a telephone sur-
vey on sleep problems and associated impact.

Inclusion diagnosis codes for insomnia were 307.41 and 
307.42 (transient or persistent disorder of initiating or maintain-
ing sleep); 307.45 (phase-shift disruption of 24-h sleep cycle); 
307.49 (subjective insomnia complaint); 780.52 (other insomnia 
NOS); and 780.55 (disruptions of 24-h sleep wake cycle). Inclu-
sion drug codes were for benzodiazepine hypnotics (estazolam, 
flurazepam, quazepam, temazepam, and triazolam), non-benzo-
diazepine hypnotics (eszopiclone, zaleplon, and zolpidem), and 
sedating antidepressants (amitriptyline [< 50 mg], doxepin [< 50 
mg], nefazodone [< 100 mg], and trazadone, [< 150 mg]). The 
latter were indicators of insomnia only when used in low doses.

Participants were required to be between the ages of 18 and 
80 years, and to have continuous health plan enrollment for 
≥ 24 months. Following the completion of the surveys, a de-
identified data file with the survey responses and claims-based 
variables was created. Evaluation of non-responders could not 
be performed due to IRB regulations.
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Figure 1—Study sample flow diagram
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productivity = (maximum score of 10 - actual score) ×10. Lost 
productive hours were calculated as lost productivity × hours 
worked in past 4 weeks. Cost of lost productive hours from pre-
senteeism was calculated as lost productive hours × hourly wage. 
Cost of lost productive hours from absenteeism was calculated as 
hours absent × hourly wage. For those individuals who did not 
report a salary (20.1% of the work for pay sample), hourly rates 
per the 2004 Current Population Survey (inflated to 2005) were 
applied to the job categories as collected by the questions from 
the HPQ. Total lost productivity cost variable used in this study 
combined both absenteeism and presenteeism.

Statistical Analysis
The dependent variables of this study are lost productivity 

costs and total healthcare costs. Descriptive frequencies were 
calculated for study variables. Because the distributions of 
the productivity and healthcare cost data were skewed due to 
the inclusion of individuals with zero costs, generalized linear 
models (GLM) were chosen for performing the analyses based 
on accepted econometric methods.29 Standard multicollinear-
ity and outlier analysis were also conducted. Because very few 
subjects fell in the severe insomnia category (see Table 1), we 
combined the severe and moderate insomnia groups together. 
Exponentiated coefficients on the insomnia variables show the 
percentage effect of insomnia on healthcare costs while control-
ling for all other covariates. Predicted costs were calculated by 
applying the model coefficients to each individual’s values on 
each of the variables included in the model. Mean predicted 
costs were generated for by level of insomnia severity. The full 
multivariate model included age, gender, insomnia treatment 
type, CDS, and psychiatric index scores.

RESULTS

Healthcare Cost Sample Descriptive Characteristics
The health care cost sample (n = 2,086) had a mean age (SD) 

of 51.7 (14.3) years and nearly 70% of respondents were fe-
male. ISI scores indicated that 41.7%, 34.0%, 20.5%, and 3.8% 
were categorized as no insomnia, subthreshold insomnia, mod-
erate insomnia, and severe insomnia, respectively. Because of 
the small number in the severe category, moderate and severe 
were combined for remaining analyses. Of the sample, 5.2% 
had an insomnia diagnosis claim and 29.6% had an insomnia-
related prescription claim. Interestingly 47.2% of the moder-
ate/severe insomnia group had no insomnia related health care 
claims (diagnosis or prescription) even though 90.8% reported 
having their sleep problems for ≥ 1 year. Mean (SD) CDS and 
psych index scores were 2.15 (2.82) and 0.18 (0.54), respec-
tively. Within the study sample, there were no significant differ-
ences between those who worked for pay and those who did not 
in terms of gender, reported mean sleep hours, or sleep quality. 
Only mean age (SD) was significantly different between those 
who worked for pay and those who did not (46.3 [11.3] versus 
61.4 [14.0]]. Of those who had an insomnia claim, a greater 
percentage also had a psychiatric diagnosis (5.6%, 20.1% and 
27.9% in the ISI no insomnia, subthreshold insomnia and mod-
erate/severe groups, respectively). Of those who had no insom-
nia claim and no insomnia per the ISI, 16.1% had a psychiatric 
diagnosis, while 10.4% and 11.7% of those who had no insom-

year stability (a correlation of 0.74 over time), has been shown 
to be related to physician ratings of physical disease severity, 
and to predict hospitalization and mortality.24,25

The psychiatric index provides a claims-based measure for 
psychiatric disease burden in patients who are active in the out-
patient as well as the inpatient health system. It consists of 12 
psychiatric diagnostic groupings (PDGs) for alcohol, drug, and 
mental disorders consistent with the DSM-III-R classification, 
which coincides with major diagnostic groups in the inpatient-
focused diagnosis-related groups (DRG) system. Within each 
PDG there are 4-9 groups of Psychiatric Patient Classes, which 
provide additional detail for mental disorders. Although each 
of the12 groupings has multiple diagnoses within, a patient re-
ceives just one point for each of the 12 groups in which he or 
she has a diagnosis. Thus, the maximum possible score is 12, 
and the minimum is 0. Prior research has shown that the addi-
tional detail for mental disorders within each PDG results in an 
11% improvement in variance over the original DRGs.26

Overall health expenditures were assessed in the 12 months 
prior to the date of survey and were aggregated as a total. For 
services in which the plan was a secondary payer, the amounts 
paid by other insurers were added. All actual and proxy pay-
ments were inflation adjusted to 2005 dollars using the Con-
sumer Price Index.

Survey Based Measures
Survey based measures included measures of self-reported 

insomnia treatment, insomnia severity, and productivity over 
the past 4 weeks.

Insomnia severity
The Insomnia Severity Index (ISI) has been validated against 

both polysomnographic and prospective sleep diary measures, 
and demonstrates convergence with clinical interview crite-
ria.27 The ISI score was obtained by summing the scores across 
seven of the survey questions that assessed the severity of indi-
vidual symptoms, the level of interference of symptoms in the 
patient’s life, and patient satisfaction and concern with sleep 
patterns. The maximum possible score on the ISI is 28. Previ-
ous research provides the following 4 categories of insomnia 
severity: scores of 0 through 7 indicate no clinically signifi-
cant insomnia, 8 through 14 indicate subthreshold insomnia, 15 
through 21 indicate moderate clinical insomnia, and 22 through 
28 indicate severe clinical insomnia.27

Productivity-related variables
The survey included questions on occupation, wages, absen-

teeism, and presenteeism. The World Health Organization Health 
and Work Performance Questionnaire (HPQ), a validated instru-
ment, was used in the evaluation of absenteeism and presen-
teeism.28 The concept of absenteeism is measured based on the 
number of hours missed from work. The concept of presenteeism 
is measured in terms of lost productivity, calculated by gauging 
self-reported actual performance in relation to an individual’s 
possible performance on the job. Participants rated themselves 
on a scale of 0-10, with 0 indicating worst job performance possi-
ble and 10 the top performance possible. This self-reported score 
was subtracted from the maximum possible score of 10, and the 
resulting number was used to calculate lost productivity: lost 
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served (unadjusted) 
medical costs for the 
no insomnia group 
were $643 ($1587), 
while the mean costs 
for subthreshold and 
moderate/severe in-
somnia groups were 
$912 ($2035) and 
$1254 ($3676) respec-
tively.

In the full multi-
variate model and after 
adjusting for subject’s 
age, chronic medical 
and psychiatric comor-
bidities, and insomnia 
treatment type, the 
group with subthresh-
old insomnia had mean 
total health care costs 
20% larger than the 
non-insomnia group; 
however, this increase 
was not statistically 
significant (P = 0.41). 
The moderate and se-
vere insomnia group 
had mean total health 
care costs 75% larger 
than the non-insom-
nia group ($1323 vs. 
$757, P < 0.05). Those 
who had no insomnia-
related health claim 
consistently had lower 
health care costs than 
those with an insom-
nia related claim ($586 
vs. $898, $750 vs. 
$1241, and $974 vs. 
$1509 in the ISI no in-
somnia, subthreshold, 
and moderate/severe 
groups respectively). 
A similar trend was 
observed when we 
stratified by insom-
nia related claim and 
psychiatric diagnosis 
status. Those with no 
insomnia related claim 
and no psychiatric di-

agnosis had the lowest costs while those who had both insom-
nia related claim and a psychiatric diagnosis had the highest 
health care costs (Figure 2).

Multivariate model coefficients are presented in Table 3. As 
expected, increasing age, higher CDS, and a higher psychiat-
ric index scores were all significantly associated with increased 

nia-related claim fell in the ISI categories of subthreshold and 
moderate/severe, respectively.

Healthcare Cost Findings
Adjusted (predicted) and unadjusted total health care costs 

by insomnia category are presented in Table 2. Mean (SD) ob-

Table 1—Descriptive characteristics of study sample

Variable 

Work for pay
(N = 1329)

Doesn’t work for 
pay (N = 754)

Total sample
(N = 2086)

n (%) or mean (SD)
Female 912 (68.6%) 539 (71.5%) 1452 (69.6%)
Age (years) 46.3 (11.4) 61.4 (14.0) 51.7 (14.3)
Age ≥ 65 72 (5.4%) 366 (48.5%) 485 (23.3%)
ISI category

No insomnia 543 (40.9%) 311 (33.2%) 869 (41.7%)
Subthreshold insomnia 477 (35.9%) 231 (24.6%) 709 (34.0%)
Moderate insomnia 257 (19.3%) 170 (18.1%) 428 (20.5%)
Severe insomnia 52 (3.9%) 42 (4.5%) 80 (3.84%)

Claims based insomnia diagnosis* 80 (6.0%) 29 (2.8%) 108 (5.2%)
Insomnia related prescription claim* 352 (26.5%) 265 (35.1%) 618 (29.6%)
Self-reported treatments**

OTC treatment 83 (6.3%) 60 (8.0%) 143 (6.9%)
Prescription treatments 346 (26.0%) 274 (36.3%) 620 (29.7%)
No treatment 821 (61.9%) 389 (51.6%) 1213 (58.1%)

> 0 absenteeism 157 (11.8%) N/A N/A
> 0 presenteeism 1070 (80.5%) N/A N/A
Occupation

Executive (administrator or senior manager) 53 (3.5%) N/A N/A
Professional (engineer, accountant, analyst) 517 (34.6%) N/A N/A
Technical support (programmer, lab assistant, legal assistant) 228 (15.3%) N/A N/A
Clerical/administrative support 433 (29.0%) N/A N/A
Precision production/craft worker 86 (5.8%) N/A N/A
Operator or laborer 122 (8.2%) N/A N/A

Work hours 42.8 (24.9) N/A N/A
Income $41495 (51758) N/A N/A
Self-rated work performance (0-10) 8.4 (1.3) N/A N/A
Weeknights sleep hours 6.4 (2.1) 6.5 (2.6) 6.5 (2.0)
Self-rated Sleep Quality (0-10) 6.0 (2.3) 6.0 (2.6) 6.0 (2.4)
Psychiatric index score 0.16 (0.49) 0.22 (0.50) 0.18 (0.54)
Chronic disease index score 1.73 (2.48) 2.9 (2.53) 2.15 (2.82)

*In year preceding the survey. **In 4 weeks preceding the survey.

Table 2—Annual observed and predicted costs by insomnia group

Observed (unadjusted) costs
Mean (SD)

Predicted (adjusted) Costs
Mean (SD)

Total healthcare 
costs

Lost productivity 
costs

Total healthcare 
costs

Lost productivity 
costs

No insomnia $643 (1587) $1035 (5230) $757 (510) $1,013 (501)
Subthreshold insomnia $912 (2035) $1323 (6623) $907 (729) $1,352 (691)
Moderate/severe insomnia $1254 (3676) $1554 (5481) $1323 (924) $1,739 (950)

Adjusted costs models adjusts for age, gender, medical and psychiatric comorbidities and insomnia treatments
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Lost Productivity Costs Findings
The subthreshold and moderate/severe insomnia groups re-

ported increased lost productivity hours per week relative to 

healthcare costs. Gender was not significantly 
associated with medical costs. Individuals re-
porting both prescription and over-the-counter 
(OTC) treatment had the highest costs, and 
those with prescription only, OTC only, or no 
treatment had lower costs.

Lost Productivity Sample Descriptive 
Characteristics

Descriptive characteristics of the lost pro-
ductivity sample are presented in Table 1. Of 
this sample, 68.6% were female, while 40.9%, 
35.9 %, and 23.2% fell into the ISI no insom-
nia, subthreshold insomnia, and moderate/
severe insomnia respectively. Far more respon-
dents reported the presence of any presenteeism 
(80.5%) than absenteeism (11.8%). As expect-
ed, insomnia diagnosis claims were rare. Six 
percent had an insomnia diagnosis claim while 
26.5% had insomnia related prescription claim. 
Mirroring the health care costs sample, 53.2% 
of the ISI moderate/severe insomnia group of 
the presenteeism sample had no insomnia related health care 
claim even though 92% of them report having their sleep prob-
lem for ≥ 1 year.

Figure 2—Annual health care costs stratified by ISI insomnia status, insomnia claims, and psychiatric diagnosis
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Table 3—Multivariate model

Lost Productivity Costs
GLM coefficient (SE)

Total Healthcare Costs
GLM coefficient (SE)

Demographics
Age -0.032 (0.0035)** 0.021 (0.004)**
Male 0.237 (0.075)* 0.111 (0.118)
Pre index date CDS -0.016 (0.0144) 0.124 (0.020)**
Pre index date Psychiatric Index 0.293 (0.0777)** 0.242 (0.099)*

Treatment type
Prescription treatment 0.439 (0.151)* -0.550 (0.239)*
OTC Treatment 0.347 (0.160)* -0.793 (0.262)**
No Treatment 0.615 (0.145)* -0.671 (0.228)**
Prescription and OTC (REF) – –

ISI Category 
Moderate/Severe Insomnia (15-28) 0.565 (0.095)** 0.363 (0.142)*
Subthreshold Insomnia (8-14) 0.306 (0.077)** 0.103 (0.126)
No Insomnia (0-7) (REF) – –

**P < 0.001; *P < 0.05; CDS, Chronic Disease Score Index.
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nate that we did not have adequate sample size to examine lost 
productivity costs stratified by ISI insomnia status, insomnia 
claims and psychiatric diagnosis. Future studies will enable a 
more nuanced understanding of the independent and interac-
tive contributions of insomnia and psychiatric comorbidities to 
productivity costs.

One of the strengths of this study is the use of a validated tool 
for assessing the probable presence of insomnia and not simply 
relying on administrative claims definitions. This study found 
that 50% of those with moderate/severe insomnia had no evi-
dence of interacting with the health care system for insomnia-
related treatment even though 91% of them report having their 
sleep problems for ≥ 1 year. These data replicate previous find-
ings that insomnia is underreported and underdiagnosed, even 
in a health plan population that has coverage for medical care 
and prescription medications.

Having no insomnia-related treatment was associated with 
increased lost productivity costs and decreased total health care 
costs. This may be related to the differing natures of lost produc-
tivity and health care costs. Untreated insomnia is likely associ-
ated with increased daytime impairment, which may translate 
into more immediate lost productivity. Untreated insomnia may 
also be a marker for attitudes towards treatment-seeking and 
general interaction with the healthcare system. Although evi-
dence suggests that untreated insomnia may contribute to in-
creased severity of comorbid disorders,31-33 it is possible that 
those who are not taking any treatments for their insomnia are 
initially delaying their other general health care utilization and 
may have increased costs at subsequent time points when their 
medical conditions are more severe and require greater medical 
intervention.

More specifically, we found that health care costs were con-
sistently lower among subjects who had no insomnia-related 
claim regardless of their ISI insomnia status. In contrast, we 
found that lost productivity costs were higher in those with an 
insomnia-related claim if they were in the ISI no insomnia or 
subthreshold insomnia groups. The moderate/severe insomnia 
group on the other hand had greater lost productivity costs if 
they had an insomnia related claim. This speaks again to the dif-
fering natures of the underlying causes of lost productivity and 
healthcare costs. Those who have no insomnia claims are likely 
not health care treatment seekers and as such they have lower 
health care costs. Those who had an insomnia related claim and 
who fell into the ISI categories of no and subthreshold insomnia 
may have had lower productivity costs due to the alleviation of 
insomnia symptoms with their insomnia treatment. This obser-
vation did not hold for those who had an insomnia related claim 
and moderate/severe insomnia, possibly due to their greater 
level of insomnia severity and/or other chronic conditions. The 
full longitudinal trajectory of productivity and health care utili-
zation for this population is not ascertainable from the present 
data. Longitudinal designs could help shed light on this ques-
tion by tracking insomnia severity and health care and produc-
tivity costs over multiple time points.

It is interesting to observe that the magnitude and absolute 
difference of health care costs for the insomnia and no insomnia 
groups in this study was considerably lower than the magnitude 
and absolute difference of health care costs from other similar 
studies that used administrative heath claims. For example in 

the no insomnia groups. The no insomnia group reported a 
mean (SD) reduction of 6.2 (8.7) h/week (14.8% reduction) of 
productivity hours relative to the full maximum productivity 
potential of an individual, while the subthreshold and the mod-
erate/severe groups reported a reduction of 8.5 (9.0) h/week 
(19.1%, P < 0.05) and 9.4 (8.2) h/week (23.5%, P < 0.05) re-
spectively. Similarly, unadjusted mean (SD) lost productivity 
costs were $1035 for the no insomnia group (SD $5230) while 
the mean costs for the subthreshold and moderate/severe in-
somnia groups were $1323 (SD $6623) and $1554 (SD $5481), 
respectively (Table 2).

In the fully adjusted multivariate model (Table 2), mean lost 
productivity costs were 33% greater for the subthreshold in-
somnia group compared with the non-insomnia group ($1352 
vs. $1013, P < 0.001). Mean lost productivity costs were 72% 
greater in the moderate/severe insomnia group compared with 
the no insomnia group ($1739 vs. $1013, P < 0.001). Those 
who had no insomnia-related health claim had greater lost pro-
ductivity costs than those with an insomnia-related claim in the 
no insomnia ($1089 vs. $777) and subthreshold groups ($1478 
vs. $984). In the moderate/sever insomnia group, those with 
an insomnia-related claim had greater lost productivity costs 
than those with no insomnia related claim ($2017 vs. $1134). 
No interpretable trend emerged when we stratified by insomnia 
related claim and psychiatric diagnosis status due to small cell 
size in each of the strata.

In contrast to medical costs, increasing age was associated 
with lower lost productivity costs. However, only 72 subjects 
(5.4%) in the work-for-pay sample were > 65 years old. Lost 
productivity costs were higher in men. While pre-period CDS 
scores were not significantly associated with lost productivity 
costs, the pre-period psychiatric index was significantly asso-
ciated with higher lost productivity costs. Relative to patients 
using both prescription and OTC medications for the treatment 
of insomnia, patients using either prescription or OTC medica-
tions alone and those with no treatment had higher lost pro-
ductivity costs. Interestingly, it is the patients with no insomnia 
treatment who appear to have the greatest lost productivity 
costs (Table 3).

DISCUSSION
This study used administrative health claims and direct in-

terview data to estimate annual healthcare and lost productiv-
ity costs associated with insomnia severity. The study found 
healthcare and lost productivity costs to be consistently greater 
in moderate and severe insomnia groups even after adjusting 
for chronic medical and psychiatric comorbidities.

This association was not simply the product of the presence 
or absence of insomnia but rather was associated with insomnia 
severity in a gradient “dose response” fashion. Findings from 
this study were consistent with independent associations be-
tween insomnia and health care costs even in the absence of 
psychiatric diagnosis. This differs from the findings by Kessler 
et al., which found sleep problems to be associated with de-
creased work productivity only in the presence of depression.30 
However, this difference may be due to the fact that the Kessler 
study used a chronic conditions checklist to ascertain the pres-
ence or absence of sleep problem and not a validated instrument 
to measure the presence and severity of insomnia. It is unfortu-
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circadian rhythm disorders (307.45 and 780.55) who may be a 
distinct patient subgroup that disproportionately contributes to 
lost productivity costs. However, upon examination of the orig-
inal study base we found that of 150,000 health plan members 
only 100 subjects (0.067%) had either of the above two codes. 
Given the small number of patients with this diagnoses codes 
(100/150,000), it is unlikely that their inclusion or exclusion in 
the study would impact the present findings.

Despite these limitations, evidence from this study suggests 
that factors associated with productivity costs and health care 
costs may be fundamentally different and may require differ-
ent kinds of interventions. Furthermore, increasing insomnia 
severity was consistently found to be associated with greater 
lost productivity and increased health care costs. Future re-
search should focus on better understanding mechanisms link-
ing insomnia, health and productivity costs, and on determining 
whether treatment interventions reduce these costs.
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