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Abstract

The goal of this study was to investigate whether anx-

iety during pregnancy can be linked with the autonomic

nervous system (ANS) via different heart rate variability

(HRV) parameters. More than 100 pregnant women were

included and underwent 24h ECG monitoring including a

stress test and the state trait anxiety inventory (STAI) ques-

tionnaire, dividing them in a low, medium or high anxi-

ety group. Standard time and frequency domain and non-

linear HRV parameters were calculated to describe self-

similarity, complexity and chaotic signatures. Almost all

HRV parameters were negatively correlated with the anx-

iety level, though not statistically significant, except the

chaos level. Positive correlations were found for detrended

fluctuation analysis and sympathetic activity parameters.

Most of the significant between-group differences were

found between the low and medium anxiety groups. To

conclude, the ANS modulation is slightly influenced by the

anxiety level, but not as strongly as hypothesized before.

1. Introduction

Stress and anxiety during pregnancy can influence the

development of the fetus. A low birth weight [1] and pre-

maturity [2] of the child are possible consequences result-

ing in long term problems [3]. Several studies reveal that

cognitive, emotional and behavioral disorders occur more

often when fetuses are more exposed to prenatal stress and

anxiety [4]. The perceived stress level of the pregnant

mothers are derived from traditional questionnaires such

as STAI [5] and EDS [6].

Recently, there seems to be more and more interest in

studying all kinds of emotions by means of physiological

signals. It is known that stress influences the cardiac sys-

tem, which is regulated by the autonomic nervous system

(ANS). The sympathetic and parasympathetic modulation

on the cardiac system can be quantified using heart rate

variability (HRV) [7]. Mental stress in laboratory experi-

ments (cognitive demands, mental arithmetic) has been as-

sociated with decreased HRV, indicating a disturbed ANS

[8].

The goal of this study was to investigate whether anx-

iety during pregnancy, as indicated by the questionnaires,

can be linked with differences in the autonomic heart rate

modulation via HRV parameters during both a 24h record-

ing of the ECG and a test where a mental load is induced.

We hypothesized that perceived stress will be reflected in

the differences in HRV parameters so that we would be

able to distinguish between a low and a high anxiety group

using these HRV parameters.

2. Methods

2.1. Data

140 women, aged from 18 to 40, were recruited from

10 to 12 weeks gestation onwards. Inclusion criteria were:

no current substance abuse problems, no severe psychiatric

problems and no pregnancy-associated medical problems

such as diabetes or hypertension. The participants under-

went a 24h ECG recording at 1000 Hz using the Vrije Uni-

versiteit - Ambulatory Monitory System (VU-AMS [9])

during daily activity. At the end of the 24h recording, the

participants underwent a stress test of 25 minutes. The

stress test consists of 5 periods of 5 minutes, in which al-

ternating periods of rest and mental stress occurred (phases

are numbered 1 to 5 in order of appearance; 1,3,5 = rest

and 2,4 = mental task). The mental stress was induced

by solving complex continuous mental calculations of five

operations with a two or three digit number. This period

was considered to be stressful as task difficulty was high.

During rest, relaxing pictures were shown and music was

played, exposing the participants to neutral stimuli reduc-

ing boredom during this phase.

The women were also requested to fill out the State Trait

Anxiety Inventory (STAI) to determine the amount of anx-

iety present. The STAI consists of a state and a trait sub-
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scale; state anxiety is conceptualized as a transient emo-

tional condition, while trait anxiety reflects a dispositional

anxiety proneness. This study only considered the state

anxiety. Based on the STAI score, subjects belonged to

a low (STAI ≤ 28), medium (28 < STAI < 40) or high

(STAI ≥ 40) anxiety group.

2.2. Heart Rate Variability analysis

A tachogram is derived from the raw ECG signals us-

ing the Pan-Tompkins algorithm. The Pan-Tompkins al-

gorithm has a good performance in general. Nevertheless,

errors will be introduced via wrong peak detections and

missed peaks. Therefore, the tachogram is preprocessed as

described by Widjaja et al [10].

Linear HRV parameters were obtained in agreement

with the standards of measurement, proposed by the Task

Force committee [7]. Mean and standard deviation (SD)

of the tachogram, the square root of the mean squared dif-

ferences between consecutive RR intervals (rMSSD), the

percentage of intervals that vary more than 50 ms from the

previous interval (pNN50) and the mean of the standard

deviations within 5 minute segments (SDNNindex) were

calculated in the time domain. The geometric measure we

used is TINN, which is the width of the histogram. Af-

ter resampling the tachogram at 2 Hz, the power spectral

density (PSD) was computed by using the Welch method.

In the frequency domain, low frequency power (LF: 0.04–

0.15 Hz), high frequency power (HF: 0.15–0.40 Hz) and

total power (0.01–0.40 Hz), as well as the ratio of low over

high frequency power (LF/HF), were calculated. In addi-

tion, the power can be expressed in absolute values (ms2)

or in normalized units (n.u.).

Nonlinear parameters do not describe the amount of

modulation as such, but are able to describe the scaling,

complexity and chaotic properties of the signal. Often used

parameters which study the scaling of the system are 1/f

slope [11], fractal dimension (FD) [12] and detrended fluc-

tuation analysis (DFA α1 & α2) [13] while the complex-

ity is addressed via sample entropy (SampEn) [14]. Also a

chaotic signature is calculated by means of the recently de-

veloped numerical noise titration technique (NLmean and

NLdr) [15].

2.3. Statistical analysis

In order to quantify the relationship between the ques-

tionnaires and the HRV parameters, the Kruskal-Wallis test

was used to differentiate between the three groups and the

Spearman correlation coefficient ρ was used to calculate

the correlation coefficient.
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Figure 1. NLmean for the 6h-day measurements in func-

tion of the STAI score.

Figure 2. the standardized meanRR intervals during the

test for the three anxiety groups. (© = high; 2 = middle;

▽ = low).

3. Results

The activity during day and night are different. There-

fore, 6 successive hours during day and night were selected

manually and the HRV parameters were analyzed. Table 1

gives the most important results of the comparisons be-

tween the three anxiety groups. The Kruskal-Wallis test

revealed several statistically significant differences, but the

post hoc-test shows that these differences were mainly be-

tween the middle and low anxiety group and not between

the high and the low anxiety group. A more general ap-

proach to look for a relationship between the STAI score

and the HRV-parameters is calculating the correlation be-

tween the two variables. For the day-night comparisons,

only a significant correlation coefficient is found for the

NLmean parameter as shown in Figure 1 (ρ = -0.26, p

= 0.021), but the figure does not reveal a convincing re-

sult. This negative correlation was more expressed dur-

ing day than night time. Positive correlations were only

found for parameters related to sympathetic activity (LF

[n.u.] and LF/HF) and for the detrended fluctuation analy-

sis (DFA) parameters. In contrast, the positive correlations

were stronger at night compared to day time.

Figure 2 shows the normalized meanRR intervals during

the stress test for the three anxiety groups. For the three

groups, the different phases can be distinguished. We were

more interested in the difference in reaction between the

three different groups. Therefore, we deducted between-

group analyses of the different HRV parameters for the dif-

ferent phases and for differences in phases. Table 2 gives

an overview of the most important results. Some statisti-
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Table 1. Comparison of HRV parameters of day and night between the different groups, based on their STAI score.

time High Middle Low pH−L pK−W

SDNNindex d 57,71 ± 16,95 51,13 ± 15,24 59,22 ± 16,15 0,557 0,036

TINN d 399,53 ± 152,69 341,33 ± 165,88 425,52 ± 158,62 0,403 0,049

DFA α2 n 1,10 ± 0,11 1,01 ± 0,12 1,05 ± 0,10 0,094 0,013

NLmean d 11,82 ± 6,07 14,91 ± 8,75 16,59 ± 9,11 0,024 0,049
d: day, n: night, pH−L: p-value or comparison between high and low anxious, pK−W : p-value for Kruskal-Wallis

Table 2. Most significant results for the different HRV parameters during the stress test between the three anxiety groups

based on the STAI scores.
Phase High Middle Low pH−L pK−W

meanNN 5 773,04 ± 109,30 739,45 ± 67,90 791,90 ± 74,49 0,547 0,049

RMSSD 2 - 4 -1,76 ± 8,59 1,67 ± 6,64 -3,03 ± 5,71 0,326 0,027

SDSD 2 - 4 -1,55 ± 8,35 1,44 ± 5,87 -2,62 ± 5,49 0,241 0,018

HF 2 - 4 -66,50 ± 161,38 150,86 ± 580,34 -83,07 ± 236,64 0,727 0,026

LF/HF 2 - 4 0,91 ± 1,73 -0,34 ± 2,23 -0,13 ± 0,96 0,049 0,049
pH−L: p-value or comparison between high and low anxious, pK−W : p-value for Kruskal-Wallis

Table 3. Significant correlation coefficients during the

stress test between HRV parameters and the STAI scores.

Phase ρ p

SDNN 4 -0,233 0,040

pNN50 4 -0,225 0,048

2 - 4 0,240 0,034

LF 3 -0,239 0,035

4 -0,253 0,026

HF 2 -0,260 0,022

3 -0,237 0,037

3 - 4 -0,255 0,024

LF/HF 2 - 4 0,238 0,036

cally significant differences were present, but not to dif-

ferentiate between the high and low anxiety group as hy-

pothesized. This difference was statistically significantly

present for LF/HF.

Table 3 shows the statistically significant correlation

coefficients between the HRV parameters and the STAI

scores. Several correlations are present, but ρ shows that

these correlations are not persuasive. A general trend when

analyzing the correlation coefficients is that the HRV pa-

rameters of the individual phases are negatively correlated

with the STAI scores and are more present during phases

with the mental load during the stress test.

4. Discussion and conclusions

The goal of this study was to investigate whether anxi-

ety during pregnancy, as indicated with a self-rating score

(the STAI score), can be linked with the functioning of the

autonomic nervous system via different HRV parameters.

Therefore, the cardiac system of several pregnant women

was investigated for its sleep-wake rhythms and during a

stress test. The ANS, characterized via different HRV pa-

rameters, showed little influence of anxiety, indicated by

the STAI score. This revealed that a strong correlation be-

tween a psychological self-rating score and the physiolog-

ical response of the subjects is absent [16].

A statistically significant indication of anxiety could be

found in the chaos of the RR intervals: more anxiety leads

to less chaos. This difference was only statistically sig-

nificant during day, where the daily activity was not stan-

dardized and is therefore not a very strong evidence. Most

other HRV parameters showed slightly negative correla-

tions with the STAI score, indicating a reduced HRV for

women with high anxiety that is in agreement with a re-

duced HRV for several pathologies. Two measures (LF

[n.u.] and LF/HF), both related to the sympathovagal bal-

ance, showed positive correlations during day. These pos-

itive correlations were more present during night. In gen-

eral terms, we can state that anxiety results in a higher sym-

pathovagal balance while sleeping and in a global reduc-

tion of HRV during day, although these correlations were

not statistically significantly different.

Anxiety, reflected from the STAI scores, revealed hardly

any influence on the cardiac reaction during the stress test.

All time domain measures indicated a negative correla-

tion with the STAI score during the different phases of the

stress test. This confirms the hypothesis that anxiety re-

duces the variability of the heart rate. HF, a marker of the

parasympathetic modulation on the heart rate, revealed a

statistically significant negative correlation coefficient dur-

ing the different phases indicating a reduced parasympa-

thetic influence in women with high anxiety. This was

more apparent during the periods with mental load.

The statistically significant differences, described in this

paper, were only marginal compared to the numerous anal-

ysis we performed during this study. The conclusions we
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could made were only from trends in the data. A limi-

tation of the study was that the state anxiety of the STAI

was used. The state anxiety is depending on the situation

and can vary during day time. A better approach would

be to use the trait anxiety of the STAI. Another limitation

during the stress test could be the task we used to induce

stress. These woman are pregnant and their main concern

is to have a healthy baby. This concern is mainly responsi-

ble for the anxiety level. The mental arithmatic test could

induce a different type of stress that is not linked with the

concerns of the pregnant women. Solving these limitations

could lead to better correlations between the psychological

score and the physiological responses of the cardiac sys-

tem.

This study is a small part of a bigger project with a fol-

low up of the pregnant women and their babies. In future

analysis, we will look whether the physiological scores via

HRV for anxiety are a better predictor for the development

of the fetus and its problems than the psychologic ques-

tionnaires.
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