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ABSTRACT

Objective: The fetal programming hypothesis posits that in-utero exposure to stress can alter
prenatal brain development and lifelong stress response. However, human studies linking
objective prenatal stressors to offspring mental illness, especially depression, are rare. The
purpose of this study was to examine the association between mothers’ exposure to prenatal
stressful life events (SLES) and offspring depression.

Methods: The sample comprised 10,569 members of a prospective population-based cohort, the
Avon Longitudinal Study of Parents and Children (ALSPAC). Mothers reported on the
occurrence and impact of 42 prenatal SLEs. Offspring depressive symptoms were assessed using
a computerized version of the Clinical Interview Schedule-Revised (CIS-R) at age 17/18, as well
as 13 self-report statements from the Short Mood and Feelings Questionnaire (SMFQ) at six
time points from ages 10/11 to 18/19. Latent Class Growth Analysis (LCGA) was used to
identify trajectories of depressive symptoms across adolescence.

Results: After adjusting for potential confounders, a one-unit increase in maternal SLE scores
(range:0-168) during gestation was associated with increased offspring depressive symptoms
(6=0.07, p<.01) and major depression (OR:1.03 95%CI:1.01,1.06) at age 17/18. LCGA revealed
four trajectories of depressive symptoms. High maternal SLEs (4™ quartile) were associated with
membership in the trajectory characterized by stable, high levels of depression from age 10/11 to
18/19 (OR:1.72, 95%CI:1.09,2.71).

Conclusion: These results provide support for the fetal programming hypothesis, demonstrating
that prenatal exposure to acute stress is associated with offspring depression in adolescence.

Stress management may be of benefit for expectant mothers.



INTRODUCTION

The fetal programming hypothesis posits that in-utero exposure to stress can alter prenatal
development, with lasting effects on offspring health and behavior. * Specifically, maternal stress
during sensitive periods of fetal development is thought to affect development of the
hypothalamic-pituitary-adrenal (HPA) axis, permanently altering the stress response. 2

Prenatal stress has been linked to increased HPA reactivity and depressive-like behavior in rats
and rhesus monkeys. 3~ Investigations of fetal programming with humans have often used low
birth weight as a proxy for prenatal stress, with several studies demonstrating a link between low
birth weight and later depressive symptoms. &7 Other studies have linked mothers’ perceived
stress and anxiety during pregnancy to behavioral and emotional problems in childhood.?*2
However, such measures of anxiety may capture chronic, trait-like anxiety that extend beyond
the prenatal period, rendering it unclear whether chronic stress or stress onset during pregnancy
is most important to predicting offspring mental health outcomes. One study reported that
mothers’ antenatal depression predicted offspring major depression at 18 years, independent of
mothers’ postnatal depression suggesting the onset during pregnancy is most important.®

A limited number of studies have examined the impact of objective stressors during pregnancy
on offspring mental health. Studies of mothers who were pregnant during natural disasters, wars,
and periods of famine have revealed increased risk of psychosis, as well as behavioral and
emotional maladjustment in their offspring.}46 Prenatal paternal death has also been associated
with increased risk of psychiatric disorder.!” One Danish population-based study reported that
death of a relative during the first trimester of pregnancy was associated with higher risk of
schizophrenia in offspring.'® Using data from the Avon Longitudinal Study of Parents and

Children (ALSPAC) cohort, Dorrington and colleagues showed that prenatal exposure to



stressful life events was associated with psychotic symptoms — however, this association was no
longer significant once models were adjusted for prenatal anxiety and depression.® Limited
evidence suggests this association does not extend to other offspring mental health disorders, but
the association between prenatal stress and offspring depression has rarely been studied in
humans. In one notable exception, Brown and colleagues reported increased risk of
hospitalization for major affective disorder among offspring of mothers pregnant during the
Dutch famine of 1944.2° The use of objective stressors appropriately disentangles the effect of
stressful events from coping strategies of the mother, but further research must use a broader
range of events so as to appropriately ascertain the burden of stress in pregnancy.

The primary aim of the project was to examine the long-term association between mothers’
exposure to stressful life events during pregnancy and offspring depression in adolescence in a
prospective cohort study. Our primary hypothesis was that in-utero exposure to major stressful
events would be associated with increased risk of depression and depressive symptomatology in
adolescence, and that these associations would persist after adjusting for the effects of chronic
stressors such as low socioeconomic status, maternal depression, and stressful events in the

postnatal period.



METHOD

Sample

The sample was drawn from the Avon Longitudinal Study of Parents and Children (ALSPAC),
an ongoing population-based study of the determinants of child health and development. The
initial cohort consisted of 14,062 pregnant women with estimated delivery dates between April
1, 1991 and December 31, 1992. All participants provided informed consent, the study was
approved by the ALSPAC Ethics and Law committee, and these analyses were approved by the

I Rscarch Ethics Board. Detailed information about sample

characteristics and response rates is available online (http://www.bris.ac.uk/alspac). For

information on all available ALSPAC data see the fully searchable data dictionary

(http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary).

Inclusion and exclusion criteria for the sample of complete cases are presented in the

Supplemental Figure.

Measures

Exposures

Stressful life events (SLES) in early pregnancy were assessed at 18 weeks gestation.
Questionnaires assessed 42 SLEs (see Table S1, available online). Respondents were asked
whether each event had occurred ‘since you became pregnant’ and, if so, how severely the
respondent was affected by it (‘0’- did not happen or ‘1’-yes but did not affect me’ to 4-‘affected
me greatly”). SLEs in late pregnancy and the postnatal period were collected at eight weeks

postpartum using the stem ‘have any of these occurred since the middle of your pregnancy’.


http://www.bris.ac.uk/alspac
http://www.bris.ac.uk/alspac/researchers/data-access/data-dictionary

Scores for each event were summed to create a total score (possible range 0-168) at each time

point.

Outcomes

Primary outcome. At age 17/18 (median age: 17 years, 9 months) offspring completed a
computerized version of the Clinical Interview Schedule-Revised (CIS-R).?* The computerized
version is considered as reliable as an interview conducted by a trained clinician.?? Both a
continuous symptom score and binary variable indicating a primary diagnosis of major
depression in accordance with ICD-10 criteria were considered as primary outcomes.
Secondary outcome. Offspring depressive symptoms were also assessed using 13 self-report
items from the Short Mood and Feelings Questionnaire (SMFQ).Z Participants completed the
SMFQ at six time points (ages 10/11, 12/13, 13/14, 16/17, 17/18, and 18/19), either on a
computer terminal during a clinic visit or by answering the same questions in a postal
questionnaire (ages 16/17 and 18/19). Participants rated each item on a three-point scale (0-‘not
true’, 1-‘sometimes true’, 2-‘true’). Item scores were summed to create a total depressive
symptoms score. The scale demonstrated good internal consistency across all time points, with
Cronbach’s alpha values ranging from .80 to .91.

Covariates

Several sociodemographic variables were identified as potential confounders: gender, maternal
age, social class (highest of both parents, based on occupation, from 1-‘working class’ to 3-
‘professional’), child ethnicity (caucasian vs. non-caucasian), and maternal education (self
reported). Education up to age 16 (compulsory education only) was categorized as low education

and post 16 as high education.?*



We also included maternal history of severe depression prior to pregnancy (self-reported at 12
weeks gestation using the prompt ‘Have you ever had any of the following problems: severe
depression?”), maternal prenatal smoking (self-reported, any versus none) and alcohol use (self-
reported, at least once per week vs. less than once per week) as covariates in the model.

We also considered maternal prenatal depression and anxiety as covariates. Depression was
assessed at 18 and 32 weeks gestation using the Edinburgh Postnatal Depression Scale (EPDS).
Mothers were categorized into ‘high’ vs. ‘low’ prenatal depression based on the mean of their 18
and 32 week gestation EPDS scores ( >12 vs. <12).1%2% Anxiety was assessed using the Crown-
Crisp anxiety subscale. As there is no established cutoff for this measure, mothers were
considered anxious if the mean of their scores at 18 and 32 weeks gestation was in the top 15%.°
Finally, we considered mothers’ SLEs at eight months postpartum and maternal depressive
symptoms at eight years postpartum. The weighted life events scale was dichotomized at the top
quartile for analyses. As with prenatal depression, mothers were considered depressed at eight

years postpartum if their EPDS score was above 12.

Statistical analysis

Linear and logistic regression were used to predict offspring CIS-R depressive symptoms and
depression diagnosis, respectively, at age 17/18 from weighted prenatal SLE scores.
Confounders were added to the model in steps. Given literature suggesting gender differences in
the associations between prenatal stress and offspring mental health, we also considered
interactions between SLEs and offspring sex in the prediction of depression.?® Latent Class
Growth Modeling (LCGM) was used to identify distinct longitudinal trajectories of depressive

symptoms using SMFQ scores from age 10/11 to 18/19. We used the PROC TRAJ application,



which allows for irregular spacing of measurements, as was the case in this study.?”?® The final
model was selected based on maximizing the Bayesian Information Criterion (BIC) while
ensuring average posterior probabilities in each class remained above .70. ?°

Multinomial logistic regression was used to calculate odds ratios (ORs) and 95% confidence
intervals (ClIs) for membership in trajectories of depressive symptoms, with the lowest trajectory
as the reference group. To facilitate interpretation of odds ratios in multinomial logistic
regressions, weighted SLE scores at each time point were collapsed into quartiles, with the
lowest quartile as the reference category.'® As above, we also considered interactions between
stressful life events and offspring sex in the prediction of depression trajectories.

Missing data on outcomes and confounders was imputed using fully conditional specification.
Five imputed datasets were created and estimates were pooled. Results were similar in the
complete case sample and the imputed sample; results for both samples are presented below for
comparison.

Analyses were conducted using SPSS version 22 and SAS® version 9.3.30:31

Sensitivity Analysis

In addition to the primary analysis, we conducted an identical post-hoc sensitivity analysis with
additional covariates that had higher rates of missing data: paternal age, paternal history of
depression, paternal education, maternal prenatal antidepressant use, single parenthood and
childhood stressful events. Paternal age was a categorical variable operationalized into 5-year
intervals until age 50+. Paternal history of depression was self-reported, similar to maternal
history of depression. Paternal education was operationalized analogously to maternal education.

Maternal antidepressant use was self-reported at eight weeks postpartum. Single motherhood was
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assessed at 8 months postpartum by the question “Does your partner live with you?” Frequency
of childhood SLEs were mother reported annually from age one until six, and dichotomized at

the 75" percentile.
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RESULTS

The prevalence of depression at age 17/18 was 7.7% (Table 1). SLE scores ranged from 0 to 61,
with a median of 6. The most commonly reported individual life events were prenatal tests for
abnormality (53.4%), arguments with a partner (50.2%), and income reductions (20.8%). The
events rated as most severe were death of a child (average severity rating among mothers who
experienced the event: 3.38 on a four-point scale), attempted abortion (3.28), and miscarriage

scare (3.22).

Prediction of depression at age 17/18

An increase of one unit on the maternal SLE score during gestation was associated with
increased offspring depressive symptoms (5=0.07, p<.01) and major depression at age 17/18
(OR:1.03 95%CI:1.01,1.05), after adjusting for all covariates (Table 2). This corresponds to a
12.6% increased risk of internalizing disorders if an event occurred and greatly affected the
mother (4 point increase).

Results using the imputed data were similar. A one-unit increase in maternal SLE score was
associated with increased depressive symptoms ($=0.17, p<.05) and higher risk of depression
(OR:1.02, 95%CI:1.01,1.04) for offspring at age 17/18, corresponding to a 6.1% increased risk
of depression for experiencing an additional event that greatly affected the mother. No

interactions between sex and maternal SLE score on depression were significant.

Trajectory analysis
Using the criteria identified above, three-, four-, and five- group trajectory models were

compared. The four-group model showed improved BIC over the three-group model (-89975.29
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vs -90432.78). Though the BIC for the five-group model was improved (-89806.36), the average
posterior probabilities in each class did not meet the established minimum criteria of .70.
Average posterior probabilities for the four-group model were good, ranging from 0.70-0.81.
Consequently, the four-group model was chosen as the best fitting model.

Trajectories of depressive symptoms are presented in Figure 1. The first group showed a pattern
of consistently low MFQ scores. This group, labeled ‘stable low’ depressive symptoms,
comprised 61.8% of the sample (5663 adolescents). The second group, labeled ‘stable moderate’,
showed a pattern of depressive symptoms with a higher intercept than the ‘stable low’ group,
which increased modestly over time. This group consisted of 2455 adolescents (26.8% of the
sample). The third group (‘moderate increasing’) consisted of 547 adolescents (6% of the
sample) whose depressive symptoms were moderate at age 10/11 and 12/13, and increased
dramatically over time thereafter. The final group consisted of 501 youth (5.5% of the sample)
whose depressive symptoms began relatively high, increased until age 16.5, then decreased
(remaining relatively high) until age 18/19. This group was labeled ‘consistently high’
depressive symptoms.

Sample characteristics in each trajectory are presented in Table 3.

Prediction of trajectories of depressive symptoms

Results of the multinomial logistic regressions are presented in Table 4. In the crude model, high
maternal stress (4™ quartile SLES) during early pregnancy was predictive of membership in all
three trajectories characterized by elevated symptoms of depression (compared to the stable low

trajectory). Adjusting for all confounders, offspring of mothers in the highest quartile of SLEs
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had 1.7 times greater odds of membership in the trajectory characterized by consistently high
levels of depressive symptoms (95%CI:1.07,2.69) compared to the lowest quartile.

Results using the imputed data were comparable. In the adjusted model, offspring of mothers in
the highest quartile of SLEs had greater odds of belonging to trajectories characterized by
consistently high (OR:1.49, 95%CI:1.04,2.14) or increasing depressive symptoms (OR:1.45,
95%Cl: 1.04,2.01). No interactions between sex and maternal SLE quartile on depressive

symptom trajectories were significant.

Sensitivity Analysis

Inclusion of additional covariates in the post-hoc sensitivity analysis reduced the sample size by
30% in the complete case analysis due to missing data, and significantly increased the degree of
imputation in the imputed samples. In these models, an increase of one unit on the maternal SLE
score during gestation was associated with increased offspring depressive symptoms (complete
case analysis £=0.06, p=0.02; imputed sample $=0.18, p=0.049) and major depression at age
17/18 (complete case analysis OR:1.04 95%CI:1.00,1.07; imputed sample OR:1.02
95%CI:1.00,1.04). In these models, the association between high prenatal maternal stress and

trajectories of depressive symptoms was attenuated.
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DISCUSSION

In this prospective study of 10,569 parents and offspring, we demonstrate that offspring of
mothers exposed to stressful events during early pregnancy may be at increased risk of
depression and elevated depressive symptoms at age 17/18, even after maternal depression,
anxiety, and other known prenatal and early life risk factors were taken into account. This
increased risk persisted after adjusting for stress in the late prenatal/early postnatal period,
suggesting that exposure to stress in early pregnancy may be a specific risk factor for offspring
depression.

These results provide support for the fetal programming hypothesis for depressive symptoms.
There is considerable evidence that maternal exposure to stress in utero may lead to abnormal
development of the HPA axis, with long-term consequences for offspring mental health and
behavior.3222 Our results are in line with evidence from animal studies and support earlier reports
of associations between prenatal anxiety and stress and offspring behavioral and emotional
disorder in humans.®58-13

Of note, increasing prenatal exposure to stressful life events was linearly associated with
depressive symptoms in adolescence, suggesting a dose-response relationship, lending
plausibility to the notion that prenatal stress may be causally linked to offspring depression.
Several authors have speculated as to the mechanisms underlying such a link. Maternal stress
increases circulating glucocorticoids, which may pass through the placental barrier to the fetus.3*
Exposure to high levels of glucocorticoids may affect the developing HPA axis, rendering it
hyperresponsive to stress.® Recent studies suggest that prenatal maternal stress may also disrupt
placental functioning, resulting in greater fetal exposure to cortisol. For example, the barrier

enzyme 11pHSD2, which converts maternal cortisol to inactive cortisone, may be down
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regulated under stressful conditions.®®3” Prenatal maternal distress has also been linked to
elevated inflammation, which may in turn disrupt brain development.® Exposure to prenatal
stress may also lead to maternal anxiety and depression, which may impinge on maternal care
and nurturing.®® Though the present study did not consider differences in parenting, the
associations persisted after adjusting for maternal anxiety and depression, suggesting that these
mood disturbances do not fully account for the link between prenatal stress and offspring
depression.

Early prenatal exposure to stress was also associated with membership in different trajectories of
depressive symptoms across adolescence. Our results provided evidence for four distinct
trajectories of depressive symptoms from age 10/11 to 18/19. These trajectories are comparable
to those found in other studies of depressive symptoms at similar ages.*® Early prenatal exposure
to stress predicted membership in the trajectory characterized by consistently elevated depressive
symptoms, as early as age 10/11. This result lends further support to the fetal programming
hypothesis. If maternal stress during pregnancy alters HPA axis development in the offspring,
rendering it hyperresponsive to stress, we might expect the effects of such hyperresponsiveness
to be observable early in life. Indeed, previous studies have reported associations between
maternal cortisol and offspring temperament as early as infancy.*° Similar results have also been
observed in a study of the association between low birth weight and trajectories of depressive
symptoms from adolescence to adulthood; low birth weight predicted early-onset depressive
symptoms but not adult-onset symptoms.**

Notably, later SLEs were also associated with depressive symptoms, and different patterns of
symptoms over time. However, because stressful events in the latter half of pregnancy were

assessed at eight weeks postpartum, the effect of late pregnancy stress cannot be disentangled



16

from stress occurring in the early postnatal period. Maternal stress, anxiety, and depression in the
postpartum period have been associated with offspring depression and emotional problems. 101342
Theory and findings regarding the timing of exposure to prenatal stress have been mixed.** Some
authors have argued that due to blunting of the maternal HPA axis response in later pregnancy,
exposure to stress is most detrimental to development in early pregnancy.*?*® In contrast, other
work suggests that whereas first trimester stress impinges on the development of major organs,
stress in later pregnancy may exert a greater effect on neurobehavioral development.1043
Discrepancies in findings between studies may be due in part to the heterogeneity of the
outcomes assessed, as well to variations in the age of the offspring at follow-up. It is possible
that maternal stress has different timing-specific effects on the development of different specific
mental health outcomes. Our results suggest that stress in the first 18 weeks of pregnancy may
confer particular vulnerability to depression. However, it is possible that mothers’ reactions to
stressors early in pregnancy continue to exert influence on prenatal development in later
pregnancy, when the fetal brain is undergoing rapid development.

Results of the study should be interpreted in light of its limitations. Mothers’ ratings of the
severity of SLEs may have been influenced by stress coping factors such as chronic anxiety,
depression, or neuroticism. To test this possibility, we calculated the mean severity for each
event among those that experienced the event (reported 1-4), and assigned this score to each
individual who had reported experiencing that event. In this way, we equalized the severity and
coping skills of each mother to a particular event. No substantial changes were noted in the
strengths of associations between SLEs and depression status, depressive symptoms, or
trajectories, lending confidence to the original findings. Moreover, by adjusting for covariates

such as maternal history of depression, prenatal depression and anxiety, and SLEs in the
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postnatal period, we can be more confident that the measure of SLEs used reflects recent onset
stressors limited to the early prenatal period.

As a longitudinal cohort study, ALSPAC was subject to considerable attrition over time.
However, the similarity of results for complete case and imputed samples lends confidence that
the results were not unduly influenced by missing data. Moreover, other authors working with
the ALSPAC cohort have reported that although dropout was nonrandom, results of regression
models predicting offspring behavior disorders and depression were nonetheless negligibly
influenced by attrition.*** However, the complete sample has been shown to represent
participants from higher SES backgrounds than the UK population, and results may therefore not
be generalizable to other populations.*®

Lastly, we were unable to fully distinguish between acute versus chronic stressors, a factor
thought to moderate detrimental effects in offspring.*® However, by asking about stressful events
that occurred during pregnancy and controlling for depression and anxiety before pregnancy and
after birth, we target recent events and control for potentially chronic mental health symptoms in
the mother related to those events.

These limitations were offset by several noteworthy strengths. First, we used a large national
birth cohort sample with a follow-up period of almost 20 years. Second, stressful life events and
many other potential confounding factors were assessed during pregnancy, rather than by
retrospective report. Finally, offspring depression at age 17/18 was measured using a reliable
standardized interview.

These findings highlight the potential impact of maternal stress during pregnancy on offspring
mental health. Though certain stressful life events are unavoidable, helping pregnant women

cope adaptively with such stressors may lessen the extent of their impact on fetal development.
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There is also some evidence to suggest that enrichment later in life may help counteract the
effects of prenatal stress on HPA axis reactivity.*” Offspring of mothers exposed to recent stress
during pregnancy may benefit from intervention in the form of enriched care in early life. Such
interventions may be particularly important as mothers who have experienced severe stress may

be at risk of depression and dysfunctional mother-child interactions.*?
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TABLES

Table 1. Sample characteristics by Clinical Interview Schedule-Revised (CIS-R) depression status at age 17/18 (complete cases)
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CIS-R diagnosis of

p-value

Overall major depression Non depressed (P test)
n=2884 n=206(7.1%) n=2,678(92.7%)
Maternal education (beyond age 16) 1476 (51.2%) 91 (44.2%) 1385 (51.7%) <0.05
Child ethnicity (nonwhite) 92 (3.2%) 6 (2.9%) 86 (3.2%) 0.81
Maternal teenage status 28 (1.0%) 7 (3.4%) 21 (0.8%) <.001
Social class (working class) 1948 (67.5%) 133 (64.6%) 1815 (67.8%) 0.45
Maternal history of depression 160 (5.5%) 14 (6.8%) 146 (5.5%) 0.42
Prenatal smoking (any reported) 281 (9.7%) 35 (17.0%) 246 (9.2%) <.001
Prenatal alcohol use
0, 0, 0,

(at least once per week) 428 (14.8%) 36 (17.5%) 392 (14.6%) 0.27
Prenatal depression 193 (6.7%) 16 (7.8%) 177 (6.6%) 0.52
Prenatal anxiety 314 (10.9%) 28 (13.6%) 286 (10.7%) 0.20
Maternal SLEs at 8mo postpartum (4™

. postpartum ( 676 (23.4%) 60 (29.1%) 616 (21.4%) < .05
quartile)
Maternal depression- 320 (11.1%) 27 (13.1%) 203 (10.9%) 0.34

8 years postpartum
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Table 2. Results of linear and logistic regression models predicting offspring Short Mood and Feelings Questionnaire (SMFQ)
depressive symptoms and Clinical Interview Schedule-Revised (CIS-R) depression status from stressful life events during early

pregnancy, in complete and imputed sample.

SMFQ Depressive Symptoms

CIS-R Depression Status

Crude Complete  Imputed

Model Cases Sample Crude model Complete Cases  Imputed Sample
B B B OR 95%CI OR  95%ClI

paciopted SLEs ~ 18 weeks 011" 007" 0.17" 101,105 103 1..01,1.06 1.02 101, 1.04
> B weeks 0.05" 0.17" 099 097,102 1.00 098, 1.02
Sex (female) 0.17° 0.72"" 258 1.86,3.58 3.06 2.04,4.58
Maternal education (beyond age -0.02 0.02 080 059,1.08 1.17 0.69,1.99
Maternal history of depression 0.01 0.13" 099 054,180 143 1.01,2.03
Ethnicity (non-caucasian) -0.02 -0.06 0.79 0.34,1.88 1.02 0.30,3.45
Teenage status of mother 0.03 0.06* 3.71 148,933 312 1.70,5.75
Social class (professional) -0.03 0.00 051 0.18,1.46 056 0.13,2.49
Prenatal Smoking 0.07™" 0.22" 169 112,256 160 1.07,2.39
Prenatal alcohol use 0.01 -0.04 124 085,183 1.17 0.90,1.52
Prenatal depression -0.01 0.03 0.81 042,157 1.01 0.70,1.45
Prenatal anxiety 0.02 0.07 1.15 068,192 101 0.65,1.58
SLEs at 8 mo postpartum 0.04 0.12 1.16 0.80,1.67 0.95 0.67,1.33
e epression at 8 years 0.02 0.09 102 064,161 111 0.60,2.03

***p <.001, ** p< .01, * p< .05, bold text indicates statistical significance at p<0.05



Table 3. Sample characteristics, by trajectory of Short Mood and Feelings Questionnaire depressive symptoms.
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Stable Moderate Consistently p-value
Overall Stable Low Moderate Increasing High (x” test)
n=9166 n = 5663 n = 2455 n =547 n =501
(61.8%) (26.8%) (6%) (5.5%)
Sex (female) 4742 (51.7%) 2517 (44.4%) 1461 (59.5%) 409 (74.9%) 355 (71.0%) <.001
Maternal education
0, 0, 0, 0, 0,

(beyond age 16) 3397 (41.1%) 2101 (41.1%) 949 (43.1%) 174 (35%) 173 (38.3%) < .01
Maternal history of depression 634 (7.7%) 339 (6.6%) 194 (8.7%) 46 (9.3%) 55 (12.1%) <.001
Child ethnicity (nonwhite) 344 (4.2%) 205 (4.1%) 96 (4.4%) 27 (5.5%) 16 (3.7%) 0.41
Maternal teenage status 206 (2.4%) 120 (2.2%) 48 (2.1%) 15 (2.9%) 23 (4.8%) <.01
Social class (working class) 4580 (60.8%) 2836 (60.8%) 1255 (62%) 268 (59.8%) 221 (54.8%) <.05
Prenatal smoking (any) 1263 (15%) 703 (13.5%) 346 (15.3%) 98 (19.5%) 116 (25.1%) <.001
Prenatal alcohol use 1290 (15.4%) 800 (15.4%) 346 (15.4%)  75(15.0%) 69 (14.9%) 0.99
(at least once per week)

Prenatal depression 863 (10.5%) 456 (9%) 268 (12.2%) 59 (12.2%) 80 (18.3%) <.001
Prenatal anxiety 1234 (15%) 645 (12.7%) 394 (17.8%) 90 (18.5%) 105 (23.8%) <.001
Maternal SLES at 8mo 1077 (24.8%) 1076 (21.9%) 618 (28.9%)  135(28.6%) 148 (24.1%) <.001
postpartum (4" quartile)

Maternal depression- 861 (12.4%) 452 (10.6%)  275(14.8%) 63 (145%) 71 (18.7%) <.001

8 years postpartum
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Table 4. Results of multinomial logistic regression predicting offspring Short Mood and Feelings Questionnaire depressive symptom
trajectory membership from mothers’ SLEs during early pregnancy (lowest quartile is the reference group), in full and imputed

samples.

Stable Moderate

Moderate Increasing

Consistently High

OR 95% ClI OR 95% ClI OR 95% ClI
Crude model — complete cases
4™ quartile early prenatal SLES 1.52 1.30,1.78 1.85 1.38,2.48 2.81 2.04, 3.87
3" quartile early prenatal SLES 1.29 1.11,1.49 1.30 0.97, 1.75 1.75 1.26,2.42
2" quartile early prenatal SLES 1.17 1.01,1.35 1.18 0.88, 1.57 1.37 0.98,1.90
Adjusted model? — complete cases
4™ quartile early prenatal SLEs 1.09 0.87 1.36 1.27 0.84,1.92 1.72 1.09, 2.71
3" quartile early prenatal SLEs 1.09 0.90, 1.32 1.24 0.86, 1.78 1.39 0.91,2.11
2" quartile early prenatal SLES 1.10 0.92,1.32 1.15 0.82, 1.63 1.28 0.86, 1.91
4" quartile later pregnancy/ 1.39 1.10, 1.75 1.48 0.99, 2.21 1.31 0.83, 2.07
postpartum SLES
Adjusted model? — imputed sample
(pooled)
4" quartile early prenatal SLES 1.07 0.86, 1.32 1.45 1.04,2.01 1.49 1.04,2.14
3" quartile early prenatal SLEs 1.11 0.93,1.32 1.24 0.92, 1.67 1.33 0.85, 2.07
2" quartile early prenatal SLES 1.07 0.92,1.23 1.16 0.85, 1.58 1.19 0.85, 1.65
th H
4" quartile later pregnancy/ 1.32 1.03, 1.69 1.37 0.94, 2.00 1.41 1.00, 1.98

postpartum SLES

2model adjusted for gender, ethnicity, maternal teen status, maternal education, maternal history of depression, prenatal smoking and
alcohol use, prenatal depression and anxiety, high maternal stress at 8 months postpartum and maternal depression at 8 years

postpartum.
bold text indicates statistical significance at p<0.05



Supplemental Table 1. Complete list of life events reported during pregnancy.

Stressful Life Event

Prevalence (%)

B©O oNoO~WNE

Your partner died

One of your children died

A friend or relative died

One of your children was ill
Your partner was ill

A friend or relative was ill

You were admitted to hospital
You were in trouble with the law

You were divorced

. You found out that your partner didn’t want your

child

. You were very ill
12.
13.

14.
15.
16.
17.

18.

19.
20.
21.

22.
23.

24,
25.

26.

Your partner lost his job
Your partner had problems at work

You had problems at work

You lost your job

Your partner went away

Your partner was in trouble with the law

You and your partner separated

Your income was reduced
You argued with your partner
You had arguments with your family or friends

You moved house
Your partner hurt you physically

You became homeless
You had major financial problems

You got married

0.1
0.1
10.1
12.8
9.9
14.9
2.9
0.6

0.8
2.5

7.1
5.1
15.8

11.2
2.8
6.4
2.0

3.0

16.2
29.3
14.0

8.0
1.3

1.1
10.7
2.6
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217.

28.
29.

30.

31.
32.

33.

34.
35.

36.
37.
38.

39.

40.
41.
42.

Your partner hurt your children physically

You attempted suicide
You were convicted of an offence

You were bleeding and thought you might miscarry

You started a new job
You had a test to see if your baby was abnormal

You had a result on a test that suggested your baby
might not be normal
You were told you were going to have twins

You heard that something that had happened might
be harmful to the baby

You tried to have an abortion

You took an examination

Your partner was emotionally cruel to you

Your partner was emotionally cruel to your children

Your house or car was burgled
You had an accident
Other

0.1

0.1
0.2

13.0
3.7
41.6
3.0

2.7
6.7

0.7
4.5
4.7

0.5

4.1
3.0
9.2




Figure titles

Figure 1. Trajectories of Short Mood and Feelings Questionnaire depressive symptoms across six time points from age 10/11 to

18/19.
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Supplemental Figure. Sample inclusion and exclusion

ALSPAC
(n= 14,062 mothers,
15,442 offspring)
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