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Abstract

Introduction—Our goal was to prospectively compare the trajectories of depression symptoms
through pregnancy and the postpartum between women who received normal prenatal screening
results and those whose results indicated an increased risk for fetal aneuploidy.

Material and Methods—Women completed the Edinburgh Postnatal Depression Scale (EPDS)
at four-week intervals between <26 weeks gestation and three months postpartum. We categorized
women into four groups: 1) negative serum screening and ultrasound results (SS-/US-, n=103), 2)
positive serum screening/negative ultrasound results (SS+/US-, n=42), 3) negative serum
screening/positive ultrasound results (SS—/US+, n=19), or 4) positive serum screening and
ultrasound results (SS+/US+, n=13), and compared EPDS scores between groups using Poisson
regression.

Results—Women who received any positive prenatal screening result had significantly higher
EPDS scores during pregnancy than SS—-/US- women (p = 0.002), with SS-/US+ women having
the highest scores. During the postpartum, any positive screening test result was only marginally
significantly associated with EPDS scores (p=0.06), but women in the SS—/US+ group had
significantly higher scores than women in the SS—/US- group (p = 0.05).

Conclusion—Our data suggest that different types of prenatal screening tests may have different
effects on women’s moods, and that depression symptoms persist for women who have soft
markers identified on ultrasound.
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Introduction

During pregnancy, women are routinely offered prenatal serum screening tests such as:
serum integrated prenatal screening (SIPS), integrated prenatal screening (IPS), first
trimester screening (FTS), non-invasive prenatal screening (NIPT) and ultrasound screening
at 16—-20 weeks gestation for soft markers (sonographic findings at the fetal anatomy scan
that increase the chance of fetal aneuploidy; for example echogenic cardiac focus, echogenic
bowel and increased nuchal fold) (1). These tests vary in their components, detection rates,
eligibility criteria and timing of results. However, all aim to identify women whose fetuses
are at increased risk of aneuploidy.

Shortly after receiving ‘positive’ screening test results (indicating increased risk for fetal
aneuploidy), women often experience symptoms of depression and anxiety (2—10). What
remains unknown however, is whether these symptoms persist through pregnancy or
predispose women to postpartum depression, and whether different types of screening tests
have different effects on mood.

We designed a prospective, longitudinal study to explore the proportions of women with
different types of prenatal screening test results who experienced symptoms of depression
during pregnancy and/or the postpartum, and to test the hypotheses that:

1. Women who received prenatal screening test results indicating increased risk for
fetal aneuploidy (‘positive’) would have greater depression symptomatology
during pregnancy than women whose test results showed no elevated risk for
aneuploidy.

2. Women who received positive prenatal screening test results would have greater
depression symptomatology during the postpartum period.

Material and Methods

Women were eligible to participate in the study if they were less than 26 weeks pregnant at
the time of enrollment, able to read and respond to survey questions in English and had
chosen to have some form of prenatal serum screening (for example, FTS, IPS, SIPS, NIPT).
We recruited four groups of women, including those who had:

1. a negative serum screen and normal detailed ultrasound (SS—-/US-),

2. a positive serum screen and a normal ultrasound result (SS+/US-),

3. a normal serum screen and an ultrasound which identified soft marker(s) (SS
—-/US+),

4. both a positive serum screen and ultrasound soft marker(s) (SS+/US+).

Women who ultimately received a diagnosis of fetal aneuploidy were not excluded from the
study. All participants provided informed consent. Research ethics board approval was
obtained from the University of British Columbia/Children’s & Women’s Health Centre of
British Columbia Research Review Committee on May 15, 2012 (Approval number:
H12-00331).
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Women were recruited between August 2012 and July 2013 from various locations in and
around Vancouver, Canada. Women with ‘normal’ prenatal test results (SS—/US-) were
primarily recruited from physician, midwifery offices and ultrasound facilities, while the
Departments of Medical Genetics in Vancouver and Victoria and the Diagnostic Ambulatory
Program at British Columbia’s Women’s Hospital yielded most of the women with
‘positive’ prenatal test results (SS+/US-, SS-/US+, SS+/US+).

Given the paucity of data on which to draw for a power calculation, we opted for an
exploratory approach, with a view of recruiting at least 10 participants in each of the four
groups.

At enrollment (<26 weeks), eligible participants completed a demographic questionnaire
including questions about their education, ethnicity, pregnancy, mental health history, as well
as the type(s) of prenatal screening they had, their results and whether they elected to
proceed with diagnostic testing (amniocentesis). Questions about prenatal screening results
were repeated at subsequent time points to accommodate different timing of results (S1).

The Edinburgh Postnatal Depression Scale (EPDS) was administered at four-week intervals
from enrollment to three months postpartum. The EPDS is a 10 item, self-report
questionnaire that has been validated for use during both pregnancy and the postpartum (11—
12). An EPDS score of 15 or greater in pregnancy has been validated in three studies with a
sensitivity for major depression ranging from 57-100% and a specificity of 93-99% (13),
and in the postpartum a score of 13 or greater has been validated in several studies with a
sensitivity for major depression ranging from 34-100% and a specificity of 44-100% (13-
15). Study data were collected and managed using REDCap (Research Electronic Data
Capture) (16).

Data Analysis: All analyses were carried out in R v.3.1.0 (17). Analyses were conducted
using only those EPDS surveys that were completed after 24 weeks of gestation (by which
time women would have received their screening results). Data from women who completed
more than one survey were included in analyses. All completed surveys were included in the
analysis even if women were lost to follow-up. The mixed-effects models we used allowed
for different numbers of time points (or surveys completed) per person and helped to
mitigate bias due to excluding those lost to follow-up.

To test hypothesis one, we compared the EPDS scores across time and screening results
using mixed-effects log-linear (Poisson) regression with repeated measures nested within
individuals. The Poisson regression was better than a Gaussian model in this case as the
EPDS scores were integers and were not normally distributed. The mixed-effects model
takes into account the correlated nature of the measurements on the same woman while
allowing for a test of whether there are overall differences in mean EPDS scores among the
screening results groups, among the women who had a previous psychiatric diagnosis vs.
those who did not, and if there is any directional trend in EPDS scores during pregnancy. In
addition to the tests for main effects, we also tested for interactions between screening
results and gestation. Post hoc tests were performed if necessary using the ‘glht” function
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from the multcomp package (18). We also conducted a sub-analysis by repeating this test
with two groups (after combining all women who received any positive screening result).

To test hypothesis two, we compared the EPDS scores across time, screening results and
previous psychiatric diagnosis using Poisson regression with repeated measures nested
within individuals. We also tested for an interaction between screening results and weeks
postpartum. Post hoc tests were performed if necessary using the ‘glht” function from the
multcomp package (18). As above, we conducted a sub-analysis by repeating this test after
combining women in the three positive screening test result categories into one. Women lost
to follow-up during pregnancy were excluded from the post-partum analysis.

In total, 316 women were invited, 203 agreed to participate, and 177 were included in the
analyses (as shown in Figure 1). Participants’ mean gestational age at the first study survey
was 19.8 weeks, but as described above, we used data provided at 24 weeks gestation or
later in analyses. The number of participants in each of the four screening result categories is
shown in Table 1, together with demographic information. Women in the SS+/US- and SS
+/US+ groups had an amniocentesis twice as often as women in the SS-/US+ group, and
nine times more often than women in the SS-/US- group. Fetal chromosomal abnormalities
were diagnosed in three women (see Table 1).

The rates of pre-existing mental iliness for women in each screening test result group is
shown in Table 2, together with data about pregnancy and postpartum EDPS scores. The
screening test result group that had the highest proportion of women scoring above the cut-
off for depression was the SS—/US+ group, where almost a third, and just over a quarter of
women scored above threshold during pregnancy and the postpartum, respectively.

Women who received some form of positive prenatal test result reported depression
symptoms more frequently in the two weeks before enroliment as compared to the SS-/US-
group (Table 2).

During pregnancy, participants completed an average of 3.6 surveys (range = one to six).
Women in the SS—/US+ group had the greatest average EPDS scores during pregnancy
(Table 2). There was no significant interaction term between screening results and weeks of
gestation (p = 0.24) so it was removed from the model for subsequent estimation. There was
no significant association between gestational age and EPDS score (p = 0.71), but there was
a significant association between screening results and EPDS score (p = 0.007), and between
EPDS score and previous psychiatric diagnosis (p=0.002; Table 3). Post-hoc Tukey tests
suggest that the only screening result group comparison that was significant was between SS
—-/US- and SS-/US+ groups (p = 0.006), with the SS-/US+ group having scores that were
1.8 times higher on average when weeks of gestation and previous psychiatric diagnosis
were held constant. None of the other pairwise tests between individual groups showed
significant differences, after correction for multiple testing (all p > 0.05, Figure 2). The
coefficients also suggest that having a previous psychiatric diagnosis increased the EPDS
scores by about 1.8 on average (Figure 2).
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When the positive screening groups were combined (SS—/US+, SS+/US-, and SS+/US+),
there was still a significant association between EPDS scores and screening results (p =
0.002) with women with any positive screening result having EPDS scores on average 1.5
times higher than women with SS—/US- results. There was also a significant relationship
between EPDS scores and having a previous psychiatric diagnosis (p=0.003), with women
who had a previous diagnosis having EPDS score on average 1.8 times higher than those
without a diagnosis.

During the postpartum period, there were 168 women with results that were included in this
analysis. Women filled out an average of 3.5 surveys in the postpartum period (range = one
to six). The SS—/US+ group had the greatest average EPDS score in the postpartum (Table
2).

There was no significant interaction term between screening results and weeks postpartum
(p = 0.55) so it was removed from the model for subsequent estimation. There was a
significant association between screening results and EPDS score (p = 0.01), a significant
association between previous psychiatric diagnosis and EPDS score (p = 0.01), and a
significant association between EPDS score and weeks postpartum (p = 0.001; Table 2). The
negative coefficient for weeks postpartum suggests that EPDS scores declined slightly over
time with every week postpartum resulting in an estimated EPDS of 0.99 times the EPDS
score in the previous week on average. Post-hoc Tukey tests suggest that the comparisons
that were significant were between the SS+/US+ group and the SS-/US+ group (p = 0.03,
with the SS—/US+ group having scores that were 2.6 times higher on average), and between
the SS-/US- group and the SS—/US+ group (p = 0.05, with the SS-/US+ group having
EPDS scores that were 1.8 times higher on average). None of the other pairwise tests were
significant after correction for multiple testing (all p > 0.05; Figure 3). Finally, the
coefficients also suggest that having a previous psychiatric diagnosis increased EPDS scores
by about 1.9 on average as well (Figure 3).

When the positive screening results categories were combined (SS-/US+, SS+/US—-, and SS
+/US+), there was only a marginal association of EPDS scores with screening results (p =

0.06). However, there was still a relationship between EPDS scores and previous psychiatric
diagnosis (p = 0.002), and a strong negative relationship with weeks postpartum (p = 0.001).

Discussion

Our prospective study supports previous findings demonstrating that after receiving positive
prenatal screening results (serum and ultrasound soft markers) indicating increased risk for
fetal aneuploidy, women experience more depression symptomatology than women who
receive negative screening results. We identified only a marginal association between having
received any positive screening result and depression symptoms in the postpartum period.
However, women in the SS—/US+ group experienced significantly more symptoms of
depression both during pregnancy and the postpartum period than women in the SS—/US~-
group.
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In interpreting our findings, contextual understanding of women’s experiences is important.
Specifically, women in the SS—/US+ group may be unprepared to learn about the detection
of soft markers, especially if they are approaching the ultrasound simply as a chance “to see
the baby.” Not all guidelines include reference to the importance of talking about soft
markers during prenatal visits (19), and studies have shown that women often have little
knowledge about soft markers prior to their ultrasound (20,1). Perhaps the very nature of
soft markers (directly observable features) results in their being perceived as more “real”,
and producing stronger negative emotional reactions than serum screen results, which are
perhaps less tangible. On the other hand, the counseling women receive prior to prenatal
serum screening may explain why women in the SS+/US- and SS+/US+ groups did not
have significantly more depression symptomatology than women in the SS-/US- group
(19,21,22).

Our data also showed that women in the SS—/US+ group underwent invasive diagnostic
testing less often than those in the SS+/US- and SS+/US+ groups (Table 1). This may be
because their adjusted risk for fetal aneuploidy did not meet the criteria for diagnostic
testing at their particular center. Without reassurance from the diagnostic testing (23),
women who have soft markers identified may have lingering concerns into the postpartum
period.

Monitoring and treating depression during pregnancy and the postpartum have been shown
to improve maternal and child health in women with a history of a psychiatric disorder (24—
27). Our data suggest that routine screening for depression may also be beneficial for
women who have soft markers identified (28). Proactively addressing mental health can help
reduce the stigma associated with mental illness (25), and importantly, treatments are
available and can help prevent potential negative impacts (25,29-30).

Our study limitations are as follows; our study participants were predominantly Caucasian,
well educated, of higher socioeconomic status. As the majority of the participants with
positive screening results were referred to the Department of Medical Genetics, it may be
that they had higher serum screening risk estimates and/or increased anxiety as compared to
women who were seen by their community healthcare providers. It is unlikely that
differences in depression symptoms between groups could be attributed solely to the
chromosomal aneuploidy diagnoses, given the small numbers. We did not collect the nature
of which soft marker(s) were identified and though counseling for each type of soft marker
finding is likely to be broadly consistent between centers, counseling for an echogenic focus
is different than a thickened nuchal fold (for example). Future studies exploring these issues
could be considered. The EPDS tool is a screening tool, and our data should be considered
in this light. Last, every time point was not completed for each participant, rendering it
possible that there were more symptoms of depression across all groups than reported.

In conclusion, our data support previous findings that women with prenatal screening results
that indicate an increased risk of fetal aneuploidy have greater vulnerability to experiencing
depression symptomatology during pregnancy. Furthermore, women who have soft markers
identified on ultrasound may have the greatest risk for depression symptoms in pregnancy
and postpartum, as compared to women receiving other types of prenatal screening test
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results. Future larger scale studies could seek to understand these relationships and their
clinical significance more fully. However, our data supports a rationale for healthcare
providers to assess and monitor the mood of women who receive ‘positive’ prenatal
screening results, especially those with soft markers identified. Pretest counseling prior to
the detailed ultrasound may be beneficial. Our results also raise the question of whether to
offer diagnostic prenatal testing to women who may not meet criteria but have symptoms of
depression and soft markers identified.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Message

Our data suggest that different types of prenatal screening tests may have different effects
on women’s moods. Furthermore, our study shows that depression symptoms persist for
women who have soft markers identified on ultrasound.
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316 women
invited
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203 agreed to 113 not
participate recruited”
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analysis inclusion criteria*
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103 42 19 13

SS-/US- SS+/US- SS-/US+ SS+/US+

Figure 1. Participation flowchart
Flow chart demonstrating the number of women who expressed interest in participating in

the study, those who were recruited to participate and those that were included in the
analysis.

#The 113 who were not recruited were those who: did not have screening, were over 26
weeks gestation, did not speak English, decided not to participate, lost the infant, or were not
contactable.

*26 women were excluded from analyses due to ineligibility as a result of completing one or
fewer time points after 24 weeks gestation. US = ultrasound, SS = serum screening.
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A: EPDS scores by screening result group B: EPDS scores by previous psychiatric diagnosis
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Figure 2. Prenatal EPDS Scores by screening result and previous psychiatric diagnosis
Shown are the raw data offset slightly along the x-axis for clarity, as well as the means and

95% ClI to the right of each group.
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A: Postpartum EPDS scores by screening result group B: Postpartum EPDS scores by previous psychiatric diagnosis
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Figure 3. Postpartum EPDS scores by screening group and previous psychiatric diagnosis
Shown are the raw data offset slightly along the x-axis for clarity, as well as the means and

95% ClI to the right of each group.
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Table 3

Mixed-effects poisson regression results for EPDS scores during pregnancy and postpartum. Shown are both
the coefficients (SE) as well as the Incident Rate Ratios (IRR), which are the antilogs of the coefficients. P-
values are from Likelihood ratio tests.

Variable | Coefficient (SE) | IRR (SE) | p-value
Pregnancy:

Screening results? 0.007
SS+US- 0.28 (0.14) 1.32 (1.15)
SS-/US+ 0.61 (0.19) 1.83 (1.20)
SS+/US+ 0.27 (0.23) 1.31 (1.25)

Previous psychiatric diagnosis | 0.60 (0.19) 1.82(1.21) | 0.002

Weeks of gestation 0.001 (0.004) 1.00 (1.00) | 0.71

Postpartum:

Screening results? 0.01
SS+US- 0.29 (0.16) 1.33 (1.18)
SS—/US+ 0.57 (0.22) 1.77 (1.25)
SSHUS+ -0.37 (0.29) 0.69 (1.34)

Previous psychiatric diagnosis | 0.62 (0.24) 1.86 (1.27) | 0.01

Weeks postpartum -0.01 (0.004) 0.99 (1.00) | 0.001

1 . . .
The reference category is all negative screening results
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