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Abstract

Background: Postpartum depression (PPD) is a common complication of childbearing, but the course of PPD is
not well understood. We analyze trajectories of depression and key risk factors associated with these trajectories
in the peripartum and postpartum period.

Methods: Women in The First Baby Study, a cohort of 3006 women pregnant with their first baby, completed
telephone surveys measuring depression during the mother’s third trimester, and at 1, 6, and 12 months
postpartum. Depression was assessed using the Edinburgh Postnatal Depression Scale. A semiparametric
mixture model was used to estimate distinct group-based developmental trajectories of depression and deter-
mine whether trajectory group membership varied according to maternal characteristics.

Results: A total of 2802 (93%) of mothers completed interviews through 12 months. The mixture model indicated
six distinct depression trajectories. A history of anxiety or depression, unattached marital status, and inadequate
social support were significantly associated with higher odds of belonging to trajectory groups with greater
depression. Most of the depression trajectories were stable or slightly decreased over time, but one depression
trajectory, encompassing 1.7% of the mothers, showed women who were nondepressed at the third trimester, but
became depressed at 6 months postpartum and were increasingly depressed at 12 months after birth.
Conclusions: This trajectory study indicates that women who are depressed during pregnancy tend to remain
depressed during the first year postpartum or improve slightly, but an important minority of women become
newly and increasingly depressed over the course of the first year after first childbirth.

Keywords: depression, postpartum, women’s health, reproductive health, social support, marital status,
trajectory analysis

Introduction lead to long-term depressive illness in the new mother, as

well as adversely affect the health and well-being of her

POSTPARTUM DEPRESSION (PPD), affecting ~ 13%—14%
of women, is the most common complication of child-
bearing."* Symptoms include excessive worrying, tearful-
ness, loss of appetite, feelings of inadequacy, insomnia, and
depressed mood.* To be classified as PPD, symptoms of major
depression emerge within the peripartum period through 4
weeks postpartum, must be present for at least 2 weeks, and
must interfere with the mother’s everyday functional living.*>
This definition contrasts with the “‘baby blues,” which in-
volves symptoms that appear and disappear within days after
delivery, and postpartum psychosis, which is a rarer and
much more extreme manifestation of depression.®” PPD may

partner and baby.®

Healthcare providers must be cognizant of the patterns of
depression that can occur in the peripartum and postpartum
time frame. In a recent meta-analysis of 23 longitudinal
studies of PPD, the majority of studies showed that the se-
verity of depression decreased over time,® a finding consis-
tent with the literature.” Despite the evidence that the severity
of depressive symptoms tends to decrease, patterns of de-
pression are not homogenous among peripartum and post-
partum women. Among depressed women, numerous studies
have identified unique groups such as women with chronic
major depression, women with chronic minor depression, and
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women who have recurrent or episodic depression.® The risk
factors that predict the onset and timing of depression among
these women are heterogeneous.

The course of PPD can be heterogeneous as well, with
some women experiencing resolution of symptoms, whereas
others develop ongoing, increasingly severe, or episodic
symptoms. Thus, researchers have called for studies that
examine the role of known risk factors in studies of PPD."

Numerous risk factors for developing PPD have been de-
scribed in the literature. Prominent among these include a
history of depression or anxiety, unstable or dissatisfied
marital or relationship status, and inadequate social sup-
port.'® Additional risk factors that have been shown to impact
the development of PPD include younger age,'''? race/eth-
nicity,®'? prepregnancy body mass index (BMI),'*!3 lower
educational status,ll lower socioeconomic status (SES),'6
and health insurance status.'” The purpose of this study was
to examine the role these various risk factors play in the
trajectory of PPD.

Numerous studies have shown a history of depression or
anxiety to be a risk factor for PPD.!0:16:18-20 1y 2013, Rai-
sanen et al. reported that after adjustment for confounding
variables, antenatal depression history was the strongest risk
factor for PPD." Moreover, among Chinese women both
antenatal depression and anxiety-prone personality were in-
dependent predictors of postnatal depression.'® However, in a
2014 literature review, Vliegen et al. found that many lon-
gitudinal studies of PPD did not investigate history of ma-
ternal depression, and called for future research to examine
prepregnancy maternal mental health in greater detail.®

Marital status is also a key factor in the development of
PPD. Risk for postnatal depression has been shown among
women living without a partner and among women having a
poorer gl}lality of relationship with their present or recent
partner.” Higher postnatal depression scores were found
among women who were single, separated, or noncohabiting
than those who were married.**

Another key risk factor that contributes to the development
of PPD is lack of social support. Social support from friends
and relatives and partner support from the father of the baby
are important and much anticipated sources of help for the
new mother.?**** During times of stress, support such as ad-
vice, help with chores and tasks, and emotional support has
been shown to be a protective factor against the development
of PPD,* whereas women reporting little or no social support
have an increased risk for developing PPD.%!¢:!-26-3!

In addition, although 11.5%-50% of women experiencing
PPD re}z)ort onset of depression before or during their preg-
nancy,’>** few studies have examined whether women ex-
periencing PPD have had a history of anxiety or depression,
and whether depression is present during the peripartum
period in addition to postpartum.®

Thus, in this study, we examine longitudinal patterns, or
trajectories, of depression during the third trimester of preg-
nancy. We define our time frame to include data collected in
the third trimester, before delivery, through a 1-year follow-up
during the postpartum period. We further examine the asso-
ciation of risk factors in the development of those depression
trajectories. Thus, one of the primary aims of this study is to
examine PPD trajectories while including a peripartum time
point, addressing a criticism in the literature that PPD reflects a
vulnerability that occurs before pregnancy or delivery.>*
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Trajectory analysis has rarely been used in longitudinal
studies of PPD,8 but has many benefits that commend its use
for this study. Trajectory analysis can identify distinctive
groups of individual trajectories within a large sample, esti-
mate the shape of each trajectory, use these results to cal-
culate the probability of membership in each trajectory, and
determine the characteristics of individuals that make mem-
bership in each trajectory group likely.*> We hypothesize that
women with a history of anxiety or depression, unmarried
women, and women with lower social support are likely to
have greater levels of depression than married women with
more social support who do not have a history of anxiety or
depression.

Materials and Methods
Subjects

Data were gathered from The First Baby Study,’® in which
3006 women in Pennsylvania who were pregnant with their
first baby and planning to deliver in Pennsylvania were sur-
veyed. The design of this study has been previously de-
scribed.*® In brief, women were recruited from participating
hospitals throughout the state of Pennsylvania. Recruitment
methods were designed to enroll women of varying socio-
ecomonic status. Recruitment methods included placement
of study materials such as brochures and flyers in venues
likely to serve pregnant women such as hospitals, obstetri-
cians’ offices, and community health centers, as well as press
releases, and direct recruitment at childbirth education classes.

Enrollment criteria for women included nulliparity, either
English or Spanish speaking, and ages 18-35 years at the time
of enrollment. All participants agreed to be interviewed once
before delivery during the third trimester, and several times
postdelivery. Interviews were conducted by trained inter-
viewers via telephone. This study examines data from the
third trimester (baseline) and at 1, 6, and 12 months post-
partum. The study was reviewed and approved by the
Pennsylvania State University College of Medicine Institu-
tional Review Board.

Measures

The primary outcome variable was depressive symptoms
as measured using the Edinburgh Postnatal Depression
Scores (EPDSs).*” The EPDS is a symptom-based screening
scale. It is the most widely used instrument for screening for
postnatal depression, and has been validated against clinical
criteria, such as the Diagnostic and Statistical Manuals III and
IV, and across a number of different cultures, and found to
have §00d sensitivity for detecting clinically significant
PPD.*** The EDPS was administered at baseline during the
third trimester of pregnancy, and at three time points post-
partum: 1, 6, and 12 months. The EPDS is a validated 10-item
self-report questionnaire designed to screen for postnatal
depression.

Based on several pilot studies that we conducted among
postpartum women in Pennsylvania, we found one item that
women found confusing. This item was ‘“Things have been
getting on top of me,”” with response options of ‘“Yes, most of
the time [ haven’t been able to cope at all,”” Yes, sometimes I
haven’t been coping as well as usual,”” *“No, most of the time
I have coped quite well,” and ‘“No, I have been coping as
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well as ever.”” The phrase ‘“Things have been getting on top of
me” is not commonly used in U.S. vernacular. Therefore, we
changed that item to ‘I have had trouble coping.” We also
changed the last item ““The thought of harming myself has
occurred to me”’ to ““The thought of harming myself or others
has occurred to me.” We changed this last item to include
harming others because there have been instances of women
who harmed their children during the postpartum period, in-
cluding events that have been attributed to PPD. Both of these
modified items exhibited very good corrected item-total cor-
relations and the overall Cronbach’s alpha was 0.81.

Participants were instructed to answer each question based
on how they had felt within the previous 7 days. Each an-
swer was scored on a scale of 0-3, with a score of 3 indi-
cating the most severe depressive symptoms; thus total
scores could range from 0 to 30. Higher total scores indi-
cated worse depressive symptoms. We used a cut-off of 12
or greater indicating probable depression, as recommended
in a systematic review of studies validating the EPDS.*°

Key predictor variables were hypothesized to impact the
patterns of depression; these include history of anxiety or de-
pression, marital status, and social support. These variables
were selected based on their association with postnatal de-
pression in the literature.'®'®!%233141 A history of anxiety or
depression was measured in the baseline survey, which was
given during the mother’s third trimester. Patients were asked,
“Before this pregnancy, had a doctor or other health care pro-
fessional told you that you have any of the following health
conditions...anxiety or depression?”” This question has a high
level of face validity, and was previously utilized in the Com-
monwealth Fund 1998 Survey of Women’s Health** and the
Central Pennsylvania Women’s Health Study (CePAWHS).43

Marital status was categorized as married, living with
partner, not living with partner, and unattached. Participants
were asked whether they had a partner or significant other, if
they were married, and if they were currently living with their
partner. These questions were used in CePAWHS.*

Social support was measured at baseline using five ques-
tions from the Medical Outcomes Study-Social Support
Survey (MOS-SSS), encompassing emotional, informa-
tional, tangible, and affectionate support, and positive social
interaction. Response items were chosen from the original
19-item scale to reduce respondent burden. Women were
asked, ‘‘Please tell me how often each of the following kinds
of support are available to you: someone to confide in or talk
to about your problems, someone to get together with for
relaxation, someone to help you with daily chores if you are
sick, someone to turn to for suggestions about how to handle
a personal problem, someone to love and make you feel
wanted.””**

Each question on the MOS-SSS is ranked on a scale of 1-5
(1 =felt support none of the time, 5=felt support all of the
time), equating to a total score ranging from 5 to 25. For one-
way ANOVA, we used the following cut-offs to categorize
women for social support: <15, 15-19, 20-24, and 25. In
trajectory models, we used the numeric score. The MOS-SSS
has been extensively validated in numerous populations, with
increasing social support characterized by higher scores. In
addition, reduced versions of the MOS-SSS including fewer
items have also been validated and determined to have psy-
chometric properties that indicate that they correlate well
with the original full 36-item scale.*>¢
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We selected additional covariates for examination based
on the literature, which also showed an association of these
variables with PPD, but for which this association was less
strong. These included age, race, prepregnancy BMI, edu-
cation, poverty status, type of insurance, intimate partner
violence, and use of antidepressants. Age was included be-
cause some studies have shown depressed mothers were
slightly younger than their nondepressed counterparts,''"'?
whereas others reported no association.® Race/ethnicity was
included because studies have found mixed results regarding
the association between race and PPD.*'® Due to small cell
sizes in the racial and ethnic categories that were nonwhite,
we dichotomized this variable into white and nonwhite. BMI
was included because some studies have shown an associa-
tion between depressive symptoms and higher prepregnancy
BMI 1415

Educational status was included because some previous
studies have shown a correlation between lower educational
level and chronic PPD,ll whereas others showed no associ-
ation between educational status and PPD.*” Poverty status
was included because lower SES has been shown to increase
a woman’s risk for PPD.'® Poverty was calculated based on
household size and income. For mothers who had missing
responses to the poverty variable, the response to the ques-
tion, ‘Do you have difficulty paying for basic needs?’’ was
used; responses of ““a lot of trouble” were specified as
“poverty,”” ““‘some trouble’’ as ‘‘near poverty,”’ and all other
responses as ‘‘nonpoverty.”’

Insurance status was examined as an additional descriptor
of SES. All categorical variables selected for examination
were classified to ensure a minimum of 150 events in each
category (5% of the total sample size). Thus, although we
considered including intimate partner violence (n=57, 1.9%)
and antidepressant use (n="72, 2.4%) as additional covari-
ates, these were removed due to low prevalence.

Data analysis

We first reported descriptive characteristics of the cohort for
each time point. One-way ANOVA models were used to test
for differences among EPDSs for each variable at each time
point. We then used a semiparametric mixture model to iden-
tify distinct clusters of depression trajectories over time within
our cohort. EPDSs at each time comprised our outcome vari-
able. We assumed that EPDSs arose from a censored normal
distribution, in which scores ranged from O to 30. The time
points were coded as O for baseline (third trimester, before
delivery), and 1, 6, and 12 for the respective month postpartum.
The mixture model required two inputs: the number of distinct
trajectory groups to fit and the allowable functional form for
each trajectory group. We fit models that varied the number of
distinct groups from 3 to 8 and specified that only quadratic
trajectories (or less) were allowed. Proc Traj (SAS System 9.3)
was used to fit all models.*®

We used Aikaike’s information criterion (AIC),49 a means
for model selection that balances goodness of fit and model
complexity, to determine the number of groups in the model.
AIC favored the largest model that contained eight trajecto-
ries, but the smallest trajectory group contained only an es-
timated 0.1% of mothers in the cohort (N=3). Therefore, the
model was discarded. The smallest group for the model with
seven distinct trajectories contained only 0.7% of mothers
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(N=21), and models that adjusted for mother characteristics
(age, marital status, and social support) would not converge
with seven groups. Thus, we chose six groups as our final
trajectory model. We evaluated model fit using three diag-
nostic measures: entropy, average posterior probabilities for
each group for patients assigned to that group, and odds of
correct classification. Nagin® indicates a rule of thumb that
average posterior probabilities should be >0.7 and odds of
correct classification should be >5 for all groups.

We extended our six-group model by including maternal
characteristics as risk factors for trajectory group member-
ship. This extended model allowed us to examine how vari-
ables such as age, marital status, or social support affected the
probability of belonging to each of the six distinct trajectory
groups. Age and social support were treated as continuous
variables in these models. The extension constituted a mul-
tinomial logit model, in which the log odds of group mem-
bership were modeled as a function of risk factors included in
the model.

In this extended model, we examined only those maternal
characteristics related to our hypothesized primary predic-
tors (a history of anxiety/depression, marital status, and
social support) and those covariates that were associated
with postpartum depressive symptoms in one-way ANOVA
models: age, race, education, poverty status, and health in-
surance. Because prepregnancy BMI was not associated
with depression at any time point, it was not included in the
extended trajectory models.

We imputed missing values for age (N=6), marital status
(N=1), and social support (N=3) at their median values for
use in the extended model. To achieve convergence, the ex-
tended model that included all prespecified covariates re-
quired us to force three of the six groups to have linear
trajectories, which was sensible because a quadratic trend did
not yield a significant p value for these three groups.

Due to the number of parameters in the model and the
small number estimated to belong to some trajectory groups,
we aimed to find a parsimonious model. From the model that
included all prespecified covariates, age, race, poverty status,
and health insurance were all highly nonsignificant (p >0.30)
and were dropped from the model. Among the remaining four
variables (history of anxiety and depression, marital status,
social support, and education), we fit all possible subsets (16
models total) and selected the model with the lowest value of
AIC. AIC favored a model that included only our three hy-
pothesized primary predictor variables: history of anxiety and
depression, social support score, and marital status.

We specified a priori that the group with the lowest overall
depression score would be the reference category, reasoning
that the lowest overall depression was the most clinically rel-
evant comparator. Thus, with trajectory group 1 as the refer-
ence group, odds ratios (ORs) and 95% confidence intervals
(CIs) for each variable were reported. We also reported esti-
mated probabilities of group membership from this model.

Results

A total of 3006 mothers enrolled in the study. All mothers
completed the EPDS in the baseline survey, 3005 (>99%)
mothers completed EPDS in the 1-month survey, 2911
mothers (97%) completed the EPDS in the 6-month survey,
and 2802 (93%) completed the EPDS in the 12-month survey.

1115

At baseline, 8.52% had EPDSs of 12 or higher. At 1 month
postpartum, 5.06% had EPDSs of 12 or higher; at 6 months
postpartum 4.92% had EPDSs of 12 or higher and at
12 months postpartum, 4.79% had EPDSs of 12 or higher.
Overall, 16.00% of the women had an EPDS score at 12 or
above at least once during the four measured time points.

Table 1 shows the results of one-way ANOVA models
used to test for differences in EPDS for each variable at each
time point. Younger women (<20 years) had higher EPDSs,
indicating greater depression at baseline (mean 7.5, SD 5.0),
6 months (mean 5.2, SD 4.9), and 12 months (mean 5.2, SD
4.8) than older women (>30 years) at baseline (mean 5.4, SD
3.5), 6 months (mean 4.2, SD 3.5), and 12 months (mean 4.3,
SD 3.6). At these same time points, women who were not
living with their partner or who were unattached also reported
higher EPDSs than women who were attached or who were
living with their partner.

At all four time points, women with a social support scale
score <15 had a significantly higher EPDS than women who
had scores 15-19, 20-24, and 25. Women with a history of
anxiety or depression had significantly higher EPDS at base-
line (mean 7.6, SD 4.4), 1 month (mean 5.7, SD 4.4), 6 months
(mean 5.9, SD 4.4), and 12 months (mean 6.0, SD 4.3) than
women who did not have a history of anxiety or depression at
baseline (mean 5.4, SD 3.7), 1 month (mean 4.0, SD 3.5), 6
months (mean 3.6, SD 3.4), and 12 months (mean 3.8, SD 3.5).

Figure 1 depicts the estimated trajectories from the six-
group trajectory model. Model diagnostics indicated good fit,
with entropy of 0.81, average posterior probabilities ranging
from 0.77 (group 1) to 0.88 (group 6), and the lowest odds of
correct classification being 6.2 (group 2). Trajectories that fall
lower on the y-axis reflect lower overall depression scores,
whereas trajectories that fall higher on the y-axis reflect higher
overall depression scores. Trajectories were labeled 1 to 6
according to the estimated value during the third trimester.

All trajectories were stable, or slightly decreasing, except
for trajectory 4 that showed an increase over time. A total of
85.2% of mothers belonged to the three lowest trajectories,
which indicated the lowest levels of depression. The esti-
mated proportion of mothers who belonged to trajectory 4
was 1.7%. Women who followed trajectory 4 were nonde-
pressed at baseline with an EPDS of ~7, similar to women
belonging to trajectory 3, yet at 12 months they had an EPDS
>15, similar to clinically depressed women in trajectory 6.

Table 2 reports estimated ORs of trajectory group mem-
bership (with trajectory group 1, the least depressed group, as
the reference group) for the model that adjusted for history of
anxiety or depression, social support, and marital status. The
model indicates that compared with women with no history
of anxiety of depression, women with a history of anxiety or
depression had 7.9 times higher odds of belonging to group 4
(95% C13.6-17.4), 10.8 times higher odds (95% CI 6.3—-18.5)
of belonging to group 5, and 18.5 times higher odds (95% CI
7.6—45.1) of belonging to group 6, all compared with group 1.

Compared with married women, women who were unat-
tached had 8.6 times higher odds (95% CI 2.5-29.6) of be-
longing to group 6 than to group 1; women who were not
living with a partner had 2.9 times higher odds (95% CI 1.3—
6.6) of belonging to group 5 than to group 1, and women who
were not partnered had 7.8 higher odds (95% CI 3.1-19.8) of
belonging to group 4 than to group 1. As anticipated, higher
social support scores were associated with lower odds of
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TABLE 1. SUMMARY OF BASELINE VARIABLES AND THEIR ASSOCIATION WITH EDINBURGH
PoOSTNATAL DEPRESSION SCORES AT EACH TIME POINT

EPDS, mean (SD)

Overall Baseline 1 month 6 months 12 months
(N=3006), N (%) (N=3006) (N=3005) (N=2911) (N=2802)
Age p<0.001 p=0.002 p<0.001 p<0.001
<20 346 (11.5) 7.5 (5.0) 4.5 (4.9) 5.2 4.9 5.2 (4.8)
21-25 709 (23.6) 6.2 (4.0) 4.0 (3.6) 4.2 (3.8) 44 4.1
26-30 1322 (44.1) 5.5 (3.6) 4.4 (3.6) 3.8 (3.5) 4.0 (3.5)
>30 623 (20.8) 5.4 (3.5) 4.7 (3.8) 4.2 (3.5 4.3 (3.6)
Race p<0.001 p=0.42 p<0.001 p<0.001
Nonwhite 504 (16.8) 7.0 (4.7) 4.5 (4.7) 4.8 (4.6) 5.0 4.7)
White 2502 (83.2) 4.7 (3.7 44 (3.6) 4.0 (3.6) 4.1 (3.7
Prepregnancy BMI p=0.87 p=0.51 p=0.61 p=0091
Normal/underweight 1717 (57.2) 5.9 (3.9 44 (3.9 4.1 (3.8) 5.0 4.7)
Overweight/obese 1287 (42.8) 5.9 (4.0) 4.3 (3.8) 4.2 (3.8) 4.1 (3.7
Marital status p<0.001 p=0.52 p<0.001 p<0.001
Married 2117 (70.4) 54 (3.4) 44 (3.6) 39 (3.4) 4.0 (3.5
Living with partner 544 (18.1) 6.5 (4.4) 42 4.2) 4.5 4.2) 4.8 (4.3)
Not living with partner 187 (6.2) 7.4 4.7) 44 (4.4) 5.2 (5.0) 5.5 4.9
Unattached 157 (5.2) 8.4 (5.3) 4.7 (4.8) 54 (4.8) 5.8 (5.0)
Education p<0.001 p=0.07 p<0.001 p<0.001
High school or less 501 (16.7) 7.0 (4.8) 42 (4.4) 4.7 (4.6) 5.0 (4.8)
Some college or technical 804 (26.7) 6.3 (4.1) 4.2 (3.9) 4.4 (4.1) 4.5 (4.1)
College graduate or higher 1701 (56.6) 5.4 (3.5) 4.5 (3.6) 3.9 (3.3) 4.0 (3.4)
Poverty status p<0.001 p=0.19 p<0.001 p<0.001
Poverty 251 (8.3) 7.4 (5.3) 4.7 (4.9) 54 (5.0) 53 4.7
Near poverty 311 (10.3) 7.0 (4.4) 4.6 (4.3) 4.6 (4.2) 52 (4.4)
Nonpoverty 2444 (81.3) 5.6 3.7) 4.3 (3.6) 4.0 3.5 4.1 (3.7
Insurance p<0.001 p=0.89 p<0.001 p<0.001
Public/self 698 (23.2) 7.1 (4.9) 4.4 (4.5) 5.0 (4.6) 53 @7
Private 2308 (76.8) 5.5 @3.5) 44 (3.6) 3.9 (3.5) 4.0 (3.6)
Social support score p<0.001 p<0.001 p<0.001 p<0.001
<15 72 (2.4) 9.7 (5.9) 6.3 (5.0) 6.8 (5.2) 7.0 (5.5)
15-19 438 (14.6) 7.6 (4.1) 5.8 (4.3) 5.8 4.2) 5.8 4.2)
20-24 1613 (53.7) 5.8 (3.7 4.5 (3.6) 4.2 (3.7 4.2 (3.6)
25 880 (29.3) 4.9 (3.5 32 (3.4 3.0 (@3.1) 3.3 (3.6)
History of anxiety or depression p<0.001 p<0.001 p<0.001 p<0.001
No 2318 (77.1) 54 3.7 4.0 (3.5 3.6 (3.4) 3.8 (3.5)
Yes 688 (22.9) 7.6 (4.4) 5.7 (4.4) 59 4.4) 6.0 (4.3)

BMI, body mass index; EPDS, Edinburgh Postnatal Depression Scores.

membership in higher depression trajectories. For example,
the model indicated that for every one point increase in social
support score, the odds of belonging to trajectory 6 were 50%
lower (OR=0.5, 95% CI 0.45-0.58) relative to trajectory 1.

Table 3 shows the estimated probabilities of group mem-
bership as a function of specific risk factors as calculated
from the model. A mother who had no risk factors [i.e., no
history of anxiety or depression, a high social support score
(25), and was married] had a probability of 30% of belonging
to trajectory group 1, the lowest depression trajectory, and a
low probability (0.04%) of belonging to trajectory group 6,
the highest depression trajectory.

This is in contrast to a mother with all three risk factors [i.e.,
history of anxiety or depression, inadequate social support
score (20), and unattached marital status] who had a low
probability (1%) of belonging to trajectory group 1 compared
with a relatively higher probability of (11%) of belonging to

trajectory group 6. Thus, a mother with these three risk factors
had a substantially higher probability of belonging to the tra-
jectory group that was always depressed (11% compared with
0.04%) relative to a mother with no risk factors.

Discussion

This study analyzed patterns of PPD and risk factors predis-
posing women to depression for a large sample of 3006 women.
We found that most women tended to remain at the same level of
depression, or became slightly less depressed during the post-
partum period with the differences between curves largely driven
by the baseline value of depression; this is consistent with prior
studies.®” The three lowest trajectories (1-3), which started and
remained nondepressed, accounted for 85.2% of the participants,
signifying that depression was not an emerging problem for the
large majority of first-time mothers.
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As hypothesized, women with a history of anxiety or de-
pression, single marital status, and inadequate social support
had the highest likelihood of belonging to the trajectories
representing the most depressed groups. A small minority of
women (1.7%) were not depressed at baseline during their
third trimester, but developed depression during the post-
partum period. These women had EPDSs similar to nonde-
pressed women who belonged to trajectory group 3 at
baseline, but by 6 months postpartum became clinically de-
pressed and had similar EPDSs to trajectory groups 5 and 6.

Of note, the risk factor profile of members of trajectory 4
was more similar to the risk factor profiles of members of the
higher order (thus more depressed) trajectories, than risk
factor profiles of members of trajectories 1-3. This suggests

that even among women who are nondepressed during the
third trimester, the risk factors predicting PPD are similar to
the risk factors of those who are depressed before delivery.

Our study has several strengths. First we used a much
larger sample than has been used in most prior studies. Thus
we were able to identify a small minority of women with a
trajectory of significantly increasing depressive symptoms
who remain depressed at 1 year postpartum. To our knowl-
edge, this trajectory is not commonly described in the liter-
ature. Although small, this sample of women with emergent
PPD bears further consideration.

In addition to the risk factors for emergent depression
identified in our study (history of depression or anxiety, in-
adequate social support, and lack of stable attachment to a

TABLE 2. ESTIMATED ODDS RATIOS FOR TRAJECTORY GROUP MEMBERSHIP (REFERENCE: GROUP 1)

Trajectory Trajectory Trajectory Trajectory Trajectory
Group 2 Group 3 Group 4 Group 5 Group 6
Variable OR* 95% CI OR" 95% CI OR* 95% CI OR* 95%CI OR* 95% CI
History of anxiety or depression 198 1.22-3.23 4.53 2.79-7.38 7.92 3.59-174 10.8 6.26-18.5 18.5 7.58-45.1
No history of anxiety 1 1 1 1
or depression (ref)
MOS scale, 1-point increase 0.72 0.66-0.80 0.63 0.57-0.69 0.64 0.56-0.74 0.58 0.52-0.64 0.51 0.45-0.58
Married (ref) 1 1 1 1 1
Living with partner 0.56 0.38-0.82 0.69 0.46-1.02 1.03 0.35-2.98 1.19 0.68-2.09 3.11 1.11-8.74
Not living with partner 0.83 0.43-1.59 0.84 0.41-1.71 7.82 3.08-19.8 2.93 1.29-6.63 5.95 1.3-27.36
Unattached 0.61 0.28-1.31 1.23 0.61-2.48 2.02 0.47-8.72 1.79 0.74-4.32 8.60 2.5-29.57

Bold values are statistically significant at p <0.05.
“Trajectory Group 1 reference.
MOS, Medical Outcomes Study.
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TABLE 3. ESTIMATED PROBABILITIES OF TRAJECTORY GROUP MEMBERSHIP FROM MODEL

Risk factors Trajectory group (%)

Risk History of anxiety Social support
factors or depression score Marital status 1 2 3 4 5 6
0 No High (25) Married 30 53 15 0.6 2 0.04
1 Yes High (25) Married 13 47 29 2 9 0.4
1 No Low (20) Married 6 56 31 1 6 0.3
1 No High (25) Living with partner 41 41 14 0.9 3 0.2
1 No High (25) Not living with partner 31 45 13 5 6 0.3
1 No High (25) Unattached 35 38 21 2 4 0.4
2 Yes Low (20) Married 2 33 41 3 19 2
2 Yes High (25) Living with partner 18 36 27 3 14 2
2 Yes High (25) Not living with partner 11 32 20 15 21 2
2 Yes High (25) Unattached 13 28 36 4 15 3
2 No Low (20) Living with partner 9 46 31 2 11 1
2 No Low (20) Not living with partner 6 43 24 9 16 2
2 No Low (20) Unattached 7 36 41 3 11 3
3 Yes Low (20) Living with partner 2 23 36 4 29 6
3 Yes Low (20) Not living with partner 1 18 23 15 37 6
3 Yes Low (20) Unattached 1 16 40 5 27 11

Probabilities do not necessarily sum to 1 for all rows due to rounding error.

partner), there are likely additional factors that were unmea-
sured in our study but distinguish this group from women who
do not present with emergent depression. These factors may
include peripartum or delivery complications,” significant
stressful life events that occur in the postpartum period un-
measured in this study,>® and variation in the hormonal milieu
between depressed and nondepressed postpartum women.>

Moreover, in response to a literature gap identified in a
recent review,® we included a history of prepregnancy de-
pression in our models and included an objective measurement
of peripartum depression, thus allowing for the determination
of emerging depression postpartum. In addition, we identified
key factors that clinicians might use to help them determine the
risk for both higher levels of PPD and emerging depression in
the postpartum period.

The inclusion of several time points postpartum was a
strength of this study. Had our study included only the first two
time points at baseline and 1 month postpartum, worsening
depression for women belonging to trajectory 4 would not have
been appreciated, nor the overall trend of decreasing depres-
sion seen in all other trajectories. Lastly, the methodology of
trajectory analysis has not been commonly used to examine
patterns of PPD, and allows several advantages over the more
common technique of analyzing data sequences. As detailed by
Nagin,* these advantages include the capability to identify,
rather than assume, distinctive trajectory groups, the ability to
estimate the proportions in each trajectory group, and the
ability to relate trajectory group membership to key covariates.

Potential limitations to consider include the limited gen-
eralizability of the sample. The participants tended to be
more educated and of higher SES than other women at first
childbirth in the state of Pennsylvania as a whole.*® This may
be due to response bias, in which middle class people are
more likely to participate in surveys and studies than indi-
viduals with a lower SES.>

An equally important limitation was the inability to fully
discriminate between a broad range of racial and ethnic ca-
tegories, due to small cell sizes among nonwhite participants.

Thus, our data may not be generalizable to cohorts who are
more racially and ethnically diverse.

Another limitation is the relatively low percentage of wo-
men scoring at 12 or above on the EPDS at each of the three
postpartum data collection stages (around 5%) in comparison
with previous studies that have generally reported rates of
10%-15%.>°> We suspect that the lower rate of PPD that we
found in this study is due, in part, to the higher SES of our study
participants and, in part, to our method of data collection
(telephone interview). It may be that the study participants
tended to minimize their depression symptoms when queried
by telephone interview, for reasons of social desirability. A
large-scale population study to measure prevalence of anxiety
and depression in Norway found two to three times the rate of
probable cases of psychological distress among those who
completed self-administered questionnaires in comparison
with those interviewed by telephone or in person.”®

In addition, the modification of the reduced scale of the
MOS-SSS used in our study has face validity, but has not
been formally validated against reference standards. Finally,
our models included only variables that occurred before de-
livery, and, therefore, delivery complications were by defi-
nition excluded from our analyses. However, perinatal
complications do increase the risk of PPD.>!" Therefore, fu-
ture longitudinal analyses should include delivery compli-
cations as a likely predictor of PPD.

Conclusions

Our findings highlight a need for further awareness of risk
factors that may predispose women to become depressed
during the postpartum period and the implementation of early
intervention strategies. Prior studies have supported the idea
of home visits and further education for mothers with inad-
equate social support and who are not married to provide
women with support before their delivery®'*' with the aim
that these efforts may reduce the incidence of depression
among first-time mothers. Our data support this focus on
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increasing social support to reduce depression among first-
time mothers.

Indeed, promising models exist indicating that home visi-
tation by nurses may decrease the severity of PPD,”’ with some
authors arguing that nursing home visits could provide a
““safety net”’ that can be incorporated into clinical practice for
new mothers at risk for PPD. This is supported by qualitative
evidence that new mothers identify instrumental social support
as essential to both physical and emotional recovery.’® How-
ever, more research is necessary to improve the structure of
home visitation as a buffer against PPD. A recent Cochrane
review suggested that home visits did not provide strong evi-
dence of improvements in maternal mental health, and that
further study on the timing and frequency of home visits, as
well as tailoring the home visit schedule to the needs of the
community, is necessary for home visitation to research its
potential as a mitigator of PPD among at-risk new mothers.>

Our findings indicate a need for clinicians to be aware of the
key predictors of PPD highlighted in our study. Single women,
women with inadequate social support, and women with a
history of depression or anxiety are at high risk for the de-
velopment of PPD, even if they are nondepressed in the peri-
partum period. These women should be screened at multiple
points in the first year of postpartum to determine whether they
manifest emerging depression. The challenges that this strat-
egy poses are significant, as prior studies have not conclusively
shown the benefit of a PPD screening program.®*®!

Successful depression screening programs require intense,
onsite treatment,ﬁz’63 which may not be realistic in a current
busy practice environment. Moreover, a mother’s interaction
with her obstetrician is often terminated after a 6-week
postpartum visit, which may be too early to detect emerging
depression.®* This has led to calls for pediatricians, who are
likely to have far greater contact with mothers at risk for
depression, to be at the forefront of this screening process.
The American Academy of Pediatrics echoes this recom-
mendation,®> and has advocated for more research and
streamlined payment systems to allow this option.

Regardless, our data support the need for further awareness
of risk factors that may predispose women to PPD. The goal of
this greater awareness would be to produce appropriate, tar-
geted, early clinical intervention for women who have multiple
risk factors for PPD, potentially preventing the morbidity as-
sociated with maternal PPD for mother, child, and family.
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