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Abstract

Purpose: To examine postpartum depressive symptom trajectories from birth to age 5 and their 

risk factors in a national sample of mothers of preterm and full-term infants.

Methods: The racially and ethnically diverse sample comprised 11,320 maternal participants 

(Mage=29; SD=5.9) in the Environmental influences on Child Health Outcomes (ECHO) Program 

in the United States with data on newborn gestational age at birth (≥22 weeks) and maternal 

depression symptoms during the first 5 years following childbirth. Growth mixture models 

determined the number and trajectory of postpartum depression classes among women in the 

preterm and full-term groups, and we examined predictors of class membership.

Results: Five trajectories described depressive symptoms for both groups; however, notable 

differences were observed. One in 5 mothers of preterm infants developed clinically relevant 

depressive symptoms over time compared with 1 in 10 mothers of full-term infants. Among 

women who delivered preterm compared with those who delivered full-term, symptoms were more 

likely to increase over time and become severe when offspring were older.

Conclusions: Distinct subgroups describe mothers’ depressive symptom trajectories through 5 

years following childbirth. Mild to moderate depressive symptoms may onset or persist for many 

women beyond the initial postpartum period regardless of newborn gestational age at birth. For 

women with preterm infants, initially mild symptoms may increase to high levels of severity 

during the preschool and toddler years.
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INTRODUCTION

Preterm birth, defined as birth before 37 completed weeks of gestation is the leading 

cause of neonatal and childhood mortality worldwide and is a significant public health 

concern (Hug et al., 2017; Walani, 2020). In the United States (U.S.), one in 10 women 

experience a preterm birth (Martin et al., 2021). While one in seven mothers experience 

postpartum depression overall (Wisner et al., 2006), the experience of a preterm birth and 

challenges associated with the long-term development of infants born prematurely may 

increase women’s risk (Carson et al., 2015). Despite the clear risk for women, very little is 

known about the long-term developmental trajectories of maternal depression in the context 

of preterm birth, particularly in socioeconomically, racially, and ethnically diverse samples.

The course of postpartum depressive symptoms is not uniform. Rather, there appear to 

be unique subgroups of maternal depressive symptoms, although studies of heterogeneity 

generally examine symptom trajectories across all mothers without regard to the timing 

of birth. Such studies typically reveal stable low, moderate, and high depressive symptom 

trajectories (Santos et al., 2017), with some exceptions (Baron et al., 2017). For example, 

a study of predominantly White women revealed four profiles of maternal depressive 

symptoms through 3 years postpartum: 1) low, stable symptoms; 2) low, increasing 

symptoms; 3) moderate, decreasing symptoms; and 4) high, persistent symptoms (Putnick et 

al., 2020). Mothers with a history of a mood disorder or gestational diabetes and mothers 

younger in age were more likely to be characterized by a profile of high, persistent 

depressive symptoms (Putnick et al., 2020). In a large cohort study of middle-income 

women in Brazil, analyses revealed four profiles comparable to the aforementioned study 

(with the addition of a fifth, “moderate-low” symptom profile): prenatal depression, prenatal 

alcohol/tobacco use, younger children in the household, and older maternal age were 

associated with severe, persistent symptoms (Matijasevich et al., 2015).

Both preterm birth and maternal postpartum depression represent common and significant 

health concerns, yet their association remains largely unexplored, particularly over time. 

Large-scale longitudinal studies are crucial to describe longer-term postpartum adjustment 

and the optimal timing of screening, prevention, and intervention among women at risk. 

Within a large, diverse sample of women assessed repeatedly across the first 5 years 

following delivery, the current longitudinal study examined the onset, course, and risk 

factors for depressive symptoms as a function of birth timing (preterm versus full-term) and 

across the sample overall.

MATERIALS AND METHODS

Participants

The Environmental influences on Child Health Outcomes (ECHO) Program was funded 

by the National Institute of Health (NIH) in 2016 to investigate the influence of early 

life exposures on child health and development. ECHO is a consortium of 69 extant 

observational and intervention studies from academic and related institutions across the 

United States that comprise a singular ECHO-wide cohort. Studies within the ECHO 

Program include children and their mothers; many studies began recruitment during the 
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prenatal period and all studies are following children long-term (Gillman & Blaisdell, 2018). 

For more information, please see https://www.nih.gov/echo/about-echo-program. Of the 69 

cohorts in the ECHO Program, 35 were included in this study. Cohort eligibility criteria 

for these analyses included possessing information about gestational age at birth to derive 

prematurity status and at least one measure of postpartum depressive symptoms during the 

5 years following childbirth (note that of the analytic sample in the current study, 55% 

provided data on depression at more than one time point). Mothers were at least 18 years of 

age at delivery, and the pregnancy was a singleton, live birth with a gestational age of ≥22 

weeks (see eTable 1 in the Online Resource for a description of each included cohort and 

eTable 2 for comparisons of the ECHO-wide cohort and the analytic sample).

Depressive Symptom Measures

Postpartum depressive symptoms were captured from self-report measures that included 

one of the following: (1) the Patient-Reported Outcomes Measurement Information System 

(PROMIS) v1.0, (2) the Edinburgh Postnatal Depression Scale, (3) the Achenbach System of 

Empirically Based Assessment Adult Self-Report (ASR) Depression Problems Syndrome 

Scale, (4) the Brief Symptom Inventory, (5) the Center for Epidemiological Studies 

Depression Scale, (6) the Patient Health Questionnaire, (7) the Beck Depression Inventory, 

and (8) the Kessler 6 Mental Health Scale. All assessments reflected current symptoms 

(i.e., no retrospective reports) and were harmonized to the PROMIS T-score metric using a 

previously constructed and validated crosswalk table (Blackwell et al., 2018). The average 

PROMIS T-score (normed for the general U.S. population) is 50 (SD=10). The following 

T-score cut-offs are used to indicate depressive symptom severity: 55=mild, 60=moderate, 

65=moderately severe, and ≥70=severe (Kroenke et al., 2020). To harmonize the data across 

cohorts with varying measurement schedules, 12-month periods of depressive symptom 

assessment were created across the first 5 postpartum years (0–12 months postpartum, 13–

24 months postpartum, 25–36 months postpartum, 37–48 months postpartum, and 49–60 

months postpartum).

Risk Factors

Risk factors were considered for inclusion based on previous empirical studies of maternal 

postpartum depression and on availability (i.e., data had been harmonized across ECHO 

cohorts). Variables included maternal age at delivery, maternal education (less than high 

school, a high school degree or General Educational Development degree or equivalent, 

some college, master’s degree, or above), and maternal race (White, Black, Asian, Native 

Hawaiian or other Pacific Islander, American Indian or Alaska Native, Other race, or more 

than one race). The following variables were dichotomized: maternal ethnicity (Hispanic 

versus not Hispanic); marital status (single or married/living with partner during the prenatal 

period); health insurance (no insurance versus any insurance); alcohol, tobacco, or marijuana 

use during pregnancy (any use versus no use); preeclampsia (present versus absent during 

pregnancy); and prenatal depression diagnosis.

Statistical Analysis

To explore trajectories of postpartum depression, a growth mixture model (GMM) 

was conducted within the preterm and the full-term groups separately. GMM analyses 
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identify multiple unobserved subpopulations and describe change over time within each 

subpopulation (Muthén & Muthén, 2000; Ram & Grimm, 2009). For this study, we 

estimated an intercept and slope measured by maternal depression (harmonized to the 

PROMIS T-score) in 12-month bins across 5 years postpartum (i.e., 0–12 months 

postpartum, 13–24 months postpartum, etc.). Analysis began with class enumeration 

whereby models were fit with an increasing number of classes. The number of trajectories 

within each structure was evaluated using standard fit indices, including Bayesian 

Information Criteria (BIC) and the Lo-Mendell-Rubin adjusted likelihood ratio test (LMR), 

as well as substantive interpretation (Masyn, 2013; Nylund et al., 2007). The model with 

the smallest BIC value and substantively interpretable classes was selected. Once the class 

solution was chosen for both the preterm and the full-term groups, the form and function of 

trajectories were compared.

The impact of risk factors was explored utilizing the manual three-step approach, which 

allows for the final model to account for measurement error. This approach begins with 

identifying the latent trajectory classes and saving the latent class probabilities. In a new 

model, logits are captured and used alongside the most likely latent class variable to model 

the impact of covariates on the latent trajectory classes (Nylund-Gibson et al., 2014). 

Current research standards indicate data can be treated as missing at random when the 

missing data are unrelated to the outcome of interest. Missing data on the depression 

trajectory indicators were accounted for using full information maximum likelihood 

estimation. Missing data on the risk factors were addressed with multiple imputation 

(Asparouhov, 2010) using Mplus (Muthén & Muthén, 1998) version 8.1.6. Standard errors 

were adjusted for clustering at the cohort level via sandwich estimators.

RESULTS

Sample Characteristics

The full analytic sample (N=11,320) included 10,064 mothers of full-term infants (89%) 

and 1,256 mothers of preterm infants (11%; eFigure 1 in the Online Resource). Among 

women who delivered preterm, the gestational ages at delivery were as follows: 22 weeks 

to less than 24 weeks (N=26, 2.1%), 24 weeks to less than 28 weeks (N=206, 16.4%), 

28 weeks to less than 32 weeks (N=216, 17.2%), and 32 weeks to less than 37 weeks 

(N=808, 64.3%). Sample demographics and information on risk factors can be found in 

Table 1. Compared with women who delivered full-term infants, a higher proportion of 

women who delivered preterm infants had preeclampsia and gave birth to offspring who 

were subsequently admitted to the neonatal intensive care unit following birth (see Table 1).

Postpartum Depressive Symptoms Trajectories

A series of GMMs ranging from 1 to 6 classes were estimated within the preterm and 

full-term groups separately. In both groups, the BIC, sample size-adjusted BIC, and LMR 

supported 5-class solutions; however, examination of the solutions indicated unique group 

differences that necessitated different models for preterm versus full-term birth (Figure 1). 

Fit statistics for class enumeration are shown in Table 2.
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For the preterm sample, the largest class (N=603, 48%) was characterized by little to 

no symptoms that remained stable across the study period (None/Little, Stable). Another 

class was characterized by a somewhat higher intercept and negative slope; symptoms 

began at an average level (relative to other classes) and declined over time (Average, 
Decreasing, N=143, 11.3%). Approximately one-fifth of the sample was characterized by a 

lower intercept but a statistically significant positive slope; symptoms began below average 

and increased to average levels (None to Average, Increasing, N=264, 21%). The Mild, 
Stable class was characterized by a higher intercept and a small, non-significant slope 

indicating persistently mild symptoms over time (N=199, 15.8%). Finally, a small but 

clinically relevant class was characterized by a higher intercept and a statistically significant 

positive slope. Within this class, symptoms began mildly and reached severe levels by 5 

years postpartum (Mild to Severe, Increasing, N=48, 3.7%). For descriptive purposes, we 

display the preterm classes with the percentage of women in each class by gestational age at 

delivery (eFigure 2 in the Online Resource).

For the full-term group, the largest class was similarly characterized by little to no 

depression symptoms that were largely stable across the study period (N=3,819, 37.9%; 

None/Little, Stable). A second trajectory was characterized by a lower intercept and 

statistically significant positive slope; symptoms began below average and increased to 

mild levels as children approached age 5 (None to Mild, Increasing; N=597, 5.9%). A third 

trajectory was characterized by a somewhat higher intercept and a significant negative slope; 

symptoms began in the average range and decreased over time to below average levels 

(Average, Decreasing; N=2,939, 29.2%). A class labeled Mild, Stable (N=2,271, 22.6%) 

was characterized by a higher intercept and a non-significant slope. Note, the label of Mild, 
Stable was applied to this full-term class given its similarity to the class of the same name in 

the preterm group; however, average symptom levels were slightly below the cut-off for mild 

symptom scores (T=55). Finally, a Moderate, Stable class (N=438, 4.3%) was characterized 

by the highest intercept and a non-significant but positive slope; symptoms remained in the 

moderate range across the 5 years following the birth of the child.

Risk Factors for Depressive Symptom Trajectories

For women who delivered prematurely, prenatal depression was a significant predictor when 

comparing the Mild, Stable class to the None/Little, Stable class (OR=4.59, 95% CI 1.53, 

13.76; see Table 3). The greatest prevalence of women who displayed prenatal depression 

symptoms was observed in the Mild to Severe, Increasing class (25.5% of women in this 

class reported prenatal depression) and the Mild, Stable class (26.1% of women in this class 

reported prenatal depression). In comparison, 7.6% of women in the None/Little, Stable 
class reported prenatal depression. No other comparisons reached statistical significance.

In the full-term group, prenatal depression increased the odds of being in the Moderate, 
Stable class (OR=4.41, 95% CI 1.71, 11.36) and the Mild, Stable (OR=2.10, 95% CI 1.16, 

3.81) class compared with the None/Little, Stable reference class (Table 3). Prenatal tobacco 

(OR=1.90, 95% CI 1.11, 3.24) and marijuana use (OR=2.99, 95% CI 1.02, 8.76) increased 

the odds for being in the Moderate, Stable class, and prenatal alcohol use (OR=3.06, 95% CI 

1.06, 8.80) increased the odds for being in the Mild, Stable class compared with the None/
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Little, Stable class. Women with health insurance were more likely to be in the Moderate, 
Stable class (OR=2.32, 95% 1.00, 5.41) or the Average, Decreasing class (OR = 2.49, 95% 

1.15, 5.36) relative to the None/Little, Stable class. Relative to women who earned a high 

school diploma, those with less than a high school education were more likely to be in the 

class of Moderate, Stable symptoms (OR=2.59, 95% CI 1.29, 5.21); however, those with 

more years of education (some college or more) showed increased odds of being in the 

Mild, Stable group (OR=2.33, 95% CI 1.52, 3.55). Finally, women who were not married/

partnered were more likely to be in the Mild, Stable symptoms class compared with the 

None/Little, Stable class (OR = 3.02, 95% CI 1.68, 5.43).

Although the primary objective of the present study was to examine the long-term course 

of postpartum depressive symptoms among women who delivered preterm infants compared 

with those who delivered full-term infants, we also examined trajectories across the sample 

as a whole to enhance the evidence base regarding women’s postpartum adjustment. 

Supplemental growth mixture models in the overall sample revealed a 5-class solution 

(see eFigure 3) that was nearly identical to the 5 classes that were derived among only 

those women who delivered full-term infants, with similar class proportions across samples. 

Preterm birth did not emerge as a significant predictor of class membership in the overall 

model (OR range: 1.02 to 1.55); however, all other predictors of class membership were 

consistent across the overall sample and the sample with only full-term births (data not 

shown).

DISCUSSION AND CONCLUSIONS

The postpartum period is a vulnerable time for the development of maternal depressive 

symptoms, which have significant implications for both maternal and child health. Women 

who deliver prematurely may be at elevated risk, but limited research has examined their 

postpartum adjustment over time and whether it differs from the experience of mothers who 

deliver full-term infants. Leveraging a large, national consortium sample of 11,320 women, 

we document the course of postpartum depressive symptoms and their risk factors among 

mothers of preterm versus full-term infants.

Among mothers of preterm infants, a substantial proportion evidenced little or no depressive 

symptoms over time, suggestive of generally positive adjustment in the context of a 

significant life stressor. However, we observed a small (but clinically meaningful) group 

of mothers of preterm infants with initially mild depressive symptoms that increased to 

a severe level by the time offspring were 5 years of age. Given that clinical guidelines 

do not typically recommend a follow-up of this duration, these results are quite notable: 

It is possible that the development of such severe maternal depressive symptoms may 

otherwise go undetected by health care providers, particularly when they are of mild 

severity in the initial postpartum period. An additional group of women exhibited mild 

depressive symptoms following preterm birth that remained stable into early childhood. 

Across these two classes (Mild to Severe, Increasing and Mild, Stable), the prevalence and 

persistence of symptoms (approximately 20% of the sample) is important though difficult 

to contextualize within extant empirical evidence. In a meta-analysis of preterm birth 

and postpartum depression, only 19% of studies collected repeated measures of maternal 
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depressive symptoms, and none extended beyond the first postpartum year (de Paula 

Eduardo et al., 2019). Our novel findings highlight the utility of extending the monitoring of 

maternal well-being throughout the first 5 years following childbirth.

Akin to mothers of infants born preterm, the largest proportion of women of full-term infants 

evidenced none or very limited depressive symptoms that appeared stable over time. Such 

a “low-risk” class has consistently emerged in prior growth curve mixture modeling studies 

(Baron et al., 2017) and is typically the largest class (Santos et al., 2017). We also observed 

stable, mild, and moderate symptom trajectories among mothers of full-term offspring, 

suggesting that unremitting, chronic symptom trajectories are more common than increasing 

or decreasing patterns. Notably, studies of heterogeneity of maternal depressive symptoms 

typically conclude their assessments by 2 years postpartum and are composed of samples 

ranging from approximately 120 to 600 women (Baron et al., 2017). The larger sample size 

and long-term follow-up in the present study is an important advance on extant research and 

suggests that some of the symptom patterns that emerge earlier in the postpartum period 

persist well into early childhood.

Interesting differences emerged in the patterns of depressive symptoms between women 

with full-term versus preterm infants. First, three of the five trajectories observed among 

full-term pregnancies represented stable symptom patterns (ie, None/Little, Mild, Moderate), 

whereas only two stable trajectories emerged among mothers following premature births. 

The unpredictability associated with prematurity-related health and developmental concerns 

may lead to more variable symptom patterns. Second, a severe depressive symptom class 

emerged only among women with preterm infants; overall, more women in the preterm 

group compared with the full-term group belonged to classes with at least mild (or more 

severe) depressive symptoms when children were 5 years of age (19.5% versus 10.2%). 

Finally, the distribution of increasing and decreasing symptom courses was substantially 

different across groups: more women with full-term infants were classified in a decreasing 

trajectory rather than an increasing trajectory (29.2% versus 5.9%), whereas more women 

with preterm infants were classified in an increasing, rather than a decreasing, trajectory 

(24.7% versus 11.3%). Although the severity of maternal depressive symptoms typically 

decreases over time in general population studies (Vliegen et al., 2014), our results indicate 

that this general trend may be less common among women with preterm infants.

Few sociodemographic characteristics were associated with class membership among 

women who delivered prematurely. Only prenatal depression increased the risk for Mild, 
Stable depressive symptoms relative to None/Little, Stable symptoms. It may be the case 

that depressive symptoms following a preterm birth may be more closely tied to the birth 

experience (eg, trauma, ‘loss’ of a full-term pregnancy), neonatal care challenges, and 

ongoing concerns about the infant’s health and development rather than sociodemographic 

risk factors. In contrast, women who delivered full-term infants were at greater risk for 

exhibiting trajectories of more severe and persistent symptoms if they reported prenatal 

substance use, were single/unmarried, did not have health insurance, or experienced prenatal 

depression. Interestingly, a recent systematic review found that sociodemographic factors did 

not consistently differentiate among depression trajectory groups, an effect at least partially 

attributed to the studies’ small sample sizes (Baron et al., 2017). Leveraging a much larger 
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sample than any prior research, our study results may help identify women with full-term 

infants at higher risk for poor postpartum psychological adjustment.

In recognition of their divergent birth and postpartum experiences, the present study was 

purposeful in its modeling approach: we compared the symptom courses between women 

who delivered full-term infants versus those who delivered preterm infants. However, 

analyses across the total sample of women were informative as they revealed depression 

trajectories that were nearly identical to those derived among only those mothers of full-term 

infants. Such results may be expected given the tendency for a much larger sample (women 

who delivered full-term) to mask the nuances of a smaller sample (women who delivered 

preterm), but these findings also suggest that analyses that do not carefully consider 

birth timing may overlook important differences in women’s postpartum adjustment. For 

example, the overall sample model did not reveal a severe depressive symptom class that 

was unique to women of preterm infants. Moreover, the stark differences in the proportion 

of women with increasing and decreasing symptom courses by birth timing were only 

evident when separate group analyses were conducted. These disparate findings highlight 

the clinical importance of both population-wide and targeted subgroup analyses.

The current study has several limitations. First, missing and non-harmonizable data across 

the cohorts was a barrier to including certain important risk factors (e.g., household 

income, child neurodevelopmental disability diagnosis, birth complications). Moreover, 

some predictors of class membership were less frequently endorsed, particularly within 

the smallest classes of women with infants born prematurely. By definition, it is the case 

that rare exposures generally yield wide CIs, suggesting less precise estimates (Brockhaus, 

Grouven, & Bender, 2016); replication of these findings is needed to yield more robust 

support. Second, differences in the timing of maternal depression assessments across the 

35 cohorts necessitated the use of 12-month time bins. Future research using shorter 

timeframes may provide a more nuanced accounting of trajectory shape. Third, while post 

hoc adjustments accounted for the nesting of participants within cohorts, such an approach 

may not fully account for heterogeneity in design across studies. All data in the present 

study were collected from women in relation to a single pregnancy/live birth and data on 

women’s subsequent reproductive histories or births were not available. It is thus possible 

that depressive symptoms measured during the 5 postpartum years following the target 

pregnancy/live birth were influenced by subsequent pregnancies and birth outcomes.

The present study can inform clinical practices. The American Academy of Pediatrics 

recommends perinatal depression screenings through the 6-month well-child visit (Earls & 

The Committee on Psychosocial Aspects of Child and Family Health, 2010). However, our 

findings showed longer-term risk for depressive symptoms, which supports the extension of 

depression screenings beyond the 6-month well-child visit, particularly among mothers of 

preterm infants. Additionally, mothers who delivered prematurely face challenges to their 

postpartum well-being related to the risk of short- and long-term comorbidities in their 

child; however, extant clinical policies may be more focused on offspring than parental 

well-being (Winter et al., 2018). Holistic interventions supporting families with young 

children, particularly those with special needs, may help prevent the onset of severe parental 

depression.
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In a large, regionally, racially, and ethnically diverse multi-cohort study, we examined 

the 5-year course of maternal depressive symptoms. Severe depressive symptoms emerged 

when offspring were older only among women who delivered prematurely. Regardless of 

the timing of delivery, prenatal depression was associated with persistent, more severe 

symptoms following childbirth, and in women of full-term infants, prenatal depression 

operated alongside sociodemographic factors to increase risk. Our results highlight the 

necessity of maternal depression screenings and health policies to deliver supportive 

interventions during and beyond the initial postpartum period, particularly for mothers of 

preterm infants and those with a history of depression in pregnancy. Given the global burden 

of depression and the critical influence of maternal mental health on children’s development, 

the implications of such efforts could be far reaching.
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Fig. 1. 
Depression class trajectories among mothers of full-term and preterm infants
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