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ABSTRACT: Several studies have suggested that breastfeeding is
related to infant autonomic functioning. The authors investigated
whether this is a causal relation. In all, 444 mothers reported breast-
feeding practices 2 mo postpartum. Infant autonomic functioning was
assessed by heart rate variability at age 14 mo, after discontinuation
of breastfeeding. The dose-dependent association between breast-
feeding and infant autonomic functioning was tested with linear
regression models adjusted for multiple confounders. The authors
investigated the relation of fruitpurée consumption with infant auto-
nomic functioning. Fruitpurée consumption has similar socioeco-
nomic epiphenomena but is not related via the same causal mecha-
nism to autonomic regulation as breastfeeding. Nonbreastfed infants
had high sympathetic modulation [7.87 log (ms2)/SD, 95% CI:
7.71–8.02], partially breastfed infants had intermediate sympathetic
modulation [7.75 log (ms2)/SD, 95% CI: 7.51–7.82], sympathetic
modulation of exclusively breastfed infants was low [7.63 log (ms2)/
SD, 95% CI: 7.50–7.77]. However, this association could be ex-
plained by socioeconomic confounders. Furthermore, fruitpurée con-
sumption was similarly associated with reduced infant sympathetic
modulation. The association between breastfeeding practices and
infant sympathetic modulation was accounted for by socioeconomic
and environmental factors. We found a similar association between
fruitpurée consumption and autonomic functioning, further suggest-
ing that the association between breastfeeding and infant autonomic
functioning is noncausal. (Pediatr Res 70: 417–422, 2011)

Breastfeeding may have several beneficial effects on car-
diovascular functioning, including decreased adiposity

and blood pressure in later life (1,2). Similarly, studies suggest
that breastfeeding is related to lower total plasma cholesterol
and less intima-media thickness in adults (3,4). Research also
indicated that breastfeeding has a beneficial effect on the
infant’s autonomic cardiovascular regulation. Two decades
ago, di Pietro et al. (5) studied autonomic functioning and
observed lower heart rate and higher heart rate variability in
breastfed neonates compared with formula-fed neonates. Sim-
ilar findings were reported in infants aged 1 and 4 mo.

Breastfed infants had a lower resting heart rate than infants
who were formula fed (6). Long-term benefits of such an
autonomic profile have been described; in adults, it was shown
that lower resting heart rates and higher heart rate variability are
associated with a lower risk of cardiovascular mortality (7,8).

Different aspects of breastfeeding could account for the
effect on the infant’s cardiovascular regulation. First, research
in adults showed that the intake of long-chain poly-
unsaturated fatty acids is associated with increased vagal
modulation and a decreased sympathetic/vagal ratio (9). The
composition of human milk, namely the mixture of fatty acids,
meets the nutritional needs of the human infant best (10).
Although formula milk is currently prepared with various
concentrations and mixtures of long-chain poly-unsaturated
fatty acids, plasma levels of these fatty acids in formula-fed
infants do not reach those found in breastfed infants (11,12).

Second, breastfeeding may influence infant cardiovascular
regulation because it generates less physiological stress during
feeding than bottle feeding. Research in preterm infants has
shown that breastfed infant’s heart rate, respiratory rate, and
body temperature increase more during feeding than their
bottle fed counterparts (13,14).

Third, as Feldman and Eidelman (15) showed, in preterm
infants skin-to-skin contact promotes infant autonomic matura-
tion. They documented that infants treated with kangaroo care,
which emphasizes mother-infant skin-to-skin contact, showed a
greater increase in vagal tone than infants who received no such
care.

However, the evidence for differential autonomic functioning
in breastfed infants compared with formula fed infants is not
conclusive. The existing studies measured infant autonomic func-
tioning during the breastfeeding period only. Hence, it is unclear
whether the effect reported persists after mothers discontinued
breastfeeding. Moreover, these studies were relatively small,
making them particularly vulnerable to biases.

Further, there are clear socioeconomic differences between
mothers who chose to breastfeed and those who chose to bottle
feed (16). Studies without adequate control for confounders may
erroneously infer a causal effect of breastfeeding (17). The US
Agency of Healthcare Research and Quality reviewed the current
literature on health benefits of breastfeeding and concluded that
although breastfeeding is associated with a reduced risk of many
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diseases in infants, most of the associations were detected in
observational studies. They warn not to infer causality based on
such findings because of the likelihood of confounding (18).

Indeed, previous studies only controlled for sex, age, and
weight (5,6). Other environmental factors may also account
for a spurious association between breastfeeding and infant
autonomic functioning. Mothers, who breastfeed, display
greater sensitivity in interactions with their infants (19). Ma-
ternal sensitivity, in particular, is associated with infant auto-
nomic functioning as measured by increased vagal tone (20).

The presence of confounding can be represented by diagrams,
known as directed acyclic graphs, as illustrated for birth defects
by Hernán et al. (21,22). These graphs depict variables, linked by
arrows which represent causal effects. Figure 1A is such a graph
and shows that socioeconomic factors influence both breastfeed-
ing and autonomic functioning. Socioeconomic factors violate
the assumption of ignorability; they act as a confounder and need
to be controlled for. Socioeconomic and educational factors are
very important determinants of breastfeeding (23,24). Hence, as
also shown in Figure 1A, whether breastfeeding is causally
related to infant autonomic functioning, it is a potential mediator
between socioeconomic factors and infant autonomic function-
ing. However, as shown in Figure 1B, even with diligent control
for known confounders, residual confounding by socioeconomic
factors remains a challenge in observational research of breast-
feeding (25).

An alternative approach to controlling for confounders is to
compare the strength of the association between breastfeeding
and infant autonomic functioning with another feeding param-
eter, which is related to similar socioeconomic and behavioral
epiphenomena as breastfeeding, but which lacks the specific
biological properties of breastfeeding that may influence in-
fant autonomic functioning (26).

In a large, well-defined, population-based cohort, we assessed
the effect of breastfeeding practices and the effect of fruitpurée
consumption on autonomic functioning at 14 mo. We hypothe-
sized that breastfeeding has a direct biological effect on infant
autonomic functioning, and that the association with autonomic
functioning is stronger than the association of a comparator
without the postulated physiological effects.

METHODS

Participants. This study was conducted within the Focus Cohort of the
Generation R Study, a population-based prospective cohort study from fetal

life until young adulthood (27,28). Measurements of autonomic indices were
added to the protocol of the examination round, while assessment was already
ongoing. Physiological measurements were available for 528 infants. Our
study population consisted of the 444 children, for whom both data on
breastfeeding practices and autonomic indices were available. Written in-
formed consent was obtained from all participants. Approval for the study was
granted by the Medical Ethics Committee of the Erasmus Medical Center,
Rotterdam.

Breastfeeding. Information on breastfeeding practices at 2 mo of age was
collected by postal questionnaire. Mothers were asked to indicate whether
they breastfed their infants exclusively, whether they formula fed their
infants exclusively, or whether they combined both breastfeeding and
formula feeding.

Psychophysiologic measurements. Mothers and their infants were invited
to our laboratory 14 mo after birth. Trained research assistants performed the
physiological measurements. We registered heart rate using a precordial, three
pole ECG lead, sampled at 512 Hz. Furthermore, we monitored the breathing
pattern using a piezo-electric transducer. Signals were recorded using a
Vitaport 3 digital recorder (Temec Inc., Kerkrade, The Netherlands). We
recorded for 8 min, while the infant was at ease in its mother’s lap. To help
the infant relax, we played an episode of the Teletubbies© (BBC/Ragdoll
Limited). Recordings did not start until signals had reached a stabilized
steady state.

Power spectral analysis. We analyzed the recorded data using custom
made software. Because irregular, slow breathing distributes the variation
attributable to vagal modulation across the frequency spectrum, we manually
selected 100 to 180 s of the ECG where breathing was most regular. R-top
detection was conducted on the selected data window. Interbeat intervals were
examined on the basis of the time between consecutive R-tops in the ECG.
We performed spectral analysis using discrete Fourier transformation, based
on nonequidistant sampling of the R-wave indices (29). The low frequency
(LF) component of heart rate variability, defined between 0.04 and 0.14 Hz,
is dependent on sympathetic modulation and certainly in older individuals
partly on vagal modulation as well. However, vagal modulation of heart rate
is dependent on respiratory frequency, which is much higher in infants, likely
attenuating the vagal component of LF variation. Hence, for reasons of
simplicity, we will refer to LF variation as a measure of sympathetic modu-
lation. Furthermore, we adjusted the upper bound of the high frequency (HF)
band, which is dependent solely on vagal modulation, according to recom-
mendations from literature, to allow for the infant’s higher respiratory fre-
quency. We defined our HF band between 0.15 and 1.04 Hz (30).

Covariates. Gender of the infant, GA at birth, and weight at time of
assessment were used as covariates because they influence mean heart rate
and heart rate variability. We obtained GA at birth and birth weight from
community midwife and hospital registries. To address confounding by
socioeconomic factors, information on maternal age, maternal parity, mater-
nal age at first birth, and maternal level of highest completed education was
available as well as information on paternal level of highest completed
education and household income (16). Information on socioeconomic factors
was obtained by a questionnaire completed by the mother and her partner.
Confounding by maternal sensitivity and confidence in caretaking was ad-
dressed by using the confidence-in-caretaking scale of the Mother and Baby
Scale, which was part of the postal questionnaires sent to mothers when their
child was 2 mo old. The scale contains 13 items, which use a six-point Likert
scale. Covariates were assumed to be missing at random and were imputed by
the mean.

Statistical analysis. For the nonresponse analysis, we compared the 444
mothers and children for whom breastfeeding data were available with the 84
mothers and children who were not included in the analysis because of
missing data on breastfeeding. To describe the study participants, we com-
pared the characteristics of the infants who received no breastfeeding (n �
156) to the characteristics of the infants who received partial breastfeeding
(n � 72) and the infants who received exclusive breastfeeding (n � 216). We
also investigated the association between the infant’s fruitpurée consumption
and the family’s socioeconomic status. For continuous variables, we used
ANOVA and for dichotomous variables �2 tests. We conducted a power
analysis with G*power to determine the detectable effect size (31). The
physiological variables LF and HF were log transformed to achieve a normal
distribution. In addition, we divided the physiological variables by their own
SD to facilitate interpretation of the estimates.

We introduced sets of variables into successive analysis of covariance
(ANCOVA) models to investigate whether the association between breast-
feeding and infant autonomic functioning attenuated when confounders were
controlled for. Additionally, we tested a dose-response effect with linear
regression. Breastfeeding was entered as an ordinal variable with a value of 0,
1, or 2. We used partial breastfeeding as the intermediate category and
calculated a p trend.

Figure 1. (A) Confounding by socioeconomic factors. (B) Residual con-
founding after controlling for selected socioeconomic factors.
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First, we studied the univariate relation between breastfeeding and infant
autonomic functioning, termed model 1. In model 2, we adjusted for basic
confounders comprised of infant gender, infant birth weight, and infant
weight at 14 mo. Finally, in model 3, we adjusted for socioeconomic factors
and maternal sensitivity.

However, model 3 may not give the definite answer to the study question.
Even in large, well-defined studies, which rigorously control for socioeco-
nomic and other factors, it is virtually impossible to rule out residual
confounding (25). Breastfeeding may be a marker for other factors related to
infant autonomic functioning that were not fully captured by the covariables
we used, e.g. differences in rearing style or maternal stress during and after
pregnancy (32).

To address this issue, we contrasted the relation between breastfeeding and
infant autonomic functioning with the relation between another infant feeding
parameter and infant autonomic functioning. We chose infant fruitpurée
consumption as the best available contrasting variable. Generally, it is the
earliest addition to the infant’s diet, complimentary to continued breast or
bottle feeding. Fruitpurée, similar to breastfeeding, is seen as healthy nour-
ishment for infants.

On the basis of our data, we know that fruitpurée consumption is related
to similar environmental epiphenomena as breastfeeding. Fruitpurée lacks the
long-chain unsaturated fatty acids found in breastmilk, it lacks breastfeeding’s
specific physiologic process, and it is not implicitly associated with skin-to-
skin contact. In short, it has none of the characteristics that could underlie the
putative association between breastfeeding and infant autonomic functioning.
Analogous to the analyses of breastfeeding, we performed linear regressions
to determine the association between fruitpurée consumption and infant
autonomic functioning. Statistical analyses were performed with the Statisti-
cal Package for the Social Sciences 15.0 (SPSS Inc., Chicago, IL).

Comparator—Fruitpurée consumption. Fruitpurée consumption was as-
sessed at 12 months after birth using a postal questionnaire. Fruitpurée is
typically fed from 6 mo onwards only. However, a nutritional comparator
from the first 6 mo of life is not conceivable because many infants are
exclusively breastfed in this period. Fruitpurée consumption was assessed on
a seven-point scale but collapsed to three categories, because of small
numbers and to enable comparison with breastfeeding: 1—less than one
portion of fruitpurée per day, 2—one portion of fruitpurée a day, and
3—more than one portion of fruitpurée a day.

Nonresponse and power analysis. Children without information on breast-
feeding had similar autonomic functioning, as well as similar weight at birth
and at 14 mo. Similarly, their mothers did not differ on age or education (data
not shown). Power analysis demonstrated that our study could detect small
effects (f � 0.15) at 0.85 power and 0.85 and small to medium effects (f �
0.19) at 0.95 power, with � � 0.05.

RESULTS

Forty-six percent of infants were exclusively breastfed at 2
mo of age, whereas 16% were partly breastfed. The remainder,
38%, received no breastfeeding at 2 mo. Table 1 summarizes
the baseline characteristics for infants according to these

categories. Infants, who received no breastfeeding, had a
similar boy/girl ratio, birth weight, and weight at 14 mo
compared with those who received partial or exclusive breast-
feeding. Furthermore, infants who received no breastfeeding
consumed roughly similar amounts of fruitpurée as children
receiving partial or exclusive breastfeeding (�2 � 4.6, p � 0.3).

Breastfeeding was positively associated with maternal ed-
ucation (�2 � 43.6, p � 0.001), paternal education (�2 � 29.6,
p � 0.001), and maternal age at first child birth (F � 3.3, p �
0.04) but was not associated with current maternal age (F �
2.1, p � 0.1) or household income (�2 � 4.4, p � 0.1).

Infants’ fruitpurée consumption at 12 mo was positively
associated with maternal education (�2 � 16.1, p � 0.03), as
well as current maternal age (F � 2.995, p � 0.05), maternal
age at first childbirth (F � 4.28, p � 0.01), and household
income (�2 � 7.17, p � 0.03) but was not associated with
paternal education (�2 � 4.7, p � 0.3), maternal parity (F �
0.51, p � 0.6), or with household income.

First, we explored the association between breastfeeding
and infant HF power, a measure of vagal modulation of the
heart rate. The unadjusted model showed that there was no
relation between infant breastfeeding and vagal modulation (p
for trend � 0.70). We found similar levels of vagal modula-
tion in nonbreastfed infants [6.97 log (ms2)/SD, 95% CI:
6.81–7.13], partially breastfed [7.02 log (ms2)/SD, 95% CI:
6.78–7.26] and fully breastfed infants [6.86 log (ms2)/SD,
95% CI: 6.72–7.00]. Adding covariates to subsequent models
yielded similar results (data not shown).

Table 2 depicts the results of successive regression models
for the association between breastfeeding and LF power, a
measure of infant sympathetic modulation. The unadjusted
model is pictured in Figure 2. Nonbreastfed infants had high
sympathetic modulation [7.87 log (ms2)/SD, 95% CI: 7.71–
8.02], sympathetic modulation of partially breastfed infants
was intermediate [7.75 log (ms2)/SD, 95% CI: 7.51–7.98]
whereas sympathetic modulation of exclusively breastfed in-
fants was lowest [7.63 log (ms2)/SD, 95% CI: 7.50–7.77].
This means that sympathetic modulation in exclusively breast-
fed infants was 0.23 of an SD lower than in infants who

Table 1. Characteristics of the study population

Focus cohort
No breastfeeding (reference group),

N � 156
Partial breastfeeding,

N � 72
Exclusive breastfeeding,

N � 216

Parental indices
Age mother at intake, y (SD) 31.4 (4.2) 31.9 (3.7) 32.2 (3.3)
Maternal education

Secondary education or lower (%) 53.9 32.4 23.1
Higher education, phase 1 (%) 23.7 31.0 26.4
Higher education, phase 2 (%) 22.4 36.6 50.5

Infant indices
Female (%) 49 49 49
Birth weight in g (SD) 3479 (575) 3474 (595) 3590 (541)
Weight at 14 mo g (SD) 10,579 (1082) 10,484 (1033) 10,486 (1022)
Fruitpurée consumption

Less than one a d (%) 13.4 8.3 7.4
One a d (%) 80.9 86.1 84.7
More than one a d (%) 5.7 5.6 7.9

Vagal activity, log ms2 (SD) 2.88 (0.42) 2.90 (0.44) 2.83 (0.42)
Sympathetic modulation, log ms2 (SD) 2.79 (0.34) 2.75 (0.35) 2.71 (0.38)
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received no breastfeeding. Linear regression analysis showed
a dose response effect for breastfeeding.

Next, we examined whether we could identify factors that
explained the association between breastfeeding and infant
sympathetic functioning. Infant gender and weight character-
istics did not change the model substantially (Table 2). In
contrast, the introduction of socioeconomic factors and ma-
ternal sensitivity attenuated the relation between breastfeeding
and infant sympathetic modulation. When these confounders
were taken in account, nonbreastfed infants had similar sym-
pathetic modulation [7.84 log (ms2)/SD, 95% CI: 7.67–8.00]
compared with partially breastfed infants [7.75 log (ms2)/SD,
95% CI: 7.52–7.98] and compared with exclusively breastfed
infants [7.65 log (ms2)/SD, 95% CI: 7.50–7.79]. A dose
response effect was no longer present.

Table 3 displays the results of successive linear regression
models for the association between fruitpurée and our measure
of infant sympathetic modulation, LF power. The unadjusted
linear regression model showed that the more fruitpurée an
infant consumed, the lower the infants’ sympathetic modula-
tion, as depicted in Figure 3. Children eating less than one
portion of fruitpurée each day had the highest sympathetic
modulation [7.99 log (ms2)/SD, 95% CI: 7.70–8.28], fol-
lowed by children eating on average one portion of fruitpurée
a day [7.69 log (ms2)/SD, 95% CI: 7.60–7.79], whereas those
who ate more than one portion of fruitpurée a day had the
lowest sympathetic modulation [7.38 log (ms2)/SD, 95% CI:
7.10–7.71]. Even in a fully adjusted model fruitpurée con-
sumption was associated with lower infant sympathetic mod-
ulation, probably indicating residual confounding.

DISCUSSION

Infants, who were exclusively breastfed at 2 mo of age, had
lower sympathetic modulation than infants not breastfed.

However, the observed relation could be accounted for by
socioeconomic and educational factors. Higher infant fruitpu-
rée consumption was associated with lower infant sympathetic
modulation. No association between breastfeeding practices
and infant vagal modulation was found.

Before we discuss these findings, some methodological
comments have to be made. Our study benefits from a large
sample size and a prospective design. Furthermore, we tried to
address confounding by socioeconomic and educational fac-
tors by controlling for several indicators. The Focus Cohort is
ethnically homogeneous to exclude potential confounding or
effect modification by ethnicity. At the same time, this limits
the generalizability of the results to other ethnic groups.

Earlier studies reported associations between breastfeeding
and infant autonomic functioning (5,6). However, these stud-
ies were small and did not control for socioeconomic and
educational factors (16,19).

The association between breastfeeding and infant auto-
nomic functioning disappeared after correction for socioeco-
nomic factors. However, the actual degree of attenuation of
the association between breastfeeding and autonomic func-
tioning achieved by correcting for socioeconomic factors was
minor, suggesting little effect of control. In addition, adding
covariates to a model does not necessarily improve its’ valid-
ity and hence the causal inferences made on the basis of the
model. For example, research has shown that breastfeeding
influences maternal sensitivity toward her infant (19). Mater-
nal sensitivity might also be influenced by infant autonomic
functioning, because hypothetically autonomic functioning
influences the level of interaction an infant displays. In that
case, controlling for maternal sensitivity would introduce bias
to the model.

However, as shown in Figure 1B, even in studies which
rigorously control for socioeconomic and other factors, it is
virtually impossible to rule out residual confounding. Parent-
ing and attachment styles, as well the infant’s diet in addition
breastfeeding and fruitpurée are examples of potential residual
confounders, which we were not able to address in this study.

Presence of residual confounding can lead to erroneously
dismissal of the mediating effect of breastfeeding for socio-
economic factors and autonomic functioning (33). This would
mean that our model without adjustment for confounders
cannot be completely discounted.

Literature recommends several approaches to study causal
inferences (26). A randomized controlled trial is seen as the
golden standard. However, the established benefits of breast-

Figure 2. Breastfeeding and infant sympathetic modulation. Based on an
unadjusted linear regression model.

Table 2. Amount of breastfeeding received at age 2 mo and infant sympathetic modulation

n � 444

No breastfeeding
Mean log ms2/SD

reference

Partial breastfeeding Exclusive breastfeeding

Dose–response
p for trend

Mean log
ms2/SD

Difference with
reference (95% CI)

Mean log
ms2/SD

Difference with
reference (95% CI)

Model 1 7.87 7.75 �0.12 (�0.40 to 0.16) 7.63 �0.23 (�0.44 to �0.02)* 0.03
Model 2 7.86 7.74 �0.12 (�0.40 to 0.17) 7.64 �0.22 (�0.42 to �0.01)* 0.04
Model 3 7.86 7.75 �0.11 (�0.40 to 0.17) 7.64 �0.22 (�0.45 to 0.01) 0.12

Results displayed are from successive ANCOVA models. Model 1, unadjusted; model 2, as model 1, additionally adjusted for infant gender, infant birth weight,
and infant weight at 14 mo. Model 3 as model 2, additionally adjusted for maternal age, parental education, household income, maternal parity, and maternal
age at first birth, as well as maternal confidence in caretaking. Dose–response effects were investigated with linear regressions.

* Different from reference group at p � 0.05.
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feeding make randomly withholding breastfeeding from in-
fants unethical. Some research has used the randomized as-
signment of mothers to a breastfeeding promotion program
(34). Because of the limited influence of breastfeeding pro-
motion programs on breastfeeding practice in a general pop-
ulation setting in the West, the number of participants needed
to successfully detect differences in autonomic functioning
make this approach unfeasible for our purposes (35).

Another approach is to use an instrumental variable, which
is related to the exposure variable, in this case breastfeeding,
but not to confounding factors or to the outcome, in this case
infant autonomic functioning. Such a variable can be genetic,
as in Mendelian randomization, or environmental (26). Un-
fortunately, to our knowledge, no instrumental variable, ge-
netic, or otherwise, applicable in breastfeeding research has
been identified.

A third approach, is to compare the effect of breastfeeding
with the effect of a contrasting variable. A contrasting variable
should be an indicator of similar feeding or health-related
parameters but lacks breastfeeding’s proposed causal proper-
ties. Thus, if there is indeed a causal relation, the effect of
breastfeeding on infant autonomic functioning should be
larger. This approach has been used in the study of intrauterine
exposure, e.g. where it is possible, to compare the associations
of prenatal maternal smoking and prenatal paternal smoking
with infant outcome (26).

Reverse causality also represents a problem. It is conceiv-
able that calmer infants, which are easier to breastfeed (36),
already have different autonomic functioning, e.g. lower sym-
pathetic modulation. This would then account for the relation
between breast feeding and sympathetic modulation we ob-
served. Unfortunately, ruling out reverse causality calls for
multiple measurements of autonomic functioning and multiple

measurements of the infant’s agreeableness to be breastfed,
which few studies provide.

In our study, frequent infant fruitpurée consumption is the
contrasting variable. It is related to the similar environmental
epiphenomena as breastfeeding, including maternal socioeco-
nomic status, education, and caretaking as well as maternal
concepts about health and nourishment. There was no signif-
icant association between infant fruitpurée consumption and
breastfeeding, thus breastfeeding and fruitpurée consumption
did not identify the same mother-infant pairs. Infant fruitpurée
does not contain fatty acids, some of which, the long-chain
poly-unsaturated fatty acids, have been associated with auto-
nomic functioning. Finally, fruitpurée consumption does not
come with skin-to-skin contact. Nonetheless, our data show
that, similar to breastfeeding, infants who eat more fruitpurée
have lower sympathetic modulation. This supports the notion
that the association between breastfeeding and infant auto-
nomic functioning may be similarly noncausal but instead the
result of residual confounding. Although, strictly speaking, we
cannot rule out that the relation of breastfeeding and fruitpurée
consumption to autonomic functioning is explained via differ-
ent biological mechanisms. If a common component of the
infant’s diet, like fruitpurée, is similarly associated with au-
tonomic functioning as breastfeeding but lacks it properties,
this certainly casts doubt on the specificity of the postulated
mechanisms and the relevance of breastfeeding for low infant
autonomic arousal.

Finally, although our study shows no lasting effect of breast
feeding on infant autonomic functioning, we cannot rule out a
transient effect, limited to the breast feeding period itself.
However, it is unlikely that such a transient effect would have
substantial future health benefits.

In conclusion, our study does not support a causal relation
between breastfeeding and infant autonomic functioning. In-
stead, it underlines the problem of confounding in observa-
tional studies of breastfeeding. Further, we presented a novel
way to address the dilemma of confounding and overcorrec-
tion in research concerning breastfeeding. It can help to
compare the impact of breastfeeding to the impact of another
feeding parameter later in life that is not causally related to
outcome of interest.
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Figure 3. Fruitpurée and infant sympathetic modulation. Based on an unad-
justed linear regression model.

Table 3. Amount of fruitpurée consumed at age 14 mo and infant sympathetic modulation
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and infant weight at 14 mo. Model 3 as model 2, additionally adjusted for maternal age, parental education, household income, maternal parity, and maternal
age at first birth, as well as maternal confidence in caretaking and household income. Dose–response effects were investigated with linear regressions.

* Different from reference group at p � 0.05.
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