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Objective: To examine prospectively whether early parental child-rearing behavior is a predictor of cardiometabolic outcome in
young adulthood when other potential risk factors are controlled. Metabolic factors associated with increased risk for cardiovascular
disease have been found to vary, depending on lifestyle as well as genetic predisposition. Moreover, there is evidence suggesting
that environmental conditions, such as stress in pre- and postnatal life, may have a sustained impact on an individual’s metabolic
risk profile. Methods: Participants were drawn from a prospective, epidemiological, cohort study followed up from birth into young
adulthood. Parent interviews and behavioral observations at the age of 3 months were conducted to assess child-rearing practices
and mother-infant interaction in the home setting and in the laboratory. In 279 participants, anthropometric characteristics,
low-density lipoprotein and high-density lipoprotein cholesterol, apolipoproteins, and triglycerides were recorded at age 19 years.
In addition, structured interviews were administered to the young adults to assess indicators of current lifestyle and education.
Results: Adverse early-life interaction experiences were significantly associated with lower levels of high-density lipoprotein
cholesterol and apolipoprotein A1 in young adulthood. Current lifestyle variables and level of education did not account for this
effect, although habitual smoking and alcohol consumption also contributed significantly to cardiometabolic outcomes. Conclusions: These findings suggest that early parental child-rearing behavior may predict health outcome in later life through its impact
on metabolic parameters in adulthood. Key words: child-rearing behavior, metabolic risk factors, longitudinal study.
MetS ⫽ metabolic syndrome; HDL ⫽ high-density lipoprotein;
LDL ⫽ low-density lipoprotein; SGA ⫽ small for gestational age;
SUQ ⫽ Substance Use Questionnaire; TLFB ⫽ timeline followback;
BMI ⫽ body mass index.

INTRODUCTION
oronary heart disease is the most common cause of morbidity and mortality among men and women in developed
nations. The obesity epidemic contributes to the increasing
prevalence of insulin resistance, hypertension, visceral obesity, and dyslipidemia—all coronary heart disease risk factors
(1). The metabolic syndrome (MetS) constitutes a cluster of
metabolic abnormalities, together with visceral obesity, that is
highly prevalent and may predispose the individual to an
increased risk for cardiovascular disease and Type 2 diabetes
(2,3). The MetS is assumed to emerge as a result of complex
interactions among MetS gene networks, their products, and
environmental conditions. Accordingly, there have been considerable efforts to disentangle the genetic background of
adult metabolic disorders (4). All parameters of the MetS are
found to be genetically determined, although the explained
variance is limited (5). The heritability of fasting glucose
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(20%), triglycerides (20%), low-density lipoprotein (LDL)
cholesterol (24%– 88%), and high-density lipoprotein (HDL)
cholesterol (43%– 66%) is considerable, but also suggests that
environmental factors play a significant role (6 – 8).
Several environmental conditions have been reported to
have an effect on MetS. First, current lifestyle conditions, such
as smoking, physical activity, adiposity, and alcohol consumption, are known to be related to cardiometabolic risk factors.
Second, with regard to epigenetic processes, adverse fetal
environment may not only be linked to low birth weight and
programming of the stress response (9), but it is also considered to be implicated in MetS in adult life (10,11). Third, with
regard to early postnatal conditions that may affect metabolic
risk factors in adulthood, breastfeeding is known to be negatively associated with adult cholesterol levels (12–14). Fourth,
exposure to current life stress has been consistently related to
MetS (15).
One interesting question is whether, in addition to prenatal
and current stress, environmental factors over the life span
contribute to an enduring change of stress system activity on
the metabolic situation. In humans, childhood abuse and
household dysfunction have been associated not only with
adult psychiatric morbidity (16 –18) but also with physical
inactivity and obesity. These findings are in accordance with
animal models of early-life stress, such as the variable foraging demand model in macaques, leading to spontaneous
occurrence of obesity and MetS at peripubertal age (19).
Variations of maternal care in early life may regulate the
development of stress reactivity (20) and, thus, alter the cardiometabolic risk profile. These findings implicate early-life
stress and nutritional conditions as candidates for programming adult metabolic risk factors in humans.
Taken together, it may be assumed that genetic as well as
pre- and postnatal epigenetic factors and current lifestyle
conditions interact to determine the individual’s cardiovascular risk. Based on this assumption, we studied features of
MetS in normal-weight young adults in whom environmental
1

A. F. BUCHMANN et al.
and behavioral characteristics had been repeatedly studied
from early childhood. Controlling for a number of possible
confounders, such as gender, birth weight, breastfeeding,
smoking, alcohol consumption, physical activity, and education, we tested the hypothesis that negative child-rearing
practices and maternal responsiveness predict young adults’
cardiometabolic risk factors. In addition to HDL and LDL cholesterol as well as triglycerides, we measured appropriate apolipoproteins, which were assumed to be better markers of ischemic
cardiovascular events than cholesterol subfractions (21).
METHODS AND MATERIALS
Participants
Participants were selected from the Mannheim Study of Children at Risk,
an epidemiological cohort study of the outcome of early risk factors from
infancy into adulthood (22). The initial sample comprised 384 children of
predominantly (⬎99.0%) European descent born between 1986 and 1988.
Infants were recruited from two obstetric and six children’s hospitals of
the Rhine-Neckar Region of Germany and were included consecutively
into the sample according to a two-factorial design intended to enrich and
control the risk status of the sample (full details of the sampling procedure
have been reported previously) (23). As a result, approximately one third of
the study sample had experienced severe obstetric complications, whereas
about one third of the families suffered from severe psychosocial adversities,
such as parental psychiatric disorder, marital discord, or young parenthood.
Only firstborn children with singleton births and German-speaking parents
were enrolled in the study. Furthermore, children with severe physical handicaps, obvious genetic defects, or metabolic diseases were excluded. Assessments were conducted at regular intervals throughout childhood.
The most recent follow-up examination at age 19 years included, among
other things, a laboratory stress procedure which comprised repeated blood
sampling (24). Of the initial sample, 18 (4.7%) participants were excluded
because of severe handicaps (intelligence quotient or motor quotient ⬍70 or
neurological disorder), 28 (7.3%) were dropouts, and 52 (13.5%) refused to
participate in the stress procedure. In addition, five participants (1.3%) were
excluded due to pregnancy or acute psychiatric disorders. At age 19 years, the
sample included 279 young adults (n ⫽ 129 males, 150 females), who
participated in the experimental assessment and for whom data on metabolic
parameters and predictors were complete. To reduce variance due to obesity
or anorexia, only 207 participants with normal range body mass index (BMI)
values were finally included for data analysis. The study was approved by the
ethics committee of the University of Heidelberg and written informed
consent was obtained from all participants.

Assessments
Participants’ birth weight and gestational age were extracted from infant
neonatal records. Because the sample was enriched with infants suffering
from obstetric complications, 76 participants (27.0%) of the present sample
had preterm birth (gestational age ⫽ ⬍37 weeks) and 38 participants (13.5%)
were small for gestational age (SGA), defined as birth weight below the 10th
percentile for gestational age.
At the age of 3 months, early parental child-rearing behavior was assessed,
using two different approaches: a) a semistandardized parent interview, involving behavioral observation in the home setting to assess negative parental-rearing practices; and b) monitoring of mother-infant interaction in the
laboratory. The assessment of negative parental-rearing practices was realized
within the context of a parent interview in the home surroundings. On the one
hand, it included questions on how parents handle three challenging situations: a) child’s whining; b) problems falling asleep; and c) dawdling over
food. For each situation, the frequency of choosing three different handling
strategies was rated on a 3-point scale. Leaving the child mostly crying or
constant insistence on faster eating, for instance, were rated as indicators for
negative rearing practices. In addition, 21 items from the Home Observation
for Measurement of the Environment (25) were used to assess maternal
2

TABLE 1. Items Exemplifying the Home Observation for
Measurement of the Environment (HOME) Subscales, Included to
Evaluate Early Parental Rearing Practices
Emotional and verbal responsiveness of mother
Mother caresses or kisses child at least once during visit.
Mother spontaneously praises child’s qualities or behavior at least
once during visit.
Avoidance of restriction and punishment
Mother doesn’t express overt annoyance with or hostility toward
child.
Mother neither slaps nor spanks child during visit.
Organization of environment
Child’s environment seems safe and free of hazards.
There is vivid evidence of a baby (e.g., toys, pictures appropriate for
children) outside of the nursery.
Maternal involvement with the child
Mother provides toys that challenge child to develop new skills.
Mother keeps contact with the child (looks at him/her, talks to
him/her).

warmth and involvement, emotional care, and rejection or hostility. All items
were evaluated by trained home visitors (interviewers) in contact with the
primary caregiver. Table 1 presents exemplary items of the applied, and for
German living conditions modified, Home Observation for Measurement of
the Environment subscales. The interview and observation items were
summed together to generate a global negative parental-rearing practices
score (mean ⫽ 4.70, standard deviation ⫽ 3.40, Cronbach’s ␣ ⫽ 0.73).
To measure the quality of mother-infant interaction, mother-infant dyads
were observed and videotaped during a 10-minute semistructured session in
our laboratory. Mothers were instructed to play with their infants and change
their diaper as they normally would. The interaction was recorded by two
cameras, using a split-screen technique. The videotaped interactions of motherinfant dyads were coded with the Mannheim Rating System for Mother–
Infant Interaction (26). Ratings on 5-point scales were obtained for the
following variables: emotion (distress versus smile); physical affect (positive
versus negative touch); vocalization (inadequate versus adequate, e.g., use of
baby talk); lack of verbal restrictions (e.g., no deprecating comments toward
infant); congruency (between communication channels); variability (stereotyped versus sensitive behavior); reactivity (contingent behavior); and stimulation (under-/overstimulation versus adequate stimulation). Ratings on each
scale were made every minute, resulting in a total of 80 ratings per dyad.
Raters were blind to parental and child risk status. Considerable interrater
reliability has been described for the scale ratings (27). A global score for
maternal responsiveness in interaction with her infant was computed by
summing together the mother scales across minutes.
Information regarding duration of breastfeeding was also recorded within
the parent interview at age 3 months. Mothers who continued beyond this date
were again asked for the duration of breastfeeding when parents and children
were interviewed for the second time at the age of 2 years.
For the assessment of frequency and amount of current cigarette use,
participants completed a smoking inventory, which is part of the Substance
Use Questionnaire (SUQ) designed by Müller and Abbet (28) in collaboration
with the World Health Organization. The Alcohol Timeline Followback
(TLFB) method (29) was used to assess the amount of daily alcohol consumption in the last 30 days. Good reliability has been reported for assessing
current drinking with this instrument (30). In addition, participants were asked
for their highest level of education at age 19 years and the average frequency
of monthly physical activity (workout).
The anthropometric assessment at age 19 years included waist circumference, hip circumference, weight, and height. Waist circumference was measured at mid-distance between the last floating rib and the iliac crest. To
define hip circumference, the femoral trochanters were used as reference.
From there, we calculated the waist/hip ratio, dividing the waist circumference by the hip circumference, and the BMI, dividing the weight (kg) by the
height (m2). A BMI of ⬎25 indicates overweight whereas a BMI of ⬍17
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suggests underweight (31). Dependent cardiovascular measures were the
systolic and diastolic blood pressures (in mm Hg). Three independent measurements, using the conventional Riva-Rocci-Korotkoff technique, were
recorded and averaged to increase reliability.

Laboratory Methods
In the context of the stress procedure, participants reported to the laboratory at 1 PM. Before their arrival, smoking and food intake were allowed ad
libitum. During the experimental session, participants were requested to
abstain from nicotine and caloric intake for approximately the next 4 hours. At
5:15 PM, blood samples were collected in tubes pretreated with clot activator
and spun at 4°C within 90 minutes. The serum was frozen immediately and
stored at ⫺80°C. Commercially available radioimmunoassays (Cisbio
International, Paris, France) were used for determination. Lipoprotein verylow-density lipoprotein, LDL and HDL fractions were separated by ultracentrifugation (Beckman L-50 ultracentrifuge, Beckman, Munich, Germany) and
phosphotungstic acid precipitation. Cholesterol, triglycerides, unesterified
polyester, and apolipoproteins A1, B, C3, and E were separately analyzed in
each fraction as described in Ambrosch and colleagues (32). The LDL
composition was calculated from the bottom fractions.

Data Analysis
Two separate linear regression analyses were performed to predict the
metabolic measures at age 19 years from early parental child-rearing behavior. In the first step, gender, neonatal SGA1 and the number of weeks for
which mothers continued breast feeding were included as covariates in the
regression models. A second regression step was used to additionally investigate the contribution of habitual smoking, alcohol use, regular physical
activity, and school graduation. This was done to control for potential confounding effects of these covariates on the young adults’ cardiometabolic
parameters, before the impact of negative parental-rearing practices and
maternal responsiveness score, respectively, was estimated in a third step. The
dichotomous variables were set to values of 0 or 1 (0 ⫽ absence; 1 ⫽
presence; 0 ⫽ male; 1 ⫽ female, respectively).

RESULTS
In the overall sample (n ⫽ 279), the mean BMI was 23.5
(4.1), with 71 participants showing a BMI of ⬎25 and one
female participant having an index of ⬍17. Participants excluded due to obesity or anorexia did not differ significantly
from the included subjects, regarding negative child-rearing
practices (p ⫽ .78) and maternal responsiveness (p ⫽ .98).
Table 2 summarizes descriptive sample characteristics for 207
TABLE 2.

Sample Characteristics, n ⴝ 207

Females, n (%)
BMI, mean (SD)
Small for gestational age
(SGA)a newborn, n (%)
Duration of breastfeeding
(weeks), mean (SD)
Regular smoking, n (%)
Number of alcoholic drinks last
month,b mean (SD)
Regular physical activity,c n (%)
High school graduation,d n (%)

110
23.45
29

(53.14)
(4.08)
(14.01)

10.28

(14.88)

65
19.76

(31.40)
(29.29)

135
83

(73.91)
(40.10)

BMI ⫽ body mass index; SD ⫽ standard deviation.
SGA⬍ ⫽ 10th percentile.
b
Represents the number of standard drinks, each containing 12 g of alcohol.
c
Workout at least once a week.
d
Participants achieving the diploma from German secondary school qualifying for university admission.
a
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participants with normal range of BMI values. Table 3 presents the results of regression analyses, estimating the contribution of gender, neonatal SGA, duration of breast feeding
(Step 1), and lifestyle and school graduation (Step 2) to the
cardiometabolic outcome in the young adults. The additional
effects of negative child-rearing practices and maternal responsiveness score, respectively (Step 3), are shown in Table
4. The two indicators for early parental child-rearing behavior
were significantly correlated (r ⫽ ⫺.277, p ⬍ .001).
The main finding was that young adults’ apolipoprotein A1
and HDL cholesterol were significantly affected by parental
child-rearing behavior at age 3 months even when controlling
for gender, neonatal SGA, and duration of breast feeding.
Augmented negative parental-rearing practices (Table 4, left)
and poor maternal responsiveness (Table 4, right) were both
associated with reduced apolipoprotein A1 and HDL blood
levels at age 19 years. Figure 1 visualizes the effect for HDL
cholesterol, using percentiles on the negative child-rearing
practices and the maternal responsiveness score, respectively.
HDL levels of ⬍40 mg/dL were observed in 54 participants
(26.1%), and 36 participants (17.4%) were ⬎60 mg/dL.
There were no significant associations between early parental child-rearing behavior and the other investigated cardiometabolic parameters. Neither neonatal SGA or duration of
breast feeding, nor habitual smoking, alcohol use, regular
physical activity, or school graduation were significantly related to apolipoprotein A1 or HDL (Table 3). Even after
controlling for the health-related behaviors and the young
adults’ education, both indicators of early parental childrearing behavior remained significant predictors of apolipoprotein A1 and HDL cholesterol, respectively. This
suggests that the effect of early parental child-rearing behavior
on both metabolic measures in 19-year-olds was not mediated
by health-related behaviors or by level of education of the
young adults.
Regression analyses also revealed a significant effect of
gender on eight of the 11 investigated cardiometabolic parameters. Females had higher scores on apolipoproteins A1, B,
C3, as well as HDL, LDL, and total cholesterol than males,
whereas they showed lower waist/hip ratio and systolic blood
pressure compared with males. No gender differences in terms
of apolipoprotein E, triglycerides, and diastolic blood pressure
were found.
Furthermore, there was a significant negative association of
the duration of breastfeeding with LDL cholesterol and apolipoprotein B at age 19 years. The longer the children were
breastfed by their mother, the lower the blood levels of these
parameters were in adulthood. Neonatal SGA was significantly related solely to higher apoliporotein E levels.
Considering the impact of current lifestyle, we found no
significant effect of regular physical activity or young adults’
education level on any of the cardiometabolic measures. However, the current use of alcohol and cigarettes significantly
affected the young adults’ metabolic outcome. Habitual smoking was associated with increased triglyceride and waist/hip
ratio levels. The more alcoholic drinks participants had con3
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TABLE 3.

Linear Regression Models Predicting Cardiometabolic Outcome at Age 19 Years From Gender, Neonatal Small for Gestational Age,
Duration of Breastfeeding, and Current Lifestylea
A1

B

Step 1 Female gender
0.488**
0.069
Small for gestational
age (SGA)b
Duration of
0.026
breastfeeding
(months)
Step 2 Habitual smoking
⫺0.059
Number of alcoholic 0.099
drinks last monthc
Regular physical
⫺0.055
activityd
High school
0.031
graduatione

C3

E

HDL

LDL

TG

Chol

BPs

BPd

0.319** ⫺0.399** ⫺0.235** ⫺0.019
⫺0.047 ⫺0.078 ⫺0.044 ⫺0.083

0.187* 0.402** 0.062
⫺0.096 ⫺0.061 ⫺0.137*

0.440** 0.156* 0.053
0.042 ⫺0.073 ⫺0.048

⫺0.183* ⫺0.017

0.032

0.068

⫺0.005 ⫺0.011
0.192* 0.142*

0.007
0.037

⫺0.104
0.120

⫺0.028
0.152*

⫺0.020

⫺0.025

0.102

⫺0.027

⫺0.055

⫺0.081

⫺0.055

⫺0.001

⫺0.019

0.069

0.077

0.003

⫺0.023

0.014

⫺0.149* ⫺0.006

WHR

⫺0.111

0.181* ⫺0.062
0.029
0.189*

⫺0.057

0.030

⫺0.087

⫺0.120
0.069

⫺0.037
⫺0.080

0.075

0.024

0.044

⫺0.008

0.059

⫺0.021

0.152*
0.013

A1 ⫽ apolipoprotein A1; B ⫽ apolipoprotein B, C3 ⫽ apolipoprotein C3; E ⫽ apoliporotein E; TG ⫽ triglyceride; Chol ⫽ cholesterol; HDL ⫽ high-density
lipoprotein; LDL ⫽ low-density lipoprotein; WHR ⫽ waist/hip ratio; BP ⫽ systolic blood pressure; BPd ⫽ diastolic blood pressure.
*p ⬍ .05; **p ⬍ .001.
a
␤ coefficients from linear regression analysis.
b
SGA⬍ ⫽ 10th percentile.
c
Each drink containing 12 g of alcohol.
d
At least once a week.
e
Participants achieving the diploma from German secondary school qualifying for university admission.
TABLE 4.

Linear Regression Modelsa Predicting Cardiometabolic Outcome at Age 19 Years From Negative Parental Rearing Practices and
Maternal Responsiveness, Respectively, Including Mean and SD Values When Grouped by Median Split
Negative Parental Rearing Practices

Step 3

A1 (g/L)
B (g/L)
C3 (mg/dL)
E (mg/dL)
HDL (mmol/L)
LDL (mmol/L)
TG (mmol/L)
Chol (mmol/L)
WHR
BP (mm Hg)
BPd (mm Hg)

Maternal Responsiveness

␤

p

Lower Equal
Median (n ⫽ 122)
M (SD)

Higher Than
Median (n ⫽ 85)
M (SD)

␤

p

Lower Equal
Median (n ⫽ 104)
M (SD)

Higher Than
Median (n ⫽ 103)
M (SD)

⫺0.160
⫺0.025
⫺0.018
0.005
⫺0.165
0.001
0.023
⫺0.052
0.008
⫺0.003
0.087

.01
.72
.79
.95
.01
.99
.75
.45
.91
.96
.24

1.58 (0.41)
0.73 (0.26)
7.25 (1.94)
3.06 (0.74)
1.31 (0.36)
2.82 (0.82)
1.01 (0.38)
4.33 (0.92)
0.79 (0.05)
118.0 (11.39)
70.56 (9.51)

1.50 (0.32)
0.73 (0.21)
7.42 (2.65)
3.11 (1.20)
1.24 (0.31)
2.87 (0.85)
1.05 (0.45)
4.32 (1.00)
0.79 (0.06)
117.41 (11.21)
68.38 (8.98)

0.171
0.028
0.086
0.057
0.164
⫺0.005
0.000
0.049
⫺0.115
⫺0.028
⫺0.024

.006
.68
.19
.42
.01
.94
.99
.46
.08
.69
.74

1.49 (0.32)
0.72 (0.23)
7.14 (2.15)
3.00 (0.93)
1.23 (0.29)
2.81 (0.93)
4.25 (1.04)
1.23 (0.29)
0.80 (0.05)
117.80 (10.14)
69.68 (8.83)

1.60 (0.42)
0.75 (0.25)
7.50 (2.35)
3.16 (0.98)
1.34 (0.38)
2.87 (0.73)
4.40 (0.86)
1.34 (0.38)
0.79 (0.06)
117.72 (12.41)
69.65 (9.87)

a
Models adjusted for gender, neonatal small for gestational age, duration of breastfeeding, habitual smoking, current alcohol use, physical activity, and young
adults’ education.
M ⫽ mean; SD ⫽ standard deviation; A1 ⫽ apolipoprotein A1; B ⫽ apolipoprotein B; C3 ⫽ apolipoprotein C3; E ⫽ apoliporotein E; TG ⫽ triglyceride; Chol ⫽
cholesterol; HDL ⫽ high-density lipoprotein; LDL, low-density lipoprotein; WHR ⫽ waist/hip ratio; BP ⫽ systolic blood pressure; BPd ⫽ diastolic blood
pressure.

sumed during the last month, the higher the B1, C3, and total
cholesterol levels observed.
DISCUSSION
Our data are the first to show, in a prospective study, that
early-life interaction experiences are predictive of metabolic
characteristics almost 20 years later. Specifically, we found
that adverse parental-rearing practices and poor maternal responsiveness assessed in early infancy are associated with
lower levels of HDL cholesterol and apolipoprotein A1 in
4

young adulthood. Moreover, our study replicates earlier findings, indicating that breastfeeding is negatively related to LDL
cholesterol in adulthood. The magnitude of the association
with early-life environment is comparable to the effects of
SGA on ApoE apolipoprotein, of alcohol consumption on
LDL cholesterol, or of smoking on triglycerides in adulthood.
Epidemiological studies have indicated that early-life adverse events may increase the risk for adult psychiatric disorders (33), whereas case control studies have supported the
hypothesis that adverse parenting in childhood is a risk factor
Psychosomatic Medicine 72:000 – 000 (2010)
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Figure 1. High-density lipoprotein (HDL) cholesterol levels (mean and standard error of the mean values) adjusted for gender in normal-weight young adults,
grouped by negative parental-rearing practices (left) and maternal responsiveness (right).

for adult depression (16 –18). In contrast, it is far less clear
whether early postnatal life experiences could affect adult
physical health.
With regard to prenatal life, there is good evidence for the
induction of different metabolic phenotypes by variations in
environmental conditions. Reduced fetal growth has been
closely associated with an increased risk for the development
of chronic disease in later life. Fetal exposure to excess
glucocorticoids may represent a critical mechanism underlying this association (34). Intrauterine growth retardation
causes hypomethylation and hyperacetylation of genomic deoxyribonucleic acid in the brain and liver of rats (35). Altered
gene expression may persist after birth suggesting that an
epigenetic mechanism may be responsible for changes in
transcription (36). Thus, the prenatal exposure to stress or
paucity of nutritional supply may lead not only to a measurable outcome, such as SGA newborns, but also to a longlasting adaptation as induced by epigenetic processes.
In the postnatal phase, exposure to major stress, like maternal separation of neonate rats, leads to persistent metabolic
disturbances (37,38). However, not only extreme stressors but
also minor variations of maternal care in the early life of
rodents may affect the development of individual differences
in neuroendocrine responses to stress in the adult animal (20).
Thus, maternal care during infancy seems to “program” responses to stress and metabolic functions in the offspring by
altering the development of the neural systems that mediate
the stress response (20,39). Also, in humans, the priming of
stress-responsive systems in early age may be involved in the
role of early adverse events in the risk for both metabolic and
psychiatric disorders. Consistent with the diathesis-stress
model, with genetic factors more likely to be expressed in
adverse settings, early family adversity modulates the heritability of morning cortisol in infants (40).
Psychosomatic Medicine 72:000 – 000 (2010)

The mother is the human neonate’s most important environment and breastfeeding is not only an intimate motherinfant interaction but is vital from an evolutionary point of
view. Thus, variations in safety, regularity, and duration of
breastfeeding could be related to infant stress and, thus, be
associated with different programming of stress-responsive
systems and metabolic conditions. Although not undisputed,
case-control and randomized studies support the assumption
that duration of breastfeeding is associated with lower prevalence of adolescent adiposity (41) and lower total and LDL
cholesterol in adulthood (12–14,42– 44). In accordance with
these previous reports, we found duration of breastfeeding to
be significantly related to apolipoprotein B and LDL cholesterol concentrations (14), with about 3% of the variation in
LDL cholesterol being explained by breastfeeding (12–14,42–
44). The effect size does not seem irrelevant with regard to
prevention of hypercholesterolemia. Besides cholesterol metabolism, there is evidence that breastfeeding may be associated with a lowered risk for Type 2 diabetes mellitus (45– 47).
With regard to subclinical variations of glucose regulation,
duration of breastfeeding was significantly negatively associated with homeostasis model assessment of insulin resistance
in men (48). Regrettably, time of blood sampling, duration of
fasting, and the previous stress test did not allow a reliable
examination of glucose regulation in our study sample.
To the best of our knowledge, there is currently no available evidence demonstrating an impact of subtle variations of
early mother-infant interaction on persistent metabolic functions in humans. Generally, it is concluded from twin studies
that the early rearing environment remains an important factor
in relationship to levels of total cholesterol later in life, but has
less effect on other serum lipids and apolipoproteins in the
elderly (49). The approach of the present study to prospectively assess behavioral and endocrine-metabolic variations
5
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offers a unique possibility to relate early mother-infant interaction with later-life biological variables. The beneficial effects of HDL cholesterol on the cardiovascular system have
been attributed to its ability to remove cellular cholesterol, as
well as its anti-inflammatory, antioxidant, and antithrombotic
properties, which act in concert to improve endothelial function and inhibit atherosclerosis, thereby reducing cardiovascular risk and making HDL cholesterol an important target of
intervention (50). Studies suggest that for every 0.03 mmol/L (1.0
mg/dL) increase in HDL cholesterol, cardiovascular risk is reduced by 2% to 3% (50). Thus, variation in HDL cholesterol
explained by the early rearing environment could be relevant
from an epidemiological perspective. Our data suggest that independently of differences in the nutritional composition of
breast milk and formula diet, characteristics of the mother-infant
interaction play a role in the adult metabolic condition.
Barker’s observation of SGA being related to adult disease
was central to the idea that prenatal stressors may lead to
metabolic disturbances due to epigenetic programming. The
so-called “Barker hypothesis” has been intensively studied
and offers a coherent model for adult disease (10). In our
study, we found apolipoprotein E to be related to the factor
“small for gestational age.” Astonishingly, no other association between plasma lipids, systolic blood pressure, waist/hip
ratio, and SGA was found. Thus, at least in our study, the
interaction variables breastfeeding, maternal responsiveness,
and parental-rearing practices had a comparable impact on
adults’ lipid profiles.
Little is known about the sequence of events in early-life
“programming” of stress response and metabolic disturbances.
As early as in the first 6 months of life, infants’ stressresponsive systems react on subtle disturbances in the interaction with the parents (51). In the elderly, fetal and early
experiences contribute little to the variation in metabolic
parameters compared with later-life experiences, as adult lifestyle and body composition become major intervening variables (48). Thus, the impact of early life on metabolic risks
may best be studied beyond childhood, but before adult lifestyle might blur early effects. Our sample may, therefore, not
only have the advantage of prospective assessments including
detailed and valid observations of mother-infant interactions
but may also have been metabolically studied at the right time.
We found early parental child-rearing behavior to be related to
variation of young adult’s HDL cholesterol within the normal
range. However, even variation of HDL cholesterol in the
normal range has been shown to be related to cardiovascular
risk (52). HDL cholesterol may change with advancing age or
lifestyle factors, but baseline and follow-up HDL cholesterol
are related after considerable time periods (53). Although the
nature of our data does not allow us to draw conclusions on
pathophysiology, it might be speculated that early motherchild interaction is associated with epigenetic modulation of
energy metabolism and stress system regulation (54) and may,
thereby, contribute to coronary heart disease (55).
Several limitations to our study should be considered. First,
to maximize recruitment of the initial cohort, we abstained
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from inviting the probands to early morning fasting blood
collection. Four hours of fasting were not adequate for glucose
or insulin measurements. Moreover, triglyceride and apolipoprotein E values should be considered with caution. However, LDL and HDL cholesterol are assumed to be less
sensitive to nonfasting conditions. It has been reported that 5
hours after a meal, LDL (2.5%) and HDL cholesterol plasma
concentrations (1.5%) differ only slightly from fasting conditions. Second, information on other factors, such as participants’ nutrition or dietary intake, were not available in the
present study but may have affected the lipid levels. Third, the
present study is unable to separate environmental effects from
a genetic liability imparted by parents and cannot exclude that
early parental child-rearing behavior is a proxy for heritable
influences on HDL cholesterol variation. Fourth, because the
study sample was enriched with children born at risk, it might
not be possible to generalize the results to a general population
sample. Finally, as we intended to examine the association between early child-rearing behavior and metabolic outcome independent of possible effects of adiposity-related factors, obese
participants were excluded from the analyses. Therefore, all
conclusions are refined to a normal-weight population.
Taken together, our data support the idea that, in addition to
prenatal stress and birth weight, the infant’s interaction experiences in the postnatal phase have an effect on adult metabolic
parameters and may, thus, predict health outcome in the long run.
In addition to possible nutritional effects of breastfeeding, our
findings suggest that far more subtle variations of maternal care
in early life could be related to adult physical health.
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