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Abstract
Objectives—Women with gestational diabetes mellitus (GDM) have a substantial risk of
subsequently developing type 2 diabetes. This risk may be mitigated by engaging in healthy
eating, physical activity, and weight loss when indicated. Since postpartum depressive symptoms
may impair a woman's ability to engage in lifestyle changes, we sought to identify factors
associated with depressive symptoms in the early postpartum period among women with recent
GDM.

Methods—The participants are part of the baseline cohort of the TEAM GDM (Taking Early
Action for Mothers with Gestational Diabetes Mellitus) study, a one-year randomized trial of a
lifestyle intervention program for women with a recent history of GDM, conducted in Boston,
Massachusetts between June 2010 and September 2012. We administered the Edinburgh Postnatal
Depression Scale (EPDS) at 4-15 weeks postpartum to women whose most recent pregnancy was
complicated by GDM (confirmed by laboratory data or medical record review). An EPDS score
≥9 indicated depressive symptoms. We measured height and thyroid stimulating hormone, and
administered a questionnaire to collect demographic data and information about breastfeeding and
sleep. We calculated body mass index (BMI) using self-reported pre-pregnancy weight and
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measured height. We reviewed medical records to obtain data about medical history, including
history of depression, mode of delivery, and insulin use during pregnancy. We conducted
bivariable analyses to identify correlates of postpartum depressive symptoms, and then modeled
the odds of postpartum depressive symptoms using multivariable logistic regression.

Results—Our study included 71 women (mean age 33 years ±5; 59% White, 28% African-
American, 13% Asian, with 21% identifying as Hispanic; mean pre-pregnancy BMI 30 kg/m2±6).
Thirty-four percent of the women scored ≥9 on the EPDS at the postpartum visit. In the best fit
model, factors associated with depressive symptoms at 6 weeks postpartum included cesarean
delivery (aOR 4.32, 95% CI 1.46, 13.99) and gestational weight gain (aOR 1.21 [1.02, 1.46], for
each additional 5 lbs gained). Use of insulin during pregnancy, breastfeeding, personal history of
depression, and lack of a partner were not retained in the model.

Conclusions—Identifying factors associated with postpartum depression in women with GDM
is important since depression may interfere with lifestyle change efforts in the postpartum period.
In this study, cesarean delivery and greater gestational weight gain were correlated with
postpartum depressive symptoms among women with recent GDM.

Keywords
Postpartum depression; gestational diabetes; diabetes prevention; cesarean delivery; gestational
weight gain

Introduction
Gestational diabetes mellitus (GDM) affects approximately 7% of all pregnancies and the
prevalence is increasing as rates of overweight and obesity continue to rise among women of
childbearing age (1). Women with a history of GDM have a 7-fold increased risk of
developing type 2 diabetes within 10 years of the affected pregnancy (2). Lifestyle
recommendations for women with a history of GDM include adoption of a healthy diet,
weight loss if overweight or obese, regular physical activity, and breastfeeding to prevent or
delay the onset of type 2 diabetes (3). Several investigators as well as organizations have
identified the postpartum time period as a “window of opportunity” for initiating lifestyle
change (3-6) .

Postpartum depressive symptoms may interfere with a woman's ability to engage in
recommended health promotion behaviors. To our knowledge, there are no studies
examining this relationship specifically among women with recent GDM. However, several
prospective cohort studies have found depression to be associated with lack of adherence to
healthy lifestyle behaviors among postpartum women in general. One study of 146 low-
income women found that postpartum depressive symptoms were associated with reduced
adherence to dietary guidelines (7), and a study of 850 women found that new-onset
postpartum depressive symptoms more than doubled the likelihood that a woman would
retain at least 5 kg of excess weight (8). Similarly, in a study of 51 primiparous women,
increased postpartum depressive symptoms correlated with less physical activity and higher
body mass index (BMI) (9). These findings are consistent with data in other populations for
whom lifestyle change is recommended, including evidence that depressive symptoms
reduce the likelihood of adherence to dietary and exercise guidelines in patients with
diabetes (10, 11), and hamper efforts to lose weight among overweight women in general
(12). Although the direction of the association is unclear, several authors have demonstrated
an association between early postpartum depressive symptoms and breastfeeding
difficulties, including reduced breastfeeding initiation, duration, and perceived self-efficacy
(13-15).
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Postpartum depression affects 15-20% of women giving birth (16, 17). Although some
studies show increased postpartum depression among women with recent GDM (18, 19),
others do not (20-24). Little is known about correlates with postpartum depression among
women with recent GDM, especially about those factors which may be of particular
importance in this population, including overweight and obesity, gestational weight gain,
breastfeeding, insulin use during pregnancy, and cesarean delivery. Identifying factors
associated with postpartum depression among women with GDM may eventually allow for
targeted intervention efforts, and thus increase the likelihood of adopting recommended
lifestyle behaviors. In this analysis we sought to identify factors associated with symptoms
of postpartum depression in the early postpartum period among women with recent GDM,
with a focus on risk factors especially relevant to this population.

Methods and Procedures
Participants

The participants in the study are part of the baseline cohort of the TEAM GDM (Taking
Early Action for Mothers with Gestational Diabetes Mellitus) study, a one-year randomized
trial of a lifestyle intervention program for women with a recent history of GDM, which was
conducted in Boston, Massachusetts between June 2010 and September 2012
(Clinicaltrials.gov NCT01158131). For the TEAM GDM study, we recruited women
planning to deliver or who had delivered at the Brigham and Women's Hospital (BWH), a
large tertiary care hospital with over 7,000 deliveries annually. Women were recruited into
the study during the second or third trimester of their GDM affected pregnancy, at delivery,
or during the first 6 weeks of the postpartum period. Specifically, we recruited from two
outpatient clinics, one “Diabetes in Pregnancy” clinic located in the main BWH hospital
(Boston, MA) and one in a BWH satellite clinic location (Chestnut Hill, MA). Women with
GDM from community health centers and private groups in the local area are referred to
these clinics. We also recruited participants from inpatient settings at BWH: an antenatal
floor for women with pregnancy complications requiring hospitalization (15 beds), and three
postpartum floors (75 beds) where women were hospitalized after delivery. In addition,
seven women were referred to our study by a provider at an affiliated hospital.

To be eligible for the TEAM GDM trial, participants had to have a diagnosis of GDM in
their most recent pregnancy as identified by Carpenter-Coustan criteria (25), or by a
documented clinical diagnosis. Other inclusion criteria included: age 18-45 years, self-
reported pre-pregnancy BMI 18-50 kg/m2, no personal history of type 2 diabetes, and
delivery ≥ 32 weeks gestation. Women with a BMI <24 kg/m2 (<22 kg/m2 for Asian
participants) or >50 kg/m2 at 6 weeks postpartum were excluded from the study. According
to the study design, the early postpartum study visit was to take place between 6 and 10
weeks postpartum, and randomization did not take place until the end of the visit. Therefore
all measurements for the current analysis were conducted before randomization took place.
We excluded three participants who were using antidepressants at the time of the
measurement for depressive symptoms. The human subjects committee at Brigham and
Women's Hospital approved the study, and all subjects gave written informed consent.

Measurements
Self-reported pre-pregnancy weight was recorded at the time of enrollment into the study,
which took place either during pregnancy (59/71, 83%), or after delivery before the study
visit (12/71, 17%). The pregnancy weight recorded in the anesthesia record within two days
of delivery (67/71, 94%), or the last recorded prenatal weight recorded within 10 days of
delivery (4/71, 6%), was used to calculate gestational weight gain. At the postpartum study
visit, height was measured and used with the self-reported pre-pregnancy weight obtained at
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enrollment to calculate pre-pregnancy BMI. At that same postpartum study visit, all women
completed socio-demographic, medical history, and infant feeding questionnaires, and we
measured thyroid stimulating hormone (TSH). We reviewed medical records to determine
insulin use during pregnancy, mode of delivery, and diagnosis of depression before or
during pregnancy in the medical record.

Depression measures—At the postpartum visit, we administered the Edinburgh
Postnatal Depression Scale (EPDS), a 10-item questionnaire that has been validated as a
screening tool for postpartum depression. Each question is scored from 0 to 3, with a
maximum score of 30 (26). EPDS cut-off scores ranging from 9-14 have been used to
identify depressive symptoms and major depression in research studies of postpartum
women (16, 27-29). For the purposes of this study, we used a cut-off of 9 so that we would
have high sensitivity to detect even relatively mild depressive symptoms that could
potentially interfere with adherence to recommended lifestyle changes.

In our clinical trial, all women scoring 9 or higher were assessed by a study physician at the
end of the visit, and offered a referral to a social worker. In addition, any woman who
responded to the question, “the thought of harming myself has occurred to me,” with “hardly
ever,” “sometimes,” or “yes, quite often,” was clinically evaluated, regardless of her total
EPDS score.

Statistical Analysis
Several variables were collapsed into two categories for bivariable analysis. Race was
recoded as white vs. minority (African-American, Hispanic, Asian). Education level was
recoded as more than high school education vs. some or all of high school. Feeding practices
at the time of the early postpartum visit were recoded as exclusively or partially
breastfeeding vs. no breastfeeding. Since several women refused to answer the question
about annual income, this variable was not included in the modeling. We incorporated
gestational weight gain into the model as a continuous variable and report the odds ratio for
each five pound increment. We conducted a sensitivity analysis by replacing the gestational
weight gain variable with whether or not they exceeded the Institute of Medicine (IOM)
gestational weight gain recommendations (30).

We first performed bivariable analyses on socio-demographic characteristics and potential
correlates using chi-square tests. We built all possible two and three factor multivariable
logistic regression models, and the model with the lowest Akaike information criterion
(AIC) (31) value was chosen to represent the best fit. We substituted exceeding the IOM
weight gain guidelines for gestational weight gain to see if this improved the fit of the
model. We eliminated models with excessive collinearity (defined as variables whose
standard errors increased by more than 15% when included in the multivariable model
compared to the same variable in an unadjusted model). We performed an exploratory post-
hoc analysis looking at unplanned cesarean delivery vs. planned cesarean or vaginal delivery
to investigate whether unexpected cesarean deliveries were driving the relationship between
cesarean delivery and postpartum depressive symptoms. We performed analyses using JMP
9 (SAS Institute Inc., 2011).

Results
Our study included 71 postpartum women whose most recent pregnancy was complicated by
GDM. The early postpartum study visit took place at a mean of 7.0 (SD 1.7) weeks
postpartum, with just one before 5 weeks (at 4 weeks) and four after 10 weeks (range 11-15
weeks). The mean age of study participants was 33 years. The racial and ethnic composition
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of the sample was 59% White, 28% African-American, 13% Asian, with 21% of participants
self-identifying as Hispanic. Mean pre-pregnancy BMI was 30 kg/m2 (range 19-48).
Twenty-four (34%) women scored 9 or greater on the EPDS, with a mean score of 11.4 (SD
2.2). As predicted by the design of the study, this was significantly different than the mean
for the group not meeting the criteria for depressive symptoms, 3.8 (SD 2.5). Review of
medical records identified 9 women (13%) with a history of depression prior to pregnancy
(Table 1). Three women delivered prematurely between 32-35 weeks gestation. Although
one baby had an extended stay in the Neonatal Intensive Care Unit (NICU) due to
prematurity, none of the infants were hospitalized or seriously ill at the time of the early
postpartum study visit.

In bivariable analyses, cesarean delivery and greater gestational weight gain were
significantly associated with the presence of postpartum depressive symptoms (P<.05). Pre-
pregnancy BMI, multiparity, and lack of a partner had P values less than 0.2 and were
included in the multivariable logistic regression models. Previous history of depression, age,
race, education, insulin use during pregnancy, and breastfeeding were not included in the
model due to P>.2. (Table 1) When we compared models, the multivariable model with
cesarean delivery, gestational weight gain, and multiparity demonstrated the best fit without
excessive collinearity. Substituting whether or not a woman exceeded IOM gestational
weight gain requirements for the gestational weight gain variable resulted in similar findings
and did not improve the fit of the model (Table 2). In a post-hoc analysis, unplanned
cesarean delivery was not more prevalent among women with depressive symptoms, and did
not improve the fit of the model.

Discussion
When assessed in the early postpartum period, 34% of women with a recent pregnancy
complicated by GDM had depressive symptoms as evidenced by an EPDS score ≥9. In a
model adjusted for parity, cesarean delivery and greater gestational weight gain were
significantly correlated with greater odds of depressive symptoms. Use of insulin during
pregnancy, breastfeeding status, and history of diagnosed depression did not reach the P<.2
criteria in the bivariable analyses and therefore did not qualify for inclusion in the models.
Identifying factors associated with postpartum depression in women with GDM is important
since depression may interfere with lifestyle change efforts in the postpartum period.

To our knowledge, no studies have looked at correlates for depressive symptoms among
women with recent GDM. In a recent analysis of overweight and obese women enrolled in
the randomized Active Mothers Postpartum study, only income was significantly associated
with postpartum depression (defined as EPDS ≥13) in an adjusted multivariable logistic
regression model, while education, marital status, chronic illness and BMI were not
significantly correlated (32).

Among the general population of postpartum women, the most robust predictors of
postpartum depression include history of major depression, family history of major
depression (especially postpartum depression), history of premenstrual dysphoric disorder,
stressful life events during pregnancy or in the early puerperium, and low levels of social
support (33-36). Other potential predictors identified in studies of general populations of
postpartum women include cesarean delivery (37-39), greater gestational weight gain,
greater maternal BMI, multiparity, childcare stress, poor relationship with a partner (40),
low SES, poor social support (41), difficult infant temperament, and unplanned or unwanted
pregnancy (33). Among these, cesarean delivery, gestational weight gain, and greater
maternal BMI are particularly relevant in women with GDM.
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We found that cesarean delivery was associated with depressive symptoms in the early
postpartum period. Several studies demonstrate an association between cesarean delivery
and postpartum depression (37-39), while others do not (42-45). In the one randomized trial
in which women with breech presentation were randomized to cesarean section or vaginal
delivery, there was no increased risk of depression found in the women randomized to
cesarean delivery (46). In our study, unplanned cesarean delivery was not associated with
significantly greater odds of postpartum depressive symptoms when compared to women
with either planned cesarean section or vaginal delivery, suggesting that it may not be the
unplanned nature of cesarean deliveries that is driving the relationship. Similarly, a recent
study of postpartum Italian women showed a significant relationship between both planned
and unplanned cesarean delivery and postpartum depression (47). Given that many
observational studies demonstrate increased incidence of cesarean delivery in women with
GDM, even when controlling for maternal BMI and pregnancy complications (48-53), the
association with postpartum depressive symptoms in this population should be explored
further.

Greater gestational weight gain was significantly associated with increased odds of
depressive symptoms in the adjusted model, as was exceeding IOM gestational weight gain
guidelines. In contrast, Cline and Decker (54) did not find a relationship between postpartum
depression and gestational weight gain in non-GDM women, nor did Walker and Kim (55).
Gestational weight gain is of particular relevance for women with GDM. Some studies
suggest that weight gain in the first trimester may increase risk for acquiring GDM during
pregnancy (56-58). Studies also have found that women with GDM who exceed weight gain
guidelines are at higher risk for cesarean delivery and poorer neonatal outcomes than those
with normal weight gain (59). Gaining excessive weight during pregnancy may make it
more difficult for women with GDM to achieve a healthy weight after pregnancy, as has
been seen in non-GDM women (60). Herring and colleagues identified an association
between weight retention at one-year postpartum and postpartum depression (8). If a
relationship between gestational weight gain and postpartum depressive symptoms is
confirmed in future studies, this may add to the importance of following weight gain
guidelines during pregnancy.

The best fit model controlled for parity, although parity in and of itself did not reach
significance. Two meta-analyses of women in the general postpartum population did not
find a significant association between parity and postpartum depression (33, 61). The
relationship between parity and postpartum depression in women with recent GDM should
be explored in further analyses. The lack of a significant association may be due to the small
sample size. In a larger sample, one could also explore the importance of number of
children.

Women with GDM are encouraged to breastfeed, as are women in general. Breastfeeding
may be of particular importance to women with GDM as several studies have demonstrated
an association between breastfeeding and lower type 2 diabetes risk (62, 63) and
breastfeeding may be protective against obesity in both the mother and the child (64, 65).
Previous studies in women without GDM demonstrate an association between depressive
symptoms and breastfeeding difficulties, including less initiation and shorter duration;
however the direction of the relationship is unclear. Since we used current breastfeeding in
our analysis, it may have been too early to detect a relationship between depressive
symptoms and breastfeeding duration. We also included insulin use in our analysis, as we
hypothesized that women using insulin, and thereby undergoing a more “medicalized”
pregnancy and possibly counseled more strongly about future risk for type 2 diabetes, might
be more likely to have depressive symptoms in the postpartum period. Of interest, insulin
use did not meet the criteria for inclusion in our model. However, given that the participants
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were primarily recruited from the Diabetes in Pregnancy clinic at BWH, insulin use was
particularly high in this population (75% and 70% in the +EPDS group and the –EPDS
group, respectively)

Limitations
This study is limited by its small sample size, which allowed for the comparison of models
containing only two and three potential correlates with postpartum depressive symptoms.
We did not measure other factors which could potentially be important, including domestic
violence, relationship with partner, infant temperament, and whether or not a pregnancy was
desired. Given that this study is cross-sectional in nature, the relationships are correlational,
and do not imply cause and effect. We used a self-reported pre-pregnancy weight to
calculate pre-pregnancy BMI, which can result in an underestimation of pre-pregnancy BMI.
However, Oken, et al (66) showed a high correlation (r=0.99) between self-reported pre-
pregnancy weight and measured weights, and others have shown correlations ranging from
0.84-0.98 for self-reported weights in general, even for remote weights (67, 68). Although
there was not excessive collinearity detected between multiparity and cesarean delivery,
there may be unmeasured confounding factors affecting the association. Given that we used
a cut-off for the EPDS designed to maximize sensitivity for depressive symptoms, our
prevalence data are not comparable to other studies using different EPDS cut-offs to define
postpartum depression. However, our prevalence of 34% is similar to the prevalence of 30%
found in one study of 491 overweight and obese postpartum women when an EDPS cut-off
of 9 is used (32). Finally, given that the participants in this study agreed to participate in a
randomized controlled intervention trial, study findings may lack generalizability to a
general population of women with GDM.

Conclusion
In this study of women with recent GDM, we found that 34% of women had postpartum
depressive symptoms in the early postpartum period. Cesarean delivery and greater
gestational weight gain were independently associated with depressive symptoms. Given
that many studies show that women with GDM are more likely to undergo cesarean
delivery, and gestational weight gain is of particular importance to women with GDM, these
associations with depressive symptoms are important findings. To our knowledge, there
have been no intervention studies to try to prevent postpartum depression in women with
GDM. If the association between depressive symptoms and increased gestational weight
gain is confirmed by future studies, an intervention designed to decrease gestational weight
gain may have an impact upon postpartum depressive symptoms. Furthermore, clinicians
could be made aware of the increased risk for depressive symptoms in women with GDM
who undergo cesarean delivery and target them for heightened surveillance and/or
preventive measures.

The prevalence of GDM is continuing to rise as the rates of overweight and obesity increase
worldwide (69). Postpartum depression may interfere with lifestyle change efforts in the
postpartum period, which are recommended to decrease the risk for type 2 diabetes. Further
research should address how depressive symptoms may affect adherence to lifestyle changes
and future risk for type 2 diabetes.
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Table 1

Bivariable analyses for participants meeting and not meeting criteria for depressive symptoms (n=71)

Characteristic Does not meet criteria
(EPDS <9) (n=47)

Meets criteria (EPDS ≥9)
(n=24)

P value

Edinburgh score, mean (SD) 3.8 (2.5) 11.4 (2.2) <.0001

Age, mean (SD) 33.1 (5.5) 34.1 (5.1) 0.44

Minority (Black, Asian, Hispanic), N (%) 29 (62%) 13 (54%) 0.54

More than high school education, N (%) 39 (85%) 20 (83%) 0.87

Multiparous, N (%) 22 (47%) 16 (67%)
0.11

*

History of depression, N (%) 6 (13%) 3 (13%) 0.97

Has a partner, N (%) 37 (79%) 22 (92%)
0.15

*

Pre-pregnancy BMI (kg/m2), mean (SD) 29.4 (6.2) 32.0 (5.5)
0.09

*

Gestational weight gain (lbs), mean (SD) 25.3 (14.4) 34.3 (20.5)
0.035

*

    Exceeded IOM gestational weight gain guidelines, N (%) 27 (57%) 16 (67%)
0.05

**

Cesarean delivery, N (%) 15 (32%) 16 (67%)
0.005

*

    Unplanned cesarean delivery, N (%) 9 (19%) 4 (17%) 0.80

Used insulin during pregnancy, N (%) 33 (70%) 18 (75%) 0.67

Exclusively or partially breastfeeding at early postpartum visit, N (%) 39 (83%) 17 (71%) 0.24

*
Met criteria to be included in model due to P<.2

**
Used in sensitivity analysis
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Table 2

Multivariable logistic regression analysis for meeting criteria for depressive symptoms (EPDS ≥9)

Odds ratio 95% CI P value

Model 1

    Cesarean delivery 4.32 1.46 - 13.99 0.0102

    Pregnancy Weight gain (per 5 lb) 1.21 1.02 - 1.46 0.0323

    Multiparity 2.83 0.92 - 9.61 0.0795

Model 2

    Cesarean delivery 5.08 1.69 - 17.07 0.0033

    Exceeded IOM weight gain guidelines 3.64 1.19 - 12.50 0.0229

    Multiparity 2.46 0.81 - 8.09 0.1132
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