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j Abstract Depression during
pregnancy has been associated
with a number of adverse out-
comes, but the underlying physi-
ological mechanisms involved
remain unclear. The purpose of
this study was to examine the
effects of maternal depression
during pregnancy on the auto-
nomic modulation of heart rate, in
a naturalistic setting. Eighty-one
pregnant women were studied
between 25 and 31 weeks of ges-
tation and were identified as either
Depressed (n = 46), or healthy,
Control (n = 35), based on
depression scores and lifetime
psychiatric history. Subjects wore
a 24-h Holter recorder to measure
time-domain and frequency-
domain of heart rate variability
(HRV). Pregnant women in the

Depressed Group had significantly
reduced time-domain measures:
standard deviation of all 24-h NN
intervals (SDNN) and the standard
deviation of the averages of NN
intervals in all 5-min segments of
the entire recording (SDANN)
(P = 0.013, 0.016, respectively), as
well as higher heart rates while
asleep (P = 0.028), compared to
Controls, after controlling for age,
smoking, and antidepressant (AD)
medication. The low frequency/
high frequency (LF/HF) ratio
during the sleeping hours was
associated with higher depression
scores (R = 0.24; P = 0.041). HRV
measures improved in women
taking AD medication. The auto-
nomic nervous system may be
affected in women experiencing
depression during pregnancy,
indicating a possible decreased
parasympathetic (vagal) influence.
Women taking AD medication
showed some improvement in
HRV measures. These data suggest
that psychophysiological changes
occur in women experiencing
depression during pregnancy.
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Introduction

Although pregnancy is thought by many to be ‘‘pro-
tective’’ in terms of mental health and well-being,
recent cohort studies have reported a similar inci-
dence of depression and anxiety during gestation as in
the postpartum period [3, 29]. Depression, anxiety, as
well as stress during pregnancy have been associated
with a number of adverse outcomes, including pre-
eclampsia, premature delivery, fetal growth restric-
tion, decreased mental and motor development and
difficult infant temperament [26, 41, 54]. However,
not all studies agree with these observations [4] and it
is unclear why some infants born to women experi-
encing adversity remain resilient.

We suggest that physiological correlates may
explain the shared negative sequelae of depression,
stress, and anxiety during pregnancy. Both the sym-
pathetic branch of the autonomic nervous system
(ANS) and the hypothalamic-pituitary-adrenal (HPA)
axis are activated during acute stress to promote
adaptation, but also show dysregulation in depressed
patients [19]. A common finding in depression is the
loss of normal ANS control of heart rate and rhythm,
as reflected in decreased heart rate variability (HRV)
[1, 21]. The beat-to-beat HRV signal derived from an
electrocardiogram (ECG) recording offers a unique,
noninvasive measure of the effects of centrally med-
iated changes in autonomic modulation of cardiac
function and is a reliable marker of ANS activity [31].
Decreased HRV may indicate a loss of vagal or para-
sympathetic modulation and a lack of the systems’
ability to respond in a flexible manner, indicating
vulnerability to the negative effects of stress [40].

In healthy pregnant women, HRV is reduced, while
the mean 24-h heart rate (HR) is increased [45].
Flexible ANS function is essential to allow for changes
in blood volume and circulation that take place dur-
ing pregnancy. Poor adaptation of maternal hemo-
dynamics may affect utero-placental circulation and
subsequent fetal development. In particular, changes
in umbilical blood flow velocity are purported as
mainly determined by maternal hemodynamics,
including the vascular pressure changes associated
with maternal heart rate [41]. Women with abnormal
uterine perfusion were found to have reduced HRV
compared to healthy women and gave birth to infants
of smaller birth weight [55]. A similar outcome was
found in women experiencing stress and depressed
mood during pregnancy [38]

The aim of this study was to examine the effects of
maternal depression during pregnancy on ANS func-
tion. We recorded HR, which was then analyzed using
time-domain and frequency-domain methodologies in
order to derive parasympathetic modulation of HR.

We hypothesized that women with prenatal depres-
sion would exhibit higher HR, decreased parasympa-
thetic modulation, and a general pattern of increased
sympathetic tone. Since depression is associated with
sleep disturbances, it was hypothesized that these
effects would be more pronounced during the night.

Materials and methods

This study was approved by the Research Ethics Board of St.
Joseph’s Healthcare and written informed consent was obtained for
each participant. Pregnant women presenting to the Women’s
Health Concerns Clinic (WHCC) with depressed symptoms at
12–24 weeks of gestation (mean = 19.8 week) were recruited and
offered a choice of treatments/interventions (Depressed Group).
The study was naturalistic in design, and subjects were recruited
via standard psychiatric clinical care visits. It was therefore not
possible, nor ethical to follow depressed women prospectively
though pregnancy without treatment intervention. Control subjects
were recruited through flyers posted in the community and in our
Ultrasound Department, Hamilton (Control Group). Inclusion cri-
teria were: age of 18 years; pregnant (up to 24 weeks of gestation)
and able to communicate in English. Further inclusion criteria for
the Depressed Group were to score as ‘‘depressed,’’ using one of the
following cut-offs: Edinburgh postnatal depression scale (EPDS)
score of ‡13 [11, 33] or the Montgomery-Asberg Depression Rating
Scale score of ‡9 [36]. Assuming the comorbidity between
depression and anxiety [16], prenatal anxiety was measured using
the Spielberger state-trait anxiety inventory (STAI) [46].

Women with a current diagnosis or history of psychotic dis-
order were excluded, as well as those with serious medical condi-
tions. Potential control subjects were excluded if they had a current
or past diagnosis of psychiatric illness, as assessed by the Mini
International Neuropsychiatric Interview (MINI) [43] and/or they
had at least two stressful life events in the last 6 months (including
relationship stress) as measured using the Interview for Stressful
Life Events [39].

The participants wore a 24-h ECG Holter recorder (DelMar
Avionics, Irvine, CA) during the early 3rd trimester (range: 25–
31 weeks gestation, mean = 27.2 weeks), during the course of a
normal day. Subjects were instructed to record the start and finish
times of sleep, meals, work, resting time, physical activities, emo-
tionally triggering events and other possibly relevant activities that
may affect heart rate. For the current analyses, sleeping time was
defined as the time 1 h after sleep started and 1 hour before
awakening, as recorded in the activity diary [53]. Participants also
repeated the EPDS and the STAI (State) to measure current mood
state.

The 24-h Holter ECG recordings were analyzed by an experi-
enced technologist blinded to group membership at the McMaster
University Electrocardiography laboratory. The data was first
annotated with Delmar Avionics scan software, and the beat-
to-beat recognition software assigned a class (normal or ectopic) to
each beat. All interbeat intervals were downloaded for offline
computational analyses. The following time domain variables were
obtained: the mean values for the standard deviation of all 24-h NN
intervals (SDNN), the SD of the averages of NN intervals in all 5-
min segments of the entire recording (SDANN), the % of NN
intervals differing by more than 50 ms (pNN50) and the root mean
square of the SD of successive NN intervals (rMSSD). The SDNN
and the SDANN values are influenced by short-term (i.e.- respi-
ration) and long-term (circadian) factors. The pNN50 and the
rMSSD reflect vagal cardiac modulation under normal conditions
[47].
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The RR intervals from the 24-h recording were divided into
one-hour segments. Each hourly RR interval data was divided into
128-s segments. A power spectrum of heart rate time series was
derived from beat-to-beat changes in heart rate to identify the high
frequency (HF: 0.15–0.4 Hz) power and low frequency (LF: 0.04–
0.15 Hz) power bands. The HF power is related to respiratory sinus
arrhythmia, reflective of cardiac vagal function, whereas the LF
power is mediated by both the vagal and sympathetic systems [2].
Abnormal beats were interpolated with an interpolation algorithm.
The software for the present study has been used in our laboratory
previously. An eighth order auto-regressive model was used on the
HRV signal and the power spectra of the model were annotated for
each 128-s segment.

The hourly data were analyzed individually using Power Spec-
tral Analyses, for a frequency range of 0.05–0.4 Hz. The power
within two frequency bands were integrated and presented as: LF
and HF. A visual inspection of the frequency bands was performed
for each 1-h segment, and only hours with at least 12 power spectra
of 128 s each (~30 min) were included. The spectral components
were calculated as absolute units, and also as percentages (calcu-
lated by dividing LF and HF powers by their sum, and multiplying
by 100). The main quantitative indices computed from the HRV
signal were: HR, HF, and LF absolute area (ms2); LF/HF area ratio.

Studies of 24-h HRV indicate a circadian influence on both the
parasympathetic (HF) and sympathetic, as measured via pre-ejec-
tion period, control of the heart [10]. A shift to vagal dominance is
seen during the night; daytime and sleep hours were consequently
separated for analyses. The values derived from the power spectral
analyses were averaged across daytime hours (09:00–21:00).

j Statistics

The baseline characteristics were compared between groups using
the independent t test (age, EPDS, STAI) and the chi-square test
(partner status, parity). The frequency-domain values were trans-
formed using Log10 to normalize the distribution before analyses.
The mean 24-h time domain values (pNN50, SDNN, rMSSD,
SDANN), as well as the frequency domain values (HR, log-trans-
formed LF and HF, LF/HF ratio: 24-h, daytime only (09:00–21:00 h)
and sleeping values (as per diary)) were compared using MAN-
COVA, using group (Depressed versus Control) as the between-
subject factors. As age [8], body-mass index (BMI) [52], depression
and anxiety [57] can influence HRV, Pearson correlations were
used to examine possible effects on HRV values (variables: age, pre-
pregnancy BMI, EPDS, STAI scores; 24-h: pNN50, SDNN, rMSSD,
SDANN, HR, absolute LF and HF, LF/HF ratio, total power). Age
was the only variable that was found to be significant, and
was subsequently used as a covariate. Since both smoking and
anti-depressant (AD) use [12, 17] can influence HRV parameters,
these variables were used as covariates. The MANCOVA test was
repeated after stratifying the Depressed Group according to current
AD use. The Wilks’ Lambda value is reported when a significant
effect was found for the multivariate tests. The F-values and asso-
ciated P-values are reported as appropriate. Unadjusted means and
associated standard deviations (SD) are reported; raw frequency
domain values are presented rather than the log-transformed values
for comparison to other studies. Since 15 variables were tested in
the MANCOVA for the frequency-domain indices, the Bonferroni
test for multiple comparisons was used, and associated P-values
were reported. Linear regression analyses were completed to
examine the associations between the log-transformed LF/HF ratio
values for the 24-h period, daytime and sleeping hours and current
depression (EPDS) and anxiety (STAI) scores; the LF/HF ratio was
selected to represent the sympatho-vagal balance, to limit the
number of dependent variables. Tests for asphericity of data were
performed and the Huynh-Feldt adjustment was used, as needed.
Differences were considered significant at P £ 0.05.

Results

Eighty-one women with singleton pregnancies com-
pleted the 24-h HRV recording: 46 who qualified for the
Depressed Group and 35 in the Control group. Of the 46
women in the Depressed Group, 26 were treated using
psychotherapy only, and 20 were treated using psycho-
therapy in combination with AD. Table 1 describes
baseline demographics. A variety of selective serotonin
reuptake inhibitors (SSRIs) and serotonin-norepineph-
rine reuptake inhibitors (SNRIs) were used, the specific
kind selected on a case-by-case basis by the attending
psychiatrist. At the time of HRV monitoring, 2 subjects
had been taking the ADs for 1.5 weeks; the remaining 18
had been taking the ADs for at least four weeks. There
were no significant differences on EPDS or STAI scores
between the Depressed Group taking ADs at time of ECG
assessment compared to those who did not (Table 2).

j 24-h time domain analyses

The Depressed Group had lower values for all of the
24-h HRV measures, controlling for age, AD use and
the number of cigarettes smoked per day (See Table 3,

Table 1 Baseline (14–24 weeks gestation) subject demographics (Mean (SD))

Group Control
(N = 35)

Depressed
(N = 46)

P

Age (years) 31.6 (4.4) 29.3 (5.3) 0.04
% Married/common-law 100% 89.10% 0.07
% nulliparous 58.70% 48.60% 0.38
BMI (kg/m) 23.7 (4.3) 26.5 (6.2) 0.03
EPDS score 3.3 (2.2) 14.4 (5.2) <0.0001
MADRS score 2.7 (1.4) 16.9 (5.7) <0.0001
STAI (state) score 26.7 (6.5) 47.0 (14.2) <0.0001

Table 3 Unadjusted means (SD) for the 24-h HRV time domain measures in
pregnant women

Group Control (N = 35) Depressed (N = 46) P

pNN50 (%) 8.0 (9.6) 5.4 (5.4) 0.09
SDNN (ms) 112.4 (31.7) 97.9 (21.8) 0.01
SDANN (ms) 96.6 (30.0) 85.4 (23.6) 0.02
rMSSD (ms) 26.6 (13.0) 23.9 (9.0) 0.18

When the depressed group was stratified according to AD use, the differences
on the SDNN and SDANN were only significant when comparing those not
taking ADs and the controls

Table 2 Subject information at time of HRV analyses (mean (SD))

Group Control
(N = 35)

Depressed
(N = 26)

Depressed + AD
(N = 20)

Gestation (weeks) 27.5 (1.1) 27.4 (1.3) 26.3 (1.3)
EPDS score 3.2 (2.1) 11.0 (5.2) 13.1 (5.3)
STAI (state) score 27.5 (5.8) 42.8 (14.9) 50.8 (13.4)
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Fig. 1). Multivariate test indicated a group effect
(Wilks’ Lambda: 0.88; F(4,73) = 2.46; P = 0.05).
Univariate tests showed that two variables, SDNN and
SDANN, were significantly lower in the Depressed
Group (F(1,76) –values = 6.40, 6.04, respectively; P-val-
ues = 0.013, 0.016, respectively). When the Depressed
Group was stratified according to AD use, the differ-
ences on the SDNN and SDANN were significant only
when comparing the Depressed Group not taking AD
versus controls (F(2,76) = 3.21; P = 0.040; F(2,76) = 3.13;
P = 0.049, Fig. 2), respectively; P-values are adjusted
for multiple comparisons, using the Bonferonni test),

indicating improved HRV with AD use. Neither the
EPDS, nor the STAI (state) were correlated with any of
the 24-h time domain measures, controlling for age,
smoking and AD use. Analyses were repeated using
BMI as a covariate, and the results did not differ sub-
stantially.

j Frequency domain analyses

The MANCOVA test was used to compare the
frequency-domain variables (24-h; daytime hours

control depressed
group

2.00

4.00

6.00

8.00

pN
N

50
 (%

)

n=35 n=46

control depressed
group

60.00

80.00

100.00

120.00

SD
N

N
 (m

s)

n=35 n=46

control depressed
group

60.00

80.00

100.00

120.00

SD
AN

N
 (m

se
c)

n=35 n=46

control depressed
group

10.00

15.00

20.00

25.00

30.00

rM
SS

D

n=35 n=46

Fig. 1 Mean (±SE) time-domain HRV variables for healthy pregnant women (controls) and women who had experienced depression during pregnancy Groups were
compared using MANCOVA, controlling for age, the number of cigarettes smoked per day and current anti-depressant use. (*P = 0.01 **P = 0.02)
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and sleeping hours) using group (Depressed versus
Control) as the between-subject factors and the same
covariates. One subject had missing RR interval
data; the daytime and mean 24-h frequency domain
analyses were completed for n = 80; two additional
subjects had missing data for sleeping hours and
analyses were completed for n = 78. Multi-variate tests
indicated no overall significant effect of group, age,
number of cigarettes smoked, or AD medication.

There were no significant differences between the
groups on the 24-h, daytime (09:00–21:00 h) or sleep-
ing time (as per diary) frequency domain measures.

Unadjusted means are presented in Table 4. How-
ever, univariate tests showed that HR, in particular,
was significantly higher during the sleeping hours
in the Depressed Group versus controls (F(1,73) = 5.05;
P = 0.028). When the Depressed Group was stratified
according to AD use, the difference (trend) was
observed only when comparing the Depressed subjects
not taking AD versus controls (F(2,73) = 2.53; P = 0.093;
Fig. 2), indicating a possible improvement in HR with
AD use. Linear regression analyses indicated that
the sleeping LF/HF ratio was positively associated
with the EDPS scores, controlling for age, AD use and

control depressed depressed + AD
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Fig. 2 Mean (±SE) HRV time domain variables in pregnant women by group, stratified according to current anti-depressant (AD) use. *P < 0.05 versus controls
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the number of cigarettes smoked per day (R = 0.24;
b = 0.28; t = 2.08; P = 0.041, Fig. 3), but not with the
anxiety (STAI) score. The 24-h and daytime LF/HF
ratio were not significantly influenced by the EPDS or
STAI scores. The group comparison analyses were
repeated after excluding those taking SNRI (n = 5),
and the results did not differ substantially.

Discussion

To our knowledge, this is the first attempt to measure
heart rate variability in pregnant women experiencing

depression. Our data suggest that maternal depres-
sion during pregnancy is associated with decreased
HRV, particularly in the time domain measures,
SDNN and SDANN. Depressed women taking AD
medication had SDNN and SDANN values that were
much closer to those observed in women who were
healthy controls, indicating a positive effect of the
treatment. However, it should be noted that the
investigation of AD effects was a secondary analyses,
which presents somewhat of a challenge for the
interpretation of these effects in this naturalistic
study.

We expected that we would see group differences
in HRV during the sleeping hours, but this was lim-
ited to HR. Frequency domain indices did not dif-
ferentiate the groups, which may be due to the known
variability of these measures, and has been similarly
reported elsewhere [7]. However, the LF/HF ratio
(measure of sympatho-vagal balance) while the wo-
men were asleep, was influenced by the severity of the
depression. Further investigation is required with
respect to the frequency domain indices in relation to
maternal depression during pregnancy.

Significant changes in the autonomic nervous
system occur during pregnancy to accommodate the
circulatory homeostatic requirements. Decreased
HRV, particularly SDNN, has been reported for
healthy pregnant women compared to non-pregnant
controls at rest and during exercise [6, 48]. The SDNN
reflects the balance between the sympathetic and
parasympathetic input on the cardiac pacemaker; a
reduced SDNN suggests a diminished parasympa-
thetic (vagal) influence. Stein et al. [48] noted con-
siderable variability in HRV during the course of a
normal pregnancy, but a greatly diminished HRV may
indicate ANS dysfunction, which may have conse-
quences for healthy fetal development.

A decrease in HRV may be involved in the
hemodynamic accommodation during normal preg-
nancy, but additional reductions have been reported
for women with complications, such as preeclampsia
(PE) and pregnancy-induced hypertension (PIH) [35,
56]. Pregnant women identified as high risk showed
increased LF and LF/HF ratio during the 1st trimester,
indicating changes early in gestation [5]. Our finding
of an increased LF/HF ratio during the sleeping hours
in women with higher depression scores may indicate
a similar physiology. There is a lack of consensus on
the role of HRV in PE but the sympathetic nervous
system has been implicated in associated negative
outcomes, such as reduced birth weight [37]. Reduced
birth weight is also associated with maternal stress
and depression [38, 41], which may present an
important parallel to our findings of decreased SDNN/
SDANN, as well as the improvement in values seen
with AD use.

Table 4 Unadjusted means (SD) for the HRV frequency domain values, by
group

Group Control (N = 35) Depressed (N = 45) P

Heart rate (bpm)
24-h 85.6 (9.0) 88.6 (7.2) 0.16
Daytime 94.4 (9.8) 97.2 (9.9) 0.57
Sleeping hours 75.5 (9.2) 79.8 (6.6) 0.03

Absolute HF area
24-h 4001.8 (623.6) 3937.9 (589.9) 0.3
Daytime 3670.4 (611.1) 3678.2 (526.6) 0.24
Sleeping hours 4533.5 (822.5) 4404.7 (863.2) 0.34

Absolute LF area
24-h 6184.17 (383.3) 6228.9 (455.4) 0.67
Daytime 6467.3 (276.0) 6426.0 (275.8) 0.76
Sleeping hours 5709.8 (661.6) 5856.6 (834.8) 0.35

LF: HF ratio
24-h 1.8 (0.4) 1.8 (0.4) 0.32
Daytime 2.0 (0.4) 2.0 (0.3) 0.84
Sleeping hours 1.5 (0.4) 1.6 (0.5) 0.2

Groups were compared using MANCOVA, controlling for age and current anti-
depressant use. The P-values are adjusted for multiple comparisons using the
Bonferroni test

EPDS Score Total

3020100–10

LF
:H

F 
Ar

ea
 R

at
io

3.0

2.5

2.0

1.5

1.0

.5

group

adversity + AD

adversity

control

Total Population

R= 0.24

P=0.041

Fig. 3 The relationship between the LF/HF area ratio during the sleeping hours
and scores on the Edinburgh postnatal depression scale (EPDS) at time of
assessment in pregnant women
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j Increased sympathetic tone may effect the in utero
environment

An imbalance of autonomic nervous system branches,
in favor of sympathetic dominance due to maternal
depression may affect the fetus. High maternal
depression and anxiety during pregnancy have been
found to increase fetal activity [14, 18]. A higher
pulsatility index (PI), which rises with increasing
vascular resistance, was found in the umbilical artery
of fetuses of mothers with high trait anxiety scores
[44]. Furthermore, high trait anxiety was associated
with an increased mean artery resistance index com-
pared to those with low trait anxiety [50], and it was
suggested that such changes may explain the finding
of low birth weight in infants born to mothers expe-
riencing depression, stress, and anxiety. Similar
studies have not been completed to our knowledge in
women experiencing prenatal depression alone, but
the results presented here may provide some clues to
the underlying pathophysiology.

Changes in the maternal cardiovascular system
during pregnancy can affect fetal heart rate [15, 30]. By
using a fetal heart rate monitor over a 24-h period,
Lunshof et al. [30] found that 73% of 15 fetuses had a
diurnal heart rate rhythm, which was very similar to
that of their mother. In a larger study, DiPietro et al.
[15] reported an association between maternal and fetal
HR and higher fetal HR was associated with lower HRV
at 1 year of age. If the increased HR and decreased HRV
in the Depressed subjects during pregnancy translates
to similar changes in the fetus, the development of the
fetal ANS may be compromised. Long-term follow-up
and HRV measurement of infants born to these women
is warranted.

j The effect of depression on HRV parameters

Studies examining the effects of depression frequently
report decreased HRV, in both the time and frequency
domain parameters. Recently, it was reported that
depressed patients exhibited reduced parasympa-
thetic-related activity (high HR and reduced HF), as
well as a diminished baroreceptor sensitivity (BRS)
[13]. The EPDS score was positively associated with
the LF/HF ratio during the sleeping hours in the
current study, indicating decreased parasympathetic
drive with higher depression scores.

The majority of HRV investigations with respect to
mood are completed in patients with cardiovascular
disease (CVD) wherein the pathophysiology differs
significantly compared to pregnancy, making com-
parison challenging. The changes in hormone levels
during pregnancy present an additional important
variable. Of particular note however, women suffering

from premenstrual dysphoric disorder (PMDD)
showed reduced SDNN and HF compared to control
women during the follicular phase of the menstrual
cycle, when estrogen levels are high [27]. Increased
estrogen levels, seen in both the follicular phase and
pregnancy, may affect both the ANS balance and
consequently, mood in vulnerable women. High pre-
natal estrogen levels may modulate ANS function,
which may influence mood during pregnancy for
some women. In attempt to understand the patho-
physiological changes associated with mood dysreg-
ulation we must look to other available evidence from
a neurochemical perspective. Higher levels of urinary
and plasma SNS catecholamines, NE and Epi, have
been reported in subjects experiencing chronic
depression suggesting increased sympathetic drive
[22, 23, 28, 42, 49], as well as women suffering from
PE [25, 32]. If there is a sympathetic overdrive in our
Depressed Group, it may be possible to normalize or
improve the sympatho-vagal balance with effective
treatment strategies.

j Can AD treatment during pregnancy improve
HRV?

When the Depressed Group was stratified according
to current AD medication use, we saw that the dif-
ferences in the sleeping HR and the time domain
parameters (SDNN, SDANN) were significant only
when comparing those not taking AD versus controls,
indicating a possible improved sympatho-vagal bal-
ance with AD medication. A 6-month course of the
SSRI, sertraline, in depressed patients led to a linear
rate of increase in the SDNN together with a signifi-
cant decrease in depression scores [34]. Also, a recent
well-designed RCT showed that 16 weeks of sertraline
treatment improved HRV measures [20]. A positive
effect of the SSRI, paroxetine, on the LF/HF ratio and
on baroreceptor responsiveness was found in patients
with panic disorder [51]. It is possible that the
AD medication in the Depressed subjects may be
improving baroreceptor and vagal influence. This is
highly significant because higher baroreceptor sensi-
tivity during pregnancy indicates improved hemody-
namic stability, which may assist with healthy
placental perfusion [24]. Again, it must be mentioned
that the examination of AD effects was a secondary
analyses which limits the interpretation of these
results. Nevertheless, the findings present an impor-
tant observation that warrants further investigation.

Although we did not see a statistically significant
effect of the AD medication on frequency-domain
parameters, it is likely that our sample size may not
have provided us with adequate power to detect these
differences with only 20 women in this category. The

209



heterogeneity of medication used here, makes it dif-
ficult to generalize the results, or to indicate which
type is beneficial for ANS function during pregnancy.
As mentioned, the analyses were repeated after
excluding the 5 women taking the SNRI type of AD
medication, and the significant drug effect (i.e. now
only SSRI AD medication) remained. Yet, it is an
important possibility that depressed women may take
these medications during pregnancy and all available
data regarding the potential physiological effects
during pregnancy are needed. If in fact AD medica-
tion improves HRV parameters, it will be interesting
to see how the birth outcomes (particularly growth
parameters) are influenced when this cohort is
followed longitudinally. However, the decision for
pregnant women to take AD medication needs to be
assessed on an individual basis. There may be other
ways to improve vagal modulation when AD medi-
cation is not appropriate. For example, one study
found that cognitive behavioural therapy led to
reduced HR and increased HRV among severely
depressed patients with heart disease [9]. If the neg-
ative emotional stimuli or affect can be resolved, it
may be possible to increase parasympathetic influence
among women experiencing depression.

In conclusion, this study shows that women expe-
riencing depression during pregnancy show significant
decreases in HRV (SDNN and SDANN), indicative of
decreased vagal tone during the early third trimester of
pregnancy. Increased depression scores were associated
with decreased vagal modulation and an improve-
ment in HRV was demonstrated with AD treatment.
Although we were limited in that we did not have a
comparison group of depressed women receiving no
treatment/intervention therapy, the study was natural-
istic in design, and it would not be possible or ethical to
follow pregnant women without offering standard
clinical care. Long-term follow-up of this cohort will
help to clarify whether these findings correlate with any
of the birth outcomes, as well as the infant HRV.
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