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Abstract

Objective

To develop and validate a prediction model for excess pregnancy weight gain using early
pregnancy factors.

Design

Prospective cohort study

Setting

We recruited from 12 obstetrical, family medicine, and midwifery centers in Ontario, Canada

Participants

We recruited English-speaking women with singleton pregnancies between 8*°-20*°
weeks. Of 1296 women approached, 1050 were recruited (81%). Of those, 970 women had
complete data (970/1050, 92%) and were recruited at a mean of 14.8 weeks.

Primary outcome measure

We collected data on psychological, physical, and social factors and used stepwise logistic
regression analysis to develop a multivariable model predicting our primary outcome of
excess pregnancy weight gain, with random selection of 2/3 of women for training data and
1/3 for testing data.
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Results

Nine variables were included in the final model to predict excess pregnancy weight gain.
These included nulliparity, being overweight, planning excessive gain, eating in front of a
screen, low self-efficacy regarding pregnancy weight gain, thinking family or friends believe
pregnant women should eat twice as much as before pregnancy, being agreeable, and hav-
ing emotion control difficulties. Training and testing data yielded areas under the receiver
operating characteristic curve of 0.76 (95% confidence interval, 0.72 to 0.80) and 0.62 (95%
confidence interval 0.56 to 0.68), respectively.

Conclusions

In this first validated prediction model in early pregnancy, we found that nine psychological,
physical, and social factors moderately predicted excess pregnancy weight gain in the final
model. This research highlights the importance of several predictors, including relatively
easily modifiable ones such as appropriate weight gain plans and mindfulness during eating,
and lays an important methodological foundation for other future prediction models.

Introduction

Half or more of women in the United States, [1] Europe, [1] and Canada, [2] and 37% of
women in Asia [1] exceed the guidelines from the Institute of Medicine for weight gain during
pregnancy [3] which were also adopted by Canada, [4] and a number of other countries. [5, 6]
Gaining in excess of guidelines significantly increases infant risk of high birth weight [2] and
maternal risks of hypertension, [7] diabetes, [8] caesarean section, [1] and postpartum weight
retention. [9]

Hundreds of studies have examined factors associated with weight gain in pregnancy, [10-
12] but to date, validated models are lacking. Interventions to prevent excess pregnancy weight
gain have been largely unsuccessful, [13-15] or with minimal improvement. [16] Multiple
recent meta-analyses of interventions have indicated one potentially fruitful area for study is
examination of psychological factors influencing weight gain. [17-19] In response, we under-
took a systematic review of psychological factors associated with excess pregnancy weight gain,
[20] identifying a number of novel areas for exploration in the four broad psychological
domains: 1) cognition (e.g., normative factors), 2) affect (e.g., pregnancy-related anxiety [21]),
3) personality (e.g., impulse control, [22] perfectionism, [23] emotion suppression, [24] and
the Big 5 Personality Factors [25], a standard classification) and 4) behavior (e.g., emotional
eating, [26] night eating). In addition to psychological factors, our pilot study found that plan-
ning to gain weight above the recommendations was associated with an increased likelihood
of developing excess pregnancy weight gain compared with planning to gain weight within the
recommendations. [27] Other studies also reported that some physical factors, including parity
[10] and prepregnancy BMI, [28] might play a role in excess pregnancy weight gain. Identify-
ing women at high risk of excess pregnancy weight gain relatively early in pregnancy may
allow interventions targeting those at high risk and reduce unnecessary interventions in
women at low risk.

The aim of this study was to develop and validate a predictive model of excess pregnancy
weight gain using psychological, physical, and social determinants of excess pregnancy weight
gain collected in early pregnancy. We hypothesized that a model with the combination of
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psychological, sociodemographic, behavioural, and physical factors would predict excess preg-
nancy weight gain.

Materials and methods

We followed the “Transparent Reporting of a Multivariable Prediction Model for Individual
Prognosis or Diagnosis: the TRIPOD statement”, [29] an evidence-based set of recommenda-
tions for reporting prediction studies. It standardizes the reporting of prediction modeling
studies, thus aiding their critical appraisal, interpretation and uptake by potential users. [29]
We reported our findings according to the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guideline. [30] The research project was approved prior to study
initiation by the 1) Hamilton Research Ethics Board (REB #13-021), 2) Mount Sinai Hospital
Research Ethics Board, 3) University Health Network Research Ethics Board, 4) Ottawa Health
Sciences Network Research Ethics Board, 5) Lakehead University Research Ethics Board, and
6) Thunder Bay Regional Health Sciences Centre Research Ethics Board.

We recruited women in Ontario, the province with the largest proportion of births in Can-
ada (139 999 of a total 376 291 in 2017). [31] We included large and smaller urban centers
from the five regions of Ontario. [32] We included 12 clinics from the three main groups of
pregnancy health care providers: obstetricians, family physicians, and midwives. [33] We used
rolling recruitment of centres and patients were recruited from October 2015 to April 2017.

We included pregnant women with a live, singleton fetus from 8 weeks + 0 days to 20
weeks + 6 days gestation who could read and write English. Eligible participants planned to
give birth at the same centre as they were recruited, to facilitate data collection on outcome.

We excluded the following conditions: i) twins or higher order multiples as weight gain rec-
ommendations differ, [3] ii) a fetus with a known lethal anomaly, a fetal demise, or a termina-
tion of pregnancy after enrollment, and iii) maternal pathological conditions that severely
impact weight gain due to extreme diet (e.g., bariatric surgery, [34] anorexia, [35, 36] and
bulimia [35]).

We aimed to recruit consecutive women in early pregnancy. For feasibility, we collected
recruitment rates over the course of the first two weeks of recruitment. Participants provided
written, informed consent before taking part. We used rolling recruitment at various centres
between 2015-2017.

Our a priori sample size calculation was based on the standard rule of “10 events per vari-
able” in the regression model, [37] although the more lenient five events per variable in the
regression model is sometimes considered to allow additional factors to be included in the
regression model, [38] resulting in the inclusion of nine predictor variables. Informed by data
from our pilot study, [39] in which 50% of women gained above the guidelines and 50% within
or below, we required approximately 340 women with excess pregnancy weight gain. We
increased the sample size for missing data, based on our pilot study, by 3% for incomplete
questionnaires and 10% loss to follow-up. Finally, we increased the sample size to account for
model validation using a 2/3 to 1/3 ratio for training data to testing data. Hence, we estimated
we would require approximately a total of 1042 participants at initial recruitment, incorporat-
ing the 10% loss to follow.

The questionnaire was developed based on: 1) our systematic review of the literature on
psychological factors associated with weight gain in pregnancy [20] and 2) a pilot study [39]
using existing, validated scales wherever possible. Five individuals with expertise (obstetrician,
weight psychologist, research psychologist, perinatal nurse, and midwife) assessed the ques-
tionnaire for content validity.
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We assessed previously unexplored factors in pregnancy [20] (S1 File). We also explored
factors even if they had previously been evaluated [20] if they were believed to be important,
including: 1) cognition (target weight gain, [40] weight attitudes, [41] body image, [42] self-
efficacy, [41] weight locus of control, [41] Barriers to Healthy Eating), [43] 2) affect (depres-
sion, anxiety [21]), 3) personality (impulse control, [22] perfectionism, [23] emotion suppres-
sion, [24] and the Big 5 Personality Factors [25]), and 4) behaviour (dietary restraint, [44] diet,
[45] physical activity, [46] sleep, smoking, eating in front of a screen) (questionnaire included
in S2 File).

Additionally, the questionnaire collected sociodemographic determinants (e.g. maternal
age, education, income) and physical determinants of excess pregnancy weight gain, including
body mass index (BMI) and number of previous pregnancies. We also collected data on the
participants’ recollection of the health care providers’ recommendations on GWG, including
their recommended first trimester weight gain, total GWG, and planned GWG.

Research staff abstracted outcomes from the Antenatal Record forms mandated by the Min-
istry of Health, using a piloted data collection form. Height is recorded at the start of the preg-
nancy and weight at each antenatal visit (97% of visits) [47] on the Antenatal Records. We
calculated total pregnancy weight gain by subtracting pre-pregnancy weight from the final
measured weight, with both obtained from the Antenatal Records.

Our primary outcome was total pregnancy weight gain. We used the 2009 Institute of Medi-
cine (IOM) guidelines [3] also adopted by Health Canada [4] on GWG to categorize women’s
weight gain as below, within or above recommended. Because GWG is associated with dura-
tion of pregnancy, we accounted for gestation age in our calculations. If a measured weight
was not available on the antenatal records for the first trimester weight, as per the Institute of
Medicine guidelines, [3] we assumed a 2 kg weight gain in the first trimester, and subtracted
this amount from the total reported weight gain to obtain weight gain during the second and
third trimesters of pregnancy. [3, 48] We then subtracted 13 weeks for the duration of first tri-
mester from the gestational age at birth to obtain the number of weeks in the remainder of the
pregnancy. We compared this weight gain in the remainder of the pregnancy (i.e. 2" and 3™
trimesters) to the IOM’s recommendations for pregnancy weight gain during this period,
accounting for women’s pre-pregnancy BMI using the World Health Organization cutoffs for
underweight (BMI < 18.5 kg/m?), normal weight (18.5 < BMI < 25 kg/m?), overweight
(25 < BMI < 30 kg/m?) or obese (BMI > 30 kg/m?) [49] as per the guidelines. [3]

We compared characteristics in women whose total pregnancy weight gain was above ver-
sus within or below the guidelines using univariate logistic regression. We used Spearman cor-
relations to examine collinearity between variables. For those pairs with bilateral Spearman
correlation coefficients > 0.70 or < -0.70, we retained the most psychologically and biologi-
cally relevant varjable. We addressed missing data with multiple imputations using the fully
conditional specification method to create ten imputed data sets [50] with PROC MI in SAS.
[51, 52] We calculated the means of the ten imputed values and rounded the means to the
nearest integers of categorical variables and decimal values of continuous variables. We ran-
domly split the data into training (67%) and testing (33%) data sets for the prediction model
development and its validation.

We employed stepwise logistic regression for the selection of important predictors for com-
puting the predicted probability of excess gestational weight gain, using a p value of <0.10 for
entry into the model, as defined by the likelihood ratio test statistic. [53] We retained variables
in the prediction model if p value < 0.05. We assessed model fit using the Hosmer and Leme-
show goodness-of-fit test. [53] To evaluate the performance of the prediction model for differ-
entiating excess gestational weight gain among our participants in the training sample, we first
calculated the area under the receiver operating characteristic curve. [54] Next, we calculated
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the calibration slope. Discrimination and calibration were performed with the validation sam-
ple as well to validate the performance of the prediction model by using the parameters of the
selected predictors derived from the training sample. We examined differences in area under
the curve (AUC) between the training and validation data sets according to the method of
DeLong et al. [55] We performed sensitivity analyses by restricting the study sample to women
who were aged 20 years and older and separately to women who gained weight within and
above the recommendations. We used SAS 9.4 software (SAS Institute, Cary, North Carolina)
to perform data management and statistical analysis.

Results

Among 1296 approached women, 1050 (81%) consented to participate. The main reasons for
exclusion were miscarriage after recruitment, gestational age above the recruitment window
(ending at 20 weeks and 6 days), and outcome unavailability. We found that missing data were
not related to either major characteristics of our study participants, including maternal age,
gestational age of baseline survey, and prepregnancy BMI, or the study outcomes (S3 File). We
had complete outcome data on 970 women (92%, Fig 1).

The mean maternal age was 30.5 years and the mean gestational age at recruitment and
completion of the baseline questionnaire was 14.8 weeks (Table 1). Just over half of partici-
pants were nulliparous. Majority of participants self-identified as white, with relatively high
rates of being married or common law, high levels of educational attainment, and high house-
hold income. Approximately half of the women had a normal pre-pregnancy BMI, with the
remaining evenly split between overweight and obese. More than half (55%) of women had a
total weight gain exceeding the guidelines, 29% gained weight within the recommendations,
and 16% gained below. Missing data ranged from 0.1 to 9.6% and were less than 3.2% for most
variables (S4 File). The mean first trimester weight gain measured between 12-13 weeks of ges-
tation was 1.83 + 3.3 kg.

| Pregnant women (n=1050)

GA = 21 wks at recruitment
twins
withdrew
miscarriage
missing height
bariatric surgery
eating disorder
lost to follow-up, records or outcome
31 £
not available
80 excluded

= -
WHh 20NN ©

\4

Pregnant women with pre-pregnancy
BMI and gestational weight gain in third
trimester (=970, 92%)

Randomization

y A4
Training sample Validation sample

(n=648, 67%) (n=322, 33%)

Fig 1. Participant flowchart in prospective cohort to develop a prediction model of excess pregnancy weight gain.
BMI, body mass index; GA, gestational age; n, number; wks, weeks.

https://doi.org/10.1371/journal.pone.0233774.9001
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Table 1. Baseline characteristics in prospective cohort to develop a prediction model of excess pregnancy weight

gain.
Characteristic (total n = 970)
Maternal age in years, Mean (SD) 30.5 (4.9)
Maternal age in years, Median (IQR) 31.0 (27.0 to 34.0)
Gestational age at recruitment, weeks, Mean (SD) 14.8 (3.4)
Gestational age at recruitment, weeks, Median (IQR) 15.0 (12.3t0 17.6)
Race, n (%)
White 736 (75.9)
Non-white 231 (23.8)
Not reported/Unknown 3 (0.3)
Marital status, n (%)
Married, common-law, or living with a partner 898 (92.6)
Single, divorced, or widowed 70 (7.2)
Not reported/Unknown 2 (0.2)
Education, n (%)
Some high school or less 70 (7.2)
Completed high school 56 (5.8)
Community college or technical school (some or completed) 286 (29.5)
Undergraduate university (some or completed) 319 (32.9)
Graduate degree 238 (24.5)
Not reported/unknown 1 (0.1)
Household income, n (%)
< $10 000 19 (2.0)
$10 000 - $19 999 42 (4.3)
$20 000 - $39 999 91 (9.4)
$40 000 - $59 999 114 (11.8)
$60 000 - $79 999 136 (14.0)
> $80 000 475 (49.0)
Not reported or prefer not to answer 93 (9.6)
Parity (number of previous pregnancies >20 weeks), n (%)
0 (i.e. nulliparity) 506 (52.2)
1 307 (31.6)
2 95 9.8)
34 57 (5.8)
Not reported/Unknown 5 (0.5)
Care provider at recruitment, n (%)
Obstetrician 617 (63.6)
Midwife 135 (13.9)
Family physician 218 (22.5)
Smoking, n (%)
None 777 (80.1)
Before this pregnancy 124 (12.8)
During this pregnancy 67 (6.9)
Not reported/Unknown 2 (0.2)
Chronic health conditions, n (%)
Yes 205 (2L.1)
No 754 (77.7)
Not reported/Unknown 11 (1.1)
(Continued)
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Table 1. (Continued)

Characteristic (total n = 970)

BML, kg/m’, Mean (SD) 26.3 (6.2)

BMI, kg/m?, Median (IQR) 24.6 (21.9 t0 29.3)
Prepregnancy BMI, n (%)

Underweight (BMI <18.5 kg/m?) 29 (3.0)

Normal weight (BMI 18.5-24.9 kg/m?) 493 (50.8)
Overweight (BMI 25.0-29.9 kg/m?) 232 (23.9)

Obese (BMI >30 kg/m?) 216 (22.3)
Gestational weight gain, kg, Mean (SD) 13.9 (6.5)
Gestational weight gain, kg, Median (IQR) 13.6 (10.1to 17.7)
Gestational weight gain, n (%)

Below guidelines 154 (15.9)
Within guidelines 279 (28.8)

Above guidelines 537 (55.4)

SD, standard deviation; IQR, interquartile range, n, number; BMI, body mass index

Percentages may not total 100 due to rounding.

https://doi.org/10.1371/journal.pone.0233774.t001

A number of the novel factors in pregnancy that we explored were significantly predictive
of excess weight gain on univariable analysis (S5 File), including: 1) cognition, including com-
pensatory health factors such as plans to “eat healthier later” (odds ratio [OR] 1.45, 95% confi-
dence interval [CI] 1.07 to 1.96) and “exercise later” (OR 1.37, 95% CI 1.02 to 1.83), 2)
personality [25] (agreeableness, OR 1.14, 95% CI 1.00 to 1.30 and conscientiousness, OR 0.86,
95% CI 0.76 to 0.98), and 3) behaviour (emotional eating, OR 1.67 95% CI 1.25 to 2.23). In
contrast, a number of the novel factors were not associated with excess gain, including 1) plans
to “eat less later”, 2) pregnancy-related anxiety, 3) personality difficulties with impulse control,
perfectionism or emotion suppression, and 4) behavioural factors like eating in the middle of
the night.

Nine categories of risk factors which positively and significantly predicted excess pregnancy
weight gain were retained as predictors for excess pregnancy weight gain in the final stepwise
logistic regression model: nulliparity (adjusted OR [aOR] 1.50, 95% CI 1.04 to 2.16), being
overweight before pregnancy (aOR 2.52, 95% CI 1.55 to 4.11), planned pregnancy weight gain
above the guidelines (aOR 2.73, 95% CI 1.66 to 4.47), eating in front of a screen (some meals
aOR 2.42, 95% CI 1.62 to 3.61 or most meals aOR 2.20, 95% CI 1.27 to 3.81), disagreement
with having control of weight gain (aOR 1.88, 95% CI 1.23 to 2.87), perception that family/
friends believed pregnant women should eat two times as much as before pregnancy (disagree-
ment, aOR 2.34, 95% CI 1.24 to 4.42, or agreement aOR 3.32, 95% CI 1.54 to 7.14), having dif-
ficulties with emotion control (aOR 2.01, 95% CI 1.02 to 3.97), and identifying as being
agreeable (aOR 1.31, 95% CI 1.08 to 1.58). Variables which were protective for excess preg-
nancy weight gain included being underweight pre-pregnancy (aOR 0.23, 95% CI 0.07 to 0.74)
and identifying as being conscientious (aOR 0.79, 95% CI 0.66 to 0.95) (Table 2, Fig 2). The
Hosmer and Lemeshow goodness-of-fit test produced a p value of 0.519. Regarding discrimi-
nation and calibration, the model yielded an AUC of 0.76 (95% CI 0.72 to 0.80; Fig 3), which is
moderate [56, 57] and a calibration slope of 0.96 (95% CI, 0.81 to 1.21) (all p < 0.001). In the
validation sample, there was a decreased predictive capability (AUC 0.62; 95% CI, 0.56 to 0.70;
p < 0.001) compared with the AUC from the training sample and the reference model
(AUC = 0.50) and a less extreme calibration slope (2.09; 95% CI 1.56 to 2.61).
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Table 2. Factors which predict excess pregnancy weight gain in a prospective cohort study.

Predictors aOR (95% CI) | P value

Parity

Nulliparous 1.50 (1.04 to 0.031
2.16)

Multiparous 1.0 (reference) | NA

Prepregnancy BMI

Underweight 0.23 (0.07 to 0.014
0.74)

Normal weight 1.0 (reference) | NA

Overweight 2.52(1.55to <0.001
4.11)

Obese 1.38 (0.83 to 0.217
2.30)

Frequency of eating in front of a screen

None or almost no meals 1.0 (reference) | NA

Some meals 2.42 (1.62 to <0.001
3.61)

Most meals or more 2.20 (1.27 to 0.005
3.81)

Planned pregnancy weight gain

Not reported 1.06 (0.50 to 0.885
2.24)

Within guidelines 1.0 (reference) | NA

Below guidelines 0.67 (0.43 to 0.075
1.04)

Above guidelines 2.73 (1.66 to <0.001
4.47)

Whether my weight changes is up to me

Disagree or strongly disagree 1.88 (1.23 to 0.003
2.87)

Neither disagree nor agree 1.42 (0.92 to 0.115
2.20)

Agree or strongly agree 1.0 (reference) | NA

Think that family and friends believe that pregnant women need to eat two times as

much as before pregnancy

Disagree or strongly disagree 2.34(1.24to 0.009
4.42)

Neither disagree nor agree 1.0 (reference) | NA

Agree or strongly agree 3.32(1.54to 0.002
7.14)

When I’'m upset, I know I can find a way to eventually feel better

Most of the time or almost always 1.0 (reference) | NA

About half the time 2.01 (1.02 to 0.044
3.97)

Almost never or sometimes 1.97 (1.04 to 0.038
3.74)

Agreeable personality 1.31 (1.08 to 0.005
1.58)

Conscientious personality 0.79 (0.66 to 0.011
0.95)

aOR, adjusted odds ratio; CI, confidence interval; NA, not applicable; BMI, body mass index.

https://doi.org/10.1371/journal.pone.0233774.1002
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Fig 2. Final model of adjusted odds of excess pregnancy weight gain in prospective cohort to develop a prediction
model. BMI, body mass index; CI, confidence interval; OR, odds ratio.

https://doi.org/10.1371/journal.pone.0233774.9002

In the sensitivity analyses, we found some selected predictors in common, although some
differed, and these analyses yielded comparable predictive powers as that derived from the
whole sample (S6 File). We focused on the analysis derived from the whole sample because: 1)
in early pregnancy, we do not yet have the information to determine if a woman will gain
weight above, within, or below the recommendations; and 2) the IOM guidelines recommend
that both adults and adolescents should gain weight within the recommendations.

Discussion

Our validated model that predicted excess pregnancy weight gain included the variables: nulli-
parity, being overweight, planning excessive gain, eating in front of a screen, low self-efficacy
regarding pregnancy weight gain, thinking family or friends believe pregnant women should
eat twice as much as before pregnancy, being agreeable, and having emotion control
difficulties.
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Fig 3. Receiver operator curves of performance of prediction model of excess pregnancy weight gain. The AUC in
the training set was 0.76, 95% CI 0.72 to 0.80) and in the testing set (0.62, 95% CI, 0.56 to 0.70) p < 0.001. AUC, area
under curve.

https://doi.org/10.1371/journal.pone.0233774.9003

To our knowledge, this is the first study to explore the prediction of excess pregnancy
weight gain with factors ascertained during pregnancy with validation of the model, a key step
in any prediction model (literature search in S7 File). [29] Although numerous studies have
explored factors associated with excess pregnancy weight gain, despite the fact that some stud-
ies have used the word prediction in their titles and manuscripts, the only other validated
model relied on pre-pregnancy dual-energy X-ray absorptiometry scans in 63 women. [58]

This was the first antenatal study to examine weight gain in relation to personality, a key
psychological domain. Individuals with conscientious personalities show a preference for
dependable, self-disciplined, and planned behaviours. Agreeable individuals are sympathetic
and warm, and value getting along with others. [25] We identified that “agreeable” women
were at risk for excess gain while “conscientious” women were protected. Other more easily
modifiable predictors of excess pregnancy weight gain were identified. Eating in front of a
screen [59] can contribute to distracted eating, and predicted excess gain. Planning to gain
weight in excess of the recommendations is associated with excess gain, as we [39] and others
[60] have previously shown; although, this is the first prospective study examining this factor.
Women assume pregnancy weight gain is not important if is not mentioned by their clinician.
[61] Although clinicians may be hesitant to address weight, 84% of pregnant women endorsed
being ‘comfortable or very comfortable’ discussing weight and weight gain with their care pro-
vider. [62] Women’s thoughts that family/friends’ believe that pregnant women should eat
twice as much as before pregnancy predicted excess gain. Women who disagreed with this
statement were also at increased risk of excess gain, possibly because they believe that women
should eat more than twice as much. Although addressing psychological issues may seem
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daunting for most pregnancy care providers, this can be operationalized by beginning with
educating women on appropriate pregnancy weight gain, the risks of eating “for two”, and
instead the benefits of eating “twice as healthy”. Brief motivational interviewing [63] has
shown promise in addressing a variety of health behaviours outside of pregnancy, including
sedentary behaviour and body weight, and contraceptive use, [64] and also pregnancy weight
gain, [65] for which it has been endorsed by some regional perinatal health services. [66]
Women with low self-efficacy over their pregnancy weight gain had substantially higher risks
of gaining above the guidelines, however, self-efficacy in pregnancy has been successfully
improved in randomized trials. [67]

Strengths of our study include its assessment of both novel psychological factors and ones
proven to be associated with pregnancy weight gain in systematic reviews of the literature, [20,
68] and the validation of our predictive model. Our study provides new insights into factors
involved in pregnancy weight gain. Our data included validated psychological scales whenever
possible. One scale, i.e. family and friends’ attitudes toward pregnancy weight gain, was devel-
oped by the investigators based on the study of Hales et al. [69] We had a low rate of missing
data. We addressed missing data (<3% for most variables) using multiple imputations. We
also compared the final group analyzed to groups missing data of major characteristics and
study outcomes, and found that they were similar. To increase generalizability, we recruited
women from obstetricians, family physicians, and midwives, and from both community clinics
and academic centres from across Ontario and from clinics located in more and less socioeco-
nomically disadvantaged areas. Other strengths include the relatively robust size of our cohort,
based on an a priori sample size calculation. Our study’s limitations include participants with
relatively high socioeconomic status, although rates of excess gain were in keeping with the
province’s population-based data. [2] Although evidence from systematic reviews and a pilot
study guided selection of possible predictors by experts in obstetrics, midwifery, family medi-
cine, and psychology, our final model’s area under the curve was 0.76, considered “acceptable”
or “moderate” discrimination. [56, 57] The AUC derived from the testing sample was lower
than that of the training sample, as is common, but at a level suggesting further investigation is
needed regarding the better prediction of excess pregnancy weight gain. Future investigation
is needed to assess whether the addition of some genetic or biochemical markers may improve
the predictive power compared with the questionnaire-based model. Prepregnancy body
weight and height were self-reported, which might have resulted in misclassification of pre-
pregnancy BMI for some study participants. However, these are what is used in the clinical
context as care providers ask those two questions of pregnant women as a standard part of
antenatal care.

In this first validated prediction model in pregnancy, we found that excess pregnancy
weight gain was moderately predicted by nine psychological, physical, and social factors. This
research highlights the importance of a number of the predictors including relatively easily
modifiable ones such as appropriate plans for weight gain and mindfulness during eating. This
research moves the field from association studies to prediction and provides an important foun-
dation for future prediction models for excess pregnancy weight gain, an epidemic affecting
more than half of women and their infants. Future studies should also be prospective, include
predictions with validation, and explore novel factors, such as food as a reward or biomarkers
to better predict excess GWG, which adversely impacts the health of mothers and infants.

Supporting information

S1 File. Previously explored and novel factors in pregnancy for gestational weight gain.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0233774  June 2, 2020 11/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0233774.s001
https://doi.org/10.1371/journal.pone.0233774

PLOS ONE

Prediction of excess pregnancy weight gain using psychological, physical, and social predictors

S2 File. Questionnaire to develop a prediction model of excess pregnancy weight gain.
(PDF)

S$3 File. Comparison of characteristics between women with and without missing data.
BMI = body mass index; n = number; SD = standard deviation; wk = weeks; yr = years.
(DOCX)

$4 File. Differences in exposure variables among women by pregnancy weight gain status.
Data are means (standard deviation) and number of participants (percentage). Percentages
may not total 100 due to rounding.BMI, body mass index; TPB, theory of planned behavior.
(DOCX)

S5 File. Univariable logistic regression analysis of predictors of excess pregnancy weight
gain. BMI, body mass index; HCP, health care provider; TPB, theory of planned behavior.
(DOCX)

S6 File. Sensitivity analyses using samples restricted to A) women with age > 19 years old and
B) women without inadequate weight gain.
(DOCX)

S7 File. Literature search for prediction model for GWG.
(DOCX)

S8 File. Protocol for prospective cohort pregnancy weight gain study.
(DOCX)

Author Contributions

Conceptualization: Sarah D. McDonald, Sherry van Blyderveen, Louis Schmidt, Wendy
Sword, Meredith Vanstone, Anne Biringer, Helen McDonald.

Data curation: Zhijie Michael Yu.
Formal analysis: Zhijie Michael Yu, Joseph Beyene.
Funding acquisition: Sarah D. McDonald, Joseph Beyene.

Methodology: Sarah D. McDonald, Zhijie Michael Yu, Sherry van Blyderveen, Louis Schmidt,
Wendy Sword, Meredith Vanstone, Anne Biringer, Helen McDonald, Joseph Beyene.

Software: Zhijie Michael Yu.
Supervision: Sarah D. McDonald.
Writing - original draft: Sarah D. McDonald.

Writing - review & editing: Sarah D. McDonald, Zhijie Michael Yu, Sherry van Blyderveen,
Louis Schmidt, Wendy Sword, Meredith Vanstone, Anne Biringer, Helen McDonald,
Joseph Beyene.

References

1. Goldstein RF, Abell SK, Ranasinha S, Misso ML, Boyle JA, Harrison CL, et al. Gestational weight gain
across continents and ethnicity: systematic review and meta-analysis of maternal and infant outcomes
in more than one million women. BMC Medicine. 2018; 16(1):153. https://doi.org/10.1186/s12916-018-
1128-1 PMID: 30165842.

2. McDonald SD, Woolcott C, Chapinal N, Guo Y, Murphy P, Dzakpasu S. Interprovincial variation in pre-
pregnancy body mass index and gestational weight gain and their impact on neonatal birth weight with

PLOS ONE | https://doi.org/10.1371/journal.pone.0233774  June 2, 2020 12/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0233774.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0233774.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0233774.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0233774.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0233774.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0233774.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0233774.s008
https://doi.org/10.1186/s12916-018-1128-1
https://doi.org/10.1186/s12916-018-1128-1
http://www.ncbi.nlm.nih.gov/pubmed/30165842
https://doi.org/10.1371/journal.pone.0233774

PLOS ONE

Prediction of excess pregnancy weight gain using psychological, physical, and social predictors

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

respect to small and large for gestational age. Canadian Journal of Public Health. 2018; 109(4):527-38.
https://doi.org/10.17269/s41997-018-0086-x PMID: 30191462

Institute of Medicine and National Research Council of the National Academies. Weight Gain During
Pregnancy: Reexamining the Guidelines. Washington, DC: The National Academies Press; 2009
20009.

Canada Health. Canadian Gestational Weight Recommendations. 2010.

Alavi N, Haley S, Chow K, McDonald S. Comparison of national gestational weight gain guidelines and
energy intake recommendations. Obes Rev. 2012. https://doi.org/10.1111/j.1467-789X.2012.01059.x
PMID: 23107337

Scott C, Andersen CT, Valdez N, Mardones F, Nohr EA, Poston L, et al. No global consensus: a cross-
sectional survey of maternal weight policies. BMC pregnancy and childbirth. 2014; 14(1):167.

Cedergren M. Effects of gestational weight gain and body mass index on obstetric outcome in Sweden.
Int J Gynaecol Obstet. 2006; 93(3):269-74. https://doi.org/10.1016/}.ijgo.2006.03.002 PMID: 16626716

Thorsdottir I, Torfadottir JE, Birgisdottir BE, Geirsson RT. Weight gain in women of normal weight
before pregnancy: complications in pregnancy or delivery and birth outcome. Obstet Gynecol. 2002; 99
(5 Pt 1):799-806. S0029784402019464 [pii]. https://doi.org/10.1016/s0029-7844(02)01946-4 PMID:
11978290

Siega-Riz AM, Viswanathan M, Moos MK, Deierlein A, Mumford S, Knaack J, et al. A systematic review
of outcomes of maternal weight gain according to the Institute of Medicine recommendations: birth-
weight, fetal growth, and postpartum weight retention. Am J Obstet Gynecol. 2009; 201(4):339.e1-.
e14. S0002-9378(09)00768-6 [pii]; https://doi.org/10.1016/j.aj0og.2009.07.002 PMID: 19788965

Hill B, Bergmeier H, McPhie S, Fuller-Tyszkiewicz M, Teede H, Forster D, et al. Is parity a risk factor for
excessive weight gain during pregnancy and postpartum weight retention? A systematic review and
meta-analysis. Obesity Reviews. 2017; 18(7):755-64. https://doi.org/10.1111/0br.12538 PMID:
28512991.

Muktabhant B, Lawrie TA, Lumbiganon P, Laopaiboon M. Diet or exercise, or both, for preventing
excessive weight gain in pregnancy. Cochrane database of systematic reviews. 2015;(6).

O’Brien E, Alberdi G, McAuliffe F. The influence of socioeconomic status on gestational weight gain: a
systematic review. Journal of Public Health. 2018; 40(1):41-55. https://doi.org/10.1093/pubmed/fdx038
PMID: 28398550

Guelinckx I, Devlieger R, Mullie P, Vansant G. Effect of lifestyle intervention on dietary habits, physical
activity, and gestational weight gain in obese pregnant women: a randomized controlled trial. The Amer-
ican Journal of Clinical Nutrition. 2010; 91(2):373-80. https://doi.org/10.3945/ajcn.2009.28166 PMID:
19955397

Gray-Donald K, Robinson E, Collier A, David K, Renaud L, Rodrigues S. Intervening to reduce weight
gain in pregnancy and gestational diabetes mellitus in Cree communities: an evaluation.[see comment].
CMAJ Canadian Medical Association Journal 163(10):1247-51,.2000. PMID: 11107459

Kinnunen Tl, Pasanen M, Aittasalo M, Fogelholm M, Hilakivi-Clarke L, Weiderpass E, et al. Preventing
excessive weight gain during pregnancy—a controlled trial in primary health care. European Journal of
Clinical Nutrition. 2007; 61(7):884—-91. https://doi.org/10.1038/sj.ejcn.1602602 PMID: 17228348

Thangaratinam S, Rogozinska E, Jolly K, Glinkowski S, Roseboom T, Tomlinson JW, et al. Effects of
interventions in pregnancy on maternal weight and obstetric outcomes: meta-analysis of randomised
evidence. BMJ. 2012; 344:e2088. https://doi.org/10.1136/bm|.e2088 PMID: 22596383

Gardner B, Wardle J, Poston L, Croker H. Changing diet and physical activity to reduce gestational
weight gain: a meta-analysis. Obes Rev. 2011; 12(7):e602—e20. https://doi.org/10.1111/j.1467-789X.
2011.00884.x PMID: 21521451

Skouteris H, Hartley-Clark L, McCabe M, Milgrom J, Kent B, Herring SJ, et al. Preventing excessive
gestational weight gain: a systematic review of interventions. Obes Rev. 2010; 11(11):757-68. https://
doi.org/10.1111/j.1467-789X.2010.00806.x PMID: 20880128

Hill B, Skouteris H, McCabe M, Milgrom J, Kent B, Herring SJ, et al. A conceptual model of psychosocial
risk and protective factors for excessive gestational weight gain. Midwifery. 2013; 29(2):110-4. S0266-
6138(11)00207-5 [pii]; https://doi.org/10.1016/j.midw.2011.12.001 PMID: 23159235

Kapadia MZ, Gaston A, Van Blyderveen S, Schmidt L, Beyene J, McDonald H, et al. Psychological
antecedents of excess gestational weight gain: a systematic review. BMC Pregnancy & Childbirth.
2015; 15(1):107.

Rini CK, Dunkel-Schetter C, Wadhwa PD, Sandman CA. Psychological adaptation and birth outcomes:
the role of personal resources, stress, and sociocultural context in pregnancy. Health Psychol. 1999; 18
(4):333-45. https://doi.org/10.1037//0278-6133.18.4.333 PMID: 10431934

PLOS ONE | https://doi.org/10.1371/journal.pone.0233774  June 2, 2020 13/16


https://doi.org/10.17269/s41997-018-0086-x
http://www.ncbi.nlm.nih.gov/pubmed/30191462
https://doi.org/10.1111/j.1467-789X.2012.01059.x
http://www.ncbi.nlm.nih.gov/pubmed/23107337
https://doi.org/10.1016/j.ijgo.2006.03.002
http://www.ncbi.nlm.nih.gov/pubmed/16626716
https://doi.org/10.1016/s0029-7844(02)01946-4
http://www.ncbi.nlm.nih.gov/pubmed/11978290
https://doi.org/10.1016/j.ajog.2009.07.002
http://www.ncbi.nlm.nih.gov/pubmed/19788965
https://doi.org/10.1111/obr.12538
http://www.ncbi.nlm.nih.gov/pubmed/28512991
https://doi.org/10.1093/pubmed/fdx038
http://www.ncbi.nlm.nih.gov/pubmed/28398550
https://doi.org/10.3945/ajcn.2009.28166
http://www.ncbi.nlm.nih.gov/pubmed/19955397
http://www.ncbi.nlm.nih.gov/pubmed/11107459
https://doi.org/10.1038/sj.ejcn.1602602
http://www.ncbi.nlm.nih.gov/pubmed/17228348
https://doi.org/10.1136/bmj.e2088
http://www.ncbi.nlm.nih.gov/pubmed/22596383
https://doi.org/10.1111/j.1467-789X.2011.00884.x
https://doi.org/10.1111/j.1467-789X.2011.00884.x
http://www.ncbi.nlm.nih.gov/pubmed/21521451
https://doi.org/10.1111/j.1467-789X.2010.00806.x
https://doi.org/10.1111/j.1467-789X.2010.00806.x
http://www.ncbi.nlm.nih.gov/pubmed/20880128
https://doi.org/10.1016/j.midw.2011.12.001
http://www.ncbi.nlm.nih.gov/pubmed/23159235
https://doi.org/10.1037//0278-6133.18.4.333
http://www.ncbi.nlm.nih.gov/pubmed/10431934
https://doi.org/10.1371/journal.pone.0233774

PLOS ONE

Prediction of excess pregnancy weight gain using psychological, physical, and social predictors

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Gratz K, Roemer L. Multidimensional assessment of emotion regulation and dysregulation: Develop-
ment, factor structure, and initial validation of the difficulties in emotion regulation scale. J Psychopathol
Behav Assess. 2004; 26(1):41-54.

Garner D, Olmstead M, Polivy J. Development and validation of a multidimensional eating disorder
inventory for anorexia nervosa and bulimia. Int J Eat Disord. 1983; 2(2):15-34.

Gross JJ, John OP. Individual differences in two emotion regulation processes: implications for affect,
relationships, and well-being. J Pers Soc Psychol. 2003; 85(2):348—62. https://doi.org/10.1037/0022-
3514.85.2.348 PMID: 12916575

Gosling SD, Rentfrow PJ, Swann WBJ. A very brief measure of the Big-Five personality domains. Jour-
nal of Research in Personality. 2003; 37:504—28.

van Strien T, Frijters JER, Bergers GPA, Defares PB. The Dutch Eating Behavior Questionnaire
(DEBQ) for assessment of restrained, emotional, and external eating behavior. Int J Eat Disord. 1986;
5:295-315. https://doi.org/10.1002/1098-108X(198602)5:2<295::AID-EAT2260050209>3.0.CO;2-T

McDonald SD, Park CK, Timm V, Schmidt L, Neupane B, Beyene J. What psychological, physical, life-
style, and knowledge factors are associated with excess or inadequate weight gain during pregnancy?
A cross-sectional survey. J Obstet Gynaecol Can. 2013; 35(12):1071-82. https://doi.org/10.1016/
S1701-2163(15)30757-X PMID: 24405874

Samura T, Steer J, Michelis LD, Carroll L, Holland E, Perkins R. Factors associated with excessive ges-
tational weight gain: review of current literature. Global Adv Health Med. 2016; 5(1):87-93.

Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent reporting of a multivariable prediction
model for individual prognosis or diagnosis (TRIPOD): the TRIPOD statement. BMJ. 2015:350:97594.
https://doi.org/10.1136/bmj.g7594 PubMed Central PMCID: PMC25569120. PMID: 25569120

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP, et al. The Strengthen-
ing the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for report-
ing observational studies. Lancet. 2007; 370(9596):1453-7. https://doi.org/10.1016/S0140-6736(07)
61602-X PMID: 18064739.

Statistics Canada. Statistics Canada Table 13-10-0422-01- Live births, by birth weight 2018 [cited 2018
27 November]. Available from: https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=1310042201.

The Government of Ontario. Ontario Regional Boundaries. 2013 [cited 2013 July 19]. Available from:
http://www.gojobs.gov.on.ca/regions.aspon.

Public Health Agency of Canada. What Mothers Say: The Canadian Maternity Experiences Survey.
Ottawa,. 2009.

Maggard MA, Yermilov |, Li Z, Maglione M, Newberry S, Suttorp M, et al. Pregnancy and fertility follow-
ing bariatric surgery: a systematic review. JAMA. 2008; 300(19):2286—96. 300/19/2286 [pii]; https://doi.
org/10.1001/jama.2008.641 PMID: 19017915

Swann RA, Von HA, Torgersen L, Gendall K, Reichborn-Kjennerud T, Bulik CM. Attitudes toward
weight gain during pregnancy: results from the Norwegian mother and child cohort study (MoBa). Int J
Eat Disord. 2009; 42(5):394—401. https://doi.org/10.1002/eat.20632 PMID: 19115369

Ekeus C, Lindberg L, Lindblad F, Hjern A. Birth outcomes and pregnancy complications in women with
a history of anorexia nervosa. BJOG. 2006; 113(8):925-9. BJO1012 [pii]; https://doi.org/10.1111/].
1471-0528.2006.01012.x PMID: 16827829

Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study of the number of events
per variable in logistic regression analysis. J Clin Epidemiol. 1996; 49(12):1373-9. S0895-4356(96)
00236-3 [pii]. https://doi.org/10.1016/s0895-4356(96)00236-3 PMID: 8970487

Vittinghoff E, McCulloch CE. Relaxing the rule of ten events per variable in logistic and Cox regression.
Am J Epidemiol. 2007; 165(6):710-8. kwk052 [pii]; https://doi.org/10.1093/aje/kwk052 PMID:
17182981

Park C, Krebs L, Lutsiv O, Van Blyderveen S, Schmidt L, Beyene J, et al. Binge eating predicts excess
gestational weight gain: a pilot prospective cohort study. Journal of Obstetrics & Gyneoclogy of Canada.
2015;Accepted, January 9, 2015, Manuscript ID 14-12-240.

Cogswell ME, Scanlon KS, Fein SB, Schieve LA. Medically advised, mother’s personal target, and
actual weight gain during pregnancy. Obstet Gynecol. 1999; 94(4):616—22. S0029-7844(99)00375-0
[pii]. https://doi.org/10.1016/s0029-7844(99)00375-0 PMID: 10511369

Kendall A, Olson CM, Frongillo EA Jr. Evaluation of psychosocial measures for understanding weight-
related behaviors in pregnant women. Ann Behav Med. 2001; 23(1):50-8. https://doi.org/10.1207/
S15324796ABM2301_8 PMID: 11302356

Williamson DA, Womble LG, Zucker NL, Reas DL, White MA, Blouin DC, et al. Body image assessment
for obesity (BIA-O): development of a new procedure. Int J Obes Relat Metab Disord. 2000; 24
(10):1326-32. https://doi.org/10.1038/s].ij0.0801363 PMID: 11093295

PLOS ONE | https://doi.org/10.1371/journal.pone.0233774  June 2, 2020 14/16


https://doi.org/10.1037/0022-3514.85.2.348
https://doi.org/10.1037/0022-3514.85.2.348
http://www.ncbi.nlm.nih.gov/pubmed/12916575
https://doi.org/10.1002/1098-108X(198602)5:2<295::AID-EAT2260050209>3.0.CO;2-T
https://doi.org/10.1016/S1701-2163(15)30757-X
https://doi.org/10.1016/S1701-2163(15)30757-X
http://www.ncbi.nlm.nih.gov/pubmed/24405874
https://doi.org/10.1136/bmj.g7594
http://www.ncbi.nlm.nih.gov/pubmed/25569120
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0140-6736(07)61602-X
http://www.ncbi.nlm.nih.gov/pubmed/18064739
https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=1310042201
http://www.gojobs.gov.on.ca/regions.aspon
https://doi.org/10.1001/jama.2008.641
https://doi.org/10.1001/jama.2008.641
http://www.ncbi.nlm.nih.gov/pubmed/19017915
https://doi.org/10.1002/eat.20632
http://www.ncbi.nlm.nih.gov/pubmed/19115369
https://doi.org/10.1111/j.1471-0528.2006.01012.x
https://doi.org/10.1111/j.1471-0528.2006.01012.x
http://www.ncbi.nlm.nih.gov/pubmed/16827829
https://doi.org/10.1016/s0895-4356(96)00236-3
http://www.ncbi.nlm.nih.gov/pubmed/8970487
https://doi.org/10.1093/aje/kwk052
http://www.ncbi.nlm.nih.gov/pubmed/17182981
https://doi.org/10.1016/s0029-7844(99)00375-0
http://www.ncbi.nlm.nih.gov/pubmed/10511369
https://doi.org/10.1207/S15324796ABM2301_8
https://doi.org/10.1207/S15324796ABM2301_8
http://www.ncbi.nlm.nih.gov/pubmed/11302356
https://doi.org/10.1038/sj.ijo.0801363
http://www.ncbi.nlm.nih.gov/pubmed/11093295
https://doi.org/10.1371/journal.pone.0233774

PLOS ONE

Prediction of excess pregnancy weight gain using psychological, physical, and social predictors

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.
54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

Fowles ER, Feucht J. Testing the barriers to healthy eating scale. West J Nurs Res. 2004; 26(4):429—
43. https://doi.org/10.1177/0193945904263281 PMID: 15155027

Herman C, Polivy J. Restrained eating. In Stunkard A.(Ed.), Obesity. Phildelphia, PA: Saunders; 1980.
p. 208-25.

Block G, Hartman AM, Naughton D. A reduced dietary questionnaire: development and validation. Epi-
demiology. 1990; 1(1):58-64. https://doi.org/10.1097/00001648-199001000-00013 PMID: 2081241

Schmidt MD, Freedson PS, Pekow P, Roberts D, Sternfeld B, Chasan-Taber L. Validation of the Kaiser
Physical Activity Survey in pregnant women. Med Sci Sports Exerc. 2006; 38(1):42-50. https://doi.org/
10.1249/01.mss.0000181301.07516.d6 [pii]. PMID: 16394952

McDonald SD, Machold CA, Marshall L, Kingston D. Documentation of guideline adherence in antenatal
records across maternal weight categories: a chart review. BMC Pregnancy Childbirth. 2014; 14:205.
1471-2393-14-205 [pii]; https://doi.org/10.1186/1471-2393-14-205 PMID: 24927750

Dzakpasu S, Fahey J, Kirby RS, Tough SC, Chalmers B, Heaman M, et al. Contribution of prepreg-
nancy body mass index and gestational weight gain to adverse neonatal outcomes: population attribut-
able fractions for Canada. BMC pregnancy and childbirth. 2015; 15(1):21.

World Health Organization. Obesity: preventing and managing the global epidemic. Report of a World
Health Organization Consultation. Geneva: World Health Organization, 2000. WHO Obesity Technical
Report Series 894, Technical report series 894.

Lee KJ, Carlin JB. Multiple imputation for missing data: fully conditional specification versus multivariate
normal imputation. American Journal of Epidemiology. 2010; 171(5):624—32. https://doi.org/10.1093/
aje/kwp425 PMID: 20106935

Graham JW, Olchowski AE, Gilreath TD. How many imputations are really needed? Some practical
clarifications of multiple imputation theory. Prevention Science. 2007; 8(3):206—13. https://doi.org/10.
1007/s11121-007-0070-9 PMID: 17549635

White IR, Royston P, Wood AM. Multiple imputation using chained equations: issues and guidance for
practice. Statistics in Medicine. 2011; 30(4):377-99. https://doi.org/10.1002/sim.4067 PMID: 21225900

Hosmer DW Jr, Lemeshow S, Sturdivant RX. Applied logistic regression: John Wiley & Sons; 2013.

Zweig MH, Campbell G. Receiver-operating characteristic (ROC) plots: a fundamental evaluation tool in
clinical medicine. Clinical Chemistry. 1993; 39(4):561-77. PMID: 8472349

DelLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under two or more correlated
receiver operating characteristic curves: a nonparametric approach. Biometrics. 1988:837-45. PMID:
3203132

Hosmer DW. Lemeshow S. Applied Logistic Regression, 2nd Edition, Chapter 5, pp. 176. New York,
NY John Wiley and Sons; 2013.

Metz CE, editor Basic principles of ROC analysis. Seminars in Nuclear Medicine; 1978: Elsevier.

Thomas DM, Navarro-Barrientos JE, Rivera DE, Heymsfield SB, Bredlau C, Redman LM, et al.
Dynamic energy-balance model predicting gestational weight gain—. The American Journal of Clinical
Nutrition. 2011; 95(1):115-22. https://doi.org/10.3945/ajcn.111.024307 PMID: 22170365

Park CK, Timm V, Neupane B, Beyene J, Schmidt LA, McDonald SD. Factors associated with women’s
plans to gain weight categorized as above or below the national guidelines during pregnancy. Journal of
Obstetrics and Gynaecology Canada. 2015; 37(3):225-35. https://doi.org/10.1016/S1701-2163(15)
30308-X PMID: 26001869

Whitaker KM, Wilcox S, Liu J, Blair SN, Pate RR. Pregnant women’s perceptions of weight gain, physi-
cal activity, and nutrition using Theory of Planned Behavior constructs. Journal of Behavioral Medicine.
2016; 39(1):41-54. https://doi.org/10.1007/s10865-015-9672-z PMID: 26335313

Criss S, Oken E, Guthrie L, Hivert M-F. A qualitative study of gestational weight gain goal setting. BMC
Pregnancy and Childbirth. 2016; 16(1):317. https://doi.org/10.1186/s12884-016-1118-2 PMID:
27765028

McDonald SD, Pullenayegum E, Taylor V, Lutsiv O, Bracken K, Good C, et al. Despite 2009 guidelines
few women report being counseled correctly about weight gain during pregnancy. Am J Obstet Gynecol.
2011; 205(4):333.e1-6 (Editor’s Choice).

Lundahl B, Moleni T, Burke BL, Butters R, Tollefson D, Butler C, et al. Motivational interviewing in medi-
cal care settings: a systematic review and meta-analysis of randomized controlled trials. Patient Educa-
tion & Counseling. 2013; 93(2):157-68. https://doi.org/10.1016/j.pec.2013.07.012 PMID: 24001658.

Wilson A, Nirantharakumar K, Truchanowicz EG, Surenthirakumaran R, MacArthur C, Coomarasamy

A. Motivational interviews to improve contraceptive use in populations at high risk of unintended preg-

nancy: a systematic review and meta-analysis. European Journal of Obstetrics, Gynecology, & Repro-
ductive Biology. 2015; 191:72-9. https://doi.org/10.1016/j.ejogrb.2015.05.010 PMID: 26093351.

PLOS ONE | https://doi.org/10.1371/journal.pone.0233774  June 2, 2020 15/16


https://doi.org/10.1177/0193945904263281
http://www.ncbi.nlm.nih.gov/pubmed/15155027
https://doi.org/10.1097/00001648-199001000-00013
http://www.ncbi.nlm.nih.gov/pubmed/2081241
https://doi.org/10.1249/01.mss.0000181301.07516.d6
https://doi.org/10.1249/01.mss.0000181301.07516.d6
http://www.ncbi.nlm.nih.gov/pubmed/16394952
https://doi.org/10.1186/1471-2393-14-205
http://www.ncbi.nlm.nih.gov/pubmed/24927750
https://doi.org/10.1093/aje/kwp425
https://doi.org/10.1093/aje/kwp425
http://www.ncbi.nlm.nih.gov/pubmed/20106935
https://doi.org/10.1007/s11121-007-0070-9
https://doi.org/10.1007/s11121-007-0070-9
http://www.ncbi.nlm.nih.gov/pubmed/17549635
https://doi.org/10.1002/sim.4067
http://www.ncbi.nlm.nih.gov/pubmed/21225900
http://www.ncbi.nlm.nih.gov/pubmed/8472349
http://www.ncbi.nlm.nih.gov/pubmed/3203132
https://doi.org/10.3945/ajcn.111.024307
http://www.ncbi.nlm.nih.gov/pubmed/22170365
https://doi.org/10.1016/S1701-2163(15)30308-X
https://doi.org/10.1016/S1701-2163(15)30308-X
http://www.ncbi.nlm.nih.gov/pubmed/26001869
https://doi.org/10.1007/s10865-015-9672-z
http://www.ncbi.nlm.nih.gov/pubmed/26335313
https://doi.org/10.1186/s12884-016-1118-2
http://www.ncbi.nlm.nih.gov/pubmed/27765028
https://doi.org/10.1016/j.pec.2013.07.012
http://www.ncbi.nlm.nih.gov/pubmed/24001658
https://doi.org/10.1016/j.ejogrb.2015.05.010
http://www.ncbi.nlm.nih.gov/pubmed/26093351
https://doi.org/10.1371/journal.pone.0233774

PLOS ONE

Prediction of excess pregnancy weight gain using psychological, physical, and social predictors

65.

66.

67.

68.

69.

Hill B, Skouteris H, Fuller-Tyszkiewicz M. Interventions designed to limit gestational weight gain: a sys-
tematic review of theory and meta-analysis of intervention components. Obesity Reviews. 2013; 14
(6):435-50. https://doi.org/10.1111/0obr.12022 PMID: 23534901.

Services BP. Introduction to Brief Motivational Interviewing [cited 2018 Dec 16]. Available from: http://
www.perinatalservicesbc.ca/Documents/Resources/HealthPromotion/Weight/
Motivationallnterviewing.pdf.

Tragea C, Chrousos GP, Alexopoulos EC, Darviri C. A randomized controlled trial of the effects of a
stress management programme during pregnancy. Complementary Therapies in Medicine. 2014; 22
(2):203—11. https://doi.org/10.1016/j.ctim.2014.01.006 PMID: 24731890

Hartley E, McPhie S, Skouteris H, Fuller-Tyszkiewicz M, Hill B. Psychosocial risk factors for excessive
gestational weight gain: A systematic review. Women & Birth: Journal of the Australian College of Mid-
wives. 2015; 28(4):e99-e109. https://doi.org/10.1016/j.wombi.2015.04.004 PMID: 25959883.

Hales D, Evenson KR, Wen F, Wilcox S. Postpartum physical activity: measuring theory of planned
behavior constructs. Am J Health Behav. 2010; 34(4):387—401. https://doi.org/10.5993/ajhb.34.4.1 [pii].
PMID: 20218751

PLOS ONE | https://doi.org/10.1371/journal.pone.0233774  June 2, 2020 16/16


https://doi.org/10.1111/obr.12022
http://www.ncbi.nlm.nih.gov/pubmed/23534901
http://www.perinatalservicesbc.ca/Documents/Resources/HealthPromotion/Weight/MotivationalInterviewing.pdf
http://www.perinatalservicesbc.ca/Documents/Resources/HealthPromotion/Weight/MotivationalInterviewing.pdf
http://www.perinatalservicesbc.ca/Documents/Resources/HealthPromotion/Weight/MotivationalInterviewing.pdf
https://doi.org/10.1016/j.ctim.2014.01.006
http://www.ncbi.nlm.nih.gov/pubmed/24731890
https://doi.org/10.1016/j.wombi.2015.04.004
http://www.ncbi.nlm.nih.gov/pubmed/25959883
https://doi.org/10.5993/ajhb.34.4.1
http://www.ncbi.nlm.nih.gov/pubmed/20218751
https://doi.org/10.1371/journal.pone.0233774

