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Objective: To describe the prevalence and predictors of postpartum sleep disorders.
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Population: Commercially insured women delivering in California (USA) between 2011 and

2014.
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Methods: Using the Optum Clinformatics Datamart Database.

Main outcome measures: Prevalence of a postpartum sleep disorder diagnosis with and with-
out a depression diagnosis up to 12 months following hospital discharge for inpatient delivery.
We also identified predictors of a postpartum sleep disorder diagnosis using multivariable logis-
tic regression.

Results: We identified 3535 (1.9%) women with a postpartum sleep disorder diagnosis. The
prevalence of sleep disorder diagnoses was insomnia (1.3%), sleep apnea (0.25%), and other
sleep disorder (0.25%). The odds of a postpartum sleep disorder were highest among women
with a history of drug abuse (adjusted odds ratio (aOR): 2.70, 95% confidence interval (Cl): 1.79-
4.09); a stillbirth delivery (aOR: 2.15, 95% Cl: 1.53-3.01); and chronic hypertension (aOR: 1.82;
95% ClI: 1.57-2.11). A comorbid diagnosis of a postpartum sleep disorder and depression
occurred in 1182 women (0.6%). These women accounted for 33.4% of all women with a post-
partum sleep disorder. The strongest predictors of a comorbid diagnosis were a history of drug
abuse (aOR: 4.13; 95% Cl: 2.37-7.21) and a stillbirth delivery (aOR: 2.93; 95% Cl: 1.74-4.92).
Conclusions: Postpartum sleep disorders are underdiagnosed conditions, with only 2% of post-
partum women in this cohort receiving a sleep diagnosis using International Classification of
Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes. Insomnia was the most common
disorder and one-third of women diagnosed with a postpartum sleep disorder had a co-morbid
diagnosis of depression. Future studies are needed to improve the screening and diagnostic

postpartum; prevalence

accuracy of postpartum sleep disorders.

Introduction

Sleep disorders, which include insomnia, obstructive
sleep apnea, circadian rhythm disorder, hypersomno-
lence disorder, and restless legs syndrome, are com-
mon, affecting at least 21% of adult women [1,2].
These conditions are associated with major economic
costs to affected individuals and society [3] and major
detrimental health effects for women after delivery.
For example, insomnia can result in impaired maternal
well-being [4], cognition [5], physical activity [6], social

relationships [7], maternal-neonatal bonding [8], and
fatigue [9].

Dysfunctional sleep also contributes toward the
development of mood disorders, including depression
[10]. Based on non-obstetric data, insomnia is associ-
ated with a co-morbid diagnosis of depression; sleep
disturbance is also a known diagnostic criterion for
depression [11,12]. However, there are scant epidemio-
logical data of postpartum sleep disorders and comor-
bid diagnoses of a postpartum sleep disorder and
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postpartum depression. Population-level prevalence
estimates would assist in informing decisions about
the prevention, protocols surrounding optimal screen-
ing, and specialist referral for treatment of these
disorders to promote maternal mental health and
well-being.

Therefore, the primary aims of this study were to
report the prevalence for postpartum sleep disorder
diagnoses in the first year following childbirth among
a large cohort of commercially insured US women and
identify potential predictors for these disorders. Our
secondary aims were to report the prevalence and
predictors for comorbid diagnoses of sleep disorders
and postpartum depression within the first year
postpartum.

Methods
Study sample

We analyzed data obtained from the Optum
Clinformatics Datamart, Database (Optuminsight, Inc.,
Eden Prairie, MN). The database comprises health care
claims for members of large commercial and Medicare
Advantage health plans and accounts for >15 million
annual covered lives. The data are derived from claims
for inpatient, outpatient, and pharmacy health care
services. The population covered is geographically
diverse, spanning all 50US states. The study protocol
was reviewed and exempted by the Institutional
Review Board at Stanford University School of
Medicine since it only used de-identified data.

Our analytic sample comprised women aged
12-45 years who underwent vaginal or cesarean deliv-
ery between 1 January 2011 and 30 June 2014. All
codes used to define a delivery hospitalization are pre-
sented in Table S1. We selected patients with at least
3 months of continuous health plan enrollment prior
to delivery and at least 12 months of continuous
enrollment after hospital discharge following delivery.
We excluded women with a sleep diagnosis code
identified within a 3-month period before delivery. If a
woman had multiple deliveries during the study
period, only the first birth was included in our
analysis.

Outcomes

The primary outcome of interest was a sleep disorder
diagnosis, defined by the presence of at >1 sleep dis-
order diagnosis International Classification of Diseases,
9th Revision, Clinical Modification (ICD-9-CM) code
associated with an inpatient or outpatient health care

encounter up to 1 year after hospital discharge for
inpatient delivery. We used an approach described by
Felder et al. for classifying women with a sleep dis-
order [13]. Sleep disorders were classified into seven
categories: insomnia, sleep apnea, sleep-related move-
ment disorders, hypersomnia, circadian rhythm dis-
order, parasomnia, and narcolepsy. Descriptions of
each type of sleep disorder and the ICD-9-CM codes
used to classify each disorder are presented in
Table S1.

Our secondary outcome was a comorbid diagnosis
of a sleep disorder and depression up to 12 months
after discharge. Depression was classified by the pres-
ence of any of the following ICD-9-CM codes: 296.2,
296.82, 300.4, 309.0, 309.1, 309.28, and 311.

Statistical analysis

We examined the overall prevalence of any sleep dis-
order diagnosis up to 12 months post-hospital dis-
charge. We also determined the prevalence of any
sleep disorder diagnosis by completed month up to
12 months post-hospital discharge. We separately
examined the overall and monthly prevalence of each
category of sleep disorder. To assess factors associated
with a postpartum sleep disorder diagnosis, we identi-
fied a set of candidate variables based on literature
review [14-18], their potential relevance to a postpar-
tum sleep disorder, and availability of codes in the
Optum database. Sociodemographic variables included
maternal age, race, highest educational level, and
annual household income. Obstetric variables included
obesity, chronic hypertension, diabetes (pre-existing or
gestational), alcohol abuse, tobacco use disorder, mul-
tiple gestation, hypertensive disorder of pregnancy
(gestational hypertension, pre-eclampsia, or eclamp-
sia), mode of delivery (vaginal, cesarean without labor,
and cesarean with labor), preterm delivery, stillbirth,
and year of delivery. Variables identified using ICD-
9-CM codes are presented in Table S2. Race, educa-
tional level, and household income data were included
in this analysis because the majority of US prospective
postpartum sleep studies have thus far been limited
to small cohorts of white, middle class, married, and
highly educated women [10,19-26].

We compared the frequency of each maternal char-
acteristic for women with versus without a sleep dis-
order diagnosis using 72 tests. Univariate odds ratios
(ORs) and 95% confidence intervals (Cls) were used to
describe the association of each candidate variable
with a sleep disorder diagnosis. Multivariable logistic
regression analysis was performed to identify variables
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independently associated with a sleep disorder diag-
nosis. We included all candidate variables in a full
model without selection. Due to the small number of
women with alcohol abuse and a sleep disorder diag-
nosis (n=2), alcohol abuse was not included in the
multivariable model.

In our secondary analyses, we examined the overall
prevalence of a comorbid diagnosis of a postpartum
sleep disorder with depression up to 12 months post-
partum. We compared the maternal characteristics of
women with a comorbid diagnosis to women without a
sleep disorder diagnosis and depression. We performed
exploratory analysis to identify potential predictors for a
comorbid diagnosis using the aforementioned set of
candidate variables with univariable and multivariable
logistic regression. Given that a sleep disorder and
depression may be diagnosed at different timepoints in
the postpartum period, we calculated the median lag
time (in days) between each diagnosis stratified accord-
ing to whether a sleep diagnosis or a depression diag-
nosis occurred first.

As an antepartum sleep disorder diagnosis more
than 3 months before delivery may have been cap-
tured as a sleep disorder ICD-9-CM code after delivery,
we performed a sensitivity analysis excluding women
with a sleep disorder diagnosis code at or up to
12 months before delivery. The denominator for this
sensitivity analysis comprised women with at least
12 months of continuous insurance enrollment before
and after delivery.

Patients undergoing vaginal or caesarean
delivery from Jan 2011 to June 2014
N= 419,033
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Data are presented as percentages with 95% Cls,
unadjusted ORs, and adjusted odds ratios (aORs) with
95% Cls. All statistical analyses were performed using
STATA vsn 14 (StataCorp, College Station, TX).
Statistical significance was set at a p value <.05 for
two-sided tests.

Results

The analytic sample comprised 189,047 women who
underwent delivery between January 2011 and June
2014. Figure 1 presents a flowchart of the analytic
sample selection. Among all deliveries, 3535 women
(1.9%; 95% Cl: 1.8-1.9%) had a sleep disorder diagno-
sis within 1 year of hospital discharge following child-
birth. The monthly prevalence of a sleep disorder
diagnosis increased slightly over the 12-month period
after discharge, from 0.11% (95% Cl: 0.10-0.13%) in
month 1 to 0.18% (95% Cl: 0.16-0.20%) in month 12.
Insomnia was the most common sleep disorder
diagnosis (n=2392; 1.3%; 95% Cl: 1.2-1.3%). The
prevalence was substantially lower for other sleep
disorder diagnoses: sleep apnea (n=482; 0.25%; 95%
Cl: 0.23-0.28%), other sleep disorder (n=481;
0.25%; 95% Cl: 0.23-0.28%), sleep-related movement
disorder (n=221; 0.12%; 95% Cl: 0.10-0.13%), hyper-
somnia (n=158; 0.08%; 95% Cl: 0.07-0.10%), narco-
lepsy (n=72; 0.04%; 95% Cl: 0.03-0.05%), circadian
rhythm disorder (n=57; 0.03%; 95% Cl: 0.02-0.04%),
and parasomnia (n =20; 0.01%; 95% Cl: 0.01-0.02%).

Missing admission or discharge date: N=372 ‘

Age <12 or >45 years: N=811 ‘

Less than 3 months continuous enroliment
before delivery and less than 1 year
continuous enrollment after discharge:

N = 228,396

}

Sleep disorder within a 3 month period
before delivery: N = 407

Final analytic sample: N = 189,047

Figure 1. Flowchart.
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Characteristics of women with and without a post-
partum sleep disorder diagnosis are presented in
Table 1. Compared to women without a sleep disorder
diagnosis, women with a sleep disorder diagnosis
were more likely to: be older than 34 years old, have
a degree less than a bachelor or no education beyond
a high school diploma, have a household income
between $75,000 and $99,999 or less than $59,000, be
white or have unknown race, and have obesity,
chronic hypertension, diabetes, a history of drug
abuse or tobacco use disorder, multiple gestation,
hypertensive disorder of pregnancy, or a diagnosis of
stillbirth. A sleep disorder diagnosis was more com-
mon after a cesarean delivery and less common after
a vaginal delivery.

In the multivariable model (Table 2), the strongest
independent predictors of a postpartum sleep
disorder diagnosis were: drug abuse (aOR: 2.70,

95% Cl: 1.79-4.09); stillbirth (aOR: 2.15, 95% Cl: 1.53-
3.01); and chronic hypertension (aOR: 1.82; 95% Cl:
1.57-2.11). Compared to women with an annual
household income of less than $40,000, those with an
income >$100,000 had 20% lower odds of a sleep dis-
order diagnosis (@OR: 0.80; 95% Cl: 0.71-0.91). The odds
of a sleep disorder diagnosis were 25% lower for
African-American women (aOR: 0.75; 95% Cl: 0.65-0.87)
and Hispanic women (aOR: 0.75; 95% Cl: 0.66-0.86), and
were 54% lower for Asian women (aOR: 0.46; 95% ClI:
0.38-0.56) compared to white women.

In our secondary analysis, 1182 women (0.6%; 95%
Cl: 0.6-0.7%) had a comorbid diagnosis of a sleep dis-
order and depression. These women accounted for
33.4% of all women with a postpartum sleep disorder
diagnosis. By comparison, among women without a
sleep disorder diagnosis, 7.1% had depression. The
characteristics of women with a comorbid diagnosis of

Table 1. Maternal characteristics among women with and without a sleep disorder.

Variable Any sleep disorder (n =3535) No sleep disorder (n=185,512) p Value
Maternal age (years) <.001

<20 67 (1.9%) 3812 (2%)

20-34 2405 (68%) 134,093 (72.3%)

>35 1063 (30.1%) 47,607 (25.7%)
Highest educational level <.001

Less than 12th grade <20 596 (0.3%)

High school diploma 726 (20.5%) 36,943 (19.9%)

Less than bachelor degree 2008 (56.8%) 99,369 (53.6%)

Bachelor degree or higher 776 (21.9%) 47,575 (25.6%)

Unknown <20 1029 (0.6%)
Annual household income ($) .001

<40,000 406 (11.5%) 18,748 (10.1%)

40,000-49,000 189 (5.4%) 9107 (4.9%)

50,000-59,000 207 (5.9%) 9855 (5.3%)

60,000-74,000 274 (7.8%) 14,655 (7.9%)

75,000-99,000 446 (12.6%) 21,994 (11.9%)

>100,000 1118 (33.6%) 68,641 (37%)

Unknown 825 (23.3%) 42,512 (22.9%)
Race <.001

White 1906 (53.9%) 92,951 (50.1%)

African-American 219 (6.2%) 12,373 (6.7%)

Hispanic 273 (7.7%) 16,738 (9%)

Asian 112 (3.2%) 12,325 (6.6%)

Unknown 1025 (29%) 51,125 (27.6%)
Obesity 276 (7.8%) 7198 (3.9%) <.001
Chronic hypertension 212 (6%) 5049 (2.7%) <.001
Diabetes (pre-existing or gestational) 344 (9.7%) 13,853 (7.5%) <.001
Alcohol abuse <20 43 (0.02%) 202
Drug abuse 25 (0.7%) 397 (0.2%) <.001
Tobacco use disorder 107 (3%) 3074 (1.7%) <.001
Multiple gestation 110 (3.1%) 4247 (2.3%) .001
Hypertensive disorder of pregnancy 371 (10.5%) 13,758 (7.4%) <.001
Mode of delivery <.001

Vaginal 2001 (56.6%) 119,800 (64.6%)

Cesarean without labor 941 (26.6%) 38,603 (20.8%)

Cesarean with labor 593 (16.8%) 27,109 (14.6%)
Preterm delivery 312 (8.8%) 10,736 (5.8%) <.001
Stillbirth 36 (1%) 844 (0.4%) <.001
Year 11

2011 1103 (31.2%) 54,793 (29.5%)

2012 1056 (29.9%) 55,449 (29.9%)

2013 944 (26.7%) 50,998 (27.5%)

2014 432 (12.2%) 24,272 (13.1%)

Data presented as n (%). Due to data restrictions and to avoid potential identification of subjects, cells with numbers less 20 are reported

as <20.
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Variable

Unadjusted odds ratios (95% Cl)

Adjusted odds ratios (95% Cl)

Maternal age (years)

<20 0.98 (0.77-1.25) 0.97 (0.76-1.24)
20-34 Reference Reference
>35 1.24 (1.16-1.34) 1.22 (1.13-1.32)

Highest educational level
Less than 12th grade
High school diploma
Less than bachelor degree

Bachelor degree or higher 1.22

Unknown

Annual household income ($)
<40,000
40,000-49,000
50,000-59,000
60,000-74,000
75,000-99,000
>100,000
Unknown

Race
White
African-American
Hispanic

Unknown
Obesity
Chronic hypertension

Diabetes (pre-existing or gestational) 1.34

Alcohol abuse
Drug abuse
Tobacco use disorder
Multiple gestation
Hypertensive disorder of pregnancy
Mode of delivery
Vaginal
Cesarean without labor
Cesarean with labor
Preterm delivery
Stillbirth

Reference
1.46 (0.73-2.95)
1.51 (0.75-3.03)
0.60-2.45)
1.23 (0.53-2.87)

Reference
0.96 (0.80-1.01)
0.97 (0.82-1.15)
0.86 (0.74-1.01)
0.94 (0.82-1.07)
0.80 (0.71-0.90)
0.90 (0.79-1.01)

Reference
0.86 (0.37-0.54)
0.80 (0.70-0.90)
Asian 0.44 (0.37-0.54)
0.98 (0.91-1.06)
2.10 (1.85-2.38)
2.28 (1.98-2.63)
1.19-1.49)
2.44 (0.59-10.08) -
3.32 (2.21-4.98)
1.85 (1.52-2.25)
1.37 (1.13-1.66)
1.46 (1.31-1.63)

Reference
1.46 (1.35-1.58)
1.31 (1.19-1.44)
1.58 (1.40-1.77)
2.25 (1.61-3.15)

Reference
1.39 (0.69-2.81)
1.53 (0.75-3.08)
1.34 (0.66-2.73)
1.17 (0.50-2.75)

Reference
0.96 (0.81-1.15)
0.97 (0.82-1.15)
0.86 (0.73-1.01)
0.93 (0.80-1.06)
0.80 (0.71-0.91)
0.94 (0.83-1.07)

Reference
0.75 (0.65-0.87)
0.75 (0.66-0.86)
0.46 (0.38-0.56)
0.92 (0.85-1.00)
1.68 (1.47-1.91)
1.82 (1.57-2.11)
1.14 (1.01-1.28)

2.70 (1.79-4.09)
1.54 (1.26-1.88)
1.03 (0.84-1.26)
1.31 (1.17-1.46)

Reference
131 (1.21-1.42)
1.22 (1.11-1.34)
1.38 (1.22-1.56)
2.15 (1.53-3.01)

Data presented as n (%).

sleep disorder and depression are presented in
Table 3. Results of the univariable and multivariable
analyses examining predictors of a comorbid diagnosis
are presented in Table 4. Similar to the results of our
main analysis, the strongest predictors of a comorbid
diagnosis were women with a history of drug abuse
(aOR: 4.13; 95% Cl: 2.37-7.21) and a stillbirth delivery
(@OR: 2.93; 95% Cl: 1.74-4.92). Variables associated
with a reduced risk of a comorbid diagnosis included
a non-White race or ethnicity and women with a
household income >$100,000.

Among the 1182 women with a comorbid sleep
disorder and depression diagnosis, 289 (24.4%; 95% Cl:
22.0-26.9%) had ICD-9-CM codes for a sleep disorder
diagnosis and depression in the same healthcare
encounter, 344 (29.1%; 95% Cl: 26.5-31.7%) had a
sleep disorder diagnosis that preceded depression,
and 549 (46.5%; 95% Cl: 43.6-49.3%) had depression
that preceded a sleep disorder diagnosis. The median
lag time was 66 days (interquartile range: 29.5-
146 days; range 1-336 days) in those who had a sleep
disorder diagnosis before a depression diagnosis and

101 days (interquartile range: 39-168 days; range
1-352 days) in those who had a sleep disorder diag-
nosis after a depression diagnosis.

In our sensitivity analysis, we estimated the preva-
lence of a postpartum sleep disorder diagnosis among
women without a sleep disorder ICD-9-CM code up to
12 months before delivery. The sub-cohort for this
analysis comprised 121,662 women with at least
12 months of continuous enrollment. In this analysis,
1933 women (1.6%; 95% Cl: 1.5-1.7%) had a postpar-
tum sleep disorder diagnosis within 12 months of hos-
pital discharge. Consistent with our main findings, the
most common sleep disorder diagnosis was insomnia
(n=1312; 1.1%; 95% Cl: 1.0-1.1%).

Discussion

Among this cohort of commercially insured women,
we observed a low prevalence of sleep disorder diag-
noses (1.9%). Insomnia was the most prevalent sleep
disorder diagnosis. Approximately, one-third of all
women with a postpartum sleep disorder diagnosis
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Table 3. Maternal characteristics among women with and without a comorbid diagnosis of sleep disorder and postnatal

depression.
Comorbid sleep disorder and No comorbid sleep disorder and

Variable depression (n=1182) depression” (n =172,391) p Value
Maternal age (years) .04

<20 34 (2.9%) 3383 (2.0%)

20-34 832 (70.4%) 124,913 (72.5%)

>35 316 (26.7%) 44,095 (25.6%)
Highest educational level <.001

Less than 12th grade <20 559 (0.3%)

High school diploma 259 (21.9%) 34,211 (19.9%)

Less than bachelor degree 696 (58.9%) 91,974 (53.4%)

Bachelor degree or higher 222 (18.8%) 44,696 (25.9%)

Unknown <20 951 (0.6%)
Annual household income ($) <.001

<40,000 152 (12.9%) 12,237 (10.0%)

40,000-49,000 65 (12.9%) 8441 (4.9%)

50,000-59,000 66 (5.6%) 9055 (5.3%)

60,000-74,000 100 (8.5%) 13,592 (7.9%)

75,000-99,000 166 (14.0%) 20,393 (11.8%)

>100,000 359 (30.4%) 64,218 (37.3%)

Unknown 274 (23.2%) 39,455 (22.9%)
Race <.001

White 667 (56.4%) 85,664 (49.7%)

African-American 5 (5.5%) 11,661 (6.8%)

Hispanic 8 (8.3%) 15,818 (9.2%)

Asian 3 (2.0%) 12,004 (7.0%)

Unknown 329 (27.8%) 47,243 (27.4%)
Obesity 104 (8.8%) 6488 (3.8%) <.001
Chronic hypertension 6 (5.6%) 4526 (2.6%) <.001
Diabetes (pre-existing or gestational) 104 (8.8%) 12,792 (7.4%) 07
Alcohol abuse <20 35 (0.02) 62
Drug abuse <20 326 (0.2%) <.001
Tobacco use disorder 51 (4.3%) 2620 (1.5%) <.001
Multiple gestation 30 (2.5%) 3891 (2.3%) .52
Hypertensive disorder of pregnancy 122 (10.3%) 12,554 (7.3%) <.001
Mode of delivery <.001

Vaginal 686 (58.0%) 111,640 (64.8%)

Cesarean without labor 284 (24.0%) 35,637 (20.7%)

Cesarean with labor 212 (17.9%) 25,114 (14.6%)
Preterm delivery 113 (9.6%) 9678 (5.6%) <.001
Stillbirth <20 693 (0.4%) <.001
Year .26

2011 359 (30.4%) 50,935 (29.6%)

2012 366 (31.0%) 51,514 (29.9%)

2013 325 (27.5%) 47,374 (27.5%)

2014 132 (11.2%) 22,568 (13.1%)

Data presented as n (%). Due to data restrictions and to avoid potential identification of subjects, cells with numbers less 20 are reported as <20.

“Defined as women who have a sleep disorder and depression.

had a co-existing depression diagnosis up to
12 months postpartum. The strongest predictors for a
postpartum sleep disorder diagnosis were a history of
drug abuse and stillbirth. Similar predictors were iden-
tified for those with a comorbid diagnosis of postpar-
tum sleep disorder and depression.

Patient-reported outcome measures are widely
regarded as gold standard measures of postpartum
recovery [1,27,28]. Previously reported prevalence
estimates using patient-reported outcome measures
are substantially higher than the prevalence of sleep
disorders reported in our analytic cohort. For
example, in a Norwegian study of 1480 women, the
prevalence of insomnia at 8 weeks and 2 years post-
partum was 60% and 40%, respectively [29]. In an
observational study of 2427 US women [30], 57% of

pregnant women had insomnia. Our reliance on
administrative data for capturing sleep diagnoses
may explain why the prevalence was lower in our
study than in the aforementioned prospective stud-
ies. Possible explanations may be poor coding accur-
acy or misclassification because sleep disturbance
can be a symptom of depression. Future studies are
needed to examine the accuracy of administrative
data compared to gold standard methods (sleep
studies and structured clinical interviews which
require expertise and time away from the infant) or
patient-reported outcome measures, which can be
used to screen for sleep disorders, to determine the
true prevalence of sleep disorders in large patient
cohort studies involving patient assessment at differ-
ent postpartum time points.
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Table 4. Maternal predictors of a comorbid diagnosis of a sleep disorder and postpartum depression.

Variable

Unadjusted odds ratios (95% Cl)

Adjusted odds ratios (95% Cl)

Maternal age (years)
<20
20-34
>35

Highest educational level
Less than 12th grade
High school diploma
Less than bachelor degree
Bachelor degree or higher
Unknown

Annual household income ($)
<40,000
40,000-49,000
50,000-59,000
60,000-74,000
75,000-99,000

2.78

1.51 (1.07-2.13)
Reference
1.08 (0.94-1.23)

Reference
4.23 (0.59-30.21)
4.23 (0.59-30.13)
0.39-19.93
4.60 (0.51-41.30)

Reference
0.87 (0.65-1.17)
0.83 (0.62-1.10)
0.83 (0.65-1.07)
0.92 (0.74-1.15)

1.40 (0.99-1.98)
Reference
1.11 (0.97-1.27)

Reference
4.14 (0.58-29.64)
4.67 (0.65-33.46)
3.66 (0.51-26.30)
4.68 (0.52-42.26)

Reference
0.88 (0.65-1.18
0.83 (0.62-1.11
0.83 (0.64-1.07
0.92 (0.73-1.15

>100,000 0.63 (0.52-0.77) 0.67 (0.54-0.82

Unknown 0.80 (0.65-0.97) 0.88 (0.71-1.08,
Race

White Reference Reference

African-American 0.72 (0.55-0.92) 0.58 (0.45-0.75)

Hispanic 0.80 (0.64-0.98) 0.73 (0.59-0.91)

Asian 0.25 (0.16-0.37) 0.27 (0.17-0.41)

Unknown 0.89 (0.78-1.02) 0.83 (0.72-0.95)
Obesity 247 (2.01-3.02) 1.98 (1.61-2.45)
Chronic hypertension 2.19 (1.71-2.82) 1.71 (1.32-2.22)
Diabetes (pre-existing or gestational) 1.20 (0.98-1.47) 1.04 (0.85-1.29)
Drug abuse 6.33 (3.69-10.83) 413 (2.37-7.21)
Tobacco use disorder 2.92 (2.20-3.88) 2.12 (1.58-2.85)
Multiple gestation 1.13 (0.78-1.62) 0.86 (0.59-1.25)
Hypertensive disorder of pregnancy 147 (1.21-1.77) 1.25 (1.03-1.51)
Mode of delivery

Vaginal Reference Reference

Cesarean without labor
Cesarean with labor
Preterm delivery
Stillbirth

1.30 (1.13-1.49)
1.37 (1.18-1.60)
1.78 (1.46-2.16)
3.18 (1.90-5.33)

1.19 (1.03-1.38,
1.30 (1.11-1.53
1.62 (1.33-1.99,
2.93 (1.74-4.92

Based on general data from the primary care popu-
lation, 50% of patients with insomnia have co-morbid
conditions such as anxiety and depression [31]. In our
study cohort, one-third of women with a sleep dis-
order also had a diagnosis of depression. Among
patients with a comorbid diagnosis, the timing of
each diagnosis after delivery was highly variable.
Although we could not explain this variability, prior
obstetric and non-obstetric data suggest that a
bidirectional relationship may exist between sleep
disorders and depression [32-34]. As the causal rela-
tionship between postpartum sleep disorders and
depression is underexplored, longitudinal prospective
studies are needed to examine the long-term impact
of sleep disturbance or a sleep disorder diagnosis on
the risk of postpartum depression and other major
mental health disorders, such as anxiety.

In our secondary analysis, the strongest independ-
ent predictors of a postpartum sleep disorder were
drug abuse and stillbirth. Nearly, one in five pregnant
individuals have used nicotine, alcohol, or an illicit
substance in the preceding month [35]. After stillbirth
delivery, women are at risk of mental health problems

such as depression and anxiety [36,37]. Further
research is needed to examine potential mechanisms
that may explain why a history of drug abuse and
stillbirth impacts on the risk of postpartum sleep dis-
turbance. We also observed differences in the risk of
a sleep disorder by race and ethnicity. The lower
likelihood of a sleep disorder diagnosis for Asian,
Hispanic, and African-American women compared
with White women should be interpreted with
caution as we did not account for structural and
institutional factors, such as barriers to mental health
services or a sleep clinics [38]. Further research is
needed to examine potential reasons for these
disparities, such as shame (internalized behavior),
stigma, language or cultural barriers, institutional
racism, and poverty, and how factors contribute
toward screening, diagnosis, and treatment [39].
While the data used in this analysis are from 2011
to 2014, to our knowledge, this is the largest data
set that has been used to determine postpartum
sleep disorder prevalence to date. The accuracy of
sleep disorder diagnostic codes in the postpartum
period has not previously been examined. However,
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a cohort study of Canadian non-obstetric patients
reported high sensitivity and specificity (79% and
89%) for ICD-9-CM codes [40]. We were unable to
ascertain whether diagnoses were made by sleep
specialists versus non-specialists and the accuracy of
these diagnoses. While sleep disorders are more
prevalent during the 3rd trimester of pregnancy [41]
and patients frequently see a physician in the
3 months prior to delivery (including during hospi-
talization for childbirth), we acknowledge that there
may be patients in our cohort with pre-existing
sleep disorder diagnoses that did not receive an
ICD-9 code in the last 3 months of their pregnancy.
Due to the limited granularity of data available, we
could not examine the potential influence of factors
on the risk of postpartum sleep disorders, such as
infant sleep patterns, breastfeeding success, co-
sleeping, social support structures, paternity leave,
pain following childbirth, and surgical complications.

Our findings are only generalizable to women with
commercial insurance. Therefore, studies are needed
to examine the epidemiology of postpartum sleep dis-
orders among women covered by Medicaid. We
adopted an approach for classifying sleep disorders
previously described by Felder et al. for sleep disor-
ders during pregnancy [13]. We acknowledge that this
classification may not be applicable to a postpartum
cohort. In addition, we used ICD-9-CM codes to iden-
tify women with postpartum depression. However,
because there are no specific ICD-9-CM codes for
postpartum depression, the prevalence estimates for a
co-morbid diagnosis may be biased.

Conclusions

Approximately, two out of every 100US women with
commercial insurance receive a diagnosis of a sleep
disorder within the first 12 months postpartum, which
is significantly lower than rates of sleep disorder
reported in prospective studies. The strongest predic-
tors for a postpartum sleep disorder diagnosis are still-
birth delivery and a history of drug abuse. One-third
of women with a postpartum sleep disorder diagnosis
also have a co-morbid diagnosis of depression. Future
studies are needed to improve clinical screening and
diagnosis of postpartum sleep disorders and to deter-
mine the accuracy of claims data compared to clinical
data at different postpartum time points.
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