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Potential benefits of mindfulness during pregnancy on maternal
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Abstract
Mindfulness is known to decrease psychological distress. Possible benefits in pregnancy have rarely been explored. Our
aim was to examine the prospective association of mindfulness with autonomic nervous system function during
pregnancy and with later infant social-emotional development. Pregnant women (N 5 156) completed self-report
mindfulness and emotional distress questionnaires, and had their autonomic function assessed in their first and third
trimesters, including heart rate (HR), indices of heart rate variability (HRV), preejection period (PEP), and systolic (SBP)
and diastolic blood pressure (DBP). The social-emotional development of 109 infants was assessed at 4 months of age.
More mindful pregnant women had less prenatal and postnatal emotional distress (p < .001) and higher cardiac
parasympathetic activity: root mean square of successive differences (RMSSD: p 5 .03) and high-frequency (HF) HRV
(p 5 .02). Between the first and third trimesters, women’s overall HR increased (p < .001), and HRV (RMSSD, HF
HRV, and low-frequency (LF) HRV: p < .001) and PEP decreased (p < .001). In more mindful mothers, parasympathetic
activity decreased less (RMSSD: p 5 .01; HF HRV: p 5 .03) and sympathetic activity (inversely related to PEP)
increased less (PEP: p 5 .02) between trimesters. Their offspring displayed less negative social-emotional behavior
(p 5 .03) compared to offspring of less mindful mothers. Mindfulness in pregnancy was associated with ANS changes
likely to be adaptive and with better social-emotional offspring development. Interventions to increase mindfulness
during pregnancy might improve maternal and offspring health, but randomized trials are needed to demonstrate this.
Descriptors: Mindfulness, Autonomic nervous system, Emotional distress, Pregnancy, Offspring’s social emotional development

the course of pregnancy (Kuo, Chen, Yang, Lo, & Tsai, 2000). The
increased SV and HR generate higher cardiac output to offset the
drop in total peripheral resistance that occurs early in pregnancy
(Abbas et al., 2005). The net effect is a slight decrease in mean
blood pressure with the decline in diastolic blood pressure (DBP)
being larger than the systolic blood pressure (SBP) fall (Abbas
et al., 2005). Since cardiac output keeps rising until the end of pregnancy and systemic vascular resistance steadily recovers (Clark
et al., 1989; Easterling, Benedetti, Schmucker, & Millard, 1990;
Thornburg, Jacobson, Giraud, & Morton, 2000), blood pressure
measures return to prepregnancy levels by term (Christian, 2012;
Hermida et al., 2000).
Failure of cardiovascular adaptation during pregnancy may lead
to complications such as hypertension, preeclampsia or other cardiovascular diseases (Faber et al., 2004; Thayer, Yamamoto, &
Brosschot, 2010; Voss et al., 2000; Walther et al., 2005, 2006).
These disorders are associated with greater risks of preterm birth,
chronic hypertension, maternal cardiovascular morbidity, and neonatal morbidity/mortality (Cuevas & Germain, 2011; Magnussen,

Pregnancy is associated with marked cardiovascular adaptations
such as increased stroke volume (SV) and heart rate (HR; Abbas,
Lester, & Connolly, 2005; Carlin & Alfirevic, 2008; Hill & Pickinpaugh, 2008; Silversides & Colman, 2007). The autonomic nervous
system (ANS) plays a central role in these changes. It is known
that ANS activity is shifted toward higher sympathetic and lower
vagal modulation (e.g., reduced heart rate variability [HRV]) over
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Vatten, Smith, & Romundstad, 2009; Young, Levine, & Karumanchi, 2010; Zhang et al., 2007).
A number of mental disorders have also been linked to detrimental cardiovascular changes in pregnancy. For example, maternal
emotional distress or depressive symptoms are associated with
abnormal cardiovascular function, such as more reduction in parasympathetic activity (Shea et al., 2008) and a larger increase in
blood pressure (hypertension and preeclampsia; Kurki, Hiilesmaa,
Raitasalo, Mattila, & Ylikorkala, 2000; Qiu, Sanchez, Lam, Garcia,
& Williams, 2007; Qiu, Williams, Calderon-Margalit, Cripe, &
Sorensen, 2009). Furthermore, both hypertension disorders (Robinson et al., 2009, 2013; Whitehouse, Robinson, Newnham, & Pennell, 2012) and maternal emotional distress (R€aikk€onen, Seckl,
Pesonen, Simons, & Van den Bergh, 2011; Van den Bergh, Mulder,
Mennes, & Glover, 2005) during pregnancy are linked to adverse
behavior and developmental outcomes in infancy, childhood, and
adulthood.
Psychopharmaceuticals reduce maternal prenatal stress/depression and high levels of blood pressure effectively, but their use during pregnancy is often inappropriate because the potential risks to
fetal development may outweigh the benefits for the mother and
fetus (Duley, Henderson-Smart, & Meher, 2006; Ericson, K€allen,
& Wiholm, 1999; Kulin et al., 1998; Mulder, Ververs, de Heus, &
Visser, 2011).
A better way to cope effectively with stress, anxiety, and depression during pregnancy may be to make enhanced use of mental
resources such as mindfulness. Mindfulness is an adaptive mental
state, often described as the attention to moment-to-moment experience with an accepting and nonjudgmental attitude (Baer, Smith,
Hopkins, Krietemeyer, & Toney, 2006; Williams, 2008), or as a
receptive attentiveness to present experience that can improve both
mental and physical/physiological health (Hofmann, Sawyer, Witt,
& Oh, 2010; Nyklıček, Mommersteeg, Van Beugen, Ramakers, &
Boxtel, 2013), but studies concerning the physiological effects of
mindfulness during pregnancy are lacking.
Therefore, the present study was designed to test the hypotheses that mindfulness would be associated with (a) better cardiovascular adaptation during pregnancy, (b) lower maternal
emotional distress, and (c) better social-emotional development
of the infant at 4 months.
Methods
Participants
This sample consisted of 156 pregnant women who were recruited
at midwiferies and a hospital in Tilburg (The Netherlands) and surroundings. They had low obstetric risk as judged by the midwiferies and hospitals and made no use of medication or drugs. The
longitudinal nature of the study and the fact that women participated on a voluntary basis may explain the biased sample with a
higher education in comparison with the general population of
pregnant women (see Table 1). We had access to medical records
of 145 women for whom blood pressure data were obtained, and
109 mothers completed the questionnaire about the socialemotional development of the infant after birth. The Medical Ethics
Committee of the St. Elisabeth hospital in Tilburg (The Netherlands) and the Dutch Central Committee on Research Involving
Human Subjects approved the study, which was conducted in full
compliance with the Helsinki Declaration. All women and their
partner provided informed, written consent.

Procedure
The design of the study is prospective with the following assessment times:
1. First trimester (between 8 and 14 weeks of gestation): the first
assessment of mothers’ cardiovascular functioning and emotional
distress.
2. Second trimester (between 15 and 22 weeks of gestation): the
assessment of mothers’ mindfulness (performed once only
because it is considered to be a stable disposition that has substantial relationships with Big Five personality traits; Giluk,
2009). The wording of the mindfulness questionnaire avoids suggesting a specific time frame in order to assess mindfulness trait
(Walach, Buchheld, Buttenm€uller, Kleinknecht, & Schmidt,
2006).
3. Third trimester (between 31 and 37 weeks of gestation): the
same assessments as in the first trimester.
4. Postnatal (mothers: 2–4 months after delivery): the third assessment of mothers’ emotional distress.
5. Postnatal (infant: at 4 months of age): assessment of socialemotional development by the mother of the infant (see below).
Instruments
Mindfulness. The Freiburg Mindfulness Inventory–short form
was used to assess mindfulness (Walach et al., 2006). It consists of
14 items covering central aspects of mindfulness, including attention to external and internal phenomena in the present moment
(e.g., “I am open to the experience of the present moment”) and
acceptance (e.g., “I accept unpleasant experiences”). Items are
scored on a scale from 1 to 4. The short form has an adequate internal consistency in the published original (a 5 .86) and Dutch
(a 5 .79) versions (Klaassen, Nyklıček, Traa, & De Nijs, 2012), as
well as in this study (a 5 .85).
Emotional distress. The Edinburgh Depression Scale is a 10-item
self-report measure designed to screen women for symptoms of
depression and emotional distress during pregnancy and the postnatal period (Cox, Holden, & Sagovsky, 1987). Women indicated
before 15 weeks of gestation, at 31–37 weeks of gestation, and 2–4
months after birth how they felt during the preceding 7 days. The
reliability and validity of the original and Dutch versions are adequate (Nyklıček, Scherders, & Pop, 2004). In our sample, the internal consistency was adequate during the first (a 5 .82) and third
(a 5 .85) trimester of pregnancy. Both questionnaires were completed at home.
ECG and ICG recording. A 25-min experimental session assessing cardiovascular function was conducted in each participant’s
home, in a quiet room. The session consisted of five testing phases,
lasting 5 min each. We used a validated (Taelman et al., 2009; Vlemincx, Taelman, De Peuter, Van Diest, & Van den Bergh, 2011)
stress protocol, where stress was induced in the second and fourth
phase with complex mental arithmetic problems, while the other
three phases consisted of relaxation with peaceful pictures and
restful music. Mothers’ electrocardiogram (ECG) and impedance
cardiography (ICG) were recorded using seven Ag/AgCl electrodes and the Vrije Universiteit Ambulatory Monitoring system
(VU-AMS; Goedhart, van der Sluis, Houtveen, Willemsen, & de
Geus, 2007). The electrodes were arranged according to the VUAMS configuration guidelines. This system provides continuous
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Table 1. Descriptive Statistics for Variables Related to Infants and Mothers

Infants
Gestation length (weeks)
Birth weight (g)
Apgar score above 8
At 5 min
At 10 min
Males
Age (weeks)
Total score social-emotional development
Self-regulation
Communication
Affect problems
Interaction with people
Adaptive functioning
Mothers
Mindfulness
Emotional distress (postpartum)
BMI before pregnancy (kg/m2)
Education (higher education)
Parity

N

M

(SD)

106
109

39.57
3357.38

(1.49)
(679.63)

108/109
109
51/109
109
109
109
109
109
109
109

99.08
100.00
46.79

156
113
156
156
156

13.48
13.94
5.55
0.78
2.94
0.78
3.76

(5.30)
(10.67)
(6.64)
(2.06)
(3.98)
(2.47)
(5.58)

39.91
4.76
24.19

(6.19)
(4.30)
(4.11)

0.61

(0.65)

67.74

1st trimester

HR, HRV and PEPa
HR (bpm)
RMSSD (ln ms)
HF (ln ms2)
LF (ln ms2)
PEP (ms)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Emotional distress (prenatal)
Age

Percent

3rd trimester

n

M

(SD)

n

M

(SD)

p value

124
124
124
124
119
101
100
124
124

82.43
3.36
5.96
6.44
73.04
113.05
67.06
5.69
32.59

(8.89)
(0.51)
(0.98)
(0.70)
(20.38)
(10.46)
(7.42)
(4.20)
(4.28)

128
128
128
128
118
84
84
128
128

90.03
2.96
5.20
5.84
60.02
113.77
68.77
5.16
32.77

(9.44)
(0.54)
(1.06)
(0.74)
(21.27)
(10.29)
(9.54)
(4.15)
(4.35)

<.001
<.001
<.001
<.001
<.001
.75
.12
.84

Note. BMI 5 body mass index; HR 5 heart rate; HRV 5 HR variability; PEP 5 preejection period; RMSSD 5 root mean square of successive differences; HF 5 high-frequency; LF 5 low-frequency.
a
Averaged across mental arithmetic task phases.

measurements of HR, indices of HRV, and preejection period
(PEP, an index of cardiac sympathetic drive, see below).
Blood pressure. Maternal SBP and DBP data were retrieved from
medical records. Similar to the ECG/ICG recordings, blood pressure was measured in the first and third pregnancy trimester within
3 weeks of the date of the ECG/ICG recording in all cases. For
both pregnancy trimesters, there was only one blood pressure measurement. Three pregnant women with abnormally high blood pressure (> 140/90 mmHg) were excluded as outliers.

problems, behavioral problems, and social competencies on 3-point
Likert scales. It is a parent-reported screening instrument for infants,
which consists of 5 subscales, namely self-regulation, communication, affect, interaction with people, and adaptive functioning. All
infants had a total score below 45. In a clinical setting, scores higher
than 45 would be required to meet criteria for further psychological
evaluation. One outlier was removed (2.5 standard deviations from
the mean; Upton & Cook, 2014).

Data Processing and Statistical Analyses
Birth outcomes. All pregnancies were dated using the first day of
the last menstrual period, which was provided by the participants at
recruitment. Each infant’s day of birth was retrieved from medical
records. Based on these data, gestation length at birth was calculated. Offspring birth weight was retrieved from medical records, as
well as information on the infant’s health immediately after birth.
The infant’s health was assessed immediately after birth using the
Apgar score, which evaluates a newborn baby on five simple criteria (i.e., appearance, pulse, grimace, activity, respiration; Apgar,
1953).
Infant social-emotional development. When the children were
between 4 and 5 months old, mothers filled out the Ages and Stages
Questionnaire–Social-Emotional (Squires, Bricker, & Twombly,
2002) at home. It consists of 22 items and measures social-emotional

ECG and ICG data were processed using custom software written
in MATLAB R2012b (Mathworks, Natick, MA) to obtain HR and
indices of sympathetic (PEP) and parasympathetic (root mean
square of successive differences [RMSSD] and high-frequency
[HF] HRV) or both (low-frequency [LF] HRV) ANS activity,
according to published standards (Task Force of the European
Society of Cardiology and the North American Society of Pacing
and Electrophysiology, 1996). ECG beat detection was carried out
with the Hilbert transform algorithm (Benitez, Gaydecki, Zaidi, &
Fitzpatrick, 2001). Potentially erroneous beat detections were identified using a standard approach and screened by the researchers
for validity (Berntson, Quigley, Jang, & Boysen, 1990). As HRV
measures are right skewed, they were log-transformed to normality.
PEP was calculated from the ICG as the interval between R-wave
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Table 2. Multilevel Regression Analyses Relating Mindfulness to HR, RMSSD, and HF HRV
HR

Mindfulness
Trimester (3rd vs. 1st)
Mindfulness 3 Trimester
Emotional distress
Higher education
HR
Age
BMI
Constant

Ln RMSSD HRV

Ln HF HRV

Coefficient

SE

p

Coefficient

SE

p

Coefficient

SE

p

-0.16
7.84
-0.01
0.01
0.04
–
-0.29
0.25
91.95

0.11
2.13
0.05
0.08
1.44
–
0.16
0.16
7.45

.16
<.001
.84
.88
.98
–
.06
.13
<.001

0.004
-0.29
0.006
<0.001
0.006
-0.04
-0.03
0.001
7.31

0.005
0.09
0.002
.003
0.06
0.001
0.01
0.01
0.32

.4
.001
<.01
.90
.92
<.001
<.001
.86
<.001

0.01
-0.57
0.01
0.01
0.04
-0.07
-0.06
-0.01
13.61

0.01
0.19
0.005
0.01
0.13
0.003
0.01
0.01
0.71

.31
.003
.03
.45
.74
<.001
<.001
.62
<.001

N 5 156.

onset and the B point. This B point was identified using an extrapolation technique (Jones, 2006).
All analyses were conducted using Stata 12.1. Multilevel (i.e.,
pregnancy trimester and mental arithmetic task phase) regression
analyses were conducted to examine the potential association
between mindfulness and cardiovascular adaptation during pregnancy. Interaction effects between mindfulness and task phase
were computed to test whether the association between mindfulness and HR, HRV, or PEP differed between stress versus rest.
Interaction effects between mindfulness and the pregnancy trimester were also computed to test whether potential changes in HR,
HRV, PEP, or BP over the course of pregnancy are related to the
mother’s level of mindfulness. The multilevel models were adjusted for emotional distress, level of education, age, and body mass
index (BMI; Vallejo, Marquez, Borja-Aburto, Cardenas, & Hermosillo, 2005). The models predicting HRV and PEP were also adjusted for HR.
In addition, a multilevel (i.e., time of measurement: first and
third pregnancy trimester, and 2–4 months postpartum) regression
analysis, adjusted for the common potential confounders of level of
education, age, and BMI, was used to investigate how mindfulness
is related to maternal emotional distress.
Finally, the associations between maternal mindfulness and the
continuous variables of social-emotional development were tested
for significance by generating bootstrapped regression analyses
with 95% confidence intervals (5,000 iterations) as no normal distribution of the residuals could be achieved by transforming the
data. In these analyses, maternal age, education, and emotional distress, and infants’ sex, birth weight, and gestation length at birth
were controlled.

SE 5 0.01, p 5 .02). There were also marginally significant relationships between mindfulness and LF HRV (b 5 0.02, SE 5 0.01,
p 5 .07), PEP (b 5 0.46, SE 5 0.25, p 5 .06), and HR (b 5 -0.20,
SE 5 0.11, p 5 .07). These associations between mindfulness and
HRV and PEP were not significant after adjustment for HR
(p > .05). No association was found between mindfulness and baseline SBP or DBP (p > .05).
HR increased across trimesters (b 5 7.42, SE 5 0.34, p < .001),
while RMSSD (b 5 -0.07, SE 5 0.02, p < .001), HF HRV (b 5 0.16, SE 5 0.04, p < .001), LF HRV (b 5 -0.23, SE 5 0.04,
p < .001), and PEP (b 5 -11.71, SE 5 1.04, p < .001) all decreased.
DBP increased marginally across trimesters (b 5 1.88, SE 5 1.02,
p 5 .06).
The results depicted in Table 2 and 3 show a significant interaction between mindfulness and the trimester of pregnancy on
RMSSD HRV (p 5 .01), HF HRV (p 5 .03), and PEP (p 5 .02),
after adjustment for HR, emotional distress, age, BMI, and level of
education. This indicates that the more mindful pregnant women
were, the less RMSSD, HF HRV, and PEP declined during pregnancy (Figure 1a,b,c). The decrease in LF HRV and increases of
HR, DBP, and SBP over the course of pregnancy were not significantly different for different levels of mindfulness (p > .05; see
Table 2 and 4, and Figure 1d,e,f,g).
No evidence was found for an interaction between mindfulness
and the different phases of the experimental session for any ANS
measure (p > .05).

Table 3. Multilevel Regression Analyses Relating Mindfulness
to LF HRV and PEP

Results
Characteristics of mothers and children are shown in Table 1.
Mothers who provided data on the social-emotional development
of the offspring (N 5 109) did not differ from mothers who did not
provide these data (N 5 47) regarding age, education level, emotional distress, or mindfulness (p >.10).
Mindfulness and Cardiovascular Adaptation During
Pregnancy
Adjusted for age, education level, emotional distress, and BMI,
mindfulness was significantly positively associated with RMSSD
HRV (b 5 0.01, SE 5 0.01, p 5 .03) and HF HRV (b 5 0.03,

Ln LF HRV

Mindfulness
Trimester
(3rd vs. 1st)
Mindfulness 3
Trimester
Emotional distress
Higher education
HR
Age
BMI
Constant

PEP

Coefficient

SE

p

Coefficient

0.01
-0.39

0.01
0.24

.45
.09

0.23
-24.66

0.01

.49

0.33

0.004
0.01
0.03
-0.04
-0.04
-0.02
11.24

0.01
.13
0.10
.77
0.003 <.001
0.01 <.001
0.01
.09
0.60 <.001

Note. LF HRV: N 5 156; PEP: N 5 150.

-0.11
1.42
-0.23
-0.17
-1.13
116.11

SE

p

0.26 .37
5.71 <.001
0.14

.02

0.20 .59
3.18 .66
0.07 .001
0.35 .62
0.36 .002
17.82 <.001
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(a)

(b)

(c)

(e)

(f)

(g)

Figure 1. The association between mindfulness and cardiovascular measures over the course of pregnancy, namely, RMSSD HRV (a), HF HRV (b),
PEP (c), LF HRV (d), HR (e), DBP (f), and SBP (g). Plots are based on estimated marginal means from multilevel regression analyses showing interactions between mindfulness and pregnancy trimester. Minimum, average, and maximum scores for mindfulness in our sample are, respectively, 26,
40, and 55.

Mindfulness and Emotional Distress

Mindfulness and Infant Social-Emotional Development

Mindfulness was negatively associated with emotional distress,
after adjustment for education level, age, and BMI (b 5 -0.06,
SE 5 0.01, p < .001).
There was no significant effect of time of measurement
(p > .05) or interaction between mindfulness and time of measurement (p > .05). This indicates that women who are more mindful
tend to experience less emotional distress regardless of when emotional distress was measured (i.e., in first trimester, in third trimester, or 2–4 months postpartum).

While the subscales self-regulation, affect, communication, and
interaction with people of social-emotional development as scored
by the mother 4 months after birth were not significantly related
with mindfulness, bootstrapped regression analyses showed evidence for an association between the subscale adaptive functioning
and mindfulness (observed coefficient [OC] 5 -0.18; 95% CI 5
[-0.29, -0.06], p 5 .003), indicating that infants of mothers who are
more mindful tend to have better adaptive functioning. The association remained significant after controlling for sex, birth weight,

Table 4. Multilevel Regression Analyses Relating Mindfulness to SBP and DBP
SBP

Mindfulness
Trimester (3rd vs. 1st)
Mindfulness 3 3rd Trimester
Emotional distress
Higher education
Age
BMI
Constant
N 5 124.

DBP

Coefficient

SE

p

Coefficient

SE

p

0.15
6.21
-0.14
0.05
0.82
-0.05
0.75
91.01

0.18
7.40
0.18
0.20
1.99
0.22
0.26
11.79

.41
.40
.44
.79
.68
.81
.004
<.001

0.03
5.66
-0.09
0.27
0.56
0.15
0.43
48.79

0.14
6.45
0.16
0.16
1.54
0.17
0.21
9.26

.83
.38
.55
.09
.72
.38
.04
<.001
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gestation length, infant’s age, mother’s education level, and postnatal emotional distress (OC 5 -0.19; 95% CI 5 [-0.37, -0.02],
p 5 .03). None of the covariables showed significant associations
with adaptive functioning (95% CI includes zero, p > .05).
Discussion
This study investigated whether mindfulness is associated with
ANS function during pregnancy and assessed the associations of
mindfulness with concurrent and future maternal mental health and
offspring social-emotional development. More mindful pregnant
women had better cardiovascular adaptation during pregnancy (i.e.,
less decrease in cardiac parasympathetic activity) and less emotional distress, both during and after pregnancy, and higher cardiac
parasympathetic activity (reflected by RMSSD and HF HRV). Furthermore, their offspring showed less negative social-emotional
behavior compared to offspring of less mindful mothers.
Over the course of pregnancy, all mothers experienced significant increases of HR and marginally significant increases of DBP.
PEP, RMSSD, HF, and LF HRV fell between the first and third
pregnancy trimester. These findings are in line with previous
research (Abbas et al., 2005; Christian, 2012; Hermida et al., 2000;
Kuo et al., 2000; Silversides & Colman, 2007). Cardiac parasympathetic activity (RMSSD and HF) did not decrease as much and
sympathetic activity (inversely related to PEP) did not increase as
much in mothers who were more mindful. These changes in
RMSSD, HF, and PEP were still related to mindfulness after
adjustment for possible confounders. Importantly, emotional distress was not predictive of autonomic nervous system function.
Hence, it suggests that the effect of mindfulness is not mediated by
emotional distress or that our measure of emotional distress did not
capture the part of distress that may be relevant in this context. Possibly, some other mechanism is at stake. For instance, in brain
research, it has been found that mindfulness is associated with
activity in prefrontal regions and regions of the anterior cingulate
cortex, important for both attention processes and autonomic nervous system functioning (H€olzel et al., 2007, 2013).
Decreased parasympathetic activity and increased sympathetic
activity are characteristics of a highly activated (stressed) cardiovascular system. Therefore, it can be argued that mothers who are
more mindful maintained a more relaxed physiological state
through pregnancy. The benefits of doing so for the offspring are
unknown, but we found that offspring of more mindful mothers
showed better adaptive functioning in infancy, suggesting a possible benefit. If replicated, further studies will be required to determine whether this benefit arises from improved fetomaternal health
in pregnancy, enhancing fetal neurodevelopment, or from postnatal
benefits of being raised by more mindful mothers.
Despite published calls for studies to examine physiological
concomitants of stress when examining the effectiveness of bodymind interventions during pregnancy (Beddoe & Lee, 2008), we
could only find two published studies that have evaluated the
effects of a relaxation intervention on HRV and BP during pregnancy (Little et al., 1984; Satyapriya, Nagendra, Nagarathna, &
Padmalatha, 2009). Both studies show that HF HRV tends to
increase during relaxation exercises (Little et al., 1984; Satyapriya
et al., 2009) and Satyapriya et al. (2009) suggest this is even
enhanced during later stages of pregnancy. We could not find any
study about the relationship between mothers’ mindfulness operationalized using a trait questionnaire and HRV and BP during pregnancy. In the present study, mindfulness was related to RMSSD
and HF HRV, but no significant associations were found with HR,

LF HRV, or PEP. This suggests that mindfulness is predominantly
related to parasympathetic activity. The association between mindfulness and parasympathetic activity did not differ between resting
versus stress conditions, suggesting that mindfulness may be related to increased parasympathetic activity in general rather than to
stress reactivity. However, we used a mild stressor in consideration
of the pregnant status of our participants. Therefore, we cannot
exclude the possibility that a stronger stressor such as the Trier
Social Stress Test might have provoked different stress responses
in more mindful women compared to women with lower levels of
mindfulness (Holt, 2012; Kemeny et al., 2012; Nyklıček et al.,
2013).
Our findings are in line with studies of nonpregnant women,
which found that components of mindfulness-based stress reduction interventions tend to increase the parasympathetic ANS mediated component (HF) of HRV (Ditto, Eclache, & Goldman, 2006;
Leonaite & Vainoras, 2010; Paul-Labrador et al., 2006; Sarang &
Telles, 2006; Takahashi et al., 2005; Tang et al., 2009; Wu & Lo,
2008), although this was not found in all studies (Nyklıček et al.,
2013).
In contrast to its positive association with parasympathetic
activity, mindfulness was not significantly associated with BP during pregnancy in our study, although other studies have found that
systematic relaxation training was associated with lower SBP and
DBP in pregnant women compared to a control group (Little et al.,
1984) and that meditation can reduce blood pressure (SBP and
DBP) in nonpregnant participants (Anderson, Liu, & Kryscio,
2008; Chiesa & Serretti, 2010; Goldstein, Josephson, Xie, &
Hughes, 2012; Nyklıček et al., 2013). More mindful mothers did
demonstrate less increase in DBP over the course of their pregnancies in our study, but this finding was only marginally significant.
In our study, BP was not measured at the same time as our other
measures, relying upon clinical measurements recorded in the
obstetric record according to standard clinical practice. This may
have resulted in increased measurement error in this variable that
could have weakened associations with mindfulness.
Previous studies have suggested that reduced HRV during pregnancy is an indicator of increased risk of developing gestational
hypertension or preeclampsia (Macdonald-Wallis et al., 2012),
which may be detrimental to the offspring with effects such as low
birth weight (Ananth, Peedicayil, & Savitz, 1995). Therefore, the
potential of mindfulness as a means to protect against declining
HRV during pregnancy should be examined as a possible riskreduction intervention. However, the effectiveness of this approach
cannot be assessed without randomized controlled trials of interventions designed to increase mindfulness during pregnancy.
Previously, several authors have shown that mindfulness in nonpregnant women predicts self-regulated behavior and positive emotional states and that it is related to lower mood disturbance and
less distress (Baer et al., 2006, 2008; Brown & Ryan, 2003). To
our knowledge, our study is the first to demonstrate a similar relationship in pregnancy, finding negative associations between mindfulness and emotional distress. This is in line with earlier findings
that techniques enhancing mindfulness during pregnancy reduce
anxiety and perceived stress for up to 2 months after the intervention (Bastani, Hidarnia, Kazemnejad, Vafaei, & Kashanian, 2005;
Beddoe, Paul Yang, Kennedy, Weiss, & Lee, 2009; Vieten &
Astin, 2008). Remarkably, the relationship between mindfulness
and emotional distress was significant both during pregnancy and
postpartum. Previous research demonstrated that mindfulnessbased cognitive therapy during pregnancy might cause a decline in
measures of depression and that this improvement can continue
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into the postnatal period (Dunn, Hanieh, Roberts, & Powrie, 2012).
Our findings offer further support for this notion, suggesting that
mindfulness might indeed reduce the risk of postpartum emotional
distress, independently of prenatal emotional distress. We would
recommend that future studies include a postnatal mindfulness
measurement to better understand the relationship between (prenatal) mindfulness and postnatal emotional distress.
Previously, it was shown that high maternal mindfulness during
pregnancy is associated with fewer infant social-emotional development problems (van den Heuvel, Johannes, Henrichs, & Van den
Bergh, 2015) and with alterations in infant ERPs elicited during a
passive auditory oddball paradigm (van den Heuvel, Donkers, Winkler, Otte, & Van den Bergh, 2014). In the present study, mindfulness was also found to be associated with the social-emotional
development of the offspring. Specifically, more mindful mothers
had offspring with more adaptive functioning. The subscale measuring this construct assesses the infant’s success or ability to cope
with physiological needs (e.g., sleeping, eating, elimination, safety;
Squires et al., 2002). These kinds of regulatory problems are known
to predict adverse social and adaptive behavior and lower cognition
in preschool-aged children (Schmid, Schreier, Meyer, & Wolke,
2010; Wolke, Schmid, Schreier, & Meyer, 2009). Other socialemotional development measures in this study were not associated
with mindfulness. We are not certain (a) whether this finding truly
reflects a very specific altered social-emotional development in
adaptive functioning, (b) whether other subscales of the questionnaire were not sufficiently sensitive in our young age group, or (c)
whether it will be a robust finding of future studies. Although the
questionnaire was designed for 3- to 8-month-old infants, many of
the measures are likely to be more suitable to children at the upper
end of this age range. Our participants were 4 months old, and their
data on communication and interaction with others, for example,
may not have been clearly observable to mothers and may have
had limited power to reveal the influence of maternal mindfulness.
The possibility of a chance finding, although it cannot be ruled out,
seems unlikely, in light of the fact that this specific effect was highly significant, and would remain significant if a correction for multiple testing were applied.
Study Limitations
Infant development was rated by the mother, who also rated her
own mindfulness. This could be regarded as a study limitation.
However, controlling for mother’s mood (emotional distress) in the
analyses should have limited the effects of any potential reporting
bias. In future studies, it might be better to corroborate maternal
reports by other observers. As mentioned previously, blood pressure

was not measured at the same time as our other measures, but relied
upon measurements taken routinely by clinical staff, which probably increased measurement error for blood pressure variables.
Therefore, the blood pressure measurements could not be combined
with our impedance recordings to calculate peripheral resistance,
which could have provided possible further explanations of the relationship between mindfulness and the ANS function in pregnancy.
Furthermore, our study did not include any respiration measures,
making it difficult to exclude the possibility that the relationships
between mindfulness and ANS are an artifact of individual differences in respiration style.
Mindfulness was assessed as a stable trait to examine more tonic effects on the autonomic nervous system. Although such conceptualization has been shown to be reliable and valid (Brown &
Ryan, 2003), mindfulness has also been claimed to be trainable as
a skill (Baer et al., 2006; Bishop, 2002; Kiken, Garland, Bluth,
Palsson, & Gaylord, 2015), which indeed has been shown in various intervention studies (e.g., see a review by Gu, Strauss, Bond, &
Cavanagh, 2015). Future studies may examine whether a mindfulness intervention during pregnancy can positively affect mindfulness, ANS function, or infant development.
There was a modest attrition in participant numbers for the postnatal observations of infant development and mother’s emotional
distress. However, women who took part in all aspects of the study
did not differ from those not completing these later assessments for
important measures such as age, education level, emotional distress, or mindfulness.
Strengths and Conclusion
Our study has a number of strengths. Compared to previous studies,
we examined a relatively large population of pregnant women and
included both psychophysiological and psychological data from the
first pregnancy trimester onward. Most prior studies have focused
on the second or third trimester only. There are numerous studies
that have focused on the effects of negative emotions (anxiety and
depression) during pregnancy. However, very few studies have
sought to establish underlying mechanism and resources able to
counteract the effects of these negative emotional states. Our study
provides support for the possibility that enhancing psychological
characteristics such as mindfulness could be beneficial. Based on
our findings, we would recommend that trials of positive psychological interventions, such as mindfulness training, should be carried out in pregnant women. These interventions might offer a safe
alternative to pharmaceuticals for combating the detrimental effects
of pregnancy-related stress, anxiety, and depression on the health
of mothers and their offspring.
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