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Excessively crying, hard-to-soothe infants are described as colicky. The self-limiting course of
infantile colic during early infancy suggests an etiology of transient developmental dysmaturation.
It has been proposed that emotional characteristics such as temperament and self-soothing ability
are correlated with the balance of the autonomic nervous system. Heart rate variability (HRV)
analysis was used for evaluating the balance of the autonomic nervous system in colicky and
control infants during and after the colicky period. HRV analysis was carried out on 12 colicky
infants and 14 control infants at the age of 2 mo, and repeated on 10 colicky and 11 normal infants
at the age of 7 mo. Measurements were performed during polygraphically con� rmed slow-wave
sleep (sleep stages 3 and 4). Three HRV frequency bands were de� ned, including a high (0.2–
1.0 Hz), middle (0.12–0.2 Hz) and low (0.025–0.12 Hz) frequency variability. There were no
differences between the study groups in any of the three HRV frequency bands analyzed. The high
frequency variability increased signi� cantly with age in both study groups (p = 0.009).

Conclusion: The � ndings suggest that imbalance between the parasympathetic and the sympathetic
nervous system is not associated with infantile colic and that, in accordance with previous � ndings,
control of HRV shifts in a parasympathetic direction with increasing age during the � rst year of
life.
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It is suggested that 10–20% of infants suffer from
infantile colic (1, 2), but despite active research the
etiology of colic has remained obscure (3). Transient
developmental dysregulation of the nervous system has
been suggested since colic presents during the � rst few
weeks of life (4). One hypothesis for the etiology has
been an imbalance between the parasympathetic system
(PNS) and the sympathetic nervous system (SNS).

A predominance of the PNS as well as the SNS has
been suggested. The early literature refers to colic as
“hypertonia of infancy”, which was thought to be a
consequence of a predominance of the vagal system (or
vagotonia) (5–7). This conception is indirectly sup-
ported by the � ndings that colic symptoms are relieved
by anticholinergic medication (8) and that motilin levels
are higher in colicky infants (9). Some behavioral
studies also suggest that neonates with higher vagal tone
are more irritable and exhibit greater dif� culty in self-
soothing (10). Newborns with higher vagal tone had

lower cry frequencies in response to pain caused by a
surgical procedure (11). On the contrary, acoustic cry
analysis supports sympathetic predominance in colicky
infants (12, 13). In healthy infants, the balance of the
autonomic nervous system (ANS) has been shown to
change during the � rst 6 mo of life. Vagal tone reaches
its nadir at 1 mo of age and increases thereafter (14).
The relative reduction of vagal tone from birth to the
age of 1 mo suggests relative sympathetic predomi-
nance at the age when colic symptoms present.

Heart rate variability analysis (HRV) can be used to
estimate function, balance and maturation of the ANS
(15). Heart rate (HR) � uctuates periodically due to
different physiological mechanisms. High-frequency
variability (0.2–1.0 Hz) has been shown to re� ect the
in� uence of the PNS and is related to the respiratory
cycle (respiratory sinus arrhythmia) (16). Middle-
frequency variability (0.12–0.2 Hz) and low-frequency
variability (0.025–0.12 Hz) depend on both the sympa-

Ó 2001 Taylor & Francis. ISSN 0803-5253

Acta Pñ diatr 90: 250± 254. 2001



thetic and parasympathetic branches of the ANS. Low-
frequency variability is mainly affected by thermore-
gulation and baroreceptor function (16).

We studied HRV in colicky and control infants to
evaluate whether the imbalance of the ANS is asso-
ciated with colic. Since sleep state has a strong in� uence
on HRV (14), all recordings were done exclusively
during polygraphically con� rmed slow-wave sleep
(sleep stages 3 and 4). An overnight sleep polygraphy
and HRV analysis was performed at the age of 2 mo and
a follow-up study was performed at 7 mo of age.

Patients and methods
Study design and patients
Colicky infants were recruited to this study after
informing the mothers of newborn babies at the
postpartum wards of Turku University Hospital and at
the well-baby clinics in Turku town district. The study
information included a description of colic: intensive
crying (despite consoling efforts) for 3 h or more a day
on 3 d or more a week in an otherwise healthy and
thriving infant. The parents contacted the researchers if
their infant had shown symptoms of colic consistent
with the de� nition for at least 1 wk and the symptoms
had begun before 1 mo of age. Control infants were
recruited from the same population by telephone. The
infants included: (i) were born at more than 37 wk of
gestation, (ii) were neither small nor large for gesta-
tional age, (iii) had Apgar scores equal to or more than 7
at 5 min and equal to or more than 8 at 15 min, (iv) were
healthy, (v) younger than 6 wk of age, and (vi) were not
administered any vasoactive or sedative drugs. A
medical and abdominal ultrasound examination was
performed at the beginning of the study and at age 6 mo
to exclude other reasons for crying. After referral, the
parents kept a daily diary (2) in which they recorded
their infant’s crying in 15-min epochs for 1 wk. The
colicky infants recruited were perceived as colicky by

parents, except in the case of one infant who was
transferred from the control group to the colic group due
to excessive crying based on the diary recording. All
control infants were perceived as non-colicky by
parents.

Sixteen colicky and 18 control infants were enrolled
in the study between September 1995 and September
1996. Because of technical errors, good quality data
were obtained from 12 colicky and 14 control infants
� rst at the age of 2 mo and 10 colicky and 11 control
infants at the age of 7 mo. Demographic data of these
infants are presented in Table 1. The study groups
differed only in the amount of crying.

This study was part of a larger study protocol in
which colicky infants were randomized into the two
treatment groups (crib vibrator or infant massage). No
differences were observed in the reduction in crying
with age between the groups, and therefore these two
treatments were considered to be ineffective and
treatment was not taken into account in the analysis
(17).

All families gave written consent for participation.
The study protocol was approved by the Joint Commis-
sion on Ethics of Turku University and Turku Uni-
versity Hospital.

Signal acquisition
Before sleep and the HRV study night, all the infants
were examined and were found to be healthy. The
whole-night sleep recordings were performed at a
constant 24°C room temperature in a low light sleep
laboratory between 2100 h and 0700 h. One parent slept
and took care of the infant in the same room. Overnight
videorecording was obtained. Electrocardiogram (ECG,
Olli1 Monitor Company, Finland) and respiration
signals derived from a static-charge-sensitive bed
(SCSB, Biomatt1, Biorec, Turku, Finland) were re-
corded continuously and stored on magnetic tape (Racal
Thermionic Store 4DS1, Racal Recorders Ltd, Hythe,
Southampton, UK). Disposable ECG electrodes (Blue
Sensors1, Medicotest Inc.) were placed on the left and
right side of the trunk and on the lower back to obtain
optimal R-peaks. At the same time sleep polygraphic
signals were recorded using the Alice31 sleep record-
ing system (Healthdyne Technologies, USA). The sleep
polygraphy recordings included two electroencephalo-
grams (C3A2, C4A1, according to the international
10–20 placement system), two electro-oculograms,
chin-electromyogram, ECG, air� ow (thermistor),
thoracic and abdominal strain gauges and pulse oxime-
try (Ohmeda 3700c1, Datex, Finland).

Signal analysis
For the HRV analysis the recorded heart and respiration
signals were divided into 3-min segments and fed into a
personal computer (Eclipse MV4000, Data General
Corp., Southboro, MA) for further analysis. The ECG

Table 1. Group characteristics .

Colic Control

Number 1. Recording 12 14
2. Recording 10 11

Sex (female/male) 1. Recording 7/5 6/8
2. Recording 5/5 5/6

Age (wk) At the beginning of 1
wk diary

4.4 (1.2) 4.6 (1.0)

1. Recording 8.6 (1.7) 8.8 (1.3)
2. Recording 30.4 (1.9) 29.9 (1.5)

Gestational age (wk) 40.1 (1.3) 39.8 (1.1)
Birthweight (g) 3612 (336) 3471 (331)
Daily crying times
(min/d)

229 (73) 39 (30)*

Range (min) 130–390 2–105

* p < 0.001, to all other variables p > 0.2. Standard deviation is given
in parentheses.
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was subjected to R-wave detection using a voltage
threshold trigger. Time intervals between detected R
waves were measured using an interval counter operat-
ing at a clock frequency of 1 kHz offering a measure-
ment accuracy of 1 ms. The total accuracy of the R-R
interval was about 2 ms. The interval series were
interpolated to derive an instantaneous HR signal. The
respiration signal was low-pass � ltered and digitized at
a sampling frequency of 33 Hz. The data were re-
sampled at 4.125 Hz. A trend correction was performed
by computing the 4th order polynomial least squares
approximation and subtracting the polynomial trend
from the original data. The auto-covariance functions of
HR and respiration were derived using the fast Fourier
transformation algorithm. The magnitude of periodic
HRV was studied by integrating the power spectral
density function over three frequency bands: (i) 0.025–
0.12 Hz (low-frequency variability), (ii) 0.12–0.20 Hz
(middle-frequency variability) and, (iii) 0.20–1.0 Hz
(high-frequency variability). Relative distribution was
calculated for each frequency band as a percentage of
the 0.025–1.0 Hz variability. Before spectral analysis,
all signals were plotted for inspection of the data quality
and artifacts were excluded. Two 3-min segments of
each infant were selected for further analysis. Sleep
stages were scored as described by Guilleminault and
Souquet (18). To avoid the in� uence of the different
sleep states and circadian rhythm, all selected segments
were originally recorded while the infants were in S3–
S4 sleep and between 2300–2400 h and 0300–0400 h.

Statistical methods
HRV indices were logarithmically transformed to
normalize data distribution. The difference in HR and
HRV between groups was tested using analysis of
variance for repeated measurements (SPSS1 for Win-
dows1, Release 6.1). Expression mean § SEM was
used. P-values <0.05 were considered to be statistically
signi� cant. The sample size of this study can detect a
difference of 8 heart beats or 12 percentage units in the
HF band at 2 mo of age with a power of 0.80 at the
signi� cance level of 0.05.

Results
Heart rate
The mean HR did not differ signi� cantly between
colicky and control infants at the age of 2 mo (122 2.0
bpm vs 120 1.9 bpm; p = 0.83) or 7 mo (111 2.5 bpm vs
110 1.6 bpm; p = 0.09). HR decreased signi� cantly with
increasing age in both groups (p < 0.001).

Heart rate variability
The low (0.025–0.12 Hz), middle (0.12–0.2 Hz) and
high (0.2–1.0 Hz) frequency oscillations of HRV did
not differ signi� cantly between colicky and control
infants—neither at 2 mo nor at 7 mo of age (Table 2).
High-frequency oscillation increased with age in all
infants, indicating increased vagal in� uence on HRV
(Table 2; p = 0.009).

Discussion
These results show no differences in the balance of the
autonomic nervous system controlling HRV between
colicky and control infants. The parasympathetic tone
increased with age in both groups (Table 2), which is
consistent with earlier � ndings (14).

Since HRV is strongly related to sleep state (14), the
recordings were made exclusively during slow-wave
sleep con� rmed by sleep polygraphy. A possible effect
of circadian rhythm was eliminated by taking one
sample at the beginning of the night and another at the
end of the night. All artifacts were excluded with visual
examination of signal quality. The recordings were
performed in a sleep laboratory, which might have had
an in� uence on an infant’s behavior but the circum-
stances were the same in both study groups. The
gastrointestinal system is mainly innervated by the
PNS through the vagus nerve. The PNS, with its
ganglions located in close proximity to an end organ,
is thought to provide speci� c regulation, in contrast to
the SNS, which acts in a systemic way. It is possible that
the balance of the ANS between the heart and the

Table 2. Heart rate variability in colicky and control infants during S3–S4 sleep stage.

Colic Control

Age Frequency band Arbitrary units SEM % Arbitrary units SEM %

2 mo LF 5.02 (1.24) 48 6.09 (1.57) 51
MF 1.93 (0.35) 21 1.92 (0.39) 19
HF 2.68 (0.39) 31 2.86 (0.62) 30

7 mo LF 4.19 (0.77) 34 3.81 (0.58) 34
MF 1.96 (0.48) 14 2.10 (0.35) 17
HF 8.20* (2.17) 52 7.29* (1.93) 49

LF = Low-frequency variability (0.025–0.12 Hz); MF = middle-frequency variability (0.12–0.20 Hz);
HF = high-frequency variability (0.20–1.0Hz). SEM = standard error of the mean. % = Proportion of a
frequency band of the total variability. *P = 0.009 for difference in the two age points. All other
comparisons were insigni� cant (p > 0.05).
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intestine is not the same at a given time. Therefore the
results of this study provide indirect evidence of the
balance of the ANS in the intestine. The sample size of
this study was fairly small, but, as shown, it was strong
enough to show an increasing parasympathetic tonus
with age.

The treatment effect of anticholinergic dicyclomine
medication in colic gives some indirect evidence that
colicky infants have an imbalance of the ANS (8, 19–
21). However, it is not clear which speci� c action of
dicyclomine is responsible for its effects. It has been
thought to relieve intestinal spasms (19) but also to have
sedative central nervous system effects (21). Another
� nding suggestive of parasympathetic predominance
among colicky infants is elevated levels of motilin (9).
Motilin, which enhances gastric emptying, is secreted in
higher amounts under parasympathetic stimulus. Gut
hypermotility in colicky infants has also been described
(22). However, no difference has been found in mouth-
to-cecum transit-time between infants with or without
colic (23). Furthermore, gall-bladder hypocontractility
has been described in colicky infants (24). Since gall-
bladder contraction is vagally stimulated, hypocontrac-
tility argues more towards low parasympathetic tone,
although factors such as cholecystokinin may be
involved. However, there are also many suggestions
of the other kind of intestinal abnormalities such as food
allergy and abnormal intestinal permeability that may
cause the symptoms of colic (25).

Porges and colleagues (10) have proposed the
hypothesis of a vagal circuit of emotion regulation.
According to this theory, baseline levels of cardiac
vagal tone and vagal tone reactivity abilities are
associated with behavioral measures of reactivity, the
expression of emotion and self-regulation skills. Gen-
erally, higher vagal tone correlated to better organized
behavioral skills in infants and toddlers. Baseline vagal
tone correlated to temperamental reactivity in young
children in a study by Calkins and colleagues (26). Also,
a study of 3-mo-old infants showed a signi� cant
positive correlation between vagal tone and soothability
(27). The opposite effect has been described in new-
borns. In both full-term and preterm newborns, the
ability to self-soothe was inversely related to vagal tone.
The neonates with higher vagal tone were more irritable
and exhibited greater dif� culty in self-soothing (10). It
has been suggested that the colicky infants react more
intensively to the normal stimuli from the internal and
external environment (28). If colicky babies have higher
reactivity to environmental stimuli, the results of this
study suggest that the baseline vagal tone is not the
etiology for this difference.

In conclusion, this study did not show any difference
in the HRV between colicky and control infants. The
hypothesis that colicky infants have either increased
vagal or sympathetic tone was not supported by these
� ndings. The � rst recording at 2 mo of age was timed to
examine for differences related to the colicky period.

None was observed at this time, nor at the 7-mo follow-
up study. However, the increased HRV in the high
frequency band with age supports the previous � ndings
that parasympathetic tone increases during the � rst year
of life.
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