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Predictive measures for postpartum depression (PPD), which affects around
12% of childbearing women, would enable early, targeted support. Here we
explore prepulse inhibition (PPI), ameasure of sensorimotor processing,

as abiological tool for prediction of women at risk for PPD. Using data from
thelongitudinal BASIC study in Uppsala, Sweden, we used PPl measures
fromlate pregnancy and reports on depressive symptoms assessed 6 weeks
postpartum with the Edinburgh Postnatal Depression Scale to determine the
association between pregnancy PPl and PPD. Lower PPl was associated with
PPD onset in women who were not depressed during pregnancy. Further
studies are encouraged to validate these promising results suggesting PPl as
apredictive marker of new-onset PPD.

Postpartumdepression (PPD), asubtype of the clinical condition defined
asperipartumdepression, begins within the first 4 weeks after childbirth’;
however, clinically, depressive episodes diagnosed within the first year
postpartumare oftenincludedin the categorization of PPD* Symptoms
of PPDinclude depressed mood, lack of energy and reduced interest in
daily activities. Women affected by PPD areadiverse group’; some women
areatincreased risk for new postpartum depressive episodes insucces-
sive pregnancies and have a higher incidence of sick leave, morbidity
and suicide®””. Many psychosocialrisk factors for PPD are known. Studies
investigating self-reported PPD have identified poor socioeconomic
status, pregnancy and delivery complications, and having a history of
depression to be linked to increased risk of PPD**°. In a large register-
based study, women with a history of depression were 20x more likely
to suffer from clinically diagnosed PPD than those without a history of
depression™. Previous studies have identified personality traits, such as
high levels of neuroticism and anxiety and low resilience, as strong risk
factorsfor PPD", Poor social supportalsoincreases the risk of PPD, with
ashorter relationship withapartner, poor marital relationship, and lack
of social support from family and friends noted as risk factors for PPD* ¢,

Furthermore, large alterationsin hormonallevels occurring during
the pregnancy and postpartum periods, including those in the hypo-
thalamus-pituitary-adrenal (HPA) axis, could putindividuals sensitive

to endocrinological changes at increased risk for PPD***'"*%, The hor-
monal and physical changes associated with pregnancy and childbirth
constitute a stress test of the female body". Anindividual’s adaptation
to acute or chronic stress is predictive of mental health conditions®
and poor stress adaptation has been linked to depression?. Pregnancy
isgenerally associated withadecrease in the neuroendocrine response
toacute stressors, whereasincreased reactivity is believed to be associ-
ated with a greater likelihood of PPD*,

Sensorimotor gating and prepulse inhibition

The gating mechanism, a process forinput filtration, hasapivotal rolein
stress regulation by safeguarding cortical areas from the inundation of
unnecessary or irrelevantinformation®?*. One type of gating, referred
to assensorimotor gating, involves the ability to automatically inhibit
amotor response to asensory event. One paradigm thatis commonly
used to study sensorimotor gating involves measuring the inhibition of
thestartle response, whichis the reflex triggered by anauditory, visual
or tactile stimulus that causes heart rate acceleration and contraction
of body and face muscles, thereby instinctively prompting the blink
reflex”. The acoustic startle response (ASR) is mostly used inresearch
andistriggered by anauditory stimulus. When alow-salience auditory
stimulus immediately precedes a startle stimulus, the startle motor
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Table 1| Background and mental health characteristics of participants with and without PPD

Characteristic Overall Non-PPD PPD Statistic? Effect size® Pvalue
(N=179) (N=151) (N=28)
Age (yr), mean (s.d.) 31.6 (4.43) 31.7(4.43) 31.2 (4.49) 0.57 0.12 0.57f
Education, n (%)
University 142 (79.3) 125 (82.8) 17 (60.7)
573 -0.2 0.02°
Less 37(20.7) 26 (17.2) 11(39.3)
Employment, n (%)
Full- or part-time 160 (89.4) 141(93.4) 19 (67.9)
- - <0.001"
Other® 19 (10.6) 10 (6.6) 9(32.)
BMI (kg/m?)
Median [min-max] 22.8[17-37.6] 22.5[17-36.3] 24.1[18.1-376] 1,690 013 0.09'
Pregnancy depression, n (%)°
Yes 55(30.7) 34 (22.5) 21(75)
28.2 o.M <0.001°
No 124 (69.3) 17(77.5) 7(25)
SSRI during pregnancy, n (%)
Yes 12(6.7) 9(6) 3(10.7)
- - 0.40"
No 167 (93.3) 142 (94) 25 (89.3)
PMS or PMDD, n (%)
Yes 15(8.4) 8(5.3) 7(25)
- - 0.003"
No 164 (91.6) 143 (94.7) 21(75)
Sleep before ASR measurement (h)
Median [min-max] 7[4-10] 7[4-10] 6.7 [4-10] 2,325 0.06 0.40'
Anxiety before ASR measurement, n (%)°
Yes 28 (15.6) 15(9.9) 13 (46.4)
- - <0.001"
No 151(84.4) 133 (90.1) 15 (53.6)
Baseline ASR (uV)
Median [min-max] 2,958.8 [352-7,512] 2,958.8 [352-7,512] 2,955.1[443-5,896] 2,300 0.06 0.46'

PPD was defined by a score of 212 on the EPDS at 6 weeks postpartum. Statistical tests were two sided. Bold values indicate P<0.05. *Unemployed, studying, on sick leave or parental leave.
PEPDS score of 12-30 at pregnancy week 32 or major depression according to MINI on test session day. °Based on MINI on test session day. 9Statistic derived from the X? test, W value from
the Wilcoxon rank-sum test or t value from the t-test, as appropriate. °Effect size represents ¢ coefficient for the X? test, r value for the Wilcoxon rank-sum test or Cohen’s d for the t-test, as
appropriate. ‘Determined by independent two-sided t-test. Determined by X? test. "Determined by Fisher exact test. 'Determined by Wilcoxon rank-sum test.

reaction response decreases®. This is referred to as prepulse inhibi-
tion (PPI) and is generally recognized as an operational measure of
sensorimotor gating” .

PPl in association with mental health conditions
Mounting evidence pointsto arole for gonadal hormones, such as pro-
gesterone, inthe regulation of sensorimotor gating®*2. Changesin PPI
are seen across the menstrual cycle®** and women who are pregnant
show lower levels of PPl compared with women who are postpartum™.
Anincreased startle response and reduced levels of PPl have also been
found in women with premenstrual dysphoric disorder (PMDD)**,
Gating deficiency, indicated by reduced PPI, is observed in various
psychiatric disorders*****%*! including schizophrenia*>*, antisocial
personality disorder**, obsessive-compulsive disorder**¢, bipolar
disorder*®*” and post-traumatic stress disorder*®, Animal and human
studies related to PPland depression have been scarce and have often
yielded mixed results. In animal studies, mice with separation-induced
depressive symptoms showed lower PPl levels than non-isolated mice
inthe controlgroup*~°. A study®' investigating PPlin individuals with
major depressive disorder found that these individuals only showed a
non-significant tendency toward lower PPl than the healthy controls.
In another study?, individuals with only depression or only anxiety
were not found to have significantly lower levels of PPl than healthy
controls; individuals with comorbid depression and anxiety, however,

were found to have significantly lower PPl compared with individuals
with depression or anxiety alone and with healthy controls. One pre-
vious study investigating PPl in the postpartum period showed that
sensorimotor gating was reduced among women with PPD*,

Prediction of PPD

Thereisagrowing body of knowledge suggesting that mental disorders
canbe predicted with the use of biomarkers®. Relatively high levels of
sensorimotor gating have been associated with better future treatment
response to cognitive behavioral therapy in patients with schizophre-
nia*,and arecentstudy investigating PPlinindividuals at clinically high
risk for psychosis found that deficits in PPl occur before the onset of
full-scale psychosis™. Previous research aimed at predicting PPD has
suggested models based on self-reports and clinical health character-
istics™°; however, the use of physiological measures to predict PPD
has remained largely unexplored.

Despite findings supporting that PPl is reduced in depression
and in PPD and that alterations of PPl are seen in pregnancy, there
have not been studies investigating the potential of reduced PPl in
pregnancy to predict the development of postpartum depressive
symptoms. Thus this study aimed to investigate whether PPI, measured
inlate pregnancy, could predict depressive symptom status at 6 weeks
postpartum. Furthermore, we aimed to explore the predictive value
of PPl among women with and without depressive symptoms during
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Table 2 | Logistic-regression-derived ORs and 95% Cls for the association between PPl and PPD

Crude, OR Adjusted models, aOR (95% Cl); P value®
0, . a
(5% CI); Pvalue PPlat72dB  PPlat74dB  PPlat78dB  PPlat86dB  Global PPI
Variables
PPl at 72dB 0.99 0.99
(0.98-1.01); (0.97-1.00);
0.24 0.10
PPl at 74dB 1.00 0.99
(0.98-1.01); (0.96-1.01);
073 0.35
PPl at 78dB 0.99 0.98
(0.98-1.00); (0.96-1.00);
0.06 omn
PPl at 86dB 0.99 0.97
(0.98-1.00); (0.94-1.00);
0.08 0.04
Global PPI 0.99 0.97
(0.97-1.00); (0.94-1.00);
0.09 0.06
Pregnancy depression 10.3 8.04 4.99 4.95 1.87 3.7
(4.22-28.1); (2.56-28.5); (1.40-9.6); (1.27-20.9); (0.36-10.3); (0.95-15.3);
0.001 0.001 0.02 0.02 0.45 0.06
Interactions
PPl at 72dB and pregnancy depression 1.01
(0.98-1.05);
0.38
PPl at 74dB and pregnancy depression 1.02
(0.98-1.05);
0.28
PPl at 78dB and pregnancy depression 1.01
(0.98-1.05);
0.37
PPl at 86dB and pregnancy depression 1.04
(1.00-1.08);
0.04
Global PPl and pregnancy depression 1.03
(0.99-1.08);
on

Interaction terms between PPl at different levels and pregancy depression are included. Bold values indicate P<0.05. *Univariable logistic regression. "Model had interaction term between PPI
and depression during pregnancy, adjusted for initial startle response value, maternal age, prepregnancy BMI, education level (university versus non-university), employment (employed full-
time or part-time versus unemployed/studying/parental leave/sick leave), anxiety at time of ASR measurement, PMS or PMDD (yes versus no), SSRI use in pregnancy (yes versus no) and sleep

the night before ASR measurement.

pregnancy. We hypothesized that reduced PPlin late pregnancy would
be predictive of depressionin the postpartum period.

Results
Sample characteristics
Datawere drawn from alongitudinal study about perinatal depression
from Uppsala, Sweden, named the Biology, Affect, Stress, Imaging and
Cognition (BASIC) cohort*. In this substudy, pregnant women partici-
patingin the BASIC study were invited between January 2010 and May
2013 during gestational weeks 35-39 to measure the ASR and the PPI”".
Depression status during pregnancy and at 6 weeks postpartum was
assessed by the Edinburgh Postnatal Depression Scale (EPDS).

Out of 179 participants with complete data, 28 reported scores of
12 or more on the EPDS at 6 weeks postpartum and were categorized
as having developed PPD (15.6%). Women with PPD were less likely to
have attended university (P=0.02), or to be working full- or part-time
(P<0.001) thanwomenwithout PPD (Table 1). Women with PPD were also
morelikely to have depression during pregnancy (P < 0.001) and anxiety
atthe time of ASR measurements (P < 0.001) than women without PPD.
Moreover, women with PPD were morelikely to have had premenstrual
syndrome (PMS) or PMDD when not pregnant (P=0.003). No group

differences were found in age, prepregnancy body mass index (BMI),
selective serotonin reuptake inhibitor (SSRI) use during pregnancy,
sleep the night before ASR measurement and baseline ASR (Table 1).

Results from testing the association between PPl and PPD

The associations between the PPl measures at 72 dB, 76 dB, 78 dB and
86 dB; a combined measure of global PPI; and PPD were investigated
using logistic regression. In the crude models, inhibition following
all prepulse decibel levels was not significantly associated with PPD.

In the adjusted models, including interaction terms for PPl and
depression during pregnancy, significant negative associations were
found between PPl at 86 dB and PPD. For every unit increase in PPl at
86 dB, the odds of developing PPD decreased by 3% (adjusted odds ratio
(aOR), 0.97;95% confidenceinterval (Cl), 0.93-1.00; P= 0.04; Table 2).
Inthe same model, asignificant interaction was found between PPl at
86 dB and depressionduring pregnancy in association with PPD (aOR,
1.04;95%Cl1,1.00-1.08; P=0.04; Table 2).

Analyses were then stratified according to depression during
pregnancy. Among participants without depression during pregnancy
(n=124), baseline ASR was not significantly different between those
with and those without PPD (Fig. 1a). As PPl levels were found to notbe
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Fig.1| The startle magnitude and percentage PPl among women without
pregnancy depression. a,b, Boxplots for results of two-sided Wilcoxon rank-
sum tests for startle magnitude at baseline (a) and percentage PPl across prepulse
intervals (b) among women without pregnancy depression (n =124). Boxplots
consist of theinterquartile range (IQR) and the median, and whiskers are 1.5x IQR.
Outliers are defined as values >1.5x IQR and are shown as dots. The blue square
corresponds to the mean. Dashed line corresponds to 0% PPI.

normally distributed, non-parametric tests were conducted to assess
PPD versus non-PPD group differences in startle magnitude and across
prepulse intervals for women who were not depressed during preg-
nancy. Wilcoxon rank-sum tests revealed that PPlat 78 dB, PP1at 86 dB
andglobal PPIwere significantly differentbetween those with and those
without PPD (Fig.1b). Using multivariable logistic regression, the odds
for PPDwere reduced by 3% for every unitincreasein PPlat 86 dB (aOR,
0.95;95% Cl, 0.91-0.99; P= 0.04; Table 3 and Supplementary Table 1).
This association was not found for participants with depression dur-
ing pregnancy (aOR,1.01;95% Cl, 0.98-1.03; P= 0.62; Table 3). Among
those without pregnancy depression, ASR was not significantin any of
the models (Supplementary Table1).

Receiver operating characteristic curve analyses for
prediction of PPD using PPI

We used receiver operating characteristic curve (ROC) analyses to
determine the ability of PPl at 86 dB to predict PPD in women not
depressed during pregnancy (Fig. 2). The area under the curve (AUC)
for the crude model (only PPl at 86 dB) was 81.1%. The coordinates of
the curve (sensitivity and specificity) are shown in Supplementary
Table 2 along with the corresponding values of percentage reduction
at each level of sensitivity and specificity. The AUC for the adjusted
model (PPl at 86 dB together with covariates) was 90.5%, and the AUC
for the covariates-only model (excluding PPl at 86 dB) was 87.1%. There
was no significant difference in AUC between the crude and adjusted
models (P=0.07), the crude and covariates-only models P= 0.46), and
the covariates-only and adjusted model (P = 0.43).

Discussion

This study set out to investigate if sensorimotor gating, that is, the
ability to inhibit ASR following a prepulse signal, measured in late
pregnancy, could predict PPD. Among women without depressive
symptoms during pregnancy, we found that inhibition of the ASR fol-
lowing a prepulse signal at 86 dB, measured during weeks gestational
weeks 35-39, was associated with PPD. Although the addition of PPIdid
notsignificantly improve predictive power for PPD in existing models

Table 3 | Association of PPl at 86 dB and PPD stratified by
depression during pregnancy using multivariate logistic
regression

Model OR (95% Cl) Pvalue
PPl at 86 dB among women without 0.96 (0.91-0.99) 0.04
pregnancy depression

PPI at 86 dB among women with 1.01(0.98-1.03) 0.63

pregnancy depression

Both models were adjusted for initial startle response value, maternal age, prepregnancy
BMI, education level (university versus non-university), employment (employed full-time or
part-time versus unemployed/studying/parental leave/sick leave), anxiety at the time of ASR
measurement, PMS or PMDD (yes versus no), SSRI use in pregnancy (yes versus no) and sleep
the night before ASR measurement. Bold text indicates P<0.05.

comprising self-report scales, we found that PPl at 86 dB alone had
good predictive power for new-onset depression. We have shown the
potential of PPl as an objective biological measure to be used in late
pregnancy for predicting women at risk for new-onset depressive
symptoms postpartum.

Previous studies used PP measurement as a predictive marker for
schizophrenia®****, Our findings expand the predictive potential of PPI
in psychiatricdisorders toinclude PPD. One previous study® investigat-
ing PPlin the postpartum period found reduced sensorimotor gating
at78 dB and 86 dB among women with concurrent PPD. However, the
presence of depressive symptoms during pregnancy was not investi-
gated and PPl was measured only during the postpartum period. Our
study showed that lower PPl was already present in late pregnancy,
before the onset of depressive symptomsin the puerperium. Interest-
ingly, this marker predicted only new-onset PPD and was not predic-
tive of the continuation or amelioration of symptoms among those
who were already depressed during pregnancy. Moreover, when we
compared the AUC of the covariates-only model with that of the crude
model (only PPlat 86 dB), they were not significantly different. Inboth
models, the AUC is considered good, implying the potential of PPl as
an objective measure to predict PPD. Although self-report covariates
are easily obtained, they can still be subjective and vulnerable to self-
reportbias. Previousresearch also suggests that self-report measures
alone may be insufficient as there is a reluctance to seek help even
among women who recognize that they are suffering from poor mental
health®. PPImeasurement, although comparatively indirect, provides
amethod to objectively measure physiological changes. This study
provides proof of concept for the use of non-invasive physiological
measures to predict postpartum-onset depression.

Although the exact underlying pathophysiology is still unclear,
sensitivity to stress and hormonal changes may be related to our find-
ings. As previously discussed, gonadal hormones, such as estrogen
and progesterone, dramatically increase during pregnancy, which
canresultin decreased activity in areas associated with stress regula-
tion, such as the HPA axis®. Higher estrogen and progesterone levels
have also been associated with decreased PPI in both non-pregnant*
and pregnant women®. Another measure of HPA axis stress system
dysregulation, the cortisol-awakening response, was shown to be posi-
tively associated with PPI at 86 dB in women who are pregnant”. Fur-
thermore, the amount of perceived stress increases during pregnancy
and childbirth'. Although allwomen who are pregnant are exposed to
endocrine and physical challenges, there are individual differencesin
the capacity to regulate these stressors. Previous studies have shown
that stress adaptation is predictive of mental health outcomes? and
that PPl is impaired by stress in both animal and human models®"*%,
Future research could investigate if individuals with lower pregnancy
PPlarealsoatanincreasedrisk of afuture diagnosis of bipolar disorder.
Individuals with early postpartumonset of depression have been shown
tobeatincreased risk of later conversion to bipolar disorder®® and, like
depression, bipolar disorder has been shown to be associated with
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Fig.2| AUC for different models computed for women without pregnancy
depression. The percentage AUC for the crude model (only PPl at 86 dB),
adjusted model (PPl at 86 dB together with covariates) and covariate-only model
(excluding PPl at 86 dB) as an estimate of the ability of PPl at 86 dB to predict PPD
for participants without depression during pregnancy.

increased sensitivity to both gonadal and stress hormones®*. At present,
increased sensitivity to hormonal changes and stress during pregnancy
is primarily recognized when scores on psychological self-report ques-
tionnaires meet a certain clinical threshold indicating adverse symp-
toms. Our results may have captured an element of identification of
at-risk individuals that could otherwise be overlooked via self-report
methods; some women who do not report depressive symptoms during
pregnancy may be showingsubtle, yet measurable, physiological mark-
ersof hormonal and stress sensitivity. As objective, predictive tools are
still lacking in routine care, future studies should validate laboratory
findings, such as those in this study, using feasible portable devices
or mobile phone applications for use in pregnant women to improve
identification and early intervention for prevention of PPD.

Thisstudy has strengths and limitations. Itisamong very few stud-
iesthathave explored PPlas atool to determine those atrisk for develop-
ing psychiatric disorders, and no previous study hasinvestigated risk for
PPD. Giventhe well-characterized cohortin our study, we could adjust
for several relevant variables. The sample size is modest compared
with other studies using PPI as a predictive marker; further studies
withlarger samplesizesare, therefore, needed to confirmour findings.
In this study, PPl was measured only at a single time point. Collecting
PPI measurements at several time points throughout pregnancy until
postpartum may give a better picture of the patterns in sensorimotor
gating during this vulnerable and dynamic period and may improve
prediction of women atrisk for developing PPD. Furthermore, although
weincluded aglobal PPImeasurement to takeintoaccountall prepulse
intervals, we also prioritized isolating each prepulse decibel level in
independent analyses to investigate their specific contributions. How-
ever, we acknowledge that prepulse levels cannot be viewed entirely
independently as they were administered within the same experimen-
tal protocol. Future studies should replicate our findings using only
PPI at 86 dB to verify our results and further optimize experimental
conditions for use in a clinical setting. Sleep could be an important
confounder whenstudying PPlandit mightbe alimitation that the sleep
variable used was a single-item measure of the sleep experienced the
night before the ASR test instead of amore comprehensive measure of
sleep. However, PPIwas measured before birth, that is, before the major
changesinsleep duration and quality that arise because of anewborn.
An additional limitation was that other potential conditions, such as
intellectual disability, personality disorders and substance abuse, were
not takeninto considerationin this study.

Conclusions

Decreased PPl during late pregnancy was predictive of new-onset
depressive symptoms postpartum. Our study encourages furtherinves-
tigationinto the potential of PPlas anon-invasive biological measure to
identify womenwho may develop PPD, especiallyamong women who
do not display established risk factors, such as previous depression.
Further studies are warranted to develop clinically feasible tools for
the use of PPl measurement in routine care.

Methods

Participants and data collection

This study was conducted as a part of the BASIC study*® in Uppsala,
Sweden. Women were invited to participatein the BASIC study in asso-
ciationwith the routine ultrasound visit between pregnancy weeks 16
and 18. Exclusion criteriaincluded inadequate understanding of Swed-
ish, age less than 18 years, protected identity, bloodborne illness and
an unviable pregnancy as diagnosed by routine ultrasound. Women
who agreed to participate filled out online questionnaires twice dur-
ing pregnancy and again at 6 weeks postpartum, including the EPDS.
The EPDS is ascreening tool consisting of ten self-report questions to
detect depression in pregnant and postpartum women®, which has
been validated in Sweden®®. The online questionnaires also included
sociodemographic information (age, education and employment
status) and information related to general, mental, and pregnancy
health and lifestyle (for example, smoking habits, prepregnancy weight
and depression history). Premenstrual mood symptoms preceding
pregnancy were also reported in the survey and classified into PMS
or, if symptoms had a negative effect on social activities or relation-
ships, PMDD. Data on SSRI use were collected at week 32. Data on
gestational length were retrieved from medical records after delivery.
Participants were selected for the substudy based on their reported
scores on the week 32 EPDS, and women with EPDS scores of >13 were
oversampled. The participation ratein the substudies within the whole
BASIC cohort study was 48.8% for pregnancy test sessions’. Exclusion
criteriafor the substudy included pregnancy-related conditions such
as preeclampsia, gestational diabetes, intrauterine growth restriction
and twin pregnancy. The study was approved by the Regional Ethical
Review Board at Uppsala University (number 2009/171) and the study
procedure was conducted in accordance with ethical standards for
human experimentation. Written informed consent was obtained from
all participants. Participants in the substudy were compensated with
two cinema tickets after the measurements.

Experimental procedure
Atapproximately gestational week 38, womenincludedin the current
substudy cametotheresearchlaboratory for measurements. The eye-
blink component of the ASR was measured using electromyographic
measurements of the orbicularis oculi muscle, whichis innervated by
the facial nerve®, applied on the orbicularis oculi muscle of the right
eye. The startle pulse was delivered in earphones in both ears (TDH-
39-P; Maico) and a startle system (SR-HLAB; San Diego Instruments)
was used to record the startle reflex. A Quest electronics meter was
used to calibrate the sound (model 210; Quest Technologies). Two
electromyographic electrodes (In Vivo Metric) were used to record
the blink response; one electrode was placed below the right eye in
line with the pupil and the second electrode was placed1-2 cm laterally
to the first. Furthermore, an isolated ground electrode was placed in
the middle of the forehead to function as an electrically inactive site.
The participants were firstexposed to 5 min of background white
noise of 70 dB, followed by the experiment consisting of 3 blocks of
trials. Between each trial, 70 dB of background white noise would
resume. Block 1 examined the baseline startle response and had 5
startle pulse trials of 115 dB and 40 ms background white noise. Blocks
2 and 3included 25 trials in pseudo-random order; 5 trials comprised
onlystartle pulsesandin 20 trials aprepulse noise burst lasting 20 ms
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occurred 100 ms before the startle pulse. The prepulse noise bursts
were 72 dB, 74 dB, 78 dB and 86 dB.

The ASR was measured as peak startle amplitudes within
20-150 ms from the onset of the startle pulse. If the peak startle
occurred before 20 ms or after 150 ms, if the baseline shift was more
than 40 arbitrary units (1 unit equaled 0.076 mV) or if the startle
response was 25 arbitrary amplitude units or less, the participant was
considered anon-responder and excluded from further analyses.

In conjunction with the ASR measurement, participants were
asked to rate their sleep the night before the experiment. The Mini
International Neuropsychiatric Interview (MINI) was conducted to
investigate symptoms of depression and anxiety during pregnancy®®.

Study sample

Ninewomeninthe substudy chose not to participatein the PPImeasure-
ment, three chose to cease participation because the task was challeng-
ing, two participants had technicalissues inthe measurements and six
were found tobe non-responders. This resulted in 214 women with com-
plete PPIdata, of which207 completed the EPDS 6-weeks-postpartum
outcome measure. An additional 28 participants had missing data on
covariates from the questionnaires or interviews (sleep the previous
night, prepregnancy BMI, presence of PMS or PMDD, education and/
or employment) resulting in a final sample size of 179 women.

For categorization of pregnancy depression, women with major
depression according to the MINI at the time of ASR measurement or
whoscored 12 or higher on the EPDS at week 32 of gestation were con-
sidered depressed during pregnancy. For categorization of PPD, par-
ticipants scoring between 0 and 11 onthe EPDS at 6 weeks postpartum
were considered as not having depressive symptoms, whereas women
scoring 12 or higher were considered to have depressive symptoms,
hereafter referred to as non-PPD and PPD, respectively®’.

Statistical analysis

Calculation of the PPl is the percentage reduction in peak magnitude
of the startle on pulse-alone trials and is calculated using the formula
below””:

Mpp — Mpp
PA

%PPI =100 x

where M,, is the mean magnitude of pulse alone in blocks 2 and 3 and
M, is the mean magnitude of prepulse + pulse blocks. This was done
for each prepulse level. Global PPl was also calculated using the for-
mulabelow:

Mpa — (Mpp72 + Mpp74 + Mppzg + Mppss)/4)

%Global PPl =100 x
Mpa

inwhich Mpp,, is PP1at 72 dB, Myp, is PP at 74 dB, Myp,s is PPl at 78 dB, and
Mpge is PPl at 86 dB. Descriptive statistics related to background and
pregnancy variables and PPIwere used to determine group differences
between non-PPD and PPD women. Independent ¢-tests, Wilcoxon
rank-sum, or x” tests were conducted based on whether the variables
of interest were continuous (parametric versus non-parametric) or
categorical. To determine the association between PPland PPD, logistic
regressions were performed for PPlat each decibel level and global PPI
with PPD as the outcome. The following types of models were included
in the logistic regression analyses: a crude (or univariate) model and
an adjusted model. The adjusted model controlled for background
and pregnancy covariates, including initial startle response value,
maternal age, prepregnancy BMI, education level (university versus
non-university), employment (employed full-time or part-time versus
unemployed/studying/parental leave/sick leave), anxiety at the time
of ASR measurement, PMS or PMDD (yes versus no), SSRI use in preg-
nancy (yes versus no) and sleep the night before ASR measurement.

An interaction term between pregnancy depression (yes versus no)
and PPl was also included in the adjusted model. Analyses were then
stratified according to depression during pregnancy to further test
the interaction between pregnancy depression and PPI. Background
and pregnancy covariates controlled for in the adjusted model (apart
from depression during pregnancy) were also controlled for in the
stratified model. Differences in the PPD versus non-PPD group instartle
magnitude and across prepulse intervals for women not depressed
during pregnancy were assessed using Wilcoxon rank-sum tests and
were visualized using boxplots.

Theareaunder the ROC curve was calculated to estimate the abil-
ity of PPl at 86 dB to predict PPD for participants without depression
during pregnancy. AUCs derived from the crude model (only PPl at
86 dB), adjusted model (PPl at 86 dB together with covariates) and an
additional model with only covariates (excluding PPl at 86 dB) were
compared based on the bootstrap percentile method” >,

Statistical analyses were conducted using the R programming
language” through RStudio”™ with packages ggplot2”, reshape2’,
pROC", cutpointr’” and mice”. The significance level was set at P < 0.05.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The data used in this study are available upon reasonable request.
Owingto privacy and ethical considerations, the data are not publicly
available.

Code availability

Computer code used for this project is shared at https://github.com/
rdbjorvang/Eriksson_2023_prepulseinhibition_postpartumdepres-
sion.
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Data analysis Statistical analyses were conducted using R programming language [1] through RStudio version 2023.12.0+369 [2] with packages ggplot2
version 3.4.4 [3], reshape version 1.4.4 [4], pROC version 1.18.5 [5], cutpointr version 1.1.2 [6], and mice version 3.16.0 [7].
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Exclusion criteria included inadequate understanding of Swedish, age less than 18 years, protected identity, bloodborne
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Research sample The research sample was comprised of pregnant women from the BASIC cohort who lived in Uppsala, Sweden or surrounding areas
at the time of the study. The median age of the women who participated in this study was 31.6 years old with median BMI of 22.8
(within normal range). Participants were generally university educated (79.3%) and employed (89.4%).

Sampling strategy Stratified random sampling was applied and participants with higher depression outcome scores were oversampled. Based on
preliminary data, sufficient power (80% power, alpha = 0.05) to detect associations between neurophysiological measures and
mental health symptoms would be reached with 108-136 participants. We aimed for a larger number of participants to enable sub-
group analyses (women with and without a history of depression) and to compensate for dropouts.

Data collection At approximately gestational week 38, women included in the current sub-study came to the research lab for measurements. The
eye blink component of the ASR was measured using electromyographic measurements, EMG, of the orbicularis oculi muscle which is
innervated by the facial nerve (Grillon & Baas, 2003), applied on the orbicularis oculi muscle of the right eye. The startle pulse was
delivered in earphones in both ears (TDH-39-P, Maico, Minneapolis, USA) and a startle system (SR-HLAB, San Diego Instruments, San
Diego, CA, USA) was used to record the startle reflex. A Quest electronics meter was used to calibrate the sound (model 210 Quest
Technologies, Oconomov, WI). Two EMG electrodes (In Vivo Metric, Healdsburg, CA, USA) were used to record the blink response;
one electrode was placed below the right eye in line with the pupil and the second electrode was placed 1-2 cm laterally to the first.
Further, an isolated ground electrode was placed in the middle of the forehead to function as an electrically inactive site.

The participants were first exposed to five minutes of background white noise of 70 dB, followed by the experiment consisting of
three blocks of trials. Between each trial, 70 dB of background white noise would resume. Block 1 examined the baseline startle
response and had five startle pulse trials of 115 dB and 40 ms broad-band white noise. Blocks 2 and 3 included 25 trials in pseudo-
random order; 5 trials were comprised of only startle pulses and in 20 trials a pre-pulse noise burst lasting 20 ms occurred 100 ms
prior to the startle pulse. The pre-pulse noise bursts were 72, 74, 78, and 86 decibels (dB).

The ASR was measured as peak startle amplitudes within 20-150 ms from the onset of the startle pulse. If the peak startle occurred
before 20 ms or after 150 ms, if the baseline shift was more than 40 arbitrary units (1 unit equaled 0.076 mV), or if the startle
response was 25 arbitrary amplitude units or less, it was considered as non-response and excluded from further analyses.

In conjunction with the ASR measurement, participants were asked to rate their sleep the night before the experiment. The Mini
International Neuropsychiatric Interview (M.I.N.1) was conducted to investigate symptoms of depression and anxiety during
pregnancy (Sheehan et al., 1998)

Only the participant and researcher were present during the experiment. The researcher was not blind to the study hypotheses, but
all participants were exposed to the same experimental protocol.

Timing The data collection for this study took place between January 2010 and May 2013

Data exclusions Nine women in the sub-study chose to not participate in the PPl measurement, three chose to cease participation because the task
was challenging, two participants had technical issues in the measurements, and six were found to be non-responders. This resulted
in 214 with complete PPI data of which 207 completed the EPDS 6 weeks postpartum outcome measure. An additional 28
participants had missing data on covariates from the questionnaires/interviews (sleep the previous night, pre-pregnancy BMI,
presence of premenstrual syndrome (PMS) or premenstrual dysphoric disorder (PMDD), education, and/or employment) resulting in
a final sample size of 179 women.

Non-participation The participation rate in the sub-studies within the whole BASIC cohort study was 48.8 % for pregnancy test sessions.[1]
1 C Axfors et al., Cohort profile: the Biology, Affect, Stress, Imaging and Cognition (BASIC) study on perinatal depression in a
population-based Swedish cohort BMJ open, 2019

Randomization Randomization was not possible because participants were grouped by depression category postpartum.
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Materials & experimental systems Methods
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Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied-
Authentication Describe-any-atthentication-procedures foreach seed stock- tised-or-novel-genotype-generated—Describe-any-experiments-used-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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