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Abstract
Background: Around 12% of pregnant women develop gestational diabetes mellitus (GDM), which is associated
with increased health risks for both mother and child and pre- and postpartum depression. Little is known about
the relationship of GDM with diabetes-specific emotional distress (diabetes distress). The aims of this study are to
assess the prevalence of diabetes distress in GDM and its association with adverse pregnancy outcomes.
Methods: A prospective cohort study was carried out in an Amsterdam based teaching hospital with an ethnic
diverse population. Women diagnosed with GDM completed a set of questionnaires at three time points.
Questionnaires consisted of Problem Areas in Diabetes Scale 5 (PAID-5) for diabetes distress (T0-T1), Patient Health
Questionnaire 9 (PHQ-9) for depressive symptoms (T0-T2), and questions to assess adverse pregnancy outcomes
(T2). Adverse pregnancy outcomes (collected via self-report and if feasible from the medical records) were defined
as hypertension, pre-eclampsia, caesarean section, severe perineal tearing, postpartum hemorrhage, postpartum
depression, shoulder dystocia, neonatal hospitalization, macrosomia, jaundice, hypoglycemia and other (among
which low heart rate, fever, hypoxia). Adverse pregnancy outcomes were dichotomized into none and 1 or more.
Additional information was collected from the medical charts. Missing data were imputed via predictive mean
matching and a multivariable logistic regression analysis was performed with diabetes distress, depressive
symptoms, socioeconomic status, parity and ethnicity as predictors and age, HbA1c, and BMI as covariates.
Results: A total of 100 women were included, mean age 32.5 (4.1), mean BMI 26.7 (4.8), 71% were of non-Dutch
ethnic background. Elevated diabetes distress (PAID score ≥ 8) was reported by 36% of the women. Multivariable
logistic regression analyses revealed that both high diabetes distress (OR 4.70, p = .02) and parity (OR 0.21, p = .02)
but not antepartum depressive symptoms were related to adverse pregnancy outcomes.
Conclusions: Diabetes distress is likely in women with GDM and our findings suggest an association between both
diabetes distress, parity and adverse pregnancy outcomes in women with GDM. This warrants replication and
further research into the underlying mechanisms explaining the impact of diabetes distress in GDM and potential
interventions to reduce distress.
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Background
Gestational diabetes mellitus (GDM) is present in about 12%
of pregnant women [1]. It is not only associated with adverse
pregnancy outcomes, among which pre-eclampsia, severe
perineal trauma and fetal macrosomia [2–4], but also with
an increased maternal risk of developing type 2 diabetes later
in life [5, 6].
In addition to these adverse effects, GDM is related to
worse psychological outcomes, such as anxiety [7, 8],
impaired quality of life [9], and both pre- and postpartum depression [10–12]. Another form of psychological
distress in persons with diabetes is diabetes-specific
emotional distress, in short diabetes distress [13]. This is
defined as negative emotions and worries directly related
to the experience of living with and managing diabetes,
such as fear for complications and coping problems.
Diabetes distress and depression are two constructs
that partly overlap, but they are not one and the same
phenomenon [14]. Depression comprises general symptoms such as mood complaints and anhedonia, while
diabetes distress specifically relates to the diabetes and
its consequences for daily life.
In contrast to diabetes type 1 and diabetes type 2, GDM is
a condition that lasts for a short period of time, i.e. during
the course of pregnancy. Despite this fact, diabetes distress
also occurs in women with GDM. Only a few studies investigated the prevalence of diabetes distress in this population,
describing a prevalence rate of up to 40% [10, 15, 16]. Twothird of the women with GDM fear possible consequences
for their child, while one-third is also worried about possible
congenital malformations, fears that may resemble diabetes
distress [7].
Previous studies have been inconclusive about the relation between maternal stress and perinatal complications.
Egan et al. (2017) reported no association between antepartum depression, stress or anxiety and pregnancy outcomes such as preterm delivery, delivery type or infant
Apgar scores in women with GDM, type 1 diabetes or
without diabetes [16], while other studies did report an association between prenatal maternal stress and perinatal
complications in pregnant women in general [17, 18].
To date, the possible association between diabetes distress and adverse pregnancy outcomes has not been examined in women with GDM. We aimed to bridge this
gap and to determine the extent to which diabetes distress occurs during pregnancy in GDM and whether it is
associated with adverse pregnancy outcomes.
Methods
Study design

This study represents a prospective cohort of consecutive
women who were diagnosed with GDM, based on an oral
glucose tolerance test (OGTT) which was performed from
the 24th week of pregnancy onwards. Patients with positive
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results on the OGTT (140 mg/dL (7.8 mmol/L) 2 hours after
drinking the glucose solution [19] were referred to the
internal medicine department of OLVG, a teaching hospital
with an ethnic diverse population in Amsterdam, the
Netherlands. The study cohort comprised patients with
GDM who visited the small group consultation of the diabetes specialist nurse and medical specialist. Inclusion criteria were being pregnant and having GDM diagnosed <
34 weeks. Exclusion criteria were being under the age of
18 years, having a diagnosis of Type 1 or Type 2 diabetes
and being unable to fill in the questionnaires due to insufficient mastery of the Dutch language. Patients were asked
to provide written informed consent and to complete a set
of questionnaires prior to their first appointment following group consultation, around pregnancy week 28–32
(T0). The interactive group consultation that took place
after T0 consisted of a 1-h session with an internist and a
diabetes specialist nurse. Patients received information
pertaining to gestational diabetes and were given the opportunity to ask questions and share concerns.
After group consultation, approximately 1 month later
they were asked to complete the same questionnaires
again (T1), on the condition that they were still pregnant. They were contacted once more to fill in questionnaires post-partum, to assess depressive symptoms and
adverse pregnancy outcomes (T2), around 4 months
post-partum. Diabetes-distress was not measured at T2,
since women were recovered from GDM at this point.
The study received ethical approval from the medical
ethics committee (ACWO-MEC) of OLVG, reference
number WO 13–051. According to an a-priori power
analysis, 102 women needed to be included to detect a
medium difference (Cohen’s d 0.50) in adverse pregnancy outcomes, with a power of 0.90 and a significance
level of 0.05 [20]. This power calculation is based on a
Cohen’s d of 0.50, which means it is powered to detect a
difference of 69% of the women with diabetes distress
having more adverse pregnancy outcomes than those
without diabetes distress.
Measures

The following information was obtained by means of
self-report measures.
Diabetes distress

In order to assess diabetes distress we used the Dutch version of the 5-item Problem Areas In Diabetes Scale 5
(PAID-5), a validated short form of the PAID-20 [21, 22].
While the PAID has been used in women with GDM before, it has not been validated yet in this population. In patients with diabetes, Cronbach’s alpha of the PAID5 varies
from .83 to .86 and its sensitivity and specificity have
found to be 94 and 89% respectively [23]. The questionnaire consists of 5 items, scored on a 5-point Likert scale
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ranging from 0 (not a problem) to 4 (a serious problem).
Total scores can range from 0 to 20, with higher scores
suggesting greater diabetes- distress. A cutoff of 8 or
higher indicates elevated diabetes distress [23]. The PAID5 was administered at T0 and T1, with a Cronbach’s alpha
of 0.81 at T0 and 0.83 at T1.

ensure a sufficient number of adverse pregnancy outcomes
for analyses, we decided to dichotomize into none and 1 or
more. In order to have some information on the validity of
the self-reported adverse pregnancy outcomes, these were
collected in two ways for women who delivered in OLVG:
both self-reported and from the medical charts.

Depressive symptoms

Medical charts

In order to assess depressive symptoms pre- and postpartum we used the Patient Health Questionnaire 9 (PHQ-9).
Cronbach’s alpha varies from .86 to .89 [24], and its use is
validated in pregnant women [25]. The PHQ-9 score
ranges from 0 to 27: each of the 9 items is scored from 0
(not at all) to 3 (nearly every day), in which higher scores
indicates more depressive symptoms [24]. Research has
shown that a cutoff of 12 or higher is suitable to identify
elevated depressive symptoms in patients with diabetes in
the Netherlands [26]. The PHQ-9 was administered at T0,
T1 and T2. Cronbach’s alpha of the PHQ9 was 0.86 at T0,
0.78 at T1 and 0.87 at T2. A score above cutoff at T0, T1
or both was classified as elevated antepartum depressive
symptoms. A score above cutoff at T2 was classified as elevated postpartum depressive symptoms.

The following information was extracted from the medical charts:
age, body mass index (BMI), glycated hemoglobin
(HbA1c), parity (primiparous or multiparous women), insulin use, history of psychological distress (defined as any
history of psychological distress in the medical charts, e.g.
depression, anxiety, personality disorder) and having concomitant chronic disease (dichotomized as none or 1 or
more). Self-monitoring blood glucose levels (SMBG) were
dichotomized into well-controlled or poorly controlled
(fasting > 95 mg/dL (> 5.3 mmol/L) and postprandial >
126 mg/dL (> 7 mmol/L)).

Ethnicity and socioeconomic status

Ethnicity was determined based on the country of birth
of one’s mother. Country of origin is considered a useful
method for defining ethnicity in the Netherlands, since
it highly correlates with self-classified ethnicity [27]. Socioeconomic status was estimated (dichotomized as low
or average) based on postal area codes of the participants home address. Postal area codes are linked in a national registry to income, population density, mean % of
unemployment (excluding students), and mean educational level [28].
Adverse pregnancy outcomes

Since not every patient delivered in the hospital, we were unable to collect pregnancy and birth outcomes from the medical charts for all patients, except for those who delivered in
OLVG. Therefore we decided to collect data from adverse
pregnancy outcomes via a self-administered questionnaire
(T2). Besides information on postpartum depression, we obtained the following information of the mother and delivery
complications: hypertension, pre-eclampsia, caesarean section, (any) perineal tearing, shoulder dystocia, postpartum
hemorrhage, other (any other complications that were described by the mother). The following information of the
child was obtained: birth weight in grams, hospitalization,
macrosomia, jaundice, hypoglycemia, other (among which
low heart rate, fever, hypoxia). Terminology was simplified
were possible for the self-administered questionnaire. For instance ‘hypertension’ was described as ‘high blood pressure’
and ‘hypoglycemia’ was described as ‘low blood sugar’. To

Statistics

We opted for a dichotomization of both depressive symptoms and diabetes distress in order to facilitate interpretability and because in clinical practice a simple screening
tool as PAID-5 is often used to discriminate between a deviating and normal level of distress. A score above cutoff
at T0, T1 or both was classified as elevated in order to
optimize the amount of high PAID5- and PHQ9-scores
for analyses. Missing values from the questionnaires were
imputed if two or less answers were missing. Data were
imputed by multiple imputation with predictive mean
matching to avoid negative values, which is known to be
valid even in small samples [29, 30]. The total number of
6 imputations was based on the percentage of missing
values, since 6% missing data were imputed [31]. All analyses were performed based on the pooled results of these
6 imputations. Since age, diabetes regulation, BMI, SES
and ethnicity are known confounders for adverse pregnancy outcomes, these were included in a multivariable
regression analysis [32–36]. Other independent variables
showing p-values < .20 were eligible for multivariable
logistic regression analysis as well, which was achieved
through the enter method. T-tests and χ2-tests were performed to evaluate differences in baseline characteristics.
Significance level for baseline variables and multivariable
regression analysis was set at p-value < .05. Variance Inflation Factors (VIF’s) were calculated to assess multicollinearity. Only variables with VIF’s of less than 4 were
included in the multivariable analyses in order to avoid
multicollinearity [37]. A Hosmer and Lemeshow goodness-of-fit test was performed to assess the fit of the
multivariable logistic regression analysis [38]. All data
analyses were performed using SPSS version 21.0 [39].
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Results
A total of 233 women were asked to participate, of
which 2 refused participation, 9 had been diagnosed with
pre-gestational with Type 1 or Type 2 diabetes, and 42
were unable to fill in the questionnaires due to language
difficulties. A total of 180 women completed the baseline
questionnaire, of which 12 did not deliver in time for
the T2 questionnaire, and 68 did not fill in the T2 questionnaire for unknown reasons. A total number of 100
women completed all three questionnaires and were included in the analyses. T0 was completed at a mean
pregnancy duration of 27.8 weeks (3.8), T1: mean pregnancy duration of 31.7 weeks (1.3), T2: 4.8 months postpartum (2.6). T2 was completed 5 months post partum
(Fig. 1).
No significant differences were found between participants and non-participants with regard to age (p = .50),
gestational age (p = .64), diabetes distress (p = .38) or
antepartum depressive symptoms (p = .42). Mean age
was 32.5 (4.1), mean BMI 26.7 (4.8), mean pregnancy
duration at baseline 27.8 weeks (3.8) and 71% was of
non-Dutch ethnic background (Table 1). Elevated diabetes distress was reported by 23.0% at T0, and 20.0% at
T1. A total of 36.0% reported elevated diabetes distress
at either T0 or T1, and 7% reported elevated diabetes
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distress at both time points. Mean diabetes distress declined from 4.8 at T0 to 3.8 at T1 (p < .01). A total of
10.0% reported elevated antepartum depressive symptoms
(T0 + T1), and 12.0% reported elevated postpartum depressive symptoms (T2). All baseline characteristics are
reported in Table 1. Women with diabetes distress more
often had a history of psychological distress (p < .05), there
was no indication that they had poorer glucose regulation
than those without diabetes distress: mean HbA1c-levels
and insulin use did not differ between women with and
without diabetes distress (p > .05). The prevalence of depressive symptoms and adverse pregnancy outcomes is
shown in Table 2, for women with and without elevated
diabetes-distress.

Adverse pregnancy outcomes

Factors that were not associated (p > .20) with adverse
pregnancy outcomes in univariate regression analyses
were insulin use, chronic illness, gender of the baby,
SMBG and birth weight. Parity and elevated depressive
symptoms were associated with adverse pregnancy outcomes in univariate regression analyses, and were therefore included in the multivariate model. Table 3 depicts
the multivariate analysis of elevated diabetes distress,

Fig. 1 Flowchart of data collection. Legend: 233 women were asked to participate, of which 9 had pregestational diabetes, 2 refused and 42 had
language problems. A total of 180 women completed baseline measures, of which 68 did not complete follow-up due to unknown reasons, and
12 did not deliver during the study period. A total of 100 women were included
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Table 1 Baseline characteristics of participants
Total (n = 100) mean ± SD
or n (%)

Low diabetes distress (n = 64) mean ±
SD or n (%)

High diabetes distress (n = 36) mean ±
SD or n (%)

pvalue

Characteristics
Age (years)

32.5 ± 4.1

32.3 ± 4.0

32.9 ± 4.9

0.46

BMI

26.7 ± 4.8

26.3 ± 3.8

27.4 ± 6.2

0.83

HbA1c

33.1 ± 4.3

32.4 ± 3.5

34.5 ± 5.2

0.82

Baseline pregnancy duration
in weeks

27.8 ± 3.8

27.4 ± 0.5

28.4 ± 0.5

0.21

0

39 (39.0%)

23 (35.9%)

16 (44.4%)

0.41

1 or more

61 (61.0%)

41 (64.1%)

20 (55.6%)

Yes

46 (46.0%)

24 (37.5%)

22 (61.1%)

No

54 (54.0%)

40 (62.5%)

14 (38.9%)

Yes

36 (36.0%)

22 (34.4%)

14 (38.9%)

No

64 (64.0%)

42 (65.6%)

22 (61.1%)

Yes

24 (24.0%)

13 (20.3%)

11 (30.6%)

No

76 (76.0%)

51 (79.7%)

25 (69.4%)

Low

43 (43.0%)

29 (45.3%)

14 (38.9%)

High

57 (57.0%)

35 (54.7%)

22 (61.1%)

Native Dutch

29 (29.0%)

21 (32.8%)

8 (22.2%)

Moroccan

37 (37.0%)

24 (37.5%)

13 (36.1%)

Parity

History of psychological distress
0.02

≥ 1 concomitant chronic disease
0.67

Insulin use
0.25

SESa
0.54

Ethnicity

Turkish

16 (16.0%)

7 (10.9%)

9 (25.0%)

Surinamese

7 (7.0%)

4 (6.3%)

3 (8.3%)

Other

11 (11.0%)

8 (12.5%)

3 (8.3%)

0.36

a

socioeconomic status

elevated depressive symptoms, SES, parity, age, HbA1c,
ethnicity, BMI and adverse pregnancy outcomes.
A Hosmer and Lemeshow goodness-of-fit test showed a
good fit of the multivariable model: χ2 = 6.37, p = 0.61.
Nagelkerke’s R square = 0.32. Both parity (p = .02) and elevated diabetes distress (p = .02) were significantly related
to adverse pregnancy outcomes in a multivariable logistic
regression analysis. The odds of adverse pregnancy outcomes were 4.70 times higher for women with elevated
diabetes distress during gestation, compared to women
without diabetes distress. Parity was a protective factor for
adverse pregnancy outcomes: the odds of an adverse pregnancy outcome were 4.76 times higher for primiparous
compared to multiparous women. We performed a sensitivity analysis to assess whether the relation between diabetes distress and adverse pregnancy outcomes would still
exist if the continuous range of scores was used for diabetes distress instead of dichotomization [40]. Diabetes

distress remained related to adverse pregnancy outcomes
(p < .05). A sensitivity analysis showed that results were
similar for the imputated and non-imputated data set.
Self-report of adverse pregnancy outcomes

To gain some insight into the reliability of the selfreported adverse pregnancy outcomes, we compared the
self-reported outcomes with outcomes from the medical
charts. For eighty-one women, the presence or absence
of adverse pregnancy outcomes were reported in the
medical charts. Seventy-one of the 81 (88%) women reported similar adverse pregnancy outcomes as the medical charts. A sensitivity analysis showed a similar
association between diabetes-distress and both selfreport and medical data in multivariable analyses.
Diabetes-distress and self-report data: β (SE) = 1.54
(0.65), p = .02, diabetes-distress and medical data: β (SE)
= 1.48 (0.69), p = .03.
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Table 2 Depressive symptoms and adverse outcomes of participants and their newborns
Total (n = 100) mean ±
SD or n (%)

Low diabetes distress (n = 64)
mean ± SD or n (%)

High diabetes distress (n = 36)
mean ± SD or n (%)

pvalue

Elevated depressive symptoms
antepartum (PHQ9 ≥ 12)

10 (10.0%)

2 (0.03%)

8 (22.2%)**

<
0.001

Elevated depressive symptoms
postpartum (PHQ9 ≥ 12)

12 (12.0%)

3 (0.05%)

9 (25.0%)

<
0.001

Birth weight in grams

3273 ± 659

3390 ± 508

3065 ± 832

0.02

Hospitalization neonatology

19 (19.0%)

11 (17.2%)

8 (22.2%)

0.54

Macrosomia

9 (9.0%)

7 (10.9%)

2 (5.6%)

0.37

Jaundice

8 (8.0%)

3 (4.7%)

5 (13.9%)

0.11

Hypoglycemia

6 (6.0%)

3 (4.7%)

3 (8.3%)

0.47

Shoulder dystocia

2 (2.0%)

2 (3.1%)

0 (0.0%)

0.29

Other*

16 (16.0%)

10 (15.6%)

6 (16.7%)

0.37

Caesarean section

28 (28.0%)

16 (25.0%)

12 (33.3%)

0.38

Hypertension

10 (10.0%)

5 (7.8%)

5 (13.9%)

0.37

Pre-eclampsia

1 (1.0%)

0 (0.0%)

1 (2.8%)

0.18

Perineal tearing

23 (23.0%)

16 (25.0%)

7 (19.4%)

0.53

Episiotomy

9 (9.0%)

3 (4.7%)

6 (16.7%)

<
0.05

Postpartum hemorrhage

2 (2.0%)

1 (0.02%)

1 (0.03%)

0.68

Yes

71 (71.0%)

40 (62.5%)

31 (86.1%)

No

29 (29.0%)

24 (37.5%)

5 (13.9%)

<
0.01

Adverse pregnancy outcomes

*among which low heart rate, fever, hypoxia

Discussion
To our best knowledge, this is the first study to report
on the relationship between diabetes distress and
adverse pregnancy outcomes in women with GDM. Diabetes distress was related to adverse pregnancy outcomes in multivariable analyses, while antepartum
depressive symptoms were not. These results corroborate the notion that diabetes distress and depressive
symptoms are two different constructs that should be
treated as such, also in women with GDM [14].

Given the scarcity of research in this area, a detailed
comparison with previous studies is not possible. However, some comparisons can be made. The prevalence of
diabetes distress was 36% in our study, which is in line
with previous findings in women with GDM [10]. The
level of diabetes distress dropped from 4.8 at baseline to
3.8 at follow-up, while Kopec et al. reported no decline
in diabetes distress in women with GDM over a period
of 9 weeks [15]. Our patients were offered a group consultation after baseline, and this consultation may have

Table 3 Multivariable logistic regression analysis of factors associated with adverse pregnancy outcomes
95% Confidence interval OR’s
Predictor

β ± SE

Constant

1.21 ± 2.49

pvalue

OR
Lower

Upper

Elevated diabetes distress

1.54 ± 0.65

0.02

4.70

1.32

16.75

Age

−0.05 ± 0.07

0.62

0.98

0.85

1.12

SES

−0.14 ± 0.56

0.72

0.82

0.28

2.45

BMI

0.00 ± 0.00

0.56

1.00

1.00

1.00

Ethnicity

0.19 ± 0.16

0.24

1.39

0.89

1.64

HbA1c

0.02 ± 0.01

0.32

1.02

0.99

1.06

Parity

−1.65 ± 0.67

0.02

0.21

0.06

0.73

Elevated depressive symptoms

1.51 ± 1.16

0.19

4.52

0.47

43.93
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contributed to the observed decline in diabetes distress.
Sixteen percent of patients lost their diabetes distress in
the first month. On the other hand, 13% of the women
developed diabetes distress in the same month, perhaps
because of the intensification of treatment and measuring of blood glucose values. The 12% prevalence of postpartum depressive symptoms is comparable with other
findings in women with GDM, while the 10% prevalence
of antepartum depressive symptoms is relatively low in
comparison to other studies, reporting percentages ranging from 8.7 to 36% [16, 41].
We did not find an association between glycemic control and adverse pregnancy outcomes, in contrast to Landon et al. [42]. However, contrary to this study we did not
perform an OGTT after baseline, and we dichotomized all
adverse pregnancy outcomes. Landon et al. looked at separate adverse pregnancy outcomes, of which some were
related to glycemic control while others were not. These
differences in methodology could explain differences in
outcomes. Similar to our findings, the relation between
parity and adverse pregnancy outcomes has consistently
been found with primiparous women being at increased
risk [43, 44]. This calls for specific attention for adverse
pregnancy outcomes in women expecting their first child.
We can speculate about the underlying mechanisms
explaining the association between diabetes distress and
self-reported adverse pregnancy outcomes in our study.
First, it could be that diabetes distress similar to the concept of self-rated health is a subjective measure of one’s
health status, that has been found to be predictive of objective health and mortality in the general population [45].
Women with GDM experiencing diabetes distress may accurately notice threats to the pregnancy and risk of adverse pregnancy outcomes. As we did not collect data to
test this hypothesis, it remains to be confirmed in future
studies. A second pathway linking diabetes distress to
worse pregnancy outcomes could be via increased cortisol
levels. It could be that diabetes distress leads to increased
cortisol, which could increase the risk of adverse pregnancy outcomes. It is known, for example, that higher maternal cortisol levels are associated with preterm delivery
[46]. Also, maternal anxiety, which is related to elevated
cortisol levels, has previously been associated with adverse
pregnancy outcomes [47]. Moreover, elevated cortisol
levels have been found in women with comorbid depression and anxiety during pregnancy, specifically in women
with pregnancy-related emotional distress [48]. However,
we did not measure cortisol in our cohort, so we were unable to test this hypothesis.
Our study has some limitations. First, in order to
optimize group sizes for analyses, elevated diabetes distress and depressive symptoms at either one time point
or both time points were considered the same. However,
it is possible that women who have elevated diabetes
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distress or depressive symptoms at both time points differ from those with elevated diabetes distress at one time
point only. Likewise, women with elevated baseline
scores could well differ from those with elevated scores
at T1. Unfortunately our sample sizes were too small to
investigate these potential differences.
Second, there were only 10 women (10%) who reported
above threshold antepartum depressive symptoms in our
cohort. Possibly the study was not powered to detect an
association between antepartum depressive symptoms and
adverse pregnancy outcomes in multivariable analyses.
However, our data are in line with Egan et al. (2017) who
reported no relation between depression and pregnancy
outcomes in women with GDM [16].
Third, approximately one third of the patients were lost to
follow-up, which could lead to selection bias. It is possible that
women who had more severe postpartum depression or who
experienced severe adverse pregnancy outcomes did not return the follow-up questionnaire. This could limit the
generalizability of our findings. The same accounts for the
study population: 70% were of non-Dutch ethnic descent,
which is in accordance with the obstetrical population of
OLVG. Diabetes distress is known to be common among minorities [49] and replication in other populations is warranted.
Fourth, for practical reasons, we relied on self-reported adverse pregnancy outcomes. For women who delivered in the
hospital, self-reported data corresponded in 88% of the cases
with the medical charts and the results remained the same
when these data were used in a sensitivity analysis. This indicates that the self-reported measures produced results similar to those from the medical charts. Although the outcomes
do not give reason to doubt the reliability of the findings, future studies should attempt to collect objective data from the
medical charts for all women.
Fifth, while the PAID-5 has previously been used in
women with GDM, it has not been specially designed
for nor has it been validated in this population. In our
sample the PAID5 appeared to be a reliable instrument
but we do not have data on its validity. In the group
consultation with their diabetes nurse and internist,
women with GDM expressed fears about the possible
consequences of GDM for their unborn child in particular. They appeared to be most worried about their unborn child, and less about the risks of GDM for their
own health. This aspect is not represented in the PAID5.
It may be worthwhile to design a GDM-specific questionnaire to measure diabetes-distress in women with
GDM, addressing concerns and stress related to the unborn child as well as themselves.

Conclusions
In conclusion, our results show that diabetes distress is
of importance in women with GDM, and that it is related to adverse pregnancy outcomes. As to the clinical
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implications of our findings, it is important that clinicians are aware and discuss diabetes distress with their
patients. A recent review shows that diabetes distress is responsive to treatment [50], and pregnancy does offer a window of opportunities. Group consultation appears a suitable
and practical strategy in addition to individual consultation
with a nurse or mental health specialist. A multidisciplinary
treatment setting, as described in the MySweetheart trial,
may be beneficial [51]. Even an approach as simple as monitoring and discussing diabetes distress as part of routine consultations could help improve distress [52] and subsequently
improve pregnancy outcomes. Further research should focus
on replicating the findings described in this study and investigating opportunities of prevention and management of diabetes distress, with the aim to diminish adverse pregnancy
outcomes in women with GDM.
Abbreviations
BMI: Body Mass Index; GDM: Gestational Diabetes Mellitus; HbA1c: Glycated
hemoglobin; OGTT: Oral Glucose Tolerance TestPAID5: Problem Areas in
Diabetes Scale 5; PHQ-9: Patient Health Questionnaire 9; SES: Socioeconomic
Status; SMBG: Self-Monitoring Blood Glucose Levels; VIF: Variance Inflation
Factor
Acknowledgements
The authors would like to thank all patients that participated in the study and Saskia
Gorter-de Vries, Leni Telleman, Patrick Bonestroo, Nabila Chaara-el Barrima and Trudy
Nieuwint for their valuable contribution to the study.
Authors’ contributions
CS contributed to the design of the study, analyzed the data and wrote the
manuscript, IV, VvdG and AK collected data and reviewed the manuscript, BJPvL, FS
and AH contributed to the design of the study and edited and reviewed the
manuscript. All authors have read and approved the final version of the manuscript.
Funding
This study was funded by the Psychiatry department of OLVG, no funding
from any other organizations was received. The Psychiatry department of
OLVG had no influence on the design of the study and collection, analysis,
and interpretation of data and in writing the manuscript.
Availability of data and materials
The dataset analysed during this study are available from the corresponding
author on reasonable request.
Ethics approval and consent to participate
The study received ethical approval from the medical ethical committee
(ACWO-MEC) of OLVG, reference number WO 13–051. All participants signed
informed consent prior to participation.
Consent for publication
Consent for publication is not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Psychiatry, OLVG, Amsterdam, the Netherlands. 2Amsterdam
Public Health Research Institute, Amsterdam, the Netherlands. 3Department
of Gynaecology, OLVG, Amsterdam, the Netherlands. 4Department of Internal
Medicine, OLVG, Amsterdam, the Netherlands. 5Department of Medical
Psychology, Amsterdam UMC, University of Amsterdam, Amsterdam, The
Netherlands. 6Department of Medical Psychology, Amsterdam UMC, Vrije
Universiteit Amsterdam, Amsterdam, The Netherlands. 7Department of
Psychiatry, Amsterdam UMC, Vrije Universiteit Amsterdam, Amsterdam, the
Netherlands.

Page 8 of 9

Received: 7 December 2018 Accepted: 24 June 2019

References
1. O'Sullivan EP, Avalos G, O'Reilly M, Dennedy MC, Gaffney G, Dunne F,
Atlantic DIPc. Atlantic diabetes in pregnancy (DIP): the prevalence and
outcomes of gestational diabetes mellitus using new diagnostic criteria.
Diabetologia. 2011;54(7):1670–5.
2. Jolly MC, Sebire NJ, Harris JP, Regan L, Robinson S: Risk factors for
macrosomia and its clinical consequences: a study of 350,311 pregnancies.
Eur J Obstet Gynecol Reprod Biol 2003, 111(1):9–14.
3. Hauck YL, Lewis L, Nathan EA, White C, Doherty DA. Risk factors for severe
perineal trauma during vaginal childbirth: a Western Australian retrospective
cohort study. Women Birth. 2015;28(1):16–20.
4. Catalano PM, McIntyre HD, Cruickshank JK, McCance DR, Dyer AR, Metzger
BE, Lowe LP, Trimble ER, Coustan DR, Hadden DR, et al. The hyperglycemia
and adverse pregnancy outcome study: associations of GDM and obesity
with pregnancy outcomes. Diabetes Care. 2012;35(4):780–6.
5. Cheung NW, Byth K. Population health significance of gestational diabetes.
Diabetes Care. 2003;26(7):2005–9.
6. Bellamy L, Casas JP, Hingorani AD, Williams D. Type 2 diabetes mellitus after gestational
diabetes: a systematic review and meta-analysis. Lancet. 2009;373(9677):1773–9.
7. Lapolla A, Di Cianni G, Di Benedetto A, Franzetti I, Napoli A, Sciacca L,
Torlone E, Tonutti L, Vitacolonna E, Mannino D. Quality of life, wishes, and
needs in women with gestational diabetes: Italian DAWN pregnancy study.
Int J Endocrinol. 2012;2012:784726.
8. Daniells S, Grenyer BF, Davis WS, Coleman KJ, Burgess JA, Moses RG.
Gestational diabetes mellitus: is a diagnosis associated with an increase in
maternal anxiety and stress in the short and intermediate term? Diabetes
Care. 2003;26(2):385–9.
9. Marchetti D, Carrozzino D, Fraticelli F, Fulcheri M, Vitacolonna E. Quality of
life in women with gestational diabetes mellitus: a systematic review. J
Diabetes Res. 2017;2017:7058082.
10. Lydon K, Dunne FP, Owens L, Avalos G, Sarma KM, O'Connor C, Nestor L,
McGuire BE. Psychological stress associated with diabetes during pregnancy:
a pilot study. Ir Med J. 2012;105(5 Suppl):26–8.
11. Dalfra MG, Nicolucci A, Bisson T, Bonsembiante B, Lapolla A, Qlisg. Quality of
life in pregnancy and post-partum: a study in diabetic patients. Qual Life
Res. 2012;21(2):291–8.
12. Silverman ME, Reichenberg A, Savitz DA, Cnattingius S, Lichtenstein P,
Hultman CM, Larsson H, Sandin S. The risk factors for postpartum
depression: a population-based study. Depress Anxiety. 2017;34(2):178–87.
13. Wardian JL, Tate J, Folaron I, Graybill S, True M, Sauerwein T: Who's
distressed? A comparison of diabetes-related distress by type of diabetes
and medication. Patient Educ Couns 2018.
14. Snoek FJ, Bremmer MA, Hermanns N. Constructs of depression and distress in
diabetes: time for an appraisal. The lancet Diabetes & endocrinology. 2015;3(6):450–60.
15. Kopec JA, Ogonowski J, Rahman MM, Miazgowski T. Patient-reported
outcomes in women with gestational diabetes: a longitudinal study. Int J
Behav Med. 2015;22(2):206–13.
16. Egan AM, Dunne FP, Lydon K, Conneely S, Sarma K, McGuire BE. Diabetes in
pregnancy: worse medical outcomes in type 1 diabetes but worse
psychological outcomes in gestational diabetes. QJM. 2017;110(11):721–7.
17. Roy-Matton N, Moutquin J-M, Brown C, Carrier N, Bell L. The impact of
perceived maternal stress and other psychosocial risk factors on pregnancy
complications. Obstet Gynecol Surv. 2011;66(8):475–6.
18. L. Copper R, L. Goldenberg R, Das A, Elder N, Swain M, Norman G, Ramsey
R, Cotroneo P, A. Collins B, Johnson F et al: The preterm prediction study:
Maternal stress is associated with spontaneous preterm birth at less than
thirty-five weeks' gestation, vol. 175; 1996.
19. Berger H, Crane J, Farine D, Armson A, De La Ronde S, Keenan-Lindsay L,
Leduc L, Reid G, Van Aerde J. Screening for gestational diabetes mellitus.
Journal of obstetrics and gynaecology Canada. JOGC = Journal
d'obstetrique et gynecologie du Canada : JOGC. 2002;24(11):894–912.
20. Cohen J. A power primer. Psychol Bull. 1992;112:155–9.
21. Polonsky WH, Anderson BJ, Lohrer PA, Welch G, Jacobson AM, Aponte JE, Schwartz
CE. Assessment of diabetes-related distress. Diabetes Care. 1995;18(6):754–60.
22. Snoek FJ, Pouwer F, Welch GW, Polonsky WH. Diabetes-related emotional
distress in Dutch and U.S. diabetic patients: cross-cultural validity of the
problem areas in diabetes scale. Diabetes Care. 2000;23(9):1305.

Schmidt et al. BMC Pregnancy and Childbirth

(2019) 19:223

23. McGuire BE, Morrison TG, Hermanns N, Skovlund S, Eldrup E, Gagliardino J,
Kokoszka A, Matthews D, Pibernik-Okanovic M, Rodriguez-Saldana J, et al.
Short-form measures of diabetes-related emotional distress: the problem
areas in diabetes scale (PAID)-5 and PAID-1. Diabetologia. 2010;53(1):66–9.
24. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression
severity measure. J Gen Intern Med. 2001;16(9):606–13.
25. Sidebottom AC, Harrison PA, Godecker A, Kim H. Validation of the patient
health questionnaire (PHQ)-9 for prenatal depression screening. Arch
Womens Ment Health. 2012;15(5):367–74.
26. van Steenbergen-Weijenburg KM, de Vroege L, Ploeger RR, Brals JW,
Vloedbeld MG, Veneman TF, Hakkaart-van Roijen L, Rutten FF, Beekman AT,
van der Feltz-Cornelis CM. Validation of the PHQ-9 as a screening
instrument for depression in diabetes patients in specialized outpatient
clinics. BMC Health Serv Res. 2010;10:235.
27. Stronks K, Kulu-Glasgow I, Agyemang C. The utility of 'country of birth' for
the classification of ethnic groups in health research: the Dutch experience.
Ethn Health. 2009;14(3):255–69.
28. AOF is een fonds voor huisartsenzorg in achterstandswijken [https://www.
aof-amsterdam.nl/index.php/over/downloads].
29. Van Ginkel JR, Kroonenberg PM, Kiers HAL. Missing data in principal
component analysis of questionnaire data: a comparison of methods. J Stat
Comput Simul. 2014;84(11):2298–315.
30. Barnes SA, Lindborg SR, Seaman JW Jr. Multiple imputation techniques in
small sample clinical trials. Stat Med. 2006;25(2):233–45.
31. Bodner TE. What improves with increased missing data imputations? Struct
Equ Model Multidiscip J. 2008;15(4):651–75.
32. Langer O, Yogev Y, Most O, Xenakis EMJ. Gestational diabetes: the
consequences of not treating. Am J Obstet Gynecol. 2005;192(4):989–97.
33. Blumenshine P, Egerter S, Barclay CJ, Cubbin C, Braveman PA.
Socioeconomic disparities in adverse birth outcomes: a systematic review.
Am J Prev Med. 2010;39(3):263–72.
34. Khalil A, Syngelaki A, Maiz N, Zinevich Y, Nicolaides KH. Maternal age and
adverse pregnancy outcome: a cohort study. Ultrasound in obstetrics &
gynecology : the official journal of the International Society of Ultrasound in
Obstetrics and Gynecology. 2013;42(6):634–43.
35. Khalil A, Rezende J, Akolekar R, Syngelaki A, Nicolaides KH. Maternal racial
origin and adverse pregnancy outcome: a cohort study. Ultrasound in
obstetrics & gynecology : the official journal of the International Society of
Ultrasound in Obstetrics and Gynecology. 2013;41(3):278–85.
36. Schummers L, Hutcheon JA, Bodnar LM, Lieberman E, Himes KP. Risk of
adverse pregnancy outcomes by prepregnancy body mass index: a
population-based study to inform prepregnancy weight loss counseling.
Obstet Gynecol. 2015;125(1):133–43.
37. O’brien RM. A caution regarding rules of thumb for variance inflation
factors. Qual Quant. 2007;41(5):673–90.
38. Hosmer DW, Lemeshow S. Applied logistic regression (2nd ed.). New York:
John Wiley and Sons; 2000.
39. 2012 ICR: IBM SPSS Statistics for Windows. In., 21.0 edn. Armonk, NY: IBM
Corp.; 2012.
40. Altman DG, Royston P. The cost of dichotomising continuous variables. BMJ
(Clinical research ed). 2006;332(7549):1080.
41. Ruohomäki A, Toffol E, Upadhyaya S, Keski-Nisula L, Pekkanen J, Lampi J,
Voutilainen S, Tuomainen T-P, Heinonen S, Kumpulainen K, et al. The
association between gestational diabetes mellitus and postpartum
depressive symptomatology: a prospective cohort study. J Affect Disord.
2018;241:263–8.
42. Landon MB, Mele L, Spong CY, Carpenter MW, Ramin SM, Casey B, Wapner RJ,
Varner MW, Rouse DJ, Thorp JM, et al. The relationship between maternal
Glycemia and perinatal outcome. Obstet Gynecol. 2011;117(2):218–24.
43. Bai J, Wong FWS, Bauman A, Mohsin M. Parity and pregnancy outcomes.
Am J Obstet Gynecol. 2002;186(2):274–8.
44. Wielgos A, Szymusik I, Bartnik P, Kacperczyk-Bartnik J, Kosinska-Kaczynska K,
Pietrzak B: Pregnancy beyond the age of 40 - the influence of parity on
perinatal outcome, vol. 36; 2015.
45. Wu S, Wang R, Zhao Y, Ma X, Wu M, Yan X, He J. The relationship between
self-rated health and objective health status: a population-based study. BMC
Public Health. 2013;13(1):320.
46. Sandman CA, Glynn L, Schetter CD, Wadhwa P, Garite T, Chicz-DeMet A,
Hobel C. Elevated maternal cortisol early in pregnancy predicts third
trimester levels of placental corticotropin releasing hormone (CRH): priming
the placental clock. Peptides. 2006;27(6):1457–63.

Page 9 of 9

47. Ding X-X, Wu Y-L, Xu S-J, Zhu R-P, Jia X-M, Zhang S-F, Huang K, Zhu P, Hao
J-H, Tao F-B. Maternal anxiety during pregnancy and adverse birth
outcomes: a systematic review and meta-analysis of prospective cohort
studies. J Affect Disord. 2014;159:103–10.
48. Evans LM, Myers MM, Monk C. Pregnant women’s cortisol is elevated with
anxiety and depression — but only when comorbid. Archives of Women's
Mental Health. 2008;11(3):239.
49. Özcan B, Rutters F, Snoek FJ, Roosendaal M, Sijbrands EJ, Elders PJM, Holleman
F, Pijl H, Tack CJ, Abbink EJ, et al. High diabetes distress among ethnic
minorities is not explained by metabolic, cardiovascular, or lifestyle factors:
findings from the Dutch diabetes pearl cohort. Diabetes Care. 2018;41(9):1854.
50. Schmidt CB, van Loon BJP, Vergouwen ACM, Snoek FJ, Honig A. Systematic
review and meta-analysis of psychological interventions in people with
diabetes and elevated diabetes-distress. Diabetic medicine : a journal of the
British Diabetic Association. 2018.
51. Horsch A, Gilbert L, Lanzi S, Gross J, Kayser B, Vial Y, Simeoni U, Hans D,
Berney A, Scholz U, et al. Improving cardiometabolic and mental health in
women with gestational diabetes mellitus and their offspring: study
protocol for &lt;em&gt;MySweetHeart Trial&lt;/em&gt;, a randomised
controlled trial. BMJ Open. 2018;8:2.
52. Snoek FJ, Kersch NY, Eldrup E, Harman-Boehm I, Hermanns N, Kokoszka A,
Matthews DR, McGuire BE, Pibernik-Okanovic M, Singer J, et al. Monitoring
of individual needs in diabetes (MIND)-2: follow-up data from the crossnational diabetes attitudes, wishes, and needs (DAWN) MIND study.
Diabetes Care. 2012;35(11):2128–32.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

