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Abstract: The purpose of this study was to evaluate the relationship between anxiety, prenatal
attachment, and depressive symptoms among women with diabetes in pregnancy. Participants were
131 consecutive pregnant women between the ages of 20 and 45 with a diagnosis of gestational or
pregestational type 1 or type 2 diabetes. Data on previous psychiatric symptoms were obtained from
the Anamnestic and Social Questionnaire and the Mini-International Neuropsychiatric Interview
(MINI). Information on prenatal attachment was collected using The Prenatal Attachment Inventory
(PAI), and The Edinburgh Postnatal Depression Scale (EPDS) assessed depressive symptoms in
the third trimester of pregnancy (at a mean of 25 weeks). Results demonstrated that in women
affected by diabetes in pregnancy, two facets of prenatal attachment (anticipation, interaction) were
negatively correlated with depressive symptoms, and a history of anxiety, assessed with the MINI,
moderated the relation between the prenatal attachment interaction factor and depressive symptoms
during pregnancy.

Keywords: diabetes in pregnancy; prenatal attachment; depressive symptoms; anxiety

1. Introduction

Pregnancy is one of life’s major events, which leads to social, psychological, and hormonal changes
and may contribute to the development of mental disorders, including anxiety and depressive disorders.
Recent studies have found an association between diabetes and depression among non-pregnant
patients, highlighting how diabetes may increase the risk for depression [1] as well as how depression
may be a risk factor for type 2 diabetes [2]. In addition, some researchers have suggested that both
conditions may share common biological mechanisms [3]. Although it has been shown that gestational
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diabetes mellitus (GDM)—a form of diabetes occurring only in pregnancy [4]—is an established risk
factor for diabetes [5], evidence for the relation between diabetes in pregnancy and depression during
pregnancy or postpartum is limited [6]. A recent review demonstrated that between 10% and 20% of
women experience depressive symptoms during pregnancy [7] and among women with GDM, the
prevalence of depression during or after pregnancy ranged widely, from 4.1% to 80% [8]. Previous
studies demonstrated that a history of anxiety disorders prior to pregnancy is related to antenatal
depressive symptoms [9,10]. Susceptibility to depressive symptoms during pregnancy is possibly
linked to maternal cortisol levels [11] and pregnant women with diabetes appear to be at higher risk of
developing depressive symptoms. Depressive symptoms can develop directly from hyperglycemia
(related to increased oxidative stress, inflammation, or leptin resistance induced by hyperglycemia),
and indirectly from psychological stress related to the diagnosis of diabetes [12,13].

Over the last few years, in the wake of Bowlby’s empirical study of human attachment, various
theories have been developed related to the experience of pregnancy [14]. Deutch, Bibring and
Benedeck described prenatal attachment as a process in which a pregnant woman’s psychic energy
is emotionally invested into the fetus [15–18]. This early relationship has received growing scientific
interest [19] that has led to the description of a formal theory of prenatal attachment. Muller [20]
redefined prenatal attachment as “the unique relationship that develops between a woman and her
fetus” (p. 11). These feelings are not dependent on the feelings the woman has about herself as a
pregnant person or her perception of herself as a mother [21,22]. Studies have demonstrated individual
differences varying from being highly attached early in the pregnancy, to low, or no, attachment during
the pregnancy [23]. Recent research has demonstrated that cognitive, emotional, and situational
factors are associated with the level of prenatal attachment [24,25]. Among these factors, remarkable
importance has been attributed to social support [26], twin pregnancies [27], loss or stillbirth in a
previous pregnancy [28], maternal age [29], maternal personality [30], physical symptoms, body
image [31,32], as well as depression and anxiety [33,34]. However, the relation between anxiety [35],
depression [36,37], and prenatal attachment is not well clarified.

On the basis of existing literature [38] and consistent with theory [39], we hypothesized that in
women diagnosed with pregestational diabetes and GDM, (1) the three facets of prenatal attachment
(anticipation, differentiation, interaction) would be negatively associated with depression and (2) a
history of anxiety would moderate the relation between the significant prenatal attachment facets and
depression during pregnancy.

2. Materials and Methods

2.1. Participants

Participants were recruited during their first visit to the Endocrinology outpatients at the
Diabetes and Pregnancy Clinic at Sant’Andrea Hospital. The patients during their pregnancy sought
consultation from the outpatient clinic of Diabetes and Pregnancy, a branch of the internal medicine
unit, as they presented impaired blood glucose curves or because they already had a diagnosis of
type 1 or 2 diabetes. Inclusion criteria were any women with a diagnosis of gestational diabetes or
with pregestational diabetes, in pregnancy. Exclusion criteria involved major chronic diseases such
as cardiovascular diseases, severe autoimmune diseases (rheumatic arthritis, sclerodermia, severe
psoriasis, etc.), neurological diseases (multiple sclerosis, infectious disease (HIV, viral hepatitis, etc.),
psychosis, and congenital malformations. The time period for data collection was twelve months.
Participants were 131 consecutive pregnant women between the ages of 20 and 45 (mean = 34.29,
SD = 5.32) with a diagnosis of gestational or pregestational type 1 or type 2 diabetes. The majority had
gestational diabetes (n = 109, 83.2%), whereas the remaining women were diagnosed with type 1 or
2 diabetes prior to pregnancy (n = 21, 16.2%). Of the participants, 85 (64.4%) were married and 45
(34.6%) were not. Moreover, 19 (14.5%) women reported having a history of depression, whereas 46
(35.1%) reported a history of anxiety. The medical staff informed patients about the existence of this
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study and all patients signed informed consent. All patients participated voluntarily and the study
was approved by the institutional review board. All demographic and clinical variables are shown in
Table 1.

Table 1. Sociodemographic and clinical variables.

Variables N %

Patient 131 100
Age M ± SD Range 20–45 M = 34.29 ± 5.32
Week of pregnancy M ± SD Range 6–38 M = 24.59 ± 8.73
Marital status Married 85 64.4

Not Married 45 34.6
Diagnosis Gestational Diabetes 109 83.2

Pregestational
type 1 or type 2 21 16.2

Psychological disorder history History of anxiety 46 35.1
History of depression 19 14.5

History of both anxiety and depression 14 10.7

2.2. Measures

The Mini-International Neuropsychiatric Interview (MINI) is a clinically administered tool used
in our environment to assess both psychiatric and non-psychiatric patients and rule out the presence of
any serious psychiatric disorder. Consolidated experience in the assessment of non-psychiatric patients
indicated that anxiety is the most common non-invalidating psychiatric condition traceable in such
populations. Appropriately trained clinicians using the MINI assessed the diagnosis of generalized
anxiety. The MINI is a short-structured interview with high validity and reliability [40]. Although
the MINI is not a substitute for a psychiatric clinical interview, validation studies have confirmed the
validity of this instrument as a reliable tool in psychiatry [41,42]. Other more specific constructs for
assessing patients enrolled in this study were the Anamnestic and Social Questionnaire, the Prenatal
Attachment Inventory (PAI) and the Edinburgh Postnatal Depression Scale (EPDS). Assessment of
pregnant women was performed by trained psychologists and supervised by two fully qualified
psychiatrists. All of them were administered during the 25th week of pregnancy.

The Anamnestic and Social Questionnaire is a questionnaire developed for this study in our
Department of Neurosciences, Mental Health and Sensory Organs at Sant’Andrea Hospital, Sapienza
University of Rome, Italy. The Anamnestic and Social Questionnaire is an instrument administered by
the principal investigator and consists of 35 questions, most of which are multiple-choice and some
are open-ended questions. It was developed to obtain an available and manageable instrument that
could simultaneously investigate many medical and social aspects related to pregnancy. The first
part of this anamnestic instrument provided basic information about the pregnant woman including
age, marital status, level of education, and occupation and information about the pregnancy and the
family. The second part included questions concerning the diagnosis of diabetes, the third part was
dedicated to the pregnancy, and the fourth section included questions on mental health conditions of
the pregnant women both in the present and in the past and the medical condition during the pregnancy.
In particular, four questions investigated the presence of anxiety and depression disorders before
pregnancy; possible therapeutic (pharmacological and/or psychological) therapies and familiarity
were investigated.

The Prenatal Attachment Inventory (PAI) [43,44] is a self-report questionnaire designed to measure
prenatal attachment in terms of the unique affectionate relationship that develops between a mother
and her fetus. As recommended by a factor analysis conducted by Pallant et al. [45], three six-item PAI
subscales (Anticipation, Interaction, Differentiation) were used in the current analyses. Sample items
included statements such as “I imagine calling the baby by name” (anticipation), “I think that my baby
already has a personality” (differentiation), and “I stroke the baby through my tummy” (interaction).
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The response options range from 1 = almost never to 4 = almost always, and scores on each subscale
range from 6 to 24, with higher scores indicating higher levels of prenatal attachment. The PAI has
been shown to have strong psychometric properties [46] and has been successfully used in Italian
women [43–47]. In the current sample, the internal consistency reliability estimates were 0.72, 0.67,
and 0.72 for the anticipation, differentiation, and interaction subscales, respectively.

The Edinburgh Postnatal Depression Scale (EPDS) [48] is a self-administered 10-item questionnaire
designed to assess postnatal depressive symptoms in women. It is one of the most widely used
questionnaires in various countries for the screening of postnatal depressive symptomatology [49].
According to the results obtained by Murray and Cox [50], who highlighted that EPDS was effective in
identifying women with major depression (level II evidence) during pregnancy, we used the EPDS in
this study for the assessment of depression during pregnancy. The questionnaire items investigate the
presence and intensity of depressive symptoms during the previous seven days, specifically anhedonia,
self-blame, anxiety, fear or panic, inability to cope, difficulty in sleeping, sadness, tearfulness, and
thoughts of self-harm. Sample items include “I have been so unhappy that I have been crying” and “I
have been so unhappy that I have had difficulty sleeping.” The items are scored from 0 to 3, increasing
according to the severity of the symptoms, and a summed score ranging from 0 to 30. The EPDS has
demonstrated strong validity and reliability [51,52], and the Italian version of the EPDS has been used
in previous studies of women post-delivery [53,54]. According to previous studies, we considered
a cut-off score of 13 for the diagnosis of depression in pregnancy [55]. In the current sample, the
reliability estimate was 0.78.

2.3. Statistical Analyses

In order to determine the sample size for a moderation analysis, a power analysis was conducted
using G*Power [56] (Institute for Experimental Psychology in Dusseldorf, Dusseldorf, Germany).
The analysis was based on a hierarchical linear regression, with a medium effect size (f2) of 0.10,
an alpha of 0.05, a standard power level of 0.80, a total of four tested predictors, and eight total
predictors. The results of the power analysis showed that a minimum of 125 participants would be
needed to achieve an appropriate power level for this study. Accordingly, our sample size of 131 was
deemed appropriate to detect main and interaction effects. In order to allow our four predictors to
compete with each other, above and beyond the effects of the covariates, we conducted a series of
hierarchical regressions. The covariates were entered in the first step, history of anxiety was entered in
the second step, and the third step consisted of the three PAI subscales. In the fourth step, we tested
the interaction effect of a history of anxiety with the interaction subscale of the PAI on depressive
symptoms. As recommended for testing moderation effects, all predictor and interaction terms were
centered prior to model estimation to reduce multicollinearity and improve interpretation of regression
coefficients [57,58].

3. Results

Sociodemographic and clinical variables are shown in Table 1.
All partial correlations among the primary study variables are shown in Table 2. We did not find

any significant association between psychological, physical, and socioeconomic maternal variables
and depression during pregnancy.

Results demonstrated that a history of anxiety was associated with depressive symptoms during
pregnancy (r = 0.20, p = 0.044) after controlling for diabetes type, age, marital status, and past history of
depression. In line with our hypothesis, the anticipation (r = −0.24, p = 0.02) and interaction (r = −0.34,
p = 0.001) subscales of the PAI were related to depressive symptoms; however, the differentiation
facet was not correlated with depressive symptoms (r = −0.16, p = 0.13). Total correlation showed that
age was related with anticipation (r = −0.22, p = 0.01) and interaction (r = −0.11, p = 0.03) subscales
of the PAI. Moreover, not being married was associated with a history of anxiety (r = 0.22, p = 0.01).
To further investigate these associations, a hierarchical regression analysis was conducted.
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Table 2. Correlation matrix, means, and standard deviations (SD) among Anxiety history, Prenatal
Attachment subscales and Depressive symptoms, Age, and Marital status.

Variables 1 2 3 4 5 6 7

1. Anxiety history –
2. Anticipation 0.11 –
3. Differentiation 0.02 0.62 ** –
4. Interaction 0.01 0.60 ** 0.66 ** –
5. Depressive symptoms 0.20 * −0.24 * −0.16 −0.34 ** –
6. Age 0.05 −0.22 * −0.11 −0.19 * 0.01 –
7. Marital status 0.22 * 0.04 0.01 0.10 0.17 0.05 –

Mean 0.35 17.87 16.89 19.53 7.84 34.29 1.34
SD 0.48 3.61 3.57 3.08 4.75 5.32 0.46

Note. N = 131. Tabled values are partial correlations controlling for patient type, age, marital status, and history of
depression. * p < 0.05; ** p < 0.01.

In Model 1, we first entered patient type (gestational diabetes onset in pregnancy vs. type 1
or 2 onsets prior to pregnancy), age, marital status, and history of depression as covariates, which
accounted for 15.5% of the total variance, ∆F(4, 126) = 5.77, p < 0.001. In Model 2, we entered the history
of anxiety in the second step, which predicted depressive symptoms during pregnancy above and
beyond the covariates (B = 1.63, p = 0.043) and accounted for an additional 2.7% of the total variance
∆F(1, 125) = 4.19, p = 0.043. In Model 3, we entered anticipation, differentiation, and interaction in
the third step as potential predictors of depressive symptoms during pregnancy. Results indicated
that interaction with the fetus was a significant predictor (B = −0.41, p = 0.018) over and above the
covariates and a history of anxiety, accounting for an additional 6.9% of the total variance (25.1%),
∆F(3, 122) = 3.71, p = 0.013; however, anticipation (B = −0.14, p = 0.32) and differentiation (B = 0.14,
p = 0.35) were not associated with depressive symptoms. Given that anticipation and differentiation
were not found to significantly predict depressive symptoms, these variables were omitted from
subsequent analyses.

We entered the interaction term (i.e., anxiety X PAI interaction) into the regression analysis as
a fourth step, preceded by the covariates (in the first step), history of anxiety (in the second step),
and the three main effects of the PAI subscales (in the third step) for testing if PAI Interaction in
women with history of anxiety predicts depressive symptoms. As can be seen in Table 3, our results
revealed that the interaction of history of anxiety and interaction with the fetus (B = 0.65, SE = 0.27,
p = 0.016; Model 4) was a significant predictor, which accounted for an additional 3.5% of the variance
in depressive symptoms, with 28.6% total variance explained, ∆F(1, 121) = 5.99, p = 0.016.

Table 3. Summary of the hierarchical regression analysis for Patient type, Age, Marital status, Depression
history, Anxiety history and Prenatal Attachment subscales predicting women’s depressive symptoms.

Model 1 Model 2 Model 3 Model 4

Variables B SE β B SE β B SE B B SE β

Patient type −1.66 0.96 −0.14 −1.55 0.95 −0.13 −1.80 0.95 −0.15 −1.78 0.93 −0.12
Age −0.02 0.07 −0.02 −0.02 0.07 −0.02 −0.08 0.07 −0.09 −0.08 0.67 −0.09

Marital status 0.97 0.77 0.10 0.68 0.78 0.07 0.92 0.76 0.10 1.07 0.75 0.12
Depression history 4.36 1.04 0.35 ** 3.68 1.08 0.30 ** 2.96 1.06 0.24 ** 2.87 1.04 0.23 *

Anxiety history 1.63 0.80 0.18 * 1.72 0.78 0.19 * 1.77 0.76 0.19 *
Anticipation −0.14 0.14 −0.11 −0.11 0.14 −0.08

Differentiation 0.14 0.15 0.10 0.13 0.15 0.10
Interaction −0.41 0.17 −0.26 * −0.61 0.19 −0.40 **
Anxiety X
Interaction 0.65 0.27 0.22 *

R2 0.16 0.18 0.25 0.29
F for change in R2 5.77 ** 4.19 * 3.71 * 5.99 *

Note. N = 131. * p < 0.05; ** p < 0.01.
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To facilitate interpretation, the regression lines for interaction with the fetus (Figure 1) with
depressive symptoms were plotted for the two anxiety groups (no history vs. history) as recommended
by Aguinis et al. [59]. As can be seen in Figure 1, the slope was significantly steeper for the no anxiety
group (r = −0.28, p = 0.02) compared to the history of the anxiety group (r = 0.08, p = 0.64). Instead, no
relation was found with PAI Interaction and depressive symptoms in the groups with and without a
history of depression.
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4. Discussion

In the current study, our results indicated that two facets of prenatal attachment (anticipation,
interaction) were negatively correlated with depressive symptoms in women with gestational diabetes,
and a history of anxiety moderated the relation between the prenatal attachment interaction factor
and depressive symptoms. Our results confirmed previous studies that demonstrated the relation
between high anxiety levels and depression during pregnancy [60]. Many studies have investigated the
main risk factors for antenatal anxiety and have highlighted a complex multi-factorial etiology [61,62].
It has been demonstrated that women who experienced antenatal anxiety were about three times
more likely to suffer from depression during pregnancy [63]. Several psychological and social risk
factors for antenatal depression have been well described, including early age, low income, lower
educational attainment, a history of depression, a history of miscarriage and pregnancy termination,
a history of childhood sexual abuse, and low social support [64–67]. Research suggests that depression
during pregnancy is associated with an increased risk for emotional [68], behavioral [69], and cognitive
problems of offspring [70], possibly due to elevations in maternal cortisol levels [71]. Although
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women with diabetes in pregnancy have a greater risk of developing depressive symptoms, studies of
depression in women with GDM are scarce in the literature, and most of them have evaluated women
diagnosed with pre-pregnancy diabetes or postpartum depression [72].

Consistent with these findings, our study demonstrated that a history of anxiety was associated
with prenatal depressive symptoms in women affected by diabetes in pregnancy. Assuming that high
levels of pregnancy-related stress and/or other stressors can activate a woman’s coping strategy [73],
we hypothesized that pregnant woman with a past diagnosis of anxiety disorders utilized less adaptive
strategies for coping with pregnancy-related stress and diabetes-related stress, and this is associated
with higher depressive symptoms during pregnancy. The increased glucose levels in women affected
by diabetes in pregnancy can cause direct and indirect maternal distress, and this factor becomes
more complicated if the woman is exposed to environmental stressors [74]. McNamara et al., in a
recent review on the relation between maternal wellbeing and maternal fetal attachment, observed
that depression in the antenatal periods was associated with lower prenatal attachment. Moreover, the
closer the prenatal attachment of a mother to her unborn child, the fewer symptoms of depression
she reports during the last term of pregnancy and postpartum, demonstrating that maternal mood
may negatively impact a mother’s ability to bond with her baby during pregnancy [75]. Our result
highlights the importance of a previous history of anxiety disorder in moderating the relation between
prenatal attachment and depressive symptoms in GDM patients. The relationship between prenatal
attachment and psycho-affective factors in pregnant women has been established by Ossa et al. [76].
Specifically, the researchers observed the association of poorer prenatal attachment and unwanted
pregnancy, higher levels of perceived stress, prenatal depression, and low family support [37–77].
According to previous studies reporting that the most important determinant of prenatal attachment is
the mother’s mental health, [36–79], our results stressed that prenatal attachment was reduced when
depressive symptoms were high; however, no other trials considered a previous anxiety disorder as a
moderator of this relationship. Thus, the results from our study expand prior findings by suggesting
that pregnant women who have experienced anxiety in the past and who have a decreased amount of
interaction with their fetus may be at an elevated risk of reporting depressive symptomatology, and,
those women who exhibited depressive symptoms had alterations in PAI subscales. Specifically, the
PAI “interaction” subscale was associated with prenatal depressive symptoms strongly, as compared to
other subclasses, stressing that depressive symptoms are associated with a mother’s lesser feelings for
the fetus and with a difficulty of sharing her experience with others. These results also confirmed that
the three PAI-R subscales should be kept separate, and not summed as a total score, as they assessed
different aspects of the prenatal attachment construct [80].

One of the limitations of this study is that we collected data mainly in the third trimester (at a
mean of 25 weeks) and not in other gestational trimesters or before delivery because the gestational
diabetes is generally screened and diagnosed after the 24th gestational week. Second, it was not
possible to make comparisons with pregnant women without diabetes since all of the women included
in the study had GDM. Third, we did not assess the temporal relationship between the onset of
depressive symptoms in pregnancy and prenatal attachment; therefore, we cannot determine whether
the alterations in prenatal attachment were due to depressive symptoms or are a separate construct.
Future research should assess anxiety symptoms with a valid and reliable instrument, such as the
Perinatal Anxiety Screening Scale. Fourth, diagnostic interviews conducted by clinicians were not
used, and thus, depressive symptoms were measured using the EPDS. Although the EPDS is a valid
and reliable instrument, it assesses depressive symptoms, not clinical diagnoses of depression. Thus,
clarification is needed regarding the role of major depressive disorder versus depressive symptoms in
the relations examined in the current study.

Another issue that merits discussion is the social desirability bias with the use of self-report
instruments and the cross-sectional nature of the study that does not follow individuals over time to
determine cause and effect.
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5. Conclusions

Based on the results of this study, assessing a previous anxiety disorder with a short-structured
interview as the MINI and assessing attachment during pregnancy using the PAI should aid in
identifying women with diabetes during pregnancy who suffer from anxiety and report lower levels
of attachment. This would allow clinicians to identify women at risk of developing depression and
allow us to follow women at risk of developing depression during their pregnancy. Furthermore, the
importance of assessing factors related to perinatal depression is supported by recent studies, which
demonstrated an association between prenatal maternal depressive symptoms and brain development
of offspring. Several studies highlighted the relationship between exposure to maternal prenatal stress,
and physical, psychological, and psychiatric outcomes in later life, including emotional, behavioral,
and cognitive psychopathology, stress physiology, brain plasticity, immune function, and chronic
metabolic diseases. Exposure to elevated levels of maternal glucocorticoids can create persistent
changes in fetal biological systems, increasing the risk for developmental disorders later in life [80].

In conclusion, inquiring about the prenatal attachment, which will ultimately develop into
the mother–child bond after delivery, may be of clinical importance. Specific interventions during
pregnancy such as psychotherapy should not only address the depressive symptoms but could also
promote the well-being of mother and child by working on the promotion of prenatal attachment.

Author Contributions: A.N., D.A.L., and I.B. drafted the paper; V.C., S.S., and E.R. provided statistical analysis
and interpretation of results; P.-L.N., G.S., and D.E. collected data; R.T., M.A., and M.P. designed the study; all
authors contributed to drafting the final version of the paper. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Supported in part by a grant from Fondazione Internazionale Menarini to the Department of
Neurosciences, Mental Health and Sensory Organs (to D.E.).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Nouwen, A.; Winkley, K.; Twisk, J.; Lloyd, C.E.; Peyrot, M.; Ismail, K.; Pouwer, F. Type 2 diabetes mellitus
as a risk factor for the onset of depression: A systematic review and meta-analysis. Diabetologia 2010, 53,
2480–2486. [CrossRef] [PubMed]

2. Rotella, F.; Mannucci, E. Depression as a risk factor for diabetes: A meta-analysis of longitudinal studies.
J. Clin. Psychiatry 2013, 74, 31–37. [CrossRef] [PubMed]

3. Oladeji, B.D.; Gureje, O. The comorbidity between depression and diabetes. Curr. Psychiatry Rep. 2013, 15,
390. [CrossRef] [PubMed]

4. International Association of Diabetes and Pregnancy Study Groups Consensus Panel. International
association of diabetes and pregnancy study groups recommendations on the diagnosis and classification of
hyperglycemia in pregnancy. Diabetes Care 2010, 33, 676–682. [CrossRef] [PubMed]

5. Schmidt, M.I.; Duncan, B.B.; Castilhos, C.; Wendland, E.M.; Hallal, P.C.; Schaan, B.D.A.; Nunes, M.A. Lifestyle
Intervention for Diabetes prevention After pregnancy (LINDA-Brasil): Study protocol for a multicenter
randomized controlled trial. BMC Pregnancy Childbirth 2016, 16, 68. [CrossRef] [PubMed]

6. Byrn, M.A.; Penckofer, S. Antenatal depression and gestational diabetes: A review of maternal and fetal
outcomes. Nurs. Women’s Health 2013, 17, 22–33. [CrossRef] [PubMed]

7. Gavin, N.I.; Gaynes, B.N.; Lohr, K.N.; Meltzer-Brody, S.; Gartlehner, G.; Swinson, T. Perinatal depression:
A systematic review of prevalence and incidence. Obstet. Gynecol. 2005, 106, 1071–1083. [CrossRef]

8. Ross, G.P.; Falhammar, H.; Chen, R.; Barraclough, H.; Kleivenes, O.; Gallen, I. Relationship between
depression and diabetes in pregnancy: A systematic review. World J. Diabetes 2016, 7, 554–571. [CrossRef]

9. Heron, J.; Golding, J.; ALSPAC Study Team. Thimerosal exposure in infants and developmental disorders:
A prospective cohort study in the United Kingdom does not support a causal association. Pediatrics 2004,
114, 577–583. [CrossRef]

http://dx.doi.org/10.1007/s00125-010-1874-x
http://www.ncbi.nlm.nih.gov/pubmed/20711716
http://dx.doi.org/10.4088/JCP.12r07922
http://www.ncbi.nlm.nih.gov/pubmed/23419223
http://dx.doi.org/10.1007/s11920-013-0390-3
http://www.ncbi.nlm.nih.gov/pubmed/23933977
http://dx.doi.org/10.2337/dc09-1848
http://www.ncbi.nlm.nih.gov/pubmed/20190296
http://dx.doi.org/10.1186/s12884-016-0851-x
http://www.ncbi.nlm.nih.gov/pubmed/27029489
http://dx.doi.org/10.1111/1751-486X.12003
http://www.ncbi.nlm.nih.gov/pubmed/23399010
http://dx.doi.org/10.1097/01.AOG.0000183597.31630.db
http://dx.doi.org/10.4239/wjd.v7.i19.554
http://dx.doi.org/10.1542/peds.2003-1176-L


Int. J. Environ. Res. Public Health 2020, 17, 425 9 of 11

10. Lee, A.M.; Lam, S.K.; Lau, S.M.; Chong, C.S.Y.; Chui, H.W.; Fong, D.Y.T. Prevalence, course, and risk factors
for antenatal anxiety and depression. Obstet. Gynecol. 2007, 110, 1102–1112. [CrossRef]

11. Seth, S.; Lewis, A.J.; Galbally, M. Perinatal maternal depression and cortisol function in pregnancy and
the postpartum period: A systematic literature review. BMC Pregnancy Childbirth 2016, 16, 124. [CrossRef]
[PubMed]

12. Lustman, P.J.; Clouse, R.E. Depression in diabetic patients: The relationship between mood and glycemic
control. J. Diabetes Complicat. 2005, 19, 113–122. [PubMed]

13. Rustad, J.K.; Musselman, D.L.; Nemeroff, C.B. The relationship of depression and diabetes: Pathophysiological
and treatment implications. Psychoneuroendocrinology 2011, 36, 1276–1286. [CrossRef] [PubMed]

14. Bowlby, R. Fifty Years of Attachment Theory: The Donald Winnicott Memorial Lecture; Karnac: London, UK, 2004.
15. Deutch, H. The Psychology of Women; Grune & Stratton: New York, NY, USA, 1945.
16. Benedek, T. Parenthood as a developmental phase: A contribution to the libido theory. J. Am. Psychoanal.

Assoc. 1959, 7, 389–417. [CrossRef]
17. Benedek, T.; Liebman, S. Psychological Aspects of Pregnancy and Parent-Child Relationships; Lippincott: Oxford,

UK, 1958.
18. Bibring, G.L.; Dwyer, T.F.; Huntington, D.S.; Valenstein, A.F. A study of the psychological processes in

pregnancy and of the earliest mother-child relationship. Psychoanal. Study Child 1961, 16, 9–72. [CrossRef]
19. Kennell, J.H.; Slyter, H.; Klaus, M.H. The mourning response of parents to the death of a newborn infant.

N. Engl. J. Med. 1970, 283, 344–349. [CrossRef]
20. Muller, M.E. A critical review of prenatal attachment research. Sch. Inq. Nurs. Pract. 1992, 6, 5–22.
21. Muller, M.E. The Development and Testing of the Muller Prenatal Attachment Inventory. Ph.D. Thesis,

University of California, San Francisco, CA, USA, 1990.
22. Muller, M.E.; Ferketich, S. Factor analysis of the Maternal Fetal Attachment Scale. Nurs. Res. 1993, 42,

144–147.
23. Mikulincer, M.; Florian, V. Maternal-fetal bonding, coping strategies, and mental health during

pregnancy—The contribution of attachment style. J. Soc. Clin. Psychol. 1999, 18, 255–276. [CrossRef]
24. Doan, H.M.; Zimerman, A. Conceptualizing prenatal attachment: Toward a multidimensional view. J. Prenat.

Perinat. Psychol. Health 2003, 18, 131–148.
25. Doan, H.M.; Zimerman, A. Maternal prenatal attachment: Cranley’s contribution twenty-five years later.

Int. J. Prenatal. Perinatal. Psychol. Med. 2007, 19, 137–151.
26. Wilson, M.E.; White, M.A.; Cobb, B.; Curry, R.; Greene, D.; Popovich, D. Family dynamics, parental-fetal

attachment and infant temperament. J. Adv. Nurs. 2000, 31, 204–210. [CrossRef] [PubMed]
27. Domato, E.G. Predictors of prenatal attachment in mothers of twins. J. Obstet. Gynecol. Neonatal. Nurs. 2004,

33, 436–445. [CrossRef] [PubMed]
28. Tsartsara, E.; Johnson, M.P. The impact of miscarriage on women’s pregnancyspecific anxiety and feelings of

prenatal maternal–foetal attachment during the course of asubsequent pregnancy: An exploratory follow-up
study. J. Psychosom. Obstet. Gynaecol. 2006, 27, 173–182. [CrossRef]

29. Berryman, J.C.; Windridge, K.C. Pregnancy after 35 and attachment to the fetus. J. Reprod. Infant Psychol.
1996, 14, 133–143. [CrossRef]

30. Sjögren, B.; Edman, G.; Widström, A.M.; Mathiesen, A.S.; Uvnäs-Moberg, K. Maternal foetal attachment and
personality during first pregnancy. J. Reprod. Infant Psychol. 2004, 22, 57–69. [CrossRef]

31. Huang, H.-C.; Wang, S.-Y.; Chen, C.-H. Body image, maternal–foetal attachment, and choice of infant feeding
method: A study in Taiwan. Birth 2004, 31, 183–188. [CrossRef]

32. Lai, B.P.; Tang, C.S.; Tse, W.K. A longitudinal study investigating disordered eating during the transition to
motherhood among Chinese women in Hong Kong. Int. J. Eat. Disord. 2006, 39, 303–311. [CrossRef]

33. Hart, R.; McMahon, C.A. Mood state and psychological adjustment to pregnancy. Arch. Women’s Ment.
Health 2006, 9, 329–337. [CrossRef]

34. Honjo, S.; Arai, S.; Kaneko, H.; Ujiie, T.; Murase, S.; Sechiyama, H.; Miwa, K. Antenatal depression and
maternal-fetal attachment. Psychopathology 2003, 36, 304–311. [CrossRef]

35. Cox, B.J.; Clara, I.P.; Enns, M.W. Posttraumatic stress disorder and the structure of common mental disorders.
Depress. Anxiety 2002, 15, 168–171. [CrossRef] [PubMed]

36. Lindgren, K. Relationship among maternal–foetal attachment, prenatal depression, and health practices in
pregnancy. Res. Nurs. Health 2001, 24, 203–217. [CrossRef] [PubMed]

http://dx.doi.org/10.1097/01.AOG.0000287065.59491.70
http://dx.doi.org/10.1186/s12884-016-0915-y
http://www.ncbi.nlm.nih.gov/pubmed/27245670
http://www.ncbi.nlm.nih.gov/pubmed/15745842
http://dx.doi.org/10.1016/j.psyneuen.2011.03.005
http://www.ncbi.nlm.nih.gov/pubmed/21474250
http://dx.doi.org/10.1177/000306515900700301
http://dx.doi.org/10.1080/00797308.1961.11823197
http://dx.doi.org/10.1056/NEJM197008132830706
http://dx.doi.org/10.1521/jscp.1999.18.3.255
http://dx.doi.org/10.1046/j.1365-2648.2000.01245.x
http://www.ncbi.nlm.nih.gov/pubmed/10632810
http://dx.doi.org/10.1177/0884217504266894
http://www.ncbi.nlm.nih.gov/pubmed/15346669
http://dx.doi.org/10.1080/01674820600646198
http://dx.doi.org/10.1080/02646839608404510
http://dx.doi.org/10.1080/0264683042000205936
http://dx.doi.org/10.1111/j.0730-7659.2004.00303.x
http://dx.doi.org/10.1002/eat.20266
http://dx.doi.org/10.1007/s00737-006-0141-0
http://dx.doi.org/10.1159/000075189
http://dx.doi.org/10.1002/da.10052
http://www.ncbi.nlm.nih.gov/pubmed/12112721
http://dx.doi.org/10.1002/nur.1023
http://www.ncbi.nlm.nih.gov/pubmed/11526619


Int. J. Environ. Res. Public Health 2020, 17, 425 10 of 11

37. Armstrong, D.S. Emotional distress and prenatal attachment in pregnancy after perinatal loss. J. Nurs. Sch.
2002, 34, 339–345. [CrossRef] [PubMed]

38. Biaggi, A.; Conroy, S.; Pawlby, S.; Pariante, C.M. Identifying the women at risk of antenatal anxiety and
depression: A systematic review. J. Affect. Disord. 2016, 191, 62–77. [CrossRef]

39. Goecke, T.; Voigt, F.; Faschingbauer, F.; Spangler, G.; Beckmann, M.W.; Beetz, A. The association of prenatal
attachment and perinatal factors with pre- and postpartum depression in first-time mothers. Arch. Gynecol.
Obstet. 2012, 286, 309–316. [CrossRef]

40. Amorim, P.; Lecrubier, Y.; Weiller, E.; Hergueta, T.; Sheehan, D. DSM-III-R psychotic disorders: Procedural
validity of the Mini International Neuropsychiatric Interview (MINI). Concordance and causes for discordance
with the CIDI. Eur. Psychiatry 1998, 13, 26–34. [CrossRef]

41. Hergueta, T.; Baker, R.; Dunbar, G.C. The Mini-International Neuropsychiatric Interview (MINI):
The development and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10.
J. Clin. Psychiatry 1998, 59 (Suppl. S20), 22–33.

42. Sheehan, D.V.; Sheehan, K.H.; Shytle, R.D.; Janavs, J.; Bannon, Y.; Rogers, J.E.; Wilkinson, B. Reliability and
validity of the mini international neuropsychiatric interview for children and adolescents (MINI-KID). J. Clin.
Psychiatry 2010, 71, 313–326. [CrossRef]

43. Della Vedova, A.M.; Dabrassi, F.; Imbasciati, A. Assessing prenatal attachment in a sample of Italian women.
J. Reprod. Infant Psychol. 2008, 26, 86–98. [CrossRef]

44. Muller, M.E. Development of the prenatal attachment inventory. West. J. Nurs. Res. 1993, 15, 199–215.
[CrossRef]

45. Pallant, J.F.; Haines, H.M.; Hildingsson, I.; Cross, M.; Rubertsson, C. Psychometric evaluation and refinement
of the Prenatal Attachment Inventory. J. Reprod. Infant Psychol. 2014, 32, 112–125. [CrossRef]

46. Busonera, A.; Cataudella, S.; Lampis, J.; Tommasi, M.; Zavattini, G.C. Investigating validity and reliability
evidence for the maternal antenatal attachment scale in a sample of Italian women. Arch. Women’s Ment.
Health 2016, 19, 329–336. [CrossRef] [PubMed]

47. Barone, L.; Lionetti, F.; Dellagiulia, A. Maternal-fetal attachment and its correlates in a sample of Italian
women: A study using the Prenatal Attachment Inventory. J. Reprod. Infant Psychol. 2014, 32, 230–239.
[CrossRef]

48. Cox, J.L.; Holden, J.M.; Sagovsky, R. Detection of postnatal depression. Development of the 10-item
Edinburgh Postnatal Depression Scale. Br. J. Psychiatry 1987, 150, 782–786. [CrossRef]

49. Boyd, R.C.; Le, H.N.; Somberg, R. Review of screening instruments for postpartum depression. Arch. Women’s
Ment. Health 2005, 8, 141–153. [CrossRef]

50. Murray, D.; Cox, J.L. Screening for depression during pregnancy with the Edinburgh Depression Scale
(EDDS). J. Reprod. Infant Psychol. 1990, 8, 99–107. [CrossRef]

51. Logsdon, M.C.; Usui, W.M.; Nering, M. Validation of Edinburgh Postnatal Depression Scale for adolescent
mothers. Arch. Women’s Ment. Health 2009, 12, 433–440. [CrossRef]

52. Kernot, J.; Olds, T.; Lewis, L.K.; Maher, C. Test-retest reliability of the English version of the Edinburgh
Postnatal Depression Scale. Arch. Women’s Ment. Health 2015, 18, 255–257. [CrossRef]

53. Benvenuti, P.; Ferrara, M.; Niccolai, C.; Valoriani, V.; Cox, J.L. The edinburgh postnatal depression scale:
Validation for an Italian sample. J. Affect. Disord. 1999, 53, 137–141. [CrossRef]

54. Monti, F.; Agostini, F.; Marano, G.; Lupi, F. The course of maternal depressive symptomatology during the
first 18 months postpartum in an Italian sample. Arch. Women’s Ment. Health 2008, 11, 231–238. [CrossRef]

55. Usuda, K.; Nishi, D.; Okazaki EMakino, M.; Sano, Y. Optimal cut-off score of the Edinburgh Postnatal
Depression Scale for major depressive episode during pregnancy in Japan. Psychiatry Clin. Neurosci. 2017,
71, 836–842. [CrossRef] [PubMed]

56. Faul, F.; Erdfelder, E.; Lang, A.; Buchner, A. GPower 3: A flexible statistical power analysis program for the
social, behavioral, and biomedical sciences. Behav. Res. Methods 2007, 39, 175–191. [CrossRef] [PubMed]

57. Cohen, J.; Cohen, P. Applied Multiple Regression/Correlation Analysis for the Behavioral Sciences, 2nd ed.;
Erlbaum.Cox.: Hillsdale, NJ, USA, 1983.

58. Fairchild, A.J.; MacKinnon, D.P. A general model for testing mediation and moderation effects. Prev. Sci.
2009, 10, 87–99. [CrossRef] [PubMed]

59. Aguinis, H.; Gottfredson, R.K.; Culpepper, S.A. Best-practice recommendations for estimating cross-level
interaction effects using multilevel modeling. J. Manag. 2013, 39, 1490–1528. [CrossRef]

http://dx.doi.org/10.1111/j.1547-5069.2002.00339.x
http://www.ncbi.nlm.nih.gov/pubmed/12501737
http://dx.doi.org/10.1016/j.jad.2015.11.014
http://dx.doi.org/10.1007/s00404-012-2286-6
http://dx.doi.org/10.1016/S0924-9338(97)86748-X
http://dx.doi.org/10.4088/JCP.09m05305whi
http://dx.doi.org/10.1080/02646830701805349
http://dx.doi.org/10.1177/019394599301500205
http://dx.doi.org/10.1080/02646838.2013.871627
http://dx.doi.org/10.1007/s00737-015-0559-3
http://www.ncbi.nlm.nih.gov/pubmed/26189447
http://dx.doi.org/10.1080/02646838.2014.883596
http://dx.doi.org/10.1192/bjp.150.6.782
http://dx.doi.org/10.1007/s00737-005-0096-6
http://dx.doi.org/10.1080/02646839008403615
http://dx.doi.org/10.1007/s00737-009-0096-z
http://dx.doi.org/10.1007/s00737-014-0461-4
http://dx.doi.org/10.1016/S0165-0327(98)00102-5
http://dx.doi.org/10.1007/s00737-008-0017-6
http://dx.doi.org/10.1111/pcn.12562
http://www.ncbi.nlm.nih.gov/pubmed/28767198
http://dx.doi.org/10.3758/BF03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
http://dx.doi.org/10.1007/s11121-008-0109-6
http://www.ncbi.nlm.nih.gov/pubmed/19003535
http://dx.doi.org/10.1177/0149206313478188


Int. J. Environ. Res. Public Health 2020, 17, 425 11 of 11

60. Verreault, N.; Da Costa, D.; Marchand, A.; Ireland, K.; Dritsa, M.; Khalife, S. Rates and risk factors associated
with depressive symptoms during pregnancy and with postpartum onset. J. Psychosom. Obstet. Gynecol.
2014, 35, 84–91. [CrossRef] [PubMed]

61. Leigh, B.; Milgrom, J. Risk factors for antenatal depression, postnatal depression and parenting stress. BMC
Psychiatry 2008, 8, 24. [CrossRef]

62. Lancaster, C.A.; Gold, K.J.; Flynn, H.A.; Yoo, H.; Marcus, S.M.; Davis, M.M. Risk factors for depressive
symptoms during pregnancy: A systematic review. Am. J. Obstet. Gynecol. 2010, 202, 5–14. [CrossRef]

63. Mohamad Yusuff, A.S.; Tang, L.; Binns, C.W.; Lee, A.H. Prevalence of antenatal depressive symptoms among
women in Sabah, Malaysia. J. Matern. Fetal Neonatal Med. 2015, 29, 1170–1174. [CrossRef]

64. Buist, A.; Barnett, B. Childhood sexual abuse: A risk factor for postpartum depression? Aust. N. Z. J.
Psychiatry 1995, 29, 604–608. [CrossRef]

65. Bolton, H.L.; Hughes, P.M.; Turton, P.; Sedqwick, P. Incidence and demographic correlates of depressive
symptoms during pregnancy in an inner-city London population. J. Psychosom. Obstet. Gynaecol. 1998, 19,
202–212. [CrossRef]

66. Rubertsson, C.; Waldenstrom, U.; Wickberg, B. Depressive mood in early pregnancy: Prevalence and women
at risk in a national Swedish sample. J. Reprod. Infant Psychol. 2003, 21, 113–123. [CrossRef]

67. Martini, J.; Petzoldt, J.; Einsle, F.; Beesdo-Baum, K.; Höfler, M.; Wittchen, H.U. Risk factors and course patterns
of anxiety and depressive disorders during pregnancy and after delivery: A prospective-longitudinal study.
J. Affect. Disord. 2015, 175, 385–395. [CrossRef] [PubMed]

68. Davis, E.P.; Snidman, N.; Wadhwa, P.D.; Glynn, L.M.; Schetter, C.D.; Sandman, C.A. Prenatal maternal
anxiety and depression predict negative behavioral reactivity in infancy. Infancy 2004, 6, 319–331. [CrossRef]

69. Brennan, P.A.; Hammen, C.; Andersen, M.J.; Bor, W.; Najman, J.M.; Williams, G.M. Chronicity, severity, and
timing of maternal depressive symptoms: Relationships with child outcomes at age 5. Dev. Psychol. 2000, 36,
759–766. [CrossRef]

70. Sohr-Preston, S.L.; Scaramella, L.V. Implications of timing of maternal depressive symptoms for early
cognitive and language development. Clin. Child Fam. Psychol. Rev. 2006, 9, 65–83. [CrossRef]

71. Gitau, R.; Cameron, A.; Fisk, N.M.; Glover, V. Fetal exposure to maternal cortisol. Lancet 1998, 352, 707–708.
[CrossRef]

72. Do, N.C.; Seecher, A.L.; Cramon PRingholm, L.; Watt, T.; Damm, P.; Mathiesen, E.R. Quality of life, anxiety
and depression symptoms in early and late pregnancy in women with pregestational diabetes. Acta Obstet.
Gynecol. Scand. 2017, 96, 190–197. [CrossRef]

73. Zeng, Y.; Cui, Y.; Li, J. Prevalence and predictors of antenatal depressive symptoms among Chinese women
in their third trimester: A cross-sectional survey. BMC Psychiatry 2015, 15, 66. [CrossRef]

74. Gadit, A.M. Psychosocial aspects of pregnant women living with diabetes. J. Pak. Med. Assoc. 2016, 66,
S99–S100.

75. McNamara, J.; Townsend, M.L.; Herbert, J.S. A systemic review of maternal wellbeing and its relationship
with maternal fetal attachment and early postpartum bonding. PLoS ONE 2019, 14, e0220032. [CrossRef]

76. Ossa, X.; Bustos, L.; Fernandez, L. Prenatal attachment and associated factors during the third trimester of
pregnancy in Temuco, Chile. Midwifery 2012, 28, 689–696. [CrossRef] [PubMed]

77. Eichhorn, N. Maternal fetal attachment: Can acceptance of fetal sentience impact the maternal-fetal attachment
relationship? J. Prenat. Perinat. Psychol. Health 2012, 27, 47–55.

78. Flykt, M.; Kanninen, K.; Sinkkonen, J.; Punamäki, R.L. Maternal depression and dyadic interaction: The role
of maternal attachment style. Infant Child Dev. 2010, 19, 530–550. [CrossRef]

79. Abasi, E.; Tahmasebi, H.; Zafari, M.; Nasiri Takami, G. Assesment on effective factors of maternal-fetal
attachment in pregnant women. Life Sci. J. 2012, 9, 68–75.

80. Plant, D.T.; Pawlby, S.; Sharp, D.; Zunszain, P.A.; Pariante, C.M. Prenatal maternal depression is associated
with offspring inflammation at 25 years: A prospective longitudinal cohort study. Transl. Psychiatry 2016, 6,
e936. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3109/0167482X.2014.947953
http://www.ncbi.nlm.nih.gov/pubmed/25123985
http://dx.doi.org/10.1186/1471-244X-8-24
http://dx.doi.org/10.1016/j.ajog.2009.09.007
http://dx.doi.org/10.3109/14767058.2015.1039506
http://dx.doi.org/10.3109/00048679509064974
http://dx.doi.org/10.3109/01674829809025698
http://dx.doi.org/10.1080/0264683031000124073
http://dx.doi.org/10.1016/j.jad.2015.01.012
http://www.ncbi.nlm.nih.gov/pubmed/25678171
http://dx.doi.org/10.1207/s15327078in0603_1
http://dx.doi.org/10.1037/0012-1649.36.6.759
http://dx.doi.org/10.1007/s10567-006-0004-2
http://dx.doi.org/10.1016/S0140-6736(05)60824-0
http://dx.doi.org/10.1111/aogs.13048
http://dx.doi.org/10.1186/s12888-015-0452-7
http://dx.doi.org/10.1371/journal.pone.0220032
http://dx.doi.org/10.1016/j.midw.2011.08.015
http://www.ncbi.nlm.nih.gov/pubmed/21955858
http://dx.doi.org/10.1002/icd.679
http://dx.doi.org/10.1038/tp.2015.155
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Measures 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

