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Association of Diabetes Mellitus in Pregnancy and
Perinatal Depression
Richelle D. Björvang, MD, PhD, Iliana Liakea, MSc, Beatrice Carpentsier, MSc,
Zoltan Kozinszky, MD, PhD, Alkistis Skalkidou, MD, PhD, and Emma Fransson, PhD
ABSTRACT
Objective:Diabetes is frequently linked with depression, and both conditions are common complications during pregnancy. However, re-
search findings exploring the relationship between diabetes mellitus in pregnancy (DMP) and perinatal depression (PND) have been in-
consistent. Thus, this study seeks to examine the association between DMP and PND in a prospective population-based cohort.
Methods:Women aged 18 to 48 years (n = 4459) were identified from the Biology, Affect, Stress, Imaging and Cognition study. The di-
agnosis of DMP was based on International Classification of Diseases code O24 from medical records and was classified as
pregestational, gestational, or unspecified diabetes. PND was assessed using psychometric instruments, clinical interviews, and/or register
data and categorized into antepartum or postpartum depression. Multivariable logistic regressions were used to study the associations of
DMP with antepartum and postpartum depression. The association between DMP and continuous depression scores, antepartum and post-
partum, was investigated with multivariable linear regressions.
Results: Of 4459 pregnancies, 949 women had antepartum depression (21.2%) and 1123 had postpartum depression (25%). DMP had a
prevalence of 1.2%. Women with DMP had twofold higher odds for postpartum depression compared with women without DMP. Although
no association was observed between DMP and antepartum depression, DMP was associated with higher antepartum depression scores.
Conclusions: Our study shows an association between DMP and PND, which might be considered a risk factor when screening for
high-risk groups.
Key words: diabetes mellitus in pregnancy, gestational diabetes, pregestational diabetes, perinatal depression, antepartum depression,
postpartum depression.
BASIC=Biology,Affect, Stress, ImagingandCognition,BMI=body
mass index, CI = confidence interval, DMP = diabetes mellitus in
pregnancy, EPDS = Edinburgh Postnatal Depression Scale,
ICD = International Classification of Diseases, OR = odds ratio,
PND = perinatal depression, RR = relative risk
INTRODUCTION

Both diabetes and depression during the perinatal period repre-
sent significant maternal health issues, carrying substantial

implications for the short- and long-term health of the mother, off-
spring, partners, and society as a whole (1,2). While investigations
have been undertaken to explore potential shared psychophysio-
logical mechanisms underlying these conditions, particularly out-
side the perinatal context (3), the body of research on these condi-
tions during the perinatal period is comparatively limited and en-
cumbered by several methodological limitations.

Perinatal depression (PND) is a serious psychological condi-
tion during pregnancy and in the first year after delivery that
may present as loss of interest in activities, irritability, loss of en-
ergy, diminished concentration, feelings of worthlessness, and
thoughts of suicide (4). This condition can be experienced by both
biological and nonbiological parents. It has negative impacts on all
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family members, making it a major global health issue with signif-
icant societal burden. Globally, the prevalence of depression dur-
ing pregnancy (antepartum depression) among women ranged
from 15% to 65% (5) and depression during postpartum (postpar-
tum depression) among women from 6% to 61% (6).

Diabetes mellitus in pregnancy (DMP) is the most common
metabolic disorder in the perinatal period (7). Women with DMP
could either have pregestational diabetes mellitus including type
1 and type 2 diabetes mellitus or have gestational diabetes mellitus.
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According to data from the International Diabetes Federation, ap-
proximately 16.7% of live births globally are impacted by DMP
because the mother is afflicted with this condition (8). In
Sweden, particularly in Uppsala county, the prevalence of DMP
is 4.4% according to the pregnancy registry report (9). Women
with DMP, regardless of type, are at a greater risk of adverse preg-
nancy outcomes such as high blood pressure and a higher risk of
obstructed labor due to a large baby for gestational age. Also, the
risk of developing type 2 diabetes mellitus after delivery is in-
creased after gestational diabetes mellitus. Babies born to mothers
with DMP have a greater lifetime risk of developing obesity and
type 2 diabetes mellitus throughout the life course (8). Further-
more, DMP is characterized by impaired hormonal regulation.
The significant and often rapid hormonal fluctuations in the peri-
partum period might expose some women at risk for depression,
according to the “hormone-sensitive” postpartum depression hy-
pothesis (10). PNDmay alsomanifest as a result of elevated hyper-
glycemia, potentially through two distinct routes. The first path-
way is associated with increased oxidative stress, inflammation,
or leptin resistance induced by hyperglycemia. The second path-
way arises from heightened psychological and physical stress
stemming from the management and treatment of diabetes (11).

Among the types of DMP and PND,most studies have focused
on studying the association between gestational diabetes mellitus
and postpartum depression. Systematic reviews and meta-analyses
have shown that gestational diabetes is a risk factor for postpartum
depression (12–14), although the effect size is small and inconsis-
tent (15). A meta-analysis including 18 studies found that gesta-
tional diabetes increases the risk of postpartum depression by
59% (relative risk [RR] = 1.59; 95% confidence interval [CI] =
1.22–2.07) (12). A national register study in Sweden including
707,701 pregnancies found an association between postpartum de-
pression and gestational diabetes (RR = 1.70; 95% CI =
1.36–2.13) but not pregestational diabetes (RR = 1.32; 95% CI =
0.98–1.78) (16). Some studies have even investigated the associa-
tion between all types of DMP and PND, but the results are contra-
dictory. A systematic review of 48 studies did not find a clear associ-
ation between DMP and PND (13). A large register study including
888,989 deliveries in Denmark found that any type of diabetes had a
28%(RR=1.28; 95%CI=1.02–1.60) higher riskof postpartumdepres-
sion (17). However, no association was found for subtypes type 1, type
2, and other diabetes. This might partly be due to the differences in the
definition of DMP and PND between the studies as well as when they
were assessed (18). A systematic review of available studies pointed
out significant variations in clinical cutoffs and timing of measuring
DMP and PND, making findings inconsistent (18). In particular, it has
elucidated inconsistencies in the evaluation of PND. Although certain
studies adopted a screening approach using instruments such as the Ed-
inburgh Postnatal Depression Scale (EPDS) (19), others opted for diag-
nostic methodologies based on medical records (20,21). In some in-
stances, the presence of PND symptoms was inferred based on the pre-
scription of antidepressant medication (19).Moreover, notable variations
in the selection of cutoff scores for PND screening were discerned
among these investigations. In the context of DMP, some research has
relied on retrospective medical records following the International Clas-
sification of Diseases, Ninth and Tenth Editions (ICD-9, ICD-10) codes,
whereas others have undertaken a prospective examination of DMP
(19,20). Moreover, there are still limited studies exploring DMP as a
whole, encompassing pregestational diabetes, gestational diabetes, and
Psychosomatic Medicine, V 86 • 52-58 53
unspecified diabetes. Similarly, there are also limited studies ex-
ploring antepartum depression and postpartum depression sepa-
rately, in the same cohort.

Therefore, the aim of this study was to investigate the associa-
tion between DMP and its categories and symptoms of PND,
while taking into account possible confounders and addressing
antepartum depression and postpartum depression separately. In
the context of antepartum and postpartum depression, it is notewor-
thy that these conditions can manifest independently, with one not
necessarily preceding the other. Consequently, it becomes impera-
tive to individually evaluate the relationship betweenDMP and both
antepartum and postpartum depression. This detailed examination
is crucial for elucidating the connections between these variables
and subsequently for the development of tailored prevention and
intervention programs. We hypothesized that DMP would confer
an increased risk of both antepartum depression and postpartum
depression.

METHODS AND MATERIALS

Study Population and Data Collection
This is a nested study within a large longitudinal population-based
prospective cohort, the Biology, Affect, Stress, Imaging and Cog-
nition (BASIC) (22). BASICwas conducted from September 2009
to November 2018 at Uppsala, Sweden, to develop further knowl-
edge about the underlying pathophysiological processes of PND.
All women undergoing routine ultrasound at gestational weeks
16 to 18 were invited to participate in the study. Exclusion criteria
were as follows: a) pregnant women younger than 18 years, b)
protected identity, c) difficulties in reading and understanding
Swedish, d) having blood-borne infections; and e) nonviable preg-
nancy at ultrasound. The participation rate in BASIC was approx-
imately 21% of the pregnant population in the community. Data
for the BASIC study were collected during pregnancy at gesta-
tional weeks 16 to 18, 32, and 38, aswell as postpartum at 6 weeks,
8 weeks, 6 months, and 1 year through questionnaires such as psy-
chometric instruments and interviews. Moreover, lifestyle, medical
and sociodemographic information, and information on sleeping
habits, and social support were also collected through questions
designed by the research team. Furthermore, medical and sociode-
mographic information was obtained from electronic patient re-
cords and national registers. The Swedish Medical Birth Register
covers 98% of all births in Sweden (23), whereas the Pregnancy
Register has a 90% coverage of all births in Sweden (24). The Na-
tional Patient Register contains hospital admissions/outpatient
care excluding primary care. Because of the rapid changes in hos-
pital organization, it remains challenging to estimate dropout rate
in the National Patient Register, especially in areas concerning
psychiatric care (25). From the original cohort, women with sin-
gleton pregnancies, first participation during the study period,
and with complete data on diabetes mellitus and PND were in-
cluded in this study (n = 4459). This study has been approved
by the Uppsala Regional Ethical Committee (Dnr 2009/171) and
was carried out according to the Principles of the Declaration of
Helsinki. All participants gave their written informed consent.

Perinatal Depression
PNDwas assessed based on scores on the EPDS (26) (taken weeks
16–18, 32, and 38 during pregnancy, and 6 weeks, 8 weeks, and
January 2024
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6 months postpartum) and Depression Self-Rating Scale (27)
(taken at 38 weeks of gestation and 8 weeks postpartum), the Mini
International Neuropsychiatric Interview International Neuropsy-
chiatric Interview (28) (taken at 38 weeks of gestation and 8 weeks
postpartum), use of selective serotonin reuptake inhibitors, and/or
a diagnosis of depression during pregnancy or after childbirth in
the national registers. Psychometric properties of self-reported
measurements can be found in the Supplemental Digital Content,
http://links.lww.com/PSYMED/A978. The cutoff value of EPDS
was 13 or higher during pregnancy, and 12 or higher during post-
partum (29). For the register data, ICD-10 F32 and F53 codes were
included throughout pregnancy and until a year after delivery.
PND was categorized as antepartum depression if there were
symptoms of depression (EPDS scores above the cutoff during
pregnancy), or a positive Depression Self-Rating Scale or Mini In-
ternational Neuropsychiatric Interview, or selective serotonin re-
uptake inhibitor use, or a depression diagnosis in the national reg-
isters during pregnancy. The same was applied for the respective
instruments/diagnoses during the postpartum period (until 1 year
postpartum), classifying then the woman as having postpartum de-
pression. The number of participants considered having antepartum
or postpartum depression according to eachmethodwas provided in
Table S1, Supplemental Digital Content, http://links.lww.com/
PSYMED/A978.

Diabetes Mellitus in Pregnancy
Information about DMP was extracted from the electronic patient
records and register data. In this study, the ICD-10 O24 code was
used to classify women as having DMP. Specific types were deter-
mined as a) pregestational diabetes mellitus, namely, type 1 diabe-
tes mellitus (ICD-10 O24.0) and type 2 diabetes mellitus (ICD-10
O24.1); b) gestational diabetes mellitus (ICD-10O24.4); or 3) un-
specified (ICD-10 O24, O24.2, O24.3, O24.9).

Statistical Analyses
Descriptive comparisons across groups were tested by the χ2 test
or Wilcoxon rank sum test, where appropriate. Variables with more
than 30% missing values and women missing more than 30% of all
variables were excluded from further analyses. For the remaining
data, missing values were imputed using the multivariate imputa-
tion by chained equations algorithm into 10 complete datasets
(30). Logistic regression analyses were used to estimate the odds
ratios (ORs) and 95% CIs of the association between DMP and
antepartum depression as well as between DMP and postpartum
depression. Estimates from the 10 imputed datasets were pooled
together into a single estimate. Subanalyses of specific types of
DMP (pregestational diabetesmellitus, gestational diabetesmellitus,
and unspecified) were also performed. The models were adjusted
for well-known confounders such as age, prepregnancy body mass
index (BMI), parity (nulliparous versus primiparous/multiparous),
and depression history or previous contact with psychiatrist/
psychologist. For the postpartum depression outcome, antepartum
depression (yes versus no) was added to the model. We also per-
formed univariable analyses to identify other potential confounders
such as marital status (married or cohabiting versus single), country
of origin (Scandinavia versus other), education level (tertiary level
versus other), employment status (working/studying versus paren-
tal leave/sick-leave/unemployed), smoking (past/present versus
never), history of intimate partner violence in the current or previ-
Psychosomatic Medicine, V 86 • 52-58 54
ous relationship (yes versus no), pregnancy complications (presence
of one of the following: preeclampsia, anemia, pregnancy hyperten-
sion, or placenta previa), and fear of childbirth (yes versus no).
Among these covariates, only the variable pregnancy complica-
tions was added to the final model. In addition, we performed a
subanalysis to examine the independent and joint effects for the
risk of developing postpartum depression by having DMP and
antepartum depression. We created four groups: neither DMP or
antepartum depression, DMP only, antepartum depression only,
and comorbidity of DMP and antepartum depression (31). This
model was also adjusted for age, prepregnancy BMI, parity, preg-
nancy complication, and history of depression or previous contact
with psychiatrist/psychologist. Another subanalysis was per-
formed where outcomes were continuous measures of EPDS at
gestational week 32 and 6 weeks postpartum. These linear regres-
sion models were adjusted for age, prepregnancy BMI, parity,
pregnancy complication, and history of depression or previous
contact with psychiatrist/psychologist. A sensitivity analysis was
also performed by excluding individuals diagnosed with polycystic
ovarian syndrome. All statistical analyses were performed using the
R programming language (version 4.2.2) through RStudio (version
2022.07.01). Statistical significance was set at p value <.05.

RESULTS
Of 4459 participants, 949 had antepartum depression (21.2%) and
1123 had postpartum depression (25%). Of those with postpartum
depression, half had antepartum depression. Fifty-five women
(1.2%) were identified with DMP, constituting of 10 individuals
with pregestational diabetes mellitus (ICD-10O24.0 and O24.1),
32 individuals with gestational diabetes (ICD-10 O24.4), and 13
individuals with unspecified diabetes (ICD-10 O24, O24.2,
O24.3, O24.9). Twenty-one of 55 individuals diagnosed with
DMP were treated with insulin. Table 1 shows the descriptive
characteristics of women with and without DMP. Women with
DMP had higher prepregnancy BMI. Moreover, history of de-
pression or previous contact with psychiatrist/psychologist, pre-
term birth, and pregnancy complications (i.e., preeclampsia, ane-
mia, pregnancy hypertension, or placenta previa) were higher in
women with DMP. Among the 55 women with DMP, 16 women
had antepartum depression and 27 women had postpartum de-
pression, whereas 15 women had both antepartum depression
and postpartum depression.

Association Between DMP and Its Types, and
Antepartum Depression
To assess the association between DMP, its types, and antepartum
depression, logistic regressions were performed. DMP was not
statistically significant in the unadjusted and adjusted models
(Table 2). Among the subtypes, women with unspecified diabetes
had fourfold odds for antepartum depression (OR = 4.34; 95%
CI = 1.45–12.9; p = .008) compared with those without diabetes
mellitus. However, this did not remain significant after adjusting
for covariates (OR = 2.86; 95% CI = 0.89–9.20; p = 0.08;
Table 2). Similar results were found even after exclusion of indi-
viduals with polycystic ovarian syndrome.

To assess the association between DMP and its subtypes, and
continuous EPDS score at gestational week 32, linear regression
analyses were performed. DMPwas statistically significantly asso-
ciated with a higher EPDS score in both the unadjusted (β = 2.7;
January 2024
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TABLE 1. Descriptive Characteristics of Women With and Without DMP

Women Without DMP (n = 4404) Women With DMP (n = 55) pa

Sociodemographic data

Maternal age, median [min–max], y 31 [18–48] 33 [20–43] .26

Body mass index, median [min–max], kg/m2 22.8 [15.8–50.9] 25.8 [18.9–40.2] <.001

Married/cohabitant marital status, n (%) 4150 (94.2) 53 (96.4) .70

Scandinavian origin, n (%) 4010 (91.1) 48 (87.3) .29

Tertiary educational level, n (%) 3303 (75.0) 35 (63.6) .076

Working/studying, n (%) 3900 (88.6) 44 (80.0) .067

Smoking ever, n (%) 1436 (32.6) 19 (34.5) .83

Psychosomatic characteristics

History of violence in the past or present relationship, n (%) 503 (11.4) 6 (10.9) .99

History of depression or previous contact with
psychiatrist/psychologist, n (%)

2454 (55.7) 40 (72.7) .019

Fear of childbirth, n (%) 960 (21.8) 15 (27.3) .29

Obstetric- and pregnancy-related variables

Nulliparous, n (%) 2373 (53.9) 22 (40) .027

Polycystic ovarian syndrome, n (%) 81 (1.8) 1 (1.8) .99

Unplanned pregnancy, n (%) 633 (14.4) 11 (20) .32

Other pregnancy complications, n (%)b 389 (8.8) 17 (27.9) <.001

Preterm birth, n (%) 191 (4.3) 5 (9.1) .19

Outcome

Antepartum depression, n (%) 933 (21.2) 16 (29.1) .21

Postpartum depression, n (%) 1096 (24.9) 27 (49.1) <.001

DMP = diabetes mellitus in pregnancy. Bold text denotes significant p value.
a χ2 test or Wilcoxon rank sum test, where appropriate.
b Preeclampsia, anemia, pregnancy hypertension, or placenta previa.
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95% CI = 1.4–4.0; p < .001) and adjusted models (β = 1.80; 95%
CI = 0.60–3.1; p = .003; Table S2, Supplemental Digital Content,
http://links.lww.com/PSYMED/A978). Among the subtypes, un-
specified diabetes was significantly associated with a higher EPDS
score (unadjusted: β = 5.3, 95% CI = 2.7–7.9, p < .001; adjusted:
β = 4.1, 95% CI = 1.6–6.6; p = .001; Table S2, Supplemental Dig-
ital Content, http://links.lww.com/PSYMED/A978).
TABLE 2. Association Between DMP, Subtypes, and Antepartum D

Antepartum Depression No Antepartum Depre

DMP

No DMP 933 3471

DMP 16 39

Subtypes

No diabetes 933 3471

Pregestational diabetes
mellitus

3 7

Gestational diabetes
mellitus

6 26

Unspecified 7 6

DMP = diabetes mellitus in pregnancy; OR = odds ratio; CI = confidence interval.

Bolded text signifies significant p value.
a Adjusted for age, prepregnancy body mass index, parity, depression history, and pregnan

Psychosomatic Medicine, V 86 • 52-58 55
Association Between DMP Types, Comorbidity
of DMP–Antepartum Depression, and
Postpartum Depression
To assess the association between DMP, its types, and postpartum
depression, logistic regressions were performed. In the unadjusted
model, women with DMP had threefold odds for postpartum de-
pression (OR = 2.91; 95% CI = 1.71–4.96; p < .001; Table 3).
epression (n = 4459)

ssion Unadjusted OR (95% CI) p Adjusteda OR (95% CI) p

Ref Ref

1.53 (0.85–2.74) .2 1.04 (0.56–1.92) >.9

Ref Ref

1.59 (0.41–6.18) .5 0.80 (0.20–3.23) .8

0.86 (0.35–2.09) .7 0.66 (0.26–1.66) .4

4.34 (1.45–12.9) .008 2.86 (0.89–9.20) .076

cy complications.
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TABLE 3. Association Between DMP, Subtypes, and Comorbidity (DMP and Antepartum Depression), Respectively, and
Postpartum Depression (n = 4459)

Postpartum
Depression

No
Postpartum
Depression

Unadjusted
OR (95% CI) p

Adjusted
OR (95% CI) p

DMPa

No DMP 1096 3308 Ref Ref

DMP 27 28 2.91 (1.71–4.96) <.001 2.37 (1.30–4.33) .005

Subtypesa

No DMP 1096 3308 Ref Ref

Pregestational diabetes mellitus 6 4 4.53 (1.27–16.1) .020 3.16 (0.79–12.6) .062

Gestational diabetes mellitus 13 19 2.07 (1.02–4.20) .045 2.12 (0.97–4.65) .10

Unspecified 8 5 4.83 (1.58–14.8) .006 2.50 (0.69–9.06) .20

Comorbidityb

No DMP or antepartum
depression

542 2929 Ref Ref

DMP only 12 27 2.40 (1.21–4.77) .012 1.84 (0.90–3.73) .095

Antepartum depression only 554 379 7.90 (6.73–9.27) <.001 5.83 (4.94–6.90) <.001

DMP–antepartum depression
comorbidity

15 1 81.1 (10.7–612) <.001 49.6 (6.49–378) <.001

DMP = diabetes mellitus in pregnancy; OR = odds ratio; CI = confidence interval.

Bolded text signifies significant p value.
a Adjusted for age, prepregnancy body mass index, parity, history of depression or previous contact with psychiatrist/psychologist, pregnancy complications, and antepartum
depression.
b Adjusted for age, prepregnancy body mass index, parity, history of depression or previous contact with psychiatrist/psychologist, and pregnancy complications.
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After adjusting for confounders, the association of DMPwith post-
partum depression remained statistically significant (OR = 2.37;
95% CI = 1.30–4.33; p = .005; Table 3). Among the types of
DMP, pregestational diabetes mellitus (OR = 4.53; 95% CI =
1.27–16.1; p = .02), gestational diabetes mellitus (OR = 2.07;
95% CI = 1.02–4.20; p = .045), and unspecified diabetes (OR =
4.83; 95% CI = 1.58–14.8; p = .006) were significant in the unad-
justed model (Table 3). However, the association was no longer
statistically significant when confounders were accounted for.
When examining the independent and joint effects of antepartum
depression and DMP, DMP only (OR = 2.40; 95% CI = 1.21–4.77;
p = .012), antepartum depression only (OR = 7.90; 95% CI =
6.73–9.27; p < .001), and DMP–antepartum depression comorbid-
ity (OR = 81.1; 95% CI = 10.7–612; p < .001) were significantly
associated with postpartum depression in the unadjusted model
(Table 3).When adjusted for confounders, the categories antepartum
depression only (OR = 5.83; 95% CI = 4.94–6.90; p < .001), and
DMP–antepartum depression comorbidity (OR = 49.6; 95% CI =
6.49–378; p < .001) remained significant with an increased risk of
postpartum depression. DMP followed the same trend but became
only borderline significant (OR = 1.84; 95% CI = 0.90–3.73; p =
0.093; Table 3). Similar results were found even after exclusion of
individuals with polycystic ovarian syndrome.

To assess the association between DMP and its subtypes, and
continuous EPDS score at 6 weeks postpartum, linear regression
analyses were performed. DMPwas statistically significantly asso-
ciated with a higher EPDS score both in the unadjusted (β=3.0; 95%
CI = 1.7–4.2; p < .001) and adjusted models (β = 2.3; 95% CI =
1.1–3.5; p < .001; Table S3, Supplemental Digital Content, http://
links.lww.com/PSYMED/A978). Among the subtypes, gestational
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diabetes (unadjusted: β = 2.2, 95% CI = 0.56–3.8, p = 0.009; ad-
justed: β = 2.2, 95% CI = 0.64–3.7, p = 0.005) and unspecified di-
abetes (unadjusted: β = 5.0, 95% CI = 2.3–7.8, p < .001; adjusted:
β = 2.9, 95% CI = 0.38–5.5; p = .024) were significantly associ-
ated with a higher EPDS score (Table S3, Supplemental Digital
Content, http://links.lww.com/PSYMED/A978).

DISCUSSION
The aim of this longitudinal study was to investigate the associa-
tion of DMP with antepartum depression and postpartum depres-
sion. We found a positive association between DMP and postpar-
tum depression, even after adjusting for confounders. There were
no statistically significant associations between DMP and ante-
partum depression, once confounders were adjusted for.Moreover,
none of the specific types of DMP were significantly associated
with antepartum or postpartum depression. However, individuals
with DMP had higher depressive symptoms antepartum and post-
partum. Among the subtypes, those with gestational diabetes had
higher depressive symptoms postpartum.

Although our study’s lack of association between DMP and
antepartum depression was in accordance with some studies
(32,33), a meta-analysis of nine studies showed that DMP was as-
sociated with a 1.43-fold increased risk (95% CI = 1.21–1.70) for
antepartum depression (34). When analyzing the types of DMP in
the meta-analysis, pregestational diabetes mellitus was not found
to be a significant risk factor for antepartum depression, whereas
gestational diabetes mellitus was (pooled RR = 1.43; 95% CI =
1.25–1.64) (34). However, another meta-analysis did not find an
association between gestational diabetes mellitus and antepartum
depression (14), in line with our findings. Because of the limited
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sample of participants experiencing the different subtypes of DMP,
the results of the current study should be interpreted with caution. It
could be hypothesized that postpartum depression has an overlap-
ping pathophysiology with diabetes, to a higher extent than that of
antepartum depression. We have previously found associations be-
tween symptoms of postpartum depression and metabolic as well as
proinflammatory alterations (35,36). Moreover, even though we did not
observe an association betweenDMPand antepartum depression, those
withDMPhadmore depressive symptoms antepartum compared with
those without DMP. It is possible that there was not enough time to
develop clinically meaningful depression symptoms antepartum.
Hence, it is still valuable to provide extra support for those with
DMP, so as to prevent progression of these symptoms.

For postpartum depression, our findings are in line with most
studies. It is interesting to note that the results were not statistically
significant when looking separately at types of DMP, which might
be due to a power issue. Several systematic reviews and meta-
analyses report that individuals with gestational diabetes mellitus
have a significantly higher risk of developing postpartum depres-
sion (12,14,17,37). Similarly, Silverman et al. (16) identified pre-
gestational diabetes mellitus had a 49% higher risk (RR = 1.49;
95% CI = 1.01–2.21) for postpartum depression among women
with a history of depression. They also found that those with ges-
tational diabetes mellitus had a 70% higher risk (RR = 1.70; 95%
CI = 1.36–2.13) for postpartum depression regardless of history of
depression. In the present study, the ORs ranged from twofold to
threefold higher for postpartum depression, which are somewhat
higher than the relative risks (RRs) reported earlier. This effect size
should be interpreted with caution as ORs tend to be inflated com-
pared with RRs, especially when outcomes approach a prevalence
of 21% to 25%.

Similar to a study by Shuffrey et al. (31), we examined the in-
dependent and joint effects of DMP–antepartum depression co-
morbidity on postpartum depression. Our results were in line with
their study; however, with a larger effect size, as women with co-
morbidity of gestational diabetes and antepartum depression had
sevenfold odds for PPD in our study. Shuffrey et al. also found that
having antepartum depression without DMP conferred fivefold
odds for postpartum depression. Although our results are signifi-
cant for antepartum depression only andDMP–antepartum depres-
sion comorbidity, the wide confidence interval in the latter case
that denote a considerable degree of uncertainty and imprecision
in estimating the true OR can be due to the small sample size.
Nonetheless, our results are in accordance with Shuffrey et al. (31).

The underlying mechanisms of a possible association between
DMP and PND are not fully elucidated. According to an increas-
ing number of studies, for example, by Osborne and Monk (38),
inflammatory processes in general are associated with an increased
risk of PND as well as with inflammatory morbidities of preg-
nancy such as gestational diabetes mellitus, preeclampsia, and pre-
term birth. Hence, a plausible explanation is that the dysfunctional
immune system is related both to the manifestation of depressive
symptoms and to insulin resistance. Specifically, the hypothala-
mus-pituitary-adrenal axis activates the sympathetic nervous sys-
tem, which in turn increases the production of inflammatory cyto-
kines and stress hormones. Both inflammatory cytokines and
stress hormones have a possible interaction with the pancreatic
β cells that induce insulin resistance (37,39). We have previously
shown that postpartum depression is associated with a more proin-
Psychosomatic Medicine, V 86 • 52-58 57
flammatory profile compared with antepartum depression, which
could be one reason for stronger associations between DMP and
postpartum depression versus antepartum depression (35,40), re-
vealed in our study.

It is important to note that the diagnostic criteria of gestational
diabetes in Sweden were changed in 2015 according to the World
Health Organization recommendations from 2013. The early diag-
nostic criteria of gestational diabetes mellitus were based on stricter
cutoff values. The prevalence of gestational diabetes mellitus from
2006 to 2014 in Sweden was 1% to 1.4% (41–43). The recruitment
of participants for the BASIC study started in 2009 (22), and the
new criteria for diagnosing gestational diabetes, according to the
World Health Organization criteria, were first implemented in
2015 in Sweden (44). Hence, most of the participants were diag-
nosed according to the old diagnostic criteria, which gives a lower
prevalence among the population than expected with the current
diagnostic criteria. This low prevalence reduces the power, render-
ing possible associations harder to detect, and increases the mis-
classification of gestational diabetes mellitus cases.

This study has several strengths. Aside from the longitudinal
design encompassing both antepartum and postpartum depression,
antepartum depression was also used to adjust the model for post-
partum depression. Our definition of DMP included pregestational
diabetes mellitus, gestational diabetes mellitus, and unspecified di-
abetes, giving a wider perspective on DMP. Moreover, subanalyses
investigating specific types of DMPwere also explored. Similarly,
PND was assessed with different questionnaires and interviews as
well as during several time points, allowing a more inclusive char-
acterization. By doing this, we have addressed the limited defini-
tions of previous studies. However, this study also has limitations.
As previously mentioned, the diagnostic criteria of gestational di-
abetes mellitus changed quite late during the study period. This re-
sulted in a lower prevalence of DMP. Moreover, the cohort con-
sists of relatively healthy women, many with university education
and born in Sweden. This could explain the awareness of mental
illnesses and increased contact with health care professionals.
Moreover, this can also be attributed to the participation rate ob-
served in the study, which indicates the presence of nonresponse
bias. The inclination of women with specific characteristics, as
previously outlined, to partake in the study contributes to this bias.
Therefore, caution should be also exercised when interpreting re-
sults. Furthermore, the relatively low rate of participants in this
present study diagnosed with DMP (1.3%) might introduce bias
and lower generalizability of the study results. It is also important
to note that, although studies have shown the bidirectionality of
DMP and PND (18,45), this study addressed the association with
DMP as an exposure and PND as the outcome.

In conclusion, our study suggests that DMP is associated with an
increased risk of PND. Diabetes mellitus could constitute a risk factor
to be taken into accountwhen screening for high-risk groups for PND.
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