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INTRODUCTION
Binge eating disorder (BED) is poised to be an independent 

diagnostic category in the Diagnostic and Statistical Manual 
Fifth Edition. BED is characterized by binge eating (eating an 
unusually large amount of food in a discrete period of time and 
feeling out of control) in the absence of the regular compensa-
tory behaviors characteristic of bulimia nervosa.1 As such, BED 
is often, but not always, seen in individuals who are overweight 
or obese.2 Estimates of binge eating behavior in the population 
range from 2% to 5%.2,3

Previously, we have shown that for some individuals, preg-
nancy represents a window of remission for BED.4 For a con-
siderable number of women, however, pregnancy appears to be 
a window of risk for incident BED.4 Although this is not entire-
ly surprising given the impact that pregnancy-related hormones 
can have on appetite and mood,5,6 it nonetheless remains con-
cerning because of the potential impact of binge eating on the 
developing fetus, including higher weight babies and increased 
likelihood of Cesarean section.7,8
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A variety of eating disorder presentations—especially those 
marked by binge eating—have been shown to be associated 
with sleep disturbances.9 Although we know of no study that 
has examined sleep specifically in BED, there are several lines 
of evidence to suggest that sleep may be disrupted in individu-
als with the disorder. Individuals with BED show increased 
morning levels of cortisol, and symptom severity is positively 
related to cortisol production.10,11 Cortisol is a hormone that 
plays a critical role in the sleep/wake cycle.12 The daily cycle of 
caloric intake has been shown to differ in BED compared with 
body mass index (BMI) matched controls, with fewer calories 
consumed in the midday and more in the evening.13 Further 
evidence of a relationship between BED and sleep disturbances 
emerges from twin studies, which reveal shared genetic fac-
tors between binge eating and night eating—a syndrome which 
clearly involves a disruption in both eating and sleeping circa-
dian rhythms.14

Four lines of evidence converged to result in our current hy-
pothesis. First, as noted above, BED often continues or has its 
onset during pregnancy.4 Second, eating disorders marked by 
binge eating appear to be associated with sleep disturbances.9 
Third, BED is commonly associated with obesity, which itself is 
being increasingly recognized as having reciprocal adverse as-
sociations with sleep disturbances.15 Fourth, pregnancy and the 
period after childbirth are known to profoundly affect sleep.16,17

Based on these observations, we applied existing data from a 
large national cohort study of pregnant women, The Norwegian 
Mother and Child Cohort Study, to explore patterns of sleep and 
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sleep satisfaction both during and after pregnancy in women 
with BED symptoms relative to women with no eating disorder 
both during and after pregnancy. We hypothesized that women 
with BED symptoms would report greater sleep difficulties and 
lower sleep satisfaction during pregnancy and after childbirth, 
and that these differences would be independent of the effects 
of BMI on sleep domains.

METHODS

Participants
The data collection was conducted as part of the Norwegian 

Mother and Child Cohort Study (MoBa) at the Norwegian In-
stitute of Public Health.18 The study was approved by the In-
stitutional Review Board of the University of North Carolina 
at Chapel Hill, the Regional Committee for Medical Research 
Ethics in South-Eastern Norway, and the Norwegian National 
Data Inspectorate.

MoBa is a prospective population-based pregnancy cohort 
study. Participants were recruited from all over Norway from 
1999-2008; 38.5% of invited women consented to participate. 
The cohort now includes 108,000 children, 90,700 moth-
ers, and 71,500 fathers. Blood samples were obtained from 
both parents during pregnancy and from mothers and children 
(umbilical cord) at birth. Follow-up is conducted by question-
naires at regular intervals and by linkage to national health 
registries. Pregnant women were recruited through a postal 
invitation after registering for a routine prenatal ultrasound at 
about 17 weeks’ gestation. To date, 8 waves of assessment have 
been initiated following the mother and child from the begin-
ning of pregnancy to the child’s seventh year. Data collection 
is ongoing. Thus, sample sizes for this study decrease across 
questionnaires for cohorts who have finished completion of all 
surveys. Full text of questionnaire 1, 3, and 5 can be viewed 
at http://www.fhi.no/dokumenter/1f32a49514.pdf, http://www.
fhi.no/dokumenter/7b6b32b0cd.pdf, and http://www.fhi.no/
dokumenter/2640dd4bcc.pdf, respectively.

Our analyses are based on version 5 of the quality-assured 
data files released in 2010. The analysis population for this re-
port included MoBa participants who: (a) did not complete an 
early pilot version of Questionnaire 1 (n = 2,605), (b) had valid 
values for self-reported age, weight, and height, (c) returned 
Questionnaire 1 before delivery, and (d) had a singleton birth. 
If a woman enrolled in MoBa more than once (due to addi-
tional pregnancies), only the first pregnancy that occurred dur-
ing the course of MoBa data collection was included. Of the 
initial 103,474 mother-child records, 81,322 (79%) met the 5 
criteria above. Of the 81,322 records, there were 3,651 women 
with self-reported broadly defined BED (defined below) before 
and/or during pregnancy and no missing values across those 2 
time points and 68,784 women with no reported eating disorder 
symptoms and no missing values at either time point, leading 
to a final sample size of 72,435. Respondents from the sample 
completed Questionnaire 1 at a median of 17.1 weeks gestation 
(n = 70,362, interquartile range [IQR] 15.9-18.9 weeks). Ques-
tionnaire 3 was completed at a median of 30.1 weeks gestation 
(n = 65,599, IQR 29.7-31.1 months). Questionnaire 5 was com-
pleted at a median of 18.7 months postpartum (n = 45,189, IQR 
18.4-19.2 months).

Measures
Items from Questionnaires 1, 4, and 5, as well as the maternal 

birth registry (MBR) provided information on demographics, 
eating disorder status, and patterns of maternal sleep. Demo-
graphic information and other characteristics for the sample 
were gathered from the MBR and Questionnaires 1 and 4 from 
items including maternal age, self-reported height and weight 
before pregnancy, gestational age of baby at birth, sex of child, 
parity, combined parental income, smoking status during preg-
nancy, mother’s education, total number of live births, maternal 
anxiety and depression during pregnancy, and maternal BMI 
before pregnancy. The measure in Questionnaire 1 for anxiety 
and depression (SCL-5) was taken from the Hopkins Symp-
tom Checklist-25 and included 5 items, which were averaged 
to form the score. This measure, as used in MoBa and eating 
disorders, is further described by Knopf Berg et al.19

Eating disorders were assessed on Questionnaire 1 from 
items addressing DSM-IV criteria for anorexia nervosa, buli-
mia nervosa, and eating disorder not otherwise specified. The 
eating disorder related questions have been used previously 
in research on BED in several studies.4,20-23 As in these previ-
ous studies, a diagnostic algorithm was established to identify 
broadly defined BED (at least weekly binge eating episodes 
without the presence of compensatory behaviors). In this pa-
per, we refer to this symptom cluster as “BED symptoms” for 
clarity of presentation (see footnote following manuscript). The 
symptom of binge eating was assessed with questions address-
ing both eating an unusually large amount of food and feeling 
out of control. BED symptoms were assessed for a 6-month 
interval prior to pregnancy and around 18 weeks gestation. Re-
spondents were classified into 4 groups: BED symptoms before 
and during pregnancy (n = 1,495), BED symptoms before preg-
nancy that remitted during pregnancy (n = 921), incident BED 
symptoms during pregnancy (1,235), and no reported eating 
disorder symptoms before or during pregnancy (n = 68,784). 
There were 182 women who reported BED symptoms either 
before or during pregnancy but were missing a response at the 
other time point and were thus excluded from the analyses, as 
they were unable to be correctly classified.

Maternal sleep was assessed at 3 time points. In Ques-
tionnaire 1, mothers were asked if they experienced sleeping 
problems during weeks 0-4, 5-8, 9-12, and 13+ of pregnancy 
(response option “yes/no”). In Questionnaire 3, mothers were 
asked how many hours of sleep per day they currently get with 
the following response options: < 4 h, 4-5 h, 6-7 h, 8-9 h, or > 
10 hours. In Questionnaire 5, around 18 months after the birth, 
mothers were asked “How satisfied are you with your sleep?” 
with the following response options: “very satisfied,” “satis-
fied,” “neither satisfied nor dissatisfied,” “dissatisfied,” or “very 
dissatisfied.”

Statistical Analyses
We described sample characteristics by BED symptom status 

with means and standard deviations for continuous variables 
and frequencies for categorical variables. To test differences in 
descriptive variables by BED symptom status we used Kruskal-
Wallis statistic for continuous variables and a χ2 test for categor-
ical variables. A logistic regression model was used to estimate 
odds of reporting any sleep problems by BED symptom sta-
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tus at 4 time points spanning the first trimester of pregnancy 
and time beyond 13 weeks of pregnancy. Time was a covari-
ate in the logistic regression, and generalized estimating equa-
tions (GEE) were used to estimate the covariance structure for 
time. There was no evidence of an interaction between time and 
BED symptom status, so it was omitted from the model. Odds 
were adjusted with and without confounders. Confounders in 
all analyses included gestational age of baby at birth, sex of 
child, parity, combined parental income, smoking status during 
pregnancy, mother’s education, maternal anxiety and depres-
sion during pregnancy, maternal age, and maternal BMI, with 
the exception of the logistic regression described above.

Lastly, we used a proportional odds model to estimate the 
odds of ordinal responses for questions relating to sleep for 
mothers in the third trimester and at 18 months following the 
child’s birth. If the proportional odds model assumptions did 
not hold, evaluated with a proportional odds score statistic, then 
a generalized logit model was used instead. Both models assess 
the odds of giving a particular response in a designated referent 
group, which for this study is mothers with no eating disor-
der before or during pregnancy, and compares these odds to 
the odds of giving such a response in the comparison group. A 
significant difference would indicate that the comparison group 
is either significantly more or less likely to report the response 
than the referent group. Proportional odds models estimate one 
odds ratio (OR) corresponding to a summary of ORs for all 
cut points cumulated over an ordinal response.24 If the ORs for 
each of the cut points are significantly different from one an-
other, then assumptions for the proportional odds model are not 
met. The generalized logit model estimates separate ORs for 
each level of the response versus a referent. Odds ratios were 
estimated for each BED symptom group with and without con-
founders, using the appropriate statistical model.

The effects of confounders on the predictor, BED symptom 
status, were assessed in separate analyses. The percent change 
in the BED symptom effect was measured after singly adding 
each confounder to each model. Addition of the anxiety and 
depression variable resulted in an approximately 20% change 
in the BED status effect size when predicting sleep problems 
in the first trimester. When predicting satisfaction with sleep at 
18 months after childbirth, the anxiety and depression variable 
was the only one to exceed a 10% change in BED (effect size 
approximately 15%). Variables including anxiety and depres-
sion, sex of child, maternal education, maternal age, and BMI 
resulted in ≥ 10% change in the BED symptom status effect 
size after being added in the model predicting maternal hours 
of sleep in the third trimester. All other confounders resulted in 
a BED symptom status effect size change < 10% when added to 
with BED symptom status as the only predictor. All confound-
ers were left in the model as they were determined a priori.

In response to review, we conducted a post hoc evaluation of 
the interaction between anxiety and depression and BED symp-
tom status. This evaluation was done for each of the regression 
models predicting sleep outcomes. With one exception, the ad-
dition of the interaction term between anxiety and depression 
and BED symptom status did not result in a statistically signifi-
cant type 3 statistic, which provided no evidence that the inclu-
sion of the interaction terms resulted in a model that differed 
from the model without the interaction term via a likelihood 

ratio statistic. For the “sleep problems” outcome in the second 
trimester, the type 3 statistic was significant (P < 0.03), and 
the interaction term between anxiety and depression and BED 
symptom status was retained in the model. For the other models 
we did not retain the interaction term. Inclusion of an interac-
tion term in this context complicates interpretation of effects. 
Thus, when reporting odds ratios for BED symptom groups, 
inclusion of the interaction term as specified above necessitates 
specifying the anxiety and depression scale value at which the 
BED symptom group differences occur. For representation of 
effect sizes in the tables, we selected the mode of the anxiety 
and depression scale for the entire sample, which was 1 with a 
frequency of 50.0%.

Inclusion of the interaction term consistently revealed a 
negative association between BED symptom status and anxi-
ety and depression for each of the BED symptom groups com-
pared with the referent. For a one-unit increase in the anxiety 
and depression measure, the effect for the group of women 
with BED symptoms before pregnancy that remitted during 
pregnancy, BED symptoms before and during pregnancy, and 
incident BED symptoms during pregnancy declined by 26.7% 
(95% CI = -46.1% - -0.4%), 0.6% (95% CI = -21.3% - 25.6%), 
and 30.5% (95% CI = -46.7% - -9.4%), respectively. For exam-
ple, at the mode for anxiety and depression (1), the OR for sleep 
problems was 1.42 (1.15-1.75) for the group of women with in-
cident BED symptoms during pregnancy versus referent. Given 
a one-unit increase in the anxiety and depression score, at a level 
of 2, the OR for sleep problems declined to 0.99 (0.81-1.20) for 
the same group of women versus the referent, which represents 
a 30.5% decline in the OR of reporting sleep problems for a 
one-unit increase in the anxiety and depression score. In sum, as 
the measure for anxiety and depression increases, the difference 
in the outcome declines for BED symptoms versus the referent.

All differences were considered significant at an α level of 
0.05, and all estimates were adjusted within one family using 
the Benjamini-Hochberg false discovery rate (FDR) method.25 
All analyses were conducted using the SAS/STAT software, 
version 9.2 of the SAS System for Windows.26

RESULTS
Demographic information for the sample is presented in 

Table 1. Of the 72,435 participants, 1,495 (2.1%) mothers re-
ported BED symptoms both before and during pregnancy, 921 
(1.3%) reported pre-pregnancy BED symptoms that remitted 
during pregnancy, 1,235 (1.7%) reported incident BED symp-
toms during pregnancy, and 68,784 (95.0%) reported no eating 
disorder symptoms before or during pregnancy (referent group). 
Variables pertaining to maternal sleep are presented as frequen-
cies and percentages in Table 2. For the entire sample, 2.9% re-
ported sleeping problems in weeks 0-4, 6.3% in weeks 5-8, 8.7% 
in weeks 9-12, and 10.3% in weeks 13+. In the third trimester, 
10.3% slept > 10 h, 57.4% slept 8-9 h, 29.4% slept 6-7 h, 2.7% 
slept 4-5 h, and 0.3% slept < 4 hours. Eighteen months after 
pregnancy, 3.4% were very dissatisfied with their sleep, 14.4% 
were dissatisfied with their sleep, 14.1% were neither satisfied 
nor dissatisfied with their sleep, 45.5% were satisfied with their 
sleep, and 22.7% were very satisfied with their sleep.

Table 3 shows the ORs for reporting any sleep problems in 
the first questionnaire, a dichotomous response; ORs were sig-
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nificantly higher for all groups with BED symptoms either be-
fore or during pregnancy than for the referent group, and these 
differences remained significant after adjusting for confound-
ers. After adjusting for confounders, women with BED symp-
toms before and during pregnancy, women with pre-pregnancy 
BED symptoms that remitted during pregnancy, or women with 
incident BED symptoms during pregnancy were 26% (FDR 
P < 0.05), 35% (FDR P < 0.05), and 42% (FDR P < 0.01) more 
likely, respectively, to report sleeping problems than the refer-
ent group. Because there is an interaction term between BED 
symptoms and maternal anxiety and depression (SCL-5), in the 
final adjusted model, the OR is reported at SCL-5 = 1. The odds 
of reporting sleeping problems increased throughout the first 18 
weeks of pregnancy, with no significant interaction between the 
groups and time.

The OR of reporting > or < 6-9 h of sleep during the third 
trimester by BED symptom group are shown in Figure 1. The 

proportional odds model assumptions were not met, and a gen-
eralized logit model was used with 2 ORs reported: one with > 
10 h versus 6-9 h and the other with < 6 h of sleep versus 6-9 
hours. Women with BED symptoms before and during pregnan-
cy, women with pre-pregnancy BED symptoms that remitted 
during pregnancy, or women with incident BED symptoms dur-
ing pregnancy were 31% (FDR P < 0.01), 94% (FDR P < 0.01), 
and 53% (FDR P < 0.01) more likely, respectively, to report 
more (> 10) hours of sleep than the referent group. After ad-
justing for confounders the odds of > 10 h of sleep versus 6-9 
h was still higher for those with BED symptoms at some point 
during pregnancy, but no longer significant with the exception 
of women with incident BED during pregnancy (OR = 1.49, 
FDR P < 0.01). Likewise, women with BED symptoms before 
and during pregnancy, women with pre-pregnancy BED symp-
toms that remitted during pregnancy, or incident BED symp-
toms during pregnancy were 38% (FDR P < 0.05), 52% (FDR 

Table 1—Population characteristics, number (%)

BED status

BED before 
and during 
pregnancy 
(n = 1,495)

Pre-pregnancy 
BED that 

remitted during 
pregnancy 
(n = 921)

Incident 
BED during 
pregnancy 
(n = 1,235)

No eating 
disorder before 

or during 
pregnancy 
(n = 68,784)

Total 
(n = 72,435)

Test 
Statistica P-value

Gestational age in weeks
Mean (SD) 39.9 (1.9) 39.9 (2.0) 39.9 (1.9) 39.9 (1.9) 39.9 (1.9) 0.18 (3) 0.98

Min. possible income for mother and father
0-$36K (200,000NOK) 128 (9.3) 106 (12.4) 123 (10.7) 5,741 (9.0) 6,098 (9.1) 94.16 (9) < 0.01
> $36K (200,000NOK) 730 (53.1) 487 (57.2) 581 (50.7) 30,986 (48.5) 32,784 (48.7)
> $89K (500,000NOK) 362 (26.3) 182 (21.4) 274 (23.9) 16,828 (26.3) 17,646 (26.2)
> $125 (700,000NOK) 154 (11.2) 77 (9.0) 167 (14.6) 10,387 (16.2) 10,785 (16.0)

Sex of child
Boy 780 (52.4) 470 (51.1) 667 (54.2) 34,940 (51.1) 36,857 (51.1) 5.78 (3) 0.14
Girl 709 (47.6) 449 (48.9) 563 (45.8) 33,486 (48.9) 35,207 (48.9)

Have you ever smoked during pregnancy?
Yes 189 (12.7) 100 (10.9) 167 (13.6) 5,675 (8.3) 6,131 (8.5) 85.21 (3) < 0.01

Parity
0 705 (47.2) 531 (57.7) 620 (50.2) 38,734 (56.3) 40,590 (56.0) 72.43 (6) < 0.01
1 520 (34.8) 249 (27.0) 385 (31.2) 19,854 (28.9) 21,008 (29.0)
2+ 270 (18.1) 141 (15.3) 230 (18.6) 10,196 (14.8) 10,837 (15.0)

Mother’s education
< 3 year high school 152 (10.7) 92 (10.5) 135 (11.5) 4,819 (7.4) 5,198 (7.6) 177.24 (12) < 0.01
Vocational high school 251 (17.7) 148 (16.9) 173 (14.7) 8,364 (12.9) 8,936 (13.0)
3-year high school general studies 241 (17.0) 169 (19.3) 192 (16.4) 9,718 (14.9) 10,320 (15.1)
Regional technical college 540 (38.1) 325 (37.1) 445 (37.9) 26,750 (41.1) 28,060 (40.9)
University, technical college 234 (16.5) 141 (16.1) 228 (19.4) 15,431 (23.7) 16,034 (23.4)

BMI before pregnancy
Underweight (BMI < 18.5) 23 (1.6) 4 (0.4) 35 (2.9) 2,195 (3.3) 2,257 (3.2) 1216.00 (9) < 0.01
Normal (18.5 ≤ BMI < 25) 692 (47.7) 297 (32.9) 818 (68.5) 44,923 (66.8) 46,730 (66.0)
Overweight (25 ≤ BMI < 30) 465 (32.1) 280 (31.0) 254 (21.3) 14,234 (21.2) 15,233 (21.5)
Obese (BMI ≥ 30) 270 (18.6) 321 (35.6) 88 (7.4) 5,887 (8.8) 6,566 (9.3)

Symptoms of anxiety and depression (from five items of the Hopkins Symptom Checklist – 25)
Mean (SD) 1.4 (0.5) 1.5 (0.5) 1.4 (0.5) 1.2 (0.4) 1.3 (0.4) 803.50 (3) < 0.01

aThe test statistic is a Kruskal-Wallis statistic for continuous variables (gestational age and SCL score) and a χ2 statistic for categorical variables (df).
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P < 0.05), and 93% (FDR P < 0.01) more likely, respectively, to 
report fewer hours of sleep (< 6 h) than the referent. After ad-
justing for all confounders, the OR of less sleep remained sig-
nificant only for the group with incident BED symptoms during 
pregnancy (OR = 1.58, FDR P < 0.01).

The likelihood of dissatisfaction with sleep at 18 months 
after childbirth in women with BED symptoms is reported in 
Figure 2. The proportional odds assumptions were met for this 
response variable, and the ORs represent being less satisfied 
with sleep versus more satisfied. All 3 BED symptom groups 
were more likely to report sleep dissatisfaction than the ref-
erent group. Women with BED symptoms before and during 
pregnancy, women with pre-pregnancy BED symptoms that 
remitted during pregnancy, and women with incident BED 
symptoms during pregnancy had, respectively, 60% (FDR 
P < 0.01), 72% (FDR P < 0.01), and 64% (FDR P < 0.01) high-
er odds of reporting less satisfaction with sleep than the refer-
ent group. After adjusting for all confounders, these estimates 
remain elevated and significant with 28% (FDR P < 0.01), 47% 
(FDR P < 0.01), and 40% (FDR P < 0.01) higher odds of be-
ing dissatisfied with sleep compared to the referent group for 
women with BED symptoms before and during pregnancy, 
women pre-pregnancy BED symptoms that remitted during 
pregnancy, and women with incident BED symptoms during 
pregnancy, respectively.

DISCUSSION
To our knowledge, this is the first study to examine sleep and 

BED symptoms during pregnancy. Women with BED symp-
toms before and during pregnancy reported more self-reported 
sleep problems than a referent group of women with no report-
ed eating disorder symptoms, as well as increased sleep dissat-
isfaction eighteen months after childbirth.

All women, regardless of eating disorder status, reported in-
creasing sleep problems in the interval spanning the first eigh-
teen weeks of pregnancy. This is consistent with the fact that 
women experience changes in their sleep patterns by 11-12 
weeks gestation, with increased hours of sleep but less deep 
sleep and more nighttime awakenings.16,17 Women with BED 
symptoms before and during pregnancy experienced more 
sleep problems than the referent group during the first eighteen 
weeks of pregnancy. Our nonspecific sleep assessment preclud-
ed the precise characterization of the nature of sleep problems 
experienced, but we can report preliminarily that general sleep 
problems are more common during pregnancy in women with 
BED symptoms than women without eating disorders.

Of the three time periods assessed, the analysis of sleep out-
comes in the interval spanning the first and second trimester in-
cluded an interaction term between anxiety and depression and 
BED symptom status. This interaction term indicates that the 
positive association between BED symptom groups as a predictor 

Table 2—Variables pertaining to maternal sleep, frequency (%)

BED status
BED before
and during 
pregnancy

Pre-pregnancy 
BED that remitted 
during pregnancy 

Incident BED 
during pregnancy 

No eating disorder 
before or during 

pregnancy Total 
Questionnaire 1 (n = 1,495) (n = 921) (n = 1,235) (n = 68,784) (n = 72,435)

First eighteen weeks
Sleeping problems week 0-4 of pregnancy
Yes 72 (4.8) 44 (4.8) 50 (4.0) 1,922 (2.8) 2,088 (2.9)
Sleeping problems week 5-8 of pregnancy
Yes 138 (9.2) 74 (8.0) 109 (8.8) 4,275 (6.2) 4,596 (6.3)
Sleeping problems week 9-12 of pregnancy
Yes 186 (12.4) 108 (11.7) 143 (11.6) 5,895 (8.6) 6,332 (8.7)
Sleeping problems, week 13+ of pregnancy
Yes 217 (14.5) 127 (13.8) 179 (14.5) 6,972 (10.1) 7,495 (10.3)

Questionnaire 3 (n = 1,375) (n = 849) (n = 1,134) (n = 64,155) (n = 67,513)
How many hours of sleep per day for mom in third trimester

More than 10 hours 166 (12.6) 140 (17.6) 152 (14.2) 6,097 (10.0) 6,555 (10.3)
8-9 hours 695 (52.9) 449 (56.3) 537 (50.1) 35,011 (57.6) 36,692 (57.4)
6-7 hours 403 (30.6) 176 (22.1) 326 (30.4) 17,860 (29.4) 18,765 (29.4)
4-5 hours 45 (3.4) 29 (3.6) 47 (4.4) 1,588 (2.6) 1,709 (2.7)
Less than 4 hours 6 (0.5) 3 (0.4) 9 (0.8) 188 (0.3) 206 (0.3)

Questionnaire 5 (n = 909) (n = 527) (n = 701) (n = 43,052) (n = 43,052)
Sleep satisfaction at 18 months after childbirth

Very dissatisfied 50 (5.5) 36 (6.9) 38 (5.6) 1,373 (3.2) 1,497 (3.4)
Dissatisfied 182 (20.1) 101 (19.5) 139 (20.3) 5,992 (14.1) 6,414 (14.4)
Neither satisfied nor dissatisfied 147 (16.2) 90 (17.4) 114 (16.7) 5,920 (13.9) 6,271 (14.1)
Satisfied 345 (38.1) 189 (36.5) 278 (40.6) 19,505 (45.9) 20,317 (45.5)
Very satisfied 181 (20.0) 102 (19.7) 115 (16.8) 9,713 (22.9) 10,111 (22.7)

Group size decreases over time primarily due to participant dropout and data collection for this study is ongoing; thus not all mothers and children have yet 
reached the appropriate age to complete later questionnaires.
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of the likelihood of reporting sleep problems differs across anxi-
ety and depression values. In fact, weaker associations between 
BED symptom groups and the likelihood of reporting sleep prob-
lems exist for all three groups as anxiety and depression scores in-

crease. An opposite direction of effect would be expected if there 
were a synergistic relationship between BED symptoms and the 
effect of anxiety and depression on sleep. A change in anxiety and 
depression levels may refl ect an underlying biological or psycho-

logical effect that dampens the association between BED 
symptoms groups and sleep problems.

Duration of sleep also differed across groups dur-
ing the third trimester of pregnancy. All BED symptom 
groups reported higher odds of sleeping more than 6-9 
hours during the third trimester compared with the ref-
erent. After controlling for confounders, this difference 
remained signifi cant only for women with incident BED 
symptoms during pregnancy.

Incident BED during pregnancy in the MoBa sample 
is associated with symptoms of anxiety and depression, 
low life satisfaction, low self-esteem, low partner re-
lationship satisfaction, negative health behaviors, low 
social support, a history of sexual or physical abuse, 
and pregnancy-related weight concerns.27 The increased 
likelihood of hypersomnia during pregnancy in women 
with BED symptoms before and during pregnancy may 
be attributable to increased rates of anxiety and atypical 
depression. Although we controlled for depression, the 
measure used was a screening tool that selected for its 
ease in administration. A more nuanced diagnostic ap-
proach would be better able to characterize depression. 
The relationship among anxiety, depression, sleep, and 
eating is complex. One in four women with BED reports 
current comorbid anxiety disorders28; nearly two-thirds 
of individuals with anxiety disorders report poor sleep29; 
one-fi fth to one-fourth of depressed individuals exhibit 
atypical depressive features, including increased appe-
tite and hypersomnia30-32; and women with BED with 
comorbid depression are over twice as likely to have 
atypical than typical depressive features.30

Eighteen months after giving birth, women with BED 
symptoms before or during pregnancy reported more 

Table 3—Odds ratios for reporting sleep problems in mothers in the fi rst 18 weeks 
of pregnancy

Not adjusted for 
confounders 

(95% CI) P-value

Adjusted for 
confounders*,** 
(95% CI) P-value

BED status before and during pregnancy
Pre-pregnancy BED that 
remitted during pregnancy

1.43 (1.22 ,1.67)
< 0.01

1.35 (1.05 ,1.73)
0.04

BED before and during 
pregnancy

1.54 (1.35 ,1.75)
< 0.01

1.26 (1.04 ,1.54)
0.04

Incident BED during pregnancy 1.47 (1.28 ,1.68)
< 0.01

1.42 (1.15 ,1.75)
< 0.01

No eating disorder before or 
during pregnancy

Referent Referent

Reported time for sleeping problems, categorical
0-4 weeks Referent Referent

5-8 weeks 2.28 (2.19, 2.38)
< 0.01

2.39 (2.28, 2.50)
< 0.01

9-12 weeks 3.23 (3.09, 3.38)
< 0.01

3.39 (3.22, 3.56)
< 0.01

13+ weeks 3.89 (3.72, 4.07)
< 0.01

4.08 (3.87, 4.30)
< 0.01

*Confounders include gestational age of baby at birth, sex of child, parity, combined 
parental income, smoking status during pregnancy, maternal symptoms of anxiety 
and depression, mother’s education, maternal age, and interaction term between 
anxiety and depression and BED status. **Odds ratio given for anxiety and 
depression scale value = 1.

Figure 1—Odds ratios (ORs) for maternal hours of sleep during the third trimester shown unadjusted and adjusted for gestational age of baby at birth, sex of 
child, parity, combined parental income, smoking status during pregnancy, mother’s education, anxiety and depression during pregnancy, maternal age, and 
maternal BMI before pregnancy. Referent group is those with no reported eating disorder symptoms before or during pregnancy.
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dissatisfaction with their sleep than the referent group, even af-
ter controlling for confounders. We know very little about the 
trajectory of normalization of sleep, with most studies truncated 
at six months postpartum and therefore not capturing returns 
to baseline sleep patterns.16,17,33,34 The most common reason for 
sleep disturbances during the postpartum period are the infant’s 
sleep and feeding cycle.35 Child sleep becomes an increasing-
ly less likely culprit for maternal sleep dissatisfaction as ba-
bies mature. Most infants are sleeping through the night by 18 
months,36 suggesting that the sleep problems observed in this 
cohort may refl ect processes both associated with and indepen-
dent of pregnancy.

Women with incident BED in the MoBa experience a general 
“matrix of disadvantage.”27 As such, stress may be a uniting 
factor underlying both incident binge eating and sleep dissat-
isfaction. Stress plays a critical role in animal models of binge 
eating,37,38 and stress in humans is associated with binge eat-
ing in both laboratory and naturalistic settings.11,39-41 Cortisol 
may be the common biological mechanism infl uencing the 
emergence of both binge eating and sleep diffi culties during 
pregnancy. Cortisol, a steroid hormone produced in the adre-
nal gland and part of the hypothalamic-pituitary-adrenal (HPA) 
axis, is secreted in a diurnal pattern with highest levels early in 
the morning.42 During pregnancy, trait anxiety and a history of 
child abuse are related to lower baseline awakening levels of 
cortisol.43,44 In women with BED, binge eating severity is posi-
tively associated with cortisol levels.10 Short sleep duration and 
high sleep disturbance are also associated with elevated eve-
ning cortisol secretion.12 Interestingly, binge eating behaviors 
occur most frequently in the evening hours,13 and patterns of 
cortisol secretion may shift in anticipation of this regular food 
intake pattern even when food is not always ingested.45-47 Stress 
may underlie the association between BED, sleep, and cortisol 
during pregnancy, and stress itself has been shown to shift the 
circadian rhythm in animal models of stress during pregnancy.48

Ghrelin and leptin, hormones that regulate satiety cues, 
may also be implicated. Ghrelin levels are lower in fasting and 
post-meal conditions in women with BED compared with BMI 
matched controls,49 and leptin levels are increased in women 
with BED compared with women with anorexia nervosa and 
normal weight women with bulimia nervosa.50 Both of these 
hormones infl uence sleep. A positive correlation between feed-
ing, ghrelin levels, and wake activity has been observed in rats51; 
in humans, sleep deprivation alters plasma concentrations of 
these hormones52,53 and sleep cycle shifts also shift secretion 
of these hormones.54 The role of appetite hormones is worthy 
of further studies of sleep and binge eating during pregnancy.

Limitations to our study must be considered. First, although 
the items used to create eating disorder categories have been 
widely used,4,21-23,27 they were self-reported and some were ret-
rospective. Cohort studies yield large sample sizes, but the logis-
tic necessity of self-report may yield less accurate information 
and yield higher prevalence of BED than face-to-face diagnos-
tic interviews.55 The prevalence of BED (herein referred to as 
BED symptoms) in this sample is, however, somewhat lower 
than that reported in another population-based sample.56 Second, 
BED symptoms were defi ned to include episodes of binge eating 
once a week, which differs from the current DSM-IV criterion 
of twice a week, but is consistent with the proposed DSM-V cri-

teria (http://www.dsm5.org/ProposedRevisions/Pages/propose-
drevision.aspx?rid=372).57-60 Third, although a 38.5% response 
rate is typical for large population-based studies, MoBa partici-
pants differ from the general Norwegian population of pregnant 
women by having a lower prevalence of preterm births (7.2% 
vs. 7.7%) and lower birthweights (4.6% vs. 5.1%). Participants 
are more educated (61% attending some form of college com-
pared with 49% in the general population between the ages of 
25 and 29 and 46% between the ages 30 and 39). Fourth, the 
cross sectional design of these analyses does not allow for con-
clusions about patterns of onset between BED symptoms and 
sleep disturbances. Fifth, the MoBa study was designed to cover 
a large range of topics related to pregnancy and child outcomes 
rather than designed specifi cally to address questions of sleep in 
pregnancy and the postpartum period.

Our results highlight research questions that can be trans-
lated into clinical investigations to further elucidate the role of 
stress and appetite on sleep during pregnancy. The pattern of 
onset between BED symptoms and sleep disturbances, using 
more precise sleep assessments is worthy of study. Concurrent 
assessment of eating and appetite, stress, and biological indices 
(e.g., cortisol, ghrelin, and other appetite hormones) would en-
able a more comprehensive understanding of how these factors 
may interact to infl uence binge eating and sleep during and af-
ter pregnancy. The assessment of infant/child outcomes could 
also shed light on long-term effects of maternal appetite and 
sleep dysregulation during pregnancy.

These fi ndings further support our recommendation for com-
prehensive mental health screening during pregnancy.4 BED 
symptoms during pregnancy are associated not only with ap-
petite dysregulation but also with sleep disturbances. Effective 
detection may assist with appropriate referrals and interven-

Figure 2—Odds ratios (ORs) for maternal sleep dissatisfaction eighteen 
months after childbirth, shown unadjusted and adjusted for the gestational 
age of baby at birth, sex of child, parity, combined parental income, 
smoking status during pregnancy, mother’s education, anxiety and 
depression during pregnancy, maternal age, and maternal BMI before 
pregnancy. Referent group is those with no reported eating disorder 
symptoms before or during pregnancy.
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tions that may mitigate any potential untoward effects on both 
mother and baby.

FOOTNOTE
N.B. The label of BED symptoms in this paper is at the request 

of reviewers. There are no differences between the participants 
identified as having “BED symptoms” in this publication and 
all other papers reporting “BED” in the MoBa sample.4,7,8,19,27
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