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Abstract
Background: Studies have found an association between obesity and an increased risk for peripartum
depression, which has also been linked to decreased placental lactogen levels. In addition, women with
obesity treated for gestational diabetes with insulin were found to have increased levels of placental
lactogen. Treatment options exist for perinatal and postpartum depression however, they pose a risk to
the developing offspring. Thus, prevention as well as markers for early identification of peripartum
depression are needed. Therefore, our study objective is to identify the association between insulin
treatment in pregnancy and the risk of postpartum psychological distress (abbreviated here as PPD)
among cohorts of women with and without obesity.

Methods: Administrative health data (2002/03-2018/19) were used to identify a cohort of women (age
15+ years) who gave birth (N=250,746) and had no pre-existing mood/anxiety disorders or diabetes
(N=222,863 excluded). Women were then divided into two groups: lean (N=17,975) and with obesity
(N=9,908), which was identified by a recorded maternal weight of >38 - <65.6 kg and ≥85 - <186 kg
(respectively). The risk of PPD within one year after delivery with and without insulin treatment was
assessed by Poisson regression analysis. Models were adjusted for maternal age group (at pregnancy
start date) and area-level income (at delivery).

Results: The unadjusted risk of PPD was higher in the obesity group (8.56%; 95% CI 8.00 - 9.15) than in
the lean group (6.93%; 95% CI 6.56 - 7.33). When no insulin treatment was given during pregnancy,
mothers with obesity had a significantly higher risk of PPD than the lean group (aRR 1.27; 95% CI 1.17-
1.39; p<0.0001). However, when women with obesity and insulin treatment were compared to the lean
group with no insulin treatment, no significant difference in the risk of PPD was observed between the
groups (aRR 1.30; 95% CI 0.83-2.02; p=0.248).

Conclusion: This is the first study to demonstrate a positive association between insulin treatment in
pregnancy among women with obesity and reduced PPD rates, suggesting insulin as a possible
preventative measure. However, the biological mechanism behind the observed positive effect of insulin
on PPD rates remains to be investigated. 

Introduction
In 2017, 25.0% of Canada’s female population aged 18-34 years were considered overweight and 19.3%
were considered to have obesity [1]. Pregnant women with obesity are at greater risk for developing
gestational diabetes mellitus (GDM) or gestational hypertension (with or without proteinuria) [2–4],
putting the fetus at risk for premature birth, caesarian section delivery, macrosomia, birth defects,
premature death, and stillbirth [3, 4]. A 2017 systematic review suggested that women with obesity are at
increased risk for antenatal depression [5]. There is a strong association with pre-pregnancy obesity and
screening positive for postpartum depression [6, 7]; and it is estimated that 10-13% of women will develop
a depressive episode postpartum [8]. Peripartum depression, which refers to a major depressive episode
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occurring during pregnancy or within 4 weeks following delivery, is observed in 8-13% of mothers with
negative effects on the mother during and after pregnancy and on the offspring [9]. Despite the
seriousness of the condition, it is difficult to diagnose and treat depression both during and shortly after
birth [10, 11]. Thus, it is necessary to identify markers and potential therapeutic targets for early
diagnosis, treatment and prevention of postpartum depression.

Pregnancy is a dynamic condition involving systemic changes in the mother that are largely mediated by
the placenta ― an organ that produces and secretes hormones to support pregnancy and fetal growth
[12, 13]. Several hormones are involved in the physiological and neurological changes that occur in the
mother in response to pregnancy, some of which are steroids (e.g., estrogens, progesterone),
neuropeptides (e.g., oxytocin) and lactogenic hormones (e.g., prolactin (PRL), placental lactogen) [13].
Placental lactogens (PLs; also known as chorionic somatomammotropin (CS) hormone, bind the PRL
receptor with high affinity in order to mediate their effects in the body and brain [14, 15]. PL also binds the
growth hormone receptor, although with much lower affinity [15]. Metabolically, PLs support pregnancy by
increasing insulin production through expansion of pancreatic β-cells. Together with human placental
growth hormone, this helps offset the effects of insulin resistance that normally occurs in pregnancy [16],
and facilitates maternal energy production by metabolizing fats instead of carbohydrates (i.e. glucose)
which are alternatively being delivered to the growing fetus [15, 16]. In the case of obesity, there is a
surplus of fats and glucose in the body which leads to increased insulin resistance. This in turn can result
in fetal hyperglycemia in utero and macrosomia at birth [17]. Equally so, certain neurological changes in
the mother must also occur in order to facilitate appropriate and proper care for her newborn [13]. In two
recent studies, PL was linked to depression [18, 19]. In the first study [19], placenta samples from women
with clinically diagnosed prenatal depression and as well as in those self-reporting significant symptoms
of depression during pregnancy were found to have a significantly decreased level of PL ribonucleic acid
(RNA) [19]. In the second study [18], maternal serum PL taken just before birth was negatively associated
with depression and anxiety scores assessed 10 weeks after birth. Interestingly, this observation was only
seen among mothers who gave birth to girls. The authors also found a statistically significant
relationship between PL serum levels and maternal body mass index (BMI) [18].

Previously, our research group conducted a study using placental samples taken at the time of birth from
three groups of women: with obesity (BMI of 40.1±1.6), with obesity and GDM treated with insulin (BMI of
38.7±1.7), and without obesity (“lean”; BMI of 22.5±0.5) [20, 21] in order to measure the effect of maternal
obesity on PL levels in both tissue and in maternal serum. We reported a significant decrease in both PL
RNA levels in placenta and serum PL levels in pregnant women with obesity at 28 weeks gestation [21].
When including mothers with obesity who received insulin during pregnancy to treat GDM, insulin
treatment increased placental PL RNA and protein levels, meeting and exceeding the levels detected in the
otherwise healthy lean group of women [21]. In another independent study, levels of PL were measured at
birth in placentas from three groups of women: GDM controlled by diet, GDM controlled by glyburide or
insulin, and BMI-matched controls [22]. BMI values ranged from 26.3 to 32.7, classifying these women as
overweight/class I obese. Among the GDM controlled by glyburide/insulin, there were significantly higher
PL levels in comparison to GDM controlled by diet and BMI-matched controls [22]. In a recent
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comprehensive review, decreased placental lactogen levels have been suggested to be a marker for
maternal obesity, while increased levels is associated with maternal diabetes [23]. In addition, several
studies have also linked obesity in pregnancy and GDM to the development of peripartum depression,
both antenatal and postpartum [24–27].

Taken together, we hypothesize that: 1) maternal obesity, estimated as women weighing ≥85 - <186 kg
(with obesity group) versus those without (>38 - <65.6 kg; lean group), is associated with an increased
rate of postpartum psychological distress; and 2) insulin treatment given during the gestational period
will result in a reduced rate of postpartum psychological distress (abbreviated here as PPD) in women
with obesity. Therefore, our objectives are to first, identify the risk of PPD among women with and without
obesity, and second, observe the effect of insulin treatment during pregnancy on the risk of PPD. This will
be effectuated utilizing population health data housed at the Manitoba Centre for Health Policy.

Methods
Data sources

The Manitoba Population Research Data Repository housed at the Manitoba Centre for Health Policy
(MCHP; University of Manitoba, Canada) contains de-identified personal information about Manitoba
residents enrolled in the Provincial health plan which provides coverage of insured health services for
virtually the entire population of Manitoba [28]. Each individual is assigned a unique, nine-digit Personal
Health Identification Number (PHIN) and an encrypted version of this PHIN is attached to person-level
records in the Repository data files. This permits linkage of an individual across several data sources and
years while still maintaining complete confidentiality. The Repository itself contains data collected by a
variety of local agencies in Manitoba which have been previously validated for population-based research
[29]. Nine data sources housed in the Repository were accessed for this study: Manitoba Health Insurance
Registry (maternal age and insurance coverage), Canada Census File (area-level income quintiles), Drug
Program Information Network (DPIN; prescriptions filled), Hospital Abstracts (delivery and birth records,
mood/anxiety disorders, diabetes, postpartum psychological distress), Medical Services (mood/anxiety
disorders, diabetes, postpartum psychological distress), Diagnostic Services of Manitoba (DSM;
diabetes), Manitoba Diabetes Education Resource for Children and Adolescents (DERCA; diabetes), and
the Manitoba Maternal Serum Screening Program (MMSSP; maternal pregnancy weights).

Cohort Formation

Hospital Abstracts were used to identify all records where a woman (N=139,362) had an in-hospital single
live birth between April 1, 2002 and March 31, 2019 (N = 250,746) (Figure 1). The Hospital Newborn to
Mother Link Registry (nblink) was then used to link the mother’s delivery record and the child’s birth
record. This allows for pregnancy start date calculation and gestational period identification, based on
the difference between the gestational age in weeks and the child’s birth date or, if missing, the mother’s
hospital separation (discharge) date. Women with a missing pregnancy start date were excluded
(n=5,532 excluded) (Figure 1). In order to assure proper data capture, births were then limited to those
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where the mother had continuous health coverage under Manitoba Health from five years before their
pregnancy start date up to one year following their delivery date (up to March 31, 2019; n=51,930
excluded) (Figure 1). Births were also limited to those where the mother’s age was 15 years or greater at
the pregnancy start date (n=779 excluded) (Figure 1); an age of 15 years or greater was determined in
order to apply a previously validated mood/anxiety disorder definition (see Primary outcome below). This
gave a total of N=192,505 births to N=105,898 mothers (Figure 1).

Manitoba Maternal Serum Screening Program Data were utilized to determine the mother’s weight during
the gestational period where a first trimester and/or a second trimester weight is recorded. First trimester
weight was selected however if missing, the second trimester weight was used. Weight ranges to classify
women with and without obesity were chosen initially by using average female heights and weights
reported by the Centers for Disease Control and Prevention (CDC) [30], and choosing weights that would
reflect traditional BMI values used in studying weight classes in the “average population”. In 2013-2014,
American women aged 20 years or greater weighed on average 169.8 pounds (77.0 kg) and were 1.616
meters tall (63.6 inches; 5 feet 3 inches), which translates into a BMI of 29.5 kg/m2 (overweight). Based
on that value, weight cut-offs were determined based on a height of 64 inches (±4 inches). For a BMI of
22 (lean/no obesity), the estimated weight range was 51.0 – 65.6 kg. For a BMI of 35 (with obesity; class
II), the estimated weight range was 81.2 – 104.3 kg (see Additional File 1 for details). Therefore, in an
effort to appropriately capture all women and avoid misclassification, we chose a recorded maternal
weight range of >38 – 65.6 kg to represent women in the lean group (without obesity), and a weight range
of ≥85.0 – 186.0 kg for the obesity group (with obesity). These weight cut-offs were initially validated
with pre-pregnancy height, weight and BMI information taken from a cohort of women (n=62) classified
as lean (n=23) and obese (n=39) in two previous studies of ours that gave us a capture rate of 90% for
lean and 100% for obese groups (respectively; see Additional File 1 for details) [20, 21]. These weight cut-
offs were then validated against a large 2017 publicly available dataset from the United States of female
weights which also contained height, thus permitting BMI’s to be calculated [31]. Use of the same weight
ranges in this dataset resulted in 9% of women misclassified as having obesity (who were not), and 0% of
women misclassified as lean (who were not) according to BMI. Women with unlikely weights (≤37 kg or
≥187 kg), or who do not fall into one of the identified weight groups were excluded (n=96,411 excluded).
Of the remaining births, one birth per mother was randomly selected (n=53,865 excluded). Births to
mothers with pre-existing type I or type II diabetes (n=1,218) as well as a pre-existing mood/anxiety
disorder (n=13,128) were excluded, since both pre-existing conditions are predictors for postpartum
depression [32–34]. Therefore, the final weight group cohorts are N=17,975 for the lean group, and
N=9,908 for the with obesity group (Figure 1).

Primary outcome

A woman was considered to have PPD if in the 12 months after giving birth she had (i) one or more
hospitalizations with a diagnosis of depressive disorder, affective psychoses, neurotic depression,
adjustment reaction, anxiety disorder, anxiety states, phobic disorders, or obsessive-compulsive disorders
according to International Classification of Disease, 9th revision, Clinical Modification (ICD-9-CM) codes:
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296.2-296.8, 300, 300.0, 300.2, 300.3, 300.4, 309, 311, or ICD 10th revision Canada (ICD-10-CA) codes:
F31, F32, F32.0, F33, F34.1, F38.0, F38.1, F40, F41, F41.0, F41.1, F41.2, F41.3, F41.8, F41.9, F42, F43.1,
F43.2, F43.8, F44, F45.0, F451, F452, F48, F53.0, F68.0, F93.0, F99; (ii) one or more physician visits with a
diagnosis of depressive disorder, affective psychoses, or adjustment reaction according to ICD-9-CM
codes 296, 309 or 311; (iii) a prescription for an antidepressant or mood stabilizer based on Anatomical
Therapeutic Chemical (ATC) codes N03AB02, N03AB52, N03AF01, N05AN01, N06A; (iv) one or more
physician visits with a diagnosis for anxiety disorders (ICD-9-CM code 300) as well as one or more
prescriptions for an antidepressant or mood stabilizer (ATC codes N03AB02, N03AB52, N03AF01,
N05AN01, N06A); and (v) two or more physician visits with a diagnosis for anxiety disorders (ICD-9-CM
code 300). This definition has been used in previous studies at MCHP (http://mchp-
appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=104493).

Covariates

The following information was extracted for all women: maternal age at pregnancy start date
(continuous and 5-year age groups), area-level income (urban and rural quintiles), insulin treatment in
pregnancy (yes/no; based on a dispensed prescription with ATC code A10A filled in the 168 days
following pregnancy start date and before the child’s birth date), pre-existing diabetes (yes/no), and pre-
existing mood/anxiety disorders (yes/no).

Pre-existing diabetes and pre-existing mood/anxiety disorders were determined before limiting data to
one random birth per mother so that if either of these conditions were present on any pregnancy they
could be “carried forward” to all subsequent pregnancies for that mother. Thus, pre-existing diabetes was
defined as (i) having any type of diabetes in the two years prior to the pregnancy start date, or in the 168
days (24-weeks) following the pregnancy start date or (ii) having pre-existing diabetes diagnosed in a
previous pregnancy. Pre-existing diabetes was identified using an existing algorithm at MCHP [35] (see
Additional File 2 for full definition). Pre-existing mood/anxiety disorder was defined (i) as having a mood
and/or anxiety disorder diagnosed in the 5-years prior to pregnancy start or (ii) having a pre-existing
mood and/or anxiety disorder diagnosed in a previous pregnancy. A mood/anxiety disorder was defined
using an existing algorithm at MCHP [35] (see Additional File 2 for full definition).

Statistical Analysis

All data management, programming and analyses were performed on MCHP’s secure servers, using
SAS® version 9.4 software. The percentage (%) and adjusted rate of PPD, as well as 95% confidence
intervals (CIs), were estimated using Poisson distributions containing a log link function and the
logarithm of the number of mothers as the offset in the models. Models were adjusted for maternal age
group (at pregnancy start date) and area-level income (at delivery). While it would have been ideal to
adjust for other factors associated with both insulin treatment and obesity, the sample size did not allow
for additional adjustment. The analyses were stratified by insulin treatment (yes/no) in pregnancy.
Significance is represented by a p-value being <0.05 (two-tailed).

http://mchp-appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=104493
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    Lean Obesity
Variable Levels N % N %
Weight group   17,975   9,908  
Maternal age groups at the start of
Pregnancy

15-19  2,678  14.90  703  7.10
20-25  4,369  24.31  2,480  25.03
26-30  5,039  28.03  3,088  31.17
30-35  4,144  23.05  2,537  25.61
36+  1,745  9.71  1,100  11.10

Mean maternal age 

(Mean, Standard Deviation)

  27.19 6.37 28.32 5.73

Income quintiles Urban Lowest
(U1)

 2,363  13.15  1,160  11.71

  U2  2,422  13.47  1,225  12.36
  U3  2,274  12.65  1,071  10.81
  U4  2,364  13.15  976  9.85
  Urban Highest

(U5)
 2,401  13.36  671  6.77

  Rural Lowest
(R1)

 1,475  8.21  1,415  14.28

  R2  1,149  6.39  1,023  10.32
  R3  982  5.46  679  6.85
  R4  1,078  6.00  827  8.35
  Rural Highest

(R5)
 1,349  7.50  828  8.36

  Not Found 118 0.66 33 0.33
Insulin received during pregnancy   42 0.23 238 2.40

Table 1: Demographic characteristics of mothers at the time of delivery by weight group.

Mothers with pre-existing type I or type II diabetes mellitus or with pre-existing mood/anxiety

disorders were excluded. The number (N) and percentages (%) are shown unless otherwise

specified. 

 

 

Results
Demographic characteristics of the mothers in this study are provided in Tables 1 and 2.

The mean age at the time of delivery was similar between mothers with and without obesity (28.32 vs.
27.19 years respectively) (Table 1). The income gradient shows that more mothers had lower income
(lower three urban and rural income quintiles), especially among those with obesity (Table 1). In the lean
group, <1.0% of mothers were treated with insulin during pregnancy while in the obesity group, 2.40% of
mothers were treated with insulin (Table 1). The risk of PPD was higher in the obesity group (8.56%; 95%
CI 8.00 - 9.15) than in the lean group (6.93%; 95% CI 6.56 - 7.33) (Table 2).
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Table 2: Percentage of postpartum psychological distress within the first year following

delivery by weight group. Mothers with pre-existing type I or type II diabetes mellitus or with

pre-existing mood/anxiety disorders were excluded. The number (N), percentage (%) and 95%

confidence intervals (CI) are shown. 
  Postpartum Psychological Distress

Weight Group n % 95% CI
Lower Upper

Lean (N=17,975) 1,246 6.93 6.56 7.33

Obesity (N=9,908) 848 8.56 8.00 9.15

The percentage (%) and adjusted rate ratios (aRRs) of PPD among mothers within the first year following
delivery with and without insulin treatment during pregnancy are shown in Table 3. The percentage of
mothers with obesity and PPD decreased with insulin treatment however, this decrease did not reach
significance (aRR 1.02, 95% CI 0.65 - 1.59, p=0.936). Therefore, we performed a secondary exploratory
analysis to investigate how insulin treatment in pregnancy affects the risk of PPD in women with obesity
relative to women without obesity (Figure 2 and Table 4). This analysis reflects our previous study results,
where we found women with obesity who received insulin to treat GDM had increased PL levels, which
met and exceeded the levels detected in the otherwise healthy lean group of women [21]. Thus, we
hypothesized that insulin treatment will reduce the risk of PPD among women with obesity to the level of
risk seen among women without obesity. When no insulin treatment was given during pregnancy, the
obesity group had a significantly higher risk of PPD than the lean group (aRR 1.27; 95% CI 1.17 - 1.39;
p<0.0001). Interestingly, when mothers with obesity treated with insulin were compared to mothers in the
lean group not treated with insulin, no significant difference was seen in rates of PPD (aRR 1.30; 95% CI
0.83 – 2.02; p=0.248) (Figure 2 and Table 4). This is suggestive that insulin changes the relationship
between obesity and PPD.

Table 3: Percentage and rate of postpartum psychological distress among mothers within the

first year following delivery by weight group and insulin treatment during pregnancy. Mothers

with pre-existing type I or type II diabetes mellitus or with pre-existing mood/anxiety disorders

were excluded. The number (N), percent (%), adjusted rate ratios (aRR) and 95% confidence

intervals (CI) are shown. Rate ratios were adjusted for maternal age group (at pregnancy start

date) and area-level income (at delivery).
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    Postpartum Psychological Distress

Weight
Group

Received
Insulin during

Pregnancy

n % 95% CI Adjusted
Rate
Ratio
(aRR)

95% CI p-
value

Lower Upper Lower Upper

Lean No
(N=17,933)

 1,244  6.94 6.56 7.33 0.73 0.18 2.91 0.651

Yes (N=42)  s  s s s
Obesity
 

No (N=9,670)  828  8.56 8.00 9.17 1.02 0.65 1.59 0.936
Yes (N=238)  20  8.40 5.42 13.03

“s” = data suppressed due to small numbers

 

Table 4: Direct comparisons of the rate of postpartum psychological distress among mothers

within the first year following delivery by insulin and weight groups. Adjusted rate ratios (aRR)

and 95% confidence intervals (CI) are show. Mothers with pre-existing type I or type II

diabetes mellitus or with pre-existing mood/anxiety disorders were excluded. Rate ratios were

adjusted for maternal age group (at pregnancy start date) and area-level income (at delivery).

Rate ratios were calculated by dividing the Obesity group (± insulin) PPD rate by the Lean

group (± insulin) PPD rate. 
  Postpartum Psychological Distress

Comparison Groups Adjusted Rate Ratio (aRR) 95% CI p-value
Lower Upper

Obesity insulin vs. Lean insulin 1.79 0.42 7.65 0.434
Obesity insulin vs. Lean no insulin 1.30 0.83 2.02 0.248
Obesity no insulin vs. Lean no
insulin

1.27 1.17 1.39 <0.0001 

 

Discussion
In this study, our first objective was to identify the risk of PPD among women with and without obesity.
We found that maternal obesity is associated with a significant increase in the rate of PPD within one
year after delivery in Manitoba, Canada. Our second objective was to observe the effect of insulin
treatment during pregnancy on the risk of PPD. Interestingly, when women with obesity and insulin
treatment were compared to the lean group with no insulin treatment, significance was lost, providing
support to the hypothesis that insulin changes the relationship between obesity and PPD. Therefore, our
results support a relationship between obesity and peripartum depression, where the potential benefit of
insulin treatment may reflect positive effects on glycemic control. However, it may also be having a
positive effect on lactogenic (hormonal) signaling in the maternal brain, as the observed decrease in
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human placental lactogen gene expression seen with maternal obesity in our previous study was rescued
when women with obesity develop GDM and are treated with insulin [21].

Furthermore, decreased human placental lactogen production has been identified as a marker of clinical
antenatal depression [19], and obesity is also associated with reduced human placental lactogen levels
and peripartum depression [5, 20, 21, 25], highlighting the importance of lactogenic (hormonal) signaling
in the brain. Several studies in mice provide a link between decreased lactogen levels in the brain and
impaired maternal behaviors [36, 37], further highlighting the importance of lactogenic signaling in the
brain and its role in mediating behaviors. Abnormalities in gene expression of various neurotransmitters,
neuropeptides, neutrophins and hormones undoubtedly underlie the neurobiology of mental disorders,
particularly at the molecular level [38]. While human placental lactogen is known to stimulate insulin
production as a result of increasing pancreatic β-cell mass [39], the mechanism for positive regulation of
human placental lactogen synthesis by insulin is not yet reported, nor is the mechanism with which it
mediates its positive effects in the brain. However, the rescue of human placental lactogen gene
expression seen in women with obesity that develop GDM and are treated with insulin [21], is consistent
with rescue of both lactogenic signaling via the prolactin receptor and related negative effects in the
maternal brain.

No study is without limitation. In our primary analysis we did not observe a significant difference in the
direct comparisons of PPD in women with obesity who received insulin relative to women with obesity
without treatment (Table 3). However, it is likely that our inability to detect a significant difference was
due to the low incidence of both insulin treatment in pregnancy and PPD after pregnancy resulting in
small cohort numbers. This resulted in a rate that may change significantly based on the inclusion or
exclusion of a small number of women.

It is also important to note that GDM itself is suggested to be a risk factor for peripartum depressive
symptoms [24, 40–42]. One study effectuated in Brazil on a cohort of female participants who were
pregnant and were diagnosed with GDM (N=820) aimed to assess the frequency and severity of
depressive symptoms (according to the Edinburgh Postnatal Depression Scale) and their relationship to
clinical and sociodemographic characteristics. The author’s found that 47% of female participants were
obese before their pregnancies, 31% showed depressive symptoms and ~10% showed severe symptoms.
However, only 12% of the women evaluated were using insulin to treat their GDM [24]. In addition, pre-
pregnancy BMI and insulin use during pregnancy were not associated with depressive symptoms in any
level after prevalence ratios were adjusted [24]. Interestingly, another study effectuated in the United
States that looked at postpartum women whose most recent pregnancy was complicated by GDM (N=71)
reported no significant association between depressive symptoms and insulin use during pregnancy [40].
This further supports our findings that insulin evokes a positive effect on mental health outcomes.

Our hypothesis was formulated on the basis of our previous findings in mouse [20] and in human
placental [21] studies, where the latter only included pregnant women with a BMI of 35 or higher [21]. In
the current study, our weight range was determined based on all three BMI classifications. This was done
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in part to prevent small cohort numbers, but the sensitivity of the effect of insulin treatment during
pregnancy may have been lost, resulting in non-significant results. Studies show that the effects of BMI
on health and mortality is heterogenous and becomes increasingly worse with increasing BMI class [43–
46].

Another limitation to the study was in inability to use BMI to identify our cohorts of pregnant women. BMI
values are not identifiable in the administrative data unless self-reported survey data is used. However,
surveys only sample a portion of the population and there is considerable under- and over-reporting of
BMI values [47]. The use of BMI to classify individuals and its utility as a measure of health has been
consistently contested in the literature [48, 49]. A recent Danish study looked at the association between
weight and depressive symptoms in a group of women followed for up to 16 years after their first birth
[50]. They also studied if waist circumference (WC) adjusted for BMI (WCBMI) 7 years after childbirth (as
an indicator for abdominal adiposity) was associated with depressive symptoms. The authors found that
women with a larger waist circumference than predicted by their BMI reported more depressive symptoms
than women with a WC in accordance with their BMI [50]. In our study, we estimated a 9%
misclassification rate among the women with obesity. Therefore, it is possible that women with
overweight status may have been included, biasing our results towards the null. In addition, the maternal
weight identified in our data was a recorded weight during a prenatal care/physician visit during early or
mid-pregnancy and is not representative of pre-conception maternal weight further contributing to
misclassification.

Conclusion
Maternal obesity is associated with a higher incidence of PPD within one year after delivery in Manitoba,
Canada when compared to lean women. Without insulin treatment in pregnancy, women with obesity had
a significantly higher risk of PPD when compared to lean women. While the direct comparison between
women with obesity treated with insulin and those without insulin treatment did not attain significance,
mothers with obesity who received insulin in pregnancy have similar rates of PPD to lean mothers who
did not receive insulin. This suggests an added benefit to maintaining sufficient insulin levels in
pregnancy beyond the requirement to regulate blood sugar among women with obesity, and may be a
preventative measure against PPD in order to better support maternal care of offspring.

With additional data years, the study can be expanded to allow assessment of the type of glucose
management (e.g., insulin, metformin or euglycemic diet management only) on the risk of PPD in
mothers with GDM and obesity. In terms of mechanism and effects on brain physiology and maternal
behavior, the effect of insulin treatment in pregnant females with obesity can also be modelled in a
partially humanized mouse containing (and expressing) the human PL gene family. This model has
already demonstrated the negative effect of an acute high fat diet-induced obesity on human PL levels
during pregnancy [20]. More specifically, this mouse model may allow investigation of whether the
beneficial effect of insulin is through glycemic control only (e.g., maintaining energy homeostasis) or
whether there is a role for indirect interactions with other hormones (e.g., hypothalamic-pituitary-adrenal
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axis etc.). Our previous human study [21] can also be expanded to include multiple maternal serum
sampling time points as well as placental tissue sampling at term from four groups of pregnant women
in order to observe the effect of insulin and euglycemic diet on human placental lactogen production.
These women can also be monitored for up to one year after birth in order to screen for postpartum
depression. Thus, the current study as well as these future studies would provide more evidence to
support PL/CS hormone levels as a potential marker of peripartum depression and insulin treatment as a
possible preventative measure.
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Figure 1

Flowchart showing the selection criteria, including the number (N) of birth records and women used to
identify each of the two weight-based cohorts of women (lean and with obesity) to be assessed for risk of
developing postpartum psychological distress with and without insulin treatment during gestation. Blue
boxes represent the number of birth records and women excluded at every step of the cohort
development.
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Figure 2

Direct comparisons of the rates of postpartum psychological distress (PPD) within one year following
delivery between weight groups and insulin treatment. Adjusted rate ratios (aRR) and 95% confidence
intervals are shown.
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