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Abstract
Rapid screening tools are useful for identifying at-risk patients and referring them for further assessment and treatment, 
but none exist that consider the unique medical needs of pregnant women with eating disorders (EDs). There is a need for 
a rapid, sensitive, and specific screening tool that can be used to identify a potential ED in pregnancy. We started with a 
set of 25 questions, developed from our qualitative work along with other ED screening tools, and tested on a development 
(n = 190) and validation sample (n = 167). Statistical analysis included factor analysis and logistic regressions with ROC 
curves. Development and validation samples were combined for trimester analysis (n = 357). Refining the tool to 12 items 
demonstrated strong internal reliability (development alpha = 0.95, validation alpha = 0.91). With correlated errors, ques-
tions demonstrated acceptable CFA fit (development: GFI: 0.91, RMSEA: 0.10, NNFI: 0.95; validation: GFI: 0.85, RMSEA: 
0.14, NNFI: 0.86). Similar fits were seen by trimester: first trimester n = 127, GFI: 0.89, RMSEA: 0.12, NNFI: 0.94; second 
trimester n = 150, GFI: 0.83, RMSEA: 0.14, NNFI: 0.88; third trimester n = 80, GFI: 0.99, NNFI: 0.99. Validation against cur-
rent ED diagnosis demonstrated acceptable sensitivity and specificity using a cutoff of 39 (development sensitivity = 80.7%, 
specificity = 79.7%, OR = 16.42, 95% CI: 7.51, 35.88; validation sensitivity = 69.2%, specificity = 86.5%, OR: 17.43, 95% 
CI: 6.46, 47.01). Findings suggest the PEBS tool can reliably and sensitively detect EDs across pregnancy trimesters with 12 
questions. A further implication of this work is to reduce health and mental health treatment disparities through this standard 
and rapid screening measure to ensure early identification and treatment.

Keywords Pregnancy · Psychometrics · Mental health · Feeding and eating disorders · Pregnancy trimesters · 
Reproducibility of results · Anorexia nervosa · Bulimia nervosa · Binge eating disorder

Introduction

The impact that eating disorders (EDs) have in pregnancy 
is considerable, although the best way to identify these dis-
orders during this unique time remains to be determined. 
Estimates suggest that at least 5% of women experience 
some type of ED during pregnancy (Linna et al. 2014; Wat-
son et al. 2013), although some estimates are much broader 

from 0.6 to 27.8% (Broussard 2012; Bye et al. 2020; Easter 
et al. 2013; Micali et al. 2007; Pettersson et al. 2016; Soares 
et al. 2009). These estimates reflect some of the challenges 
in identifying an ED in this population.

Women with EDs are more likely to have unplanned 
pregnancies, miscarriages, nutritional differences, and an 
increased risk of postpartum depression and anxiety as 
opposed to women without eating disorders (Chan et al. 
2019; Kimmel et al. 2015; Zerwas & Claydon 2014). Some 
women with past EDs have similar nutritional patterns dur-
ing pregnancy as individuals without EDs and many experi-
ences an improvement in nutrition with pregnancy (Dörsam 
et al. 2019). However, there are some nutritional differences 
among individuals with a past or active ED which could 
affect fetal development. Additionally, there is burgeoning 
epigenetic research to show how modification of the genome 
can occur prenatally due to malnourishment, which can 
affect the developing fetus initially and throughout their life 
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(Hoffman et al. 2017; Sebastiani et al. 2020). Identifying 
women with a current ED, those who are at-risk for devel-
oping an ED, and/or those who are at risk to relapse during 
pregnancy provides an opportunity for early intervention to 
improve outcomes for the mother and developing fetus.

Among women with infertility, 58% of those who pre-
sented with oligomenorrhea or amenorrhea had some form 
of an ED, none of whom disclosed those to their providers 
(Bruneau et al., 2017; Linna et al. 2014). This is consistent 
with recent qualitative evidence which suggests that many 
pregnant women with EDs during pregnancy or with a his-
tory of an ED do not feel comfortable disclosing informa-
tion about their ED with their healthcare providers (Claydon 
et al., 2018). Other qualitative work on this topic indicates 
several barriers for identifying EDs during pregnancy which 
reinforce issues of stigma as well as limits to professional 
training (Bye et al. 2018). Additionally, most medical profes-
sionals are not well-trained in identifying pregnant women 
who may have an ED or clinically significant ED symp-
tomatology unless they are in the psychiatry discipline or 
have taken continuing medical education specific to EDs 
(Anderson et al. 2017; Leddy et al. 2009). There is minimal 
training on EDs for medical professionals outside of the psy-
chiatry specialty (Mahr et al., 2014), leaving most medical 
professionals who interact with pregnant women with lim-
ited knowledge on how to identify and help these patients.

To fill the gap with identification, rapid screening tools 
can be useful to assist with early screening. These rapid 
screening tools can assist in identifying at-risk patients, but 
currently, there are none that consider the unique charac-
teristics and situation of pregnant women with EDs. The 
SCOFF is a five-item simple clinical tool used to identify a 
potential case of anorexia nervosa (AN) or bulimia nervosa 
(BN), but it is not validated in pregnancy (Morgan et al. 
2013). Recent research has suggested that when used in a 
pregnant population, it can provide false positives, which 
has resulted in an expert consensus that the SCOFF is not 
the ideal tool for use in these populations (Bannatyne et al. 
2018; Baudet et al. 2013). Currently, the Eating Disorder 
Examination Questionnaire (EDE-Q; Fairburn 2008) has the 
most psychometric data available in pregnancy but needs 
further validation and is too lengthy with 28 questions (Ban-
natyne et al. 2019).

Given those concerns, a few researchers have tried to 
adapt current measures such as the SCOFF (Hubin-Gayte 
and Squires 2012) or the EDE (Bannatyne et al. 2018) for 
use in a pregnant population. One revised version of the 
SCOFF used in a French pregnant population tried sepa-
rating the SCOFF questions into pre-pregnancy and during 
pregnancy categories to identify and understand antenatal 
ED symptoms (Hubin-Gayte and Squires 2012). However, 
this method does not truly capture ED symptoms accu-
rately during pregnancy (the time when both mother and 

developing fetus are at risk), and limited psychometrics were 
reported in the study. The adaptation of the EDE for preg-
nancy, known as the EDE-PV, had adequate internal reli-
ability (0.59–0.67 for subscales) in a population of pregnant 
women who were overweight and/or obese (Bannatyne et al. 
2018; Emery et al. 2017). However, the EDE-PV is a struc-
tured interview with multiple sections and is better for use 
as a full assessment, rather than for quick clinical identifica-
tion. The EDE-PV has also not been validated in pregnant 
women who are under a BMI of 30 (Emery et al. 2017). But 
the use of BMI during pregnancy has been a topic of debate 
and it appears that is more accurate in the first trimester as 
the pregnancy progresses there are some other physiologic 
changes that may affect this parameter (Louise et al. 2020).

The aim of this study was to determine the psychomet-
ric properties for the Prenatal Eating Behaviors Screening 
(PEBS) Tool, which was created to address these concerns. 
The goal of this tool was to be rapid (less than 5 min to 
complete), applicable to most common EDs in pregnancy 
[AN, BN, binge eating disorder (BED), and other specified 
feeding and eating disorders (OSFED)], and valid across the 
span of pregnancy (all three trimesters). This was accom-
plished using large validation and development samples 
and making use of experts in both medical and ED research 
fields. Once validation was shown, the goal is for the Prena-
tal Eating Behaviors Screening (PEBS) Tool to be used as a 
rapid screen tool to identify pregnant women at risk in order 
to refer them for a specialist for further assessment.

Methods

PEBS item development

A series of questions were included from existing sources 
(e.g., EDE-Q, Fairburn 2008; SCOFF, Morgan et al. 1999; 
EDI-3, Clausen et al. 2011) and from pilot data themes 
from a previous study (Claydon et al. 2018). An initial list 
of 34 questions were combined into a single framework and 
reviewed by content experts, with an eye towards (1) adapt-
ing or using language to be appropriate for terms that should 
be used or avoided in the ED field (e.g., using person-first 
language; Weissman et al. 2016), (2) adapting or using lan-
guage appropriate for women throughout their pregnancy 
(e.g., removing items that looked for a certain amount of 
weight loss over several months), and (3) making items fol-
low similar Likert type patterns of responses for ease of 
respondent use (e.g., using “you” for stem, checking for 
consistency in “strongly agree” to “strongly disagree” in 
responses). Finally, questions were checked to ensure all 
four types of ED symptomology were represented by a con-
tent expert, and then a total of 9 questions were dropped for 
redundancy reasons. A final set of 25 questions underwent 
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further piloting by a small sample (n = 3) of pregnant women 
with a diagnosed ED or history of an ED to check for face 
validity, accuracy in wording, and question interpretation by 
questioning relevance, language sensitivity, and accuracy 
as they filled out the study; all 25 items were then included 
in the development and validation samples. Supplemental 
Table 1 has the full list of 25 items along with a number of 
women responding to each Likert-type response for both 
samples.

Self‑report ED diagnoses

As part of the survey, participants were asked to self-report 
whether they had ever been diagnosed with an eating dis-
order. If they selected yes, they were asked “Which eating 
disorders have you had” and could select any of the follow-
ing: AN, BED, BN, or OSFED, formerly known as eating 
disorders not otherwise specified (EDNOS). Participants 
responded to each of those prompts by selecting: current 
professional diagnosis, past professional diagnosis, current 
self-diagnosis, or past self-diagnosis (see Appendix 1 for 
the complete survey). They were allowed to choose more 
than one answer in each category. Self-report ED diagnoses 
have been shown to be adequate in detecting current and 
lifetime AN and BN as measured by diagnostic interviews 
(Keski-Rahkonen et al. 2006). Participants were counted as 
having a current diagnosis (yes) if they selected either cur-
rent professional diagnosis and/or current self-diagnosis for 
any of the four ED types. These current self-reported diag-
noses were used because it was not feasible for the scope of 
a psychometric study to conduct full diagnostic interviews 
on all participants.

Pregnancy trimester

Pregnancy trimester was assessed by a self-reported week 
of pregnancy and categorized as first trimester, weeks 4–13; 
second trimester, weeks 14–27; and third trimester, weeks 
28–40.

Participants

Two separate samples were collected for this study. The 
development sample was collected first via Amazon 
Mechanical Turk (MTurk, an online crowdsourcing site to 
complete tasks virtually), and online mother and pregnancy 
groups with an IRB-approved advertisement (see Appendix 
2). This included 271 responses recorded between August 
2020 and November 2020. Next, the validation sample was 
collected via SurveyCircle (an online survey exchange plat-
form), a second MTurk sample excluding “super users”, 
and online mother and pregnancy groups and included 236 
responses recorded between October 2020 and March 2021. 

Sample collection methods differed slightly based on includ-
ing additional exclusions in MTurk sampling following rec-
ommendations from Litman and Robinson (2021) and then 
extending sampling to SurveyCircle to allow for additional 
responses in the validation sample. All participants were 
recruited from online groups based in North America or 
the UK; SurveyCircle has geographic constraints which 
were enabled to similarly draw from participants in North 
America and the UK. Although we did not ask about geo-
graphic location, other studies suggest the majority of users 
on MTurk are from the USA (75%) with India second at 
16%, and Canada third at 1.1% (Difallah et al., 2018; Moss 
et al. 2020). A final restriction of English-language profi-
ciency to complete this survey suggests that the majority of 
the sample are likely located in North America and the UK.

Human subjects

This study was filed with the referent university’s Institu-
tional Review Board and exempt status was acknowledged 
(IRB#: 2003925385). Qualtrics software was used to host 
and distribute the survey and no protected health information 
(PHI) was obtained.

Data quality checks

Both datasets underwent a series of data quality checks to 
eliminate possible “bot” submissions and other data quality 
problems. First, cases were eliminated if they did not list 
the weeks pregnant as a number between 4 and 40 (develop-
ment n = 67, validation n = 55). The weeks pregnant were 
selected as the initial restriction as it is a sample require-
ment that only pregnant women be included. This pregnancy 
week selection eliminated those not pregnant, unsure about 
pregnant status, and probable “bot” included but unlikely 
values (e.g., 80). Next, cases were eliminated if they did 
not complete at least 90% of the survey (development n = 9, 
validation n = 9). This was part of the decision tree because 
those cases would be dropped via pairwise deletion if they 
did not fill out the final 25 survey questions related to the 
eating disorder tool. Finally, cases were eliminated if they 
completed the survey in under 2 min (development n = 5, 
validation n = 5); this is assuming a loss of comprehen-
sion when reading speed exceeded 15 words per second. 
Final datasets included n = 190 (70.1%) for development, 
and n = 167 (70.8%) for validation. These response rates 
after quality control are consistent, if not higher with what 
is being seen for MTurk and other online survey platforms 
(Kennedy et al. 2020; Nayak and Narayan 2019). All analy-
ses were conducted with SAS software, version 9.4 (SAS 
Institute, Inc. 2013).
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Results

Development

Analyses were conducted first on the development data-
set (n = 190). The goal of the developmental dataset was 
data reduction (to reduce from 25 items to a minimum 
number of items to accurately screen pregnant women 
for an ED) with a focus on relationship with current ED 
diagnosis. Within the development sample, the majority 
were 25–34 years old (n = 104; 54.74%), married (n = 164; 
86.32%), White (n = 140; 74.07%), and had private insur-
ance (n = 129; 67.89%). The mean week of pregnancy was 
19.26 (SD = 10.61), and 30.0% had a current ED diagnosis 
(n = 57). Full descriptive statistics and demographic char-
acteristics of the sample are presented in Table 1.

Internal reliability

Cronbach’s alpha was used to ensure the 25 items were 
consistent and had internal reliability; item correlations 
below 0.60 were first considered as possible for deletion. 
Five items were below 0.20, and another three below 0.60.

Relationship with current ED diagnosis

Each of the 25 items was then examined using non-para-
metric Mann–Whitney tests against self-reported current 
ED diagnosis (Table 2). The five items with the lowest 
internal consistency also did not have a statistically sig-
nificant relationship with current ED diagnosis, alpha set 
to 0.05. Two items with modest internal reliability (below 
0.60) had statistically significant but more modest relation-
ships (p-values between 0.002 and 0.005) relative to the 
other items. All other items p < 0.0001.

Exploratory factor analysis

Next, a polychoric correlation matrix was output from the 
25 items and used for all further factor analyses. First, 
exploratory factor analysis (EFA) was run with squared 
multiple correlation (smc) priors and full information 
maximum likelihood method, with a one and then two fac-
tor solution. Single factor with all items demonstrated best 
fit (Table 2: 64% variability, Tucker and Lewis: 0.58, AIC: 
1553.86). Factor loadings below 0.70 were then removed, 
and another EFA run with a single factor on the final 12 
items, resulting in significantly improved model fit (94% 

variance explained, Tucker and Lewis: 0.88, AIC: 183.55, 
all factor loadings above 0.72.)

Confirmatory factor analysis

EFA results guided CFA models, starting with a single factor 
solution, and then adding correlated errors of items related 
by ED diagnosis, and then substituting a second factor for 
ED diagnosis, all on the polychoric matrix of the items. The 
best fitting model was the single factor solution with corre-
lated errors and is presented in Table 3. All factor loadings 
p < 0.0001. Final model included eight correlated errors, 
including three correlated errors pertaining to items related 
to BN, three correlated errors related to items about BED, 
and two sets of correlated errors for AN items (see Supple-
mental Path Diagram Figure A1 for correlated error terms). 
With correlated errors, questions demonstrated acceptable 
model fit (e.g., GFI: 0.91, RMSEA: 0.10, NNFI: 0.95).

Final scale clinical cutoff score and validation 
against current ED diagnosis

The final 12-item scale demonstrated excellent internal 
reliability, Cronbach’s alpha = 0.95. Items were summed 
and ranged from 12 to 60, M = 32.48 (SD = 13.9). Those 
with current ED diagnosis (n = 57, M = 45.63, SD = 8.4) 
had higher scores against all other participants (n = 133, 
M = 26.85, SD = 11.9), t (df = 188) = 12.37, p < 0.0001. 
Using logistic regression with receiver operating character-
istic curve on current ED diagnosis, we found increased odds 
of 1.16 (Wald 95% CL 1.11, 1.21) for each point increase in 
the summed score, Table 3. A cutoff of 39 had good sensitiv-
ity (80.7%) and specificity (79.7%) for detecting current ED 
diagnosis, with an AUC of 0.88 (Fig. 1a). Those with a score 
of 39 or greater had 16.42 increased odds of having a current 
ED diagnosis relative to those with a score below 39. The 
final scale can be found in Appendix 3. Lower cutoffs could 
be used in order to maximize sensitivity over specificity. For 
example, a cutoff score of 34 gives a sensitivity of 89.5%, 
but reduces specificity to 71.4%. Using this cutoff results 
in N = 73, 38.4% of the sample as being identified by the 
screening tool, resulting in a similar OR of 16.4.

Validation

Final scale reliability and CFA were replicated with the 
smaller validation sample (n = 167), using the same cutoff 
of 39 found in the developmental dataset. The validation 
sample looked similar to the development sample. A major-
ity of the sample were 25–34 years old (n = 91; 54.49%), 
married (n = 96; 57.49%), White (n = 107; 64.07%), and 
had private insurance (n = 90; 53.89%). The mean week of 
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Table 1  Demographics and 
descriptive statistics for 
development (n = 190) and 
validation (n = 167) samples

Development Validation

Variable M or n(SD or %) M or n(SD or %)
Current week of pregnancy 19.26 (10.61) 18.19 (9.06)
Age

  18–24 17 (8.95) 43 (25.75)
  25–34 104 (54.74) 91 (54.49)
  35–44 60 (31.58) 27 (16.17)
  45 + 9 (4.74) 6 (3.59)

Relationship status
  Married/other‡ 164 (86.32) 96 (57.49)
  Singled/widowed 5 (2.63) 17 (10.18)
  Living with partner 12 (6.32) 36 (21.56)
  In a relationship 9 (4.74) 18 (10.78)

Race
  White 140 (74.07) 107 (64.07)
  Black 6 (3.17) 20 (11.98)
  Asian 39 (20.63) 30 (17.96)
  Other 4 (2.12) 10 (5.99)

Hispanic of Latino descent
  Yes 44 (23.78) 18 (10.84)
  No 141 (76.22) 148 (89.16)

Number of children
  0 children 30 (15.79) 61 (36.53)
  1 child 96 (50.53) 69 (41.32)
  2 children 50 (26.32) 28 (16.77)
  3 + children 14 (7.37) 9 (5.39)

Number of pregnancies (including current)
  1 41 (21.58) 78 (46.71)
  2 85 (44.74) 51 (30.54)
  3 44 (23.16) 22 (13.17)
  4 11 (5.79) 6 (3.59)
  5 + 9 (4.74) 10 (5.99)

Average total household annual income
  Less than $19 k 19 (10.00) 25 (14.97)
  $20 k–$49 k 58 (30.53) 55 (32.93)
  $50 k–$149 k 70 (36.84) 66 (39.52)
  $150 k–$249 k 30 (15.79) 12 (7.19)
  $250 k + 12 (6.32) 3 (1.80)
  Prefer not to answer 1 6 (3.59)

Working status
  Student 6 (3.16) 43 (25.75)
  Unemployment, retired/disability 13 (6.84) 11 (6.59)
  Part-time 43 (22.63) 31 (18.56)
  Full-time 126 (66.32) 75 (44.91)
  Prefer not to answer 2 (1.05) 7 (4.19)

Type of medical insurance
  Private 129 (67.89) 90 (53.89)
  State (Medicaid) 51 (26.84) 43 (25.75)
  None 5 (2.63) 17 (10.18)
  Prefer not to answer 5 (2.63) 17 (10.18)

Previous eating disorder diagnosis
  Yes 72 (37.89) 44 (26.35)
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Table 1  (continued) Development Validation

  No 118 (62.11) 123 (73.65)
Eating disorders

  Anorexia nervosa
    None 127 (66.84) 130 (77.84)
    Current professional Dx 9 (4.74) 5 (2.99)
    Past professional Dx 16 (8.42) 11 (6.59)
    Current self Dx 26 (13.68) 8 (4.79)
    Past self Dx 12 (6.32) 13 (7.78)
  Bulimia nervosa
    None 123 (64.74) 134 (80.24)
    Current professional Dx 9 (4.74) 3 (1.80)
    Past professional Dx 21 (11.05) 10 (5.99)
    Current self Dx 15 (7.89) 8 (4.79)
    Past self Dx 22 (11.58) 12 (7.19)
  Binge eating disorder
    None 126 (66.32) 133 (79.64)
    Current professional Dx 6 (3.16) 3 (1.80)
    Past professional Dx 15 (7.89) 11 (6.59)
    Current self Dx 31 (16.32) 9 (5.39)
    Past self Dx 12 (6.32) 11 (6.59)
  Other specified feeding and eating disorder
    None 134 (70.53) 143 (85.63)
    Current professional Dx 4 (2.11) -
    Past professional Dx 14 (7.37) 4 (2.40)
    Current self Dx 15 (7.89) 8 (4.79)
    Past self Dx 23 (12.11) 12 (7.19)
  Eating disorder duration
    0 118 (62.11) 123 (73.65)
    < 1 year 20 (10.53) 18 (10.78)
    1–3 years 29 (15.26) 11 (6.59)
    4–6 years 16 (8.42) 7 (4.19)
    7 + years 7 (3.69) 5 (4.79)

Current ED dx (professional/self)
  Yes 57 (30.00) 26 (15.57)
  No 133 (70.00) 141 (84.43)

Currently seeking treatment or counseling for an eating disorder
  None 118 (62.11) 123 (73.65)
  Seeking counseling 33 (17.37) 18 (10.78)
  Seeking in-pt 18 (9.47) 7 (4.19)
  Not seeking 21 (11.05) 19 (11.38)

Weight change during current pregnancy
  Lost more than 15lbs 4 (2.19) 3 (2.14)
  Lost 14–10lbs 4 (2.19) 4 (2.86)
  Lost 9–5lbs 6 (3.28) 8 (5.71)
  Stayed the same 8 (4.37) 3 (2.14)
  Gained less than 5lbs 20 (10.93) 17 (12.14)
  Gained 5–10lbs 48 (26.23) 31 (22.14)
  Gained 10lbs 37 (20.22) 34 (24.29)
  Gained 15lbs 18 (9.84) 16 (11.43)
  Gained 20lbs 18 (9.84) 10 (7.14)
  Gained 30lbs 10 (5.46) 5 (3.57)
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pregnancy was 18.91 (SD = 9.06), and 15.6% had a current 
ED diagnosis (n = 26).

The 12-item scale demonstrated slightly attenuated but 
still excellent internal reliability, Cronbach’s alpha = 0.91. 
Model fit statistics of the CFA on the polychoric matrix 
attenuated (Table 3); three items standardized factor load-
ing dropped below the preferred 0.60 although all p-values 
remained significant. Although some model fit indicators 
also dropped below preferred values (e.g., RMSEA), gener-
ally acceptable model fit was also found for the validation 
model (i.e., GFI: 0.85, RMSEA: 0.14, NNFI: 0.86). Logis-
tic regression indicated well-fitting sensitivity (69.2%) and 
specificity (86.5%) with the new sample at the same cutoff 
value of 39, with an AUC of 0.88 (Fig. 1b).

Trimester

Next, we wished to ascertain that the model would work for 
each trimester of pregnancy. Due to small samples within tri-
mesters, the development and validation samples were com-
bined for this analysis and then stratified by trimester. Due to 
the small sample for the third trimester, a different method 
(ULS) for the CFA was used, and thus, some estimates are 
not available. The polychoric correlation matrix by trimes-
ter was used for all factor analyses. Generally acceptable 
model fit indices were found (first trimester n = 127, GFI: 
0.89, RMSEA: 0.12, NNFI: 0.94; second trimester n = 150, 
GFI: 0.83, RMSEA: 0.14, NNFI: 0.88; third trimester n = 80, 
GFI: 0.99, NNFI: 0.99). AUC against current ED diagnosis 
ranged from 0.85 to 0.89 (Fig. 2). Sensitivity (67.9 to 77.8%) 
and specificity (79.3 to 85.7%) were also acceptable with the 
cutoff score of 39 and retained increased odds of having a 
current ED diagnosis relative to a score below 39 (OR range: 
13.64 to 17.68).

Discussion

The findings from this research suggest the PEBS tool can 
reliably and sensitively detect EDs in pregnancy with only 
12 questions. This would provide a rapid initial screen to 

allow clinicians to refer women for further assessment. 
The American College of Obstetricians and Gynecologists 
(ACOG) in their practice bulletin 740 states that health care 
providers should be comfortable screening and recogniz-
ing patients with eating disorders. Still, only a professional 
expert should make the final diagnosis (ACOG 2018). It is 
well known that patients with eating disorders are at risk of 
having higher rates of anxiety and postpartum depression 
and babies with a small fetal head circumference (Kimmel 
et al. 2016). Universal screening for ED in pregnancy has not 
been established or recommended by professional organi-
zations, although it has been acknowledged that there are 
clinical management strategies that are currently missing 
(Paslakis and Zwaan 2019). Considering that many patients 
with eating disorders engage in weight cycling, clinicians 
may focus on those groups during pregnancy (Marchesini 
et al. 2004). Applying the PEBS tool to those patients at 
the highest risk, could represent an opportunity for clini-
cians to identify a potential ED in pregnancy. Identifying 
EDs during pregnancy may allow for appropriate referrals to 
mental health providers, physicians, and registered dietitians 
to improve women’s psychological and physical well-being 
during pregnancy and promote better maternal and child 
health outcomes.

Strengths and limitations

The final PEBS tool with 12 items meets clinical recom-
mendations, suggesting that brief screening instruments 
contain 15 items or less and use a simple cutoff score (Mar-
quer et al. 2012). This allows the tool to be easily used by 
clinicians who have limited time with patients. Additionally, 
this screening tool was tested on a large sample of pregnant 
women across all trimesters.

There are some limitations inherent in the methodology 
which are important to note. First, the sample collected 
were only English-speaking since the tool is designed to 
be validated in English first. Therefore, the PEBS tool may 
not be culturally or linguistically appropriate in all popula-
tions and will need to be tailored and translated as needed. 
Second, convenience sampling was employed which has 

Table 1  (continued) Development Validation

  Gained more than 40lbs 10 (5.47) 9 (6.43)
Highest completed level of education

  Grade school/high school/GED 11 (5.79) 29 (17.37)
  Vocational school 7 (3.68) 2 (1.20)
  College 97 (51.05) 71 (42.51)
  Professional/graduate school 75 (39.47) 65 (38.92)

‡ Includes divorced and separated
The Development sample
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Table 2  Items content with the single factor EFA solution on the polychoric correlation matrix, development only (n = 190), of pattern coeffi-
cients, p-values for differences between current diagnosis, and other goodness-of-fit indicators

Expert content analysis Item # Item question Factor 
loadings all 
items

Factor 
loadings, 12 
items

Mann–Whitney 
p-value, current 
ED dx

General Q1 How comfortable are you with being 
weighed today by a health professional?

0.00 – 0.49

General Q2 Are you satisfied with your pregnancy 
weight gain?

 − 0.13 – 0.10

General Q3 During this pregnancy, how satisfied are you 
with your weight progression?

 − 0.20 – 0.35

General Q4 During this pregnancy, how satisfied are you 
currently seeing your own body in a mir-
ror, while undressing, etc.?

 − 0.16 – 0.11

General Q5 During this pregnancy, how satisfied are you 
with your body's appearance generally?

 − 0.12 – 0.33

Bulimia nervosa Q6 During this pregnancy, how frequently, if at 
all, have you used any pregnancy symp-
toms to control weight? (e.g., morning 
sickness, nausea, etc.)

0.81 0.80  < 0.0001

Bulimia nervosa Q7 During this pregnancy, how frequently, if at 
all, have you used diuretics, laxatives, or 
detox supplements to control your weight 
or shape in response to food intake? (e.g., 
probiotics, metabolism boosters, Lasix, 
etc.)

0.92 0.94  < 0.0001

Bulimia nervosa Q8 During this pregnancy, how frequently, if 
at all, have you made yourself sick after 
eating in order to control your weight or 
shape?

0.92 0.93  < 0.0001

Bulimia nervosa Q9 During this pregnancy, how frequently, if 
at all, did you excessively exercise as a 
response to food intake? (e.g., to influence 
weight or shape)

0.87 0.88  < 0.0001

Anorexia nervosa Q10 During this pregnancy, how frequently, if at 
all, did you avoid eating any foods which 
you like in order to influence your shape 
or weight?

0.74 0.73  < 0.0001

Bulimia nervosa Q11 During this pregnancy, how frequently, if 
at all, did you think of trying to vomit in 
order to lose weight?

0.93 0.93  < 0.0001

Binge eating disorder Q12 During this pregnancy, how frequently, if at 
all, did you experience a loss of control in 
overeating unrelated to pregnancy crav-
ings?

0.83 0.83  < 0.0001

Bulimia nervosa/binge eating disorder Q13 During this pregnancy, how frequently, if at 
all, did you go on eating binges where you 
felt that you could not stop?

0.84 0.83  < 0.0001

Anorexia nervosa Q14 During this pregnancy, how frequently, if 
at all, did you spend a majority of your 
day thinking about food, weight, counting 
calories, or other weight related topics?

0.69 –  < 0.0001

Anorexia nervosa/binge eating disorder Q15 During this pregnancy, how frequently, if at 
all, did you feel you couldn't control what 
you were eating and/or excessively exer-
cise in order to control your weight?

0.79 0.78  < 0.0001

Anorexia nervosa Q16 During this pregnancy, how frequently, if at 
all, did you emphasize the importance of 
weight? (e.g., to others, to yourself, etc.)

0.69 –  < 0.0001
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biases based on that sampling technique. Third, the data 
collection for the development and validation sample was 
conducted at slightly different time points, although within 
a few months of each other. Fourth, there was a smaller 
sample gathered for the third trimester, which gives us less 
information on how the tool works relative to the first two 
trimesters, although there is still sound psychometric data 
for the third trimester. All model fits ranged from accept-
able to good. However, future studies may consider more 
stringent model fit criteria. Fifth, our final alpha coeffi-
cients are high (above 0.90), which raises some question 
about scale homogeneity at the expense of content coverage 
and validity (Streiner 2003). However, we believe that we 
addressed this concern by having content experts review 
the final 12 items to ensure that we incorporated symptom-
atology in the final questions that demonstrated the mul-
tifaceted nature of the breadth of eating disorders. Sixth, 
we did not conduct diagnostic interviews with participants 
to gather their current and past ED diagnoses, but instead 
asked for self-report of self and professional diagnoses. 
Comparison with a diagnostic tool would be ideal, but self-
reported diagnoses have been shown to be a good indica-
tor of current and lifetime ED diagnoses (Keski-Rahkonen 

et al. 2006). Additionally, survey collection was conducted 
during the COVID-19 pandemic and for the safety of par-
ticipants, an online survey was deemed to be most appro-
priate. One diagnostic online survey assessment possibility 
is the digital version of the eating disorder assessment for 
DSM-5 (EDA-5; Sysko et al. 2015). However, the EDA-5 
takes approximately 20–30 min to complete, significantly 
adding to participant burden and reducing the likelihood 
of obtaining a large enough sample for meaningful results. 
Finally, the PEBS tool may screen positive for women with 
a prior ED, but who are currently in recovery. However, 
the sensitivity and specificity are high for the PEBS tool, 
which indicates that women are being identified based on 
their current risk.

Future research and conclusions

One of the most critical aspects of research is the transla-
tion, in order to ensure that the information gathered is 
made applicable and available to the people that it can help 
the most. To that end, following this publication, infor-
mational booklets on how to use the PEBS tool will be 

Table 2  (continued)

Expert content analysis Item # Item question Factor 
loadings all 
items

Factor 
loadings, 12 
items

Mann–Whitney 
p-value, current 
ED dx

Anorexia nervosa/general Q17 During your pregnancy, how frequently, 
if at all, has thinking about your shape 
or weight interfered with your ability to 
concentrate on things?

0.81 0.79  < 0.0001

General Q18 During this pregnancy, how frequently, if at 
all, have you felt guilty about eating?

0.64 –  < 0.0001

Anorexia nervosa Q19 During your pregnancy, how frequently, if at 
all, have you restricted your portion sizes?

0.73 0.72  < 0.0001

General Q20 During this pregnancy, you eat much more 
when you are alone than when you are in 
front of others

0.62 –  < 0.0001

General Q21 During this pregnancy, food has dominated 
your life

0.69 –  < 0.0001

Anorexia nervosa Q22 During this pregnancy, you have had the 
desire for your stomach to feel hungry

0.75 0.74  < 0.0001

Anorexia nervosa Q23 During this pregnancy, you have been fearful 
of weight gain

0.44 – 0.005

Anorexia nervosa Q24 During this pregnancy, you have been fearful 
of losing your pregnancy weight

0.46 – 0.002

Anorexia nervosa Q25 During this pregnancy, it bothers you when 
you are weighed (e.g., at the doctor’s 
office.)

0.61 –  < 0.0001

Eigenvalue 75.57 44.83
Proportion variance explained 0.64 0.94
AIC 1553.86 183.55
Tucker and Lewis’s reliability coefficient 0.58 0.88
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made available to clinicians, along with referral resources. 
This will bridge the research-practice gap that perpetu-
ates incremental change rather than allowing for broad 

dissemination of results. Additionally, a feasibility study 
will be conducted in order to see how the 12 item PEBS 
tool works in a clinical setting. To address the limitations 

Table 3  Confirmatory factor analysis results for development (n = 190) and validation (n = 167) samples, and then by trimester across both sam-
ples (n = 357) for the final 12 item instrument

a Third trimester CFA run with ULS method due to small sample size

Development Validation Trimester

First Second Thirda

Samplen 190 167 127 150 80
Cronbach’s alpha 0.95 0.91 0.95 0.93 0.92
Model fit
Chi-square df 46 46 46 46 46
Chi-square 131.53 196.41 91.46 177.06 –
Chi-squarep-value  < 0.0001  < 0.0001  < 0.0001  < 0.0001 –
Standardized root mean square residual 0.03 0.06 0.04 0.07 0.05
GFI 0.91 0.85 0.89 0.83 0.99
RMSEA 0.10 0.14 0.12 0.14 –
90% lower CL RMSEA 0.08 0.12 0.09 0.12 –
90% upper CL RMSEA 0.12 0.16 0.15 0.16 –
AIC 195.53 260.41 179.46 241.06 –
Bentler comparative fit index 0.96 0.90 0.96 0.91 –
Bentler-Bonett NFI 0.95 0.86 0.94 0.88 0.99
Items Standardized 

estimates (se)
Q6 0.81 (0.03) 0.58 (0.05) 0.69 (0.05) 0.71 (0.04) 0.75
Q7 0.94 (0.01) 0.84 (0.03) 0.91 (0.02) 0.91 (0.02) 0.87
Q8 0.95 (0.01) 0.92 (0.02) 0.94 (0.01) 0.93 (0.01) 0.99
Q9 0.88 (0.02) 0.79 (0.03) 0.88 (0.02) 0.79 (0.03) 0.84
Q10 0.74 (0.03) 0.53 (0.06) 0.73 (0.04) 0.56 (0.06) 0.66
Q11 0.93 (0.01) 0.85 (0.02) 0.93 (0.01) 0.88 (0.02) 0.91
Q12 0.80 (0.03) 0.69 (0.04) 0.79 (0.04) 0.74 (0.04) 0.65
Q13 0.77 (0.03) 0.76 (0.04) 0.77 (0.04) 0.69 (0.05) 0.68
Q15 0.75 (0.03) 0.76 (0.04) 0.78 (0.04) 0.69 (0.05) 0.76
Q17 0.73 (0.03) 0.70 (0.04) 0.80 (0.03) 0.74 (0.04) 0.65
Q19 0.70 (0.04) 0.57 (0.05) 0.75 (0.04) 0.57 (0.06) 0.62
Q22 0.73 (0.03) 0.70 (0.04) 0.74 (0.04) 0.69 (0.04) 0.71
Summed score against current ED diagnosis
M (SD) 32.48 (13.9) 28.29 (10.9) 33.70 (14.0) 29.69 (11.7) 27.04 (11.5)
OR (each unit) 1.16 1.16 1.17 1.15 1.15
Wald 95% CL upper 1.11 1.10 1.11 1.09 1.06
Wald 95% CL upper 1.21 1.23 1.23 1.21 1.25
Hosmer and Lemeshow goodness of fit 7.81, p = 0.45 5.54, p = 0.70 4.95, p = 0.67 7.65, p = 0.47 12.82, p = 0.12
AUC 0.88 0.88 0.89 0.85 0.88
Value at which sensitivity and specificity is maximized 39 – – – –
N(%) at or above cutoff 73 (38.4%) 65 (38.9%) 62 (53.5%) 53 (32.9%) 22 (27.5%)
Sensitivity 80.7 69.2 77.8 67.9 70.0
Specificity 79.7 86.5 79.3 82.0 85.7
OR at cutoff 16.42 17.43 17.68 13.64 14.00
95% CL upper 7.51 6.46 6.96 5.16 3.10
95% CL upper 35.88 47.01 44.92 36.04 63.32
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of self-report diagnoses, this follow-up study will utilize 
a smaller confirmatory sample with diagnostic interviews 
for EDs. A pencil/paper and online version of the PEBS 
tool have also been created to allow for further ease of 
dissemination and use. Additionally, future research will 
have to tailor and translate this tool so that it can be more 
linguistically and culturally appropriate for diverse popu-
lations. A further implication of this work is to reduce 
health and mental health treatment disparities in pregnant 
women through this standard and rapid screening measure 
to ensure early identification and treatment.   

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00737- 022- 01230-y.
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