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Abstract

Background: Socioeconomic inequalities in cardiovascular disease are pervasive, yet much remains to be
understood about how they originate. The objective of this study was to explore the relations of socioeconomic
status to lipid and glucose metabolism as indicators of cardiovascular health in 5–6 year olds. Additionally to
explore the explanatory role of maternal factors, birth outcome, and child factors.

Methods: In 1308 5–6 year old ethnic Dutch children from the ABCD cohort study, lipids (cholesterol, LDL, HDL,
triglycerides), glucose and C-peptide were measured after an overnight-fast.

Results: There were no differences in cholesterol, HDL, LDL, and triglycerides between socioeconomic groups, as
indicated by maternal education and income adequacy. However, children of low educated mothers had on
average a higher glucose (β= 0.15; 95% confidence interval (CI) 0.03 – 0.27), logC-peptide (β= 0.07; 95% CI 0.04 –
0.09), and calculated insulin resistance (HOMA-IR) (β= 0.15; 95% CI 0.08 – 0.22) compared to children of high
educated mothers. Only childhood BMI partly explained these differences (models controlled for age, height, and
sex).

Conclusions: The socioeconomic gradient in cardiovascular risk factors seems to emerge in early childhood. In
absence of underlying mechanisms these empirical findings are relevant for public health care and further
explanatory research.
Background
Although socioeconomic inequalities in cardiovascular
disease (CVD) are widely recognized, [1,2] the process
by which the socioeconomic environment interacts with
CVD remains unclear. Since there is increasing evidence
that CVD originates in childhood and childhood socioe-
conomic status may have a persisting interaction with
CVD in adult life, [3] it is mandatory to explore the
socioeconomic gradient on the occurrence of cardiovas-
cular disease associated risk factors in children.
Early cardiovascular risk factors can be identified in

childhood. In a Danish study, there was a positive associ-
ation between CVD in adulthood and an increasing body
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mass index (BMI) in childhood [4]. In addition, children
with a higher BMI were more likely to have insulin re-
sistance [5]. Children with insulin resistance, in turn, are
very likely to develop type 2 diabetes and an adverse
lipid profile [6,7]. Moreover, various studies have
reported that these individual factors track from child-
hood into adulthood [8,9]. Hence children with insulin
resistance and an adverse lipid profile are at higher risk
for CVD in later life.
Although the relation of socioeconomic status (SES) to

obesity in childhood is extensively documented, few
studies addressed the socioeconomic gradient in lipid
and glucose metabolism in childhood. In adolescence,
parental education was associated with markers of lipid
and glucose metabolism, such as insulin, glucose, high-
density lipoproteins (HDL), low-density lipoproteins
(LDL), and triglycerides, [6] while other studies found
no differences in these markers [7]. In 10 year olds,
some studies found no educational disparities in
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cholesterol, triglycerides and HDL, [10] while others
showed greater insulin resistance in children from
poorer families and with less educated parents [8]. So far
no studies examined the socioeconomic gradient in lipid
and glucose metabolism in early childhood.
Socioeconomic inequalities in lipid and glucose metab-

olism in early childhood can provide useful insights into
health inequalities in later life. Therefore, the first ob-
jective of this study was to investigate the association of
socioeconomic status with the lipid and glucose metab-
olism in 5–6 year olds. The second objective of this
study was to investigate many potential mediating fac-
tors in this association. As ethnicity is strongly asso-
ciated with both SES and the lipid and glucose
metabolism, [5] this study was conducted in an ethnic
homogeneous sample.

Methods
This study was part of the Amsterdam Born Children
and their Development (ABCD) study, a prospective co-
hort study from fetal life onwards. Details of this study
were described previously [11]. Approval was obtained
from the Academic Medical Center Medical Ethical
Committee, and the Registration Committee of Amster-
dam. All participants gave written informed consent for
themselves and their children.

Study population
In 2003–2004, 12 373 Amsterdam women who first
attended antenatal care were approached to participate.
8266 women returned the pregnancy questionnaire in-
cluding sociodemographic data, obstetric history, family
history, and lifestyle. Of the mothers with a singleton life
birth (n = 7863), 6735 gave permission for follow-up
(86%). Data on birth outcomes was obtained from Youth
Health Care registry. Three months after delivery the
mothers received another questionnaire, the infancy
questionnaire, concerning i.e. the baby’s feeding
(n = 5131). When the children turned five, 6161 mothers
received a questionnaire, including an informed consent
sheet for a health check of their child (Figure 1). Attri-
tion in follow-up number was largely due to untraceable
changes in address or migration. 4488 questionnaires
were returned (73%); 4158 gave permission for the age 5
health check and 3955 gave permission for a finger
prick. In total, 3321 children were measured during the
health check. The finger prick was performed in 2452
children aged five-six.
The present study included only children for which

markers of lipid and glucose metabolism were reliably
measured (n = 2108) [12]. Additionally, the child should
have been fasting since the night before, data on age,
sex, height, size at birth, and BMI had to be available.
Furthermore, a child with Down syndrome and a child
with cystic fibrosis were excluded. Following these cri-
teria, the population was narrowed down to 1987 chil-
dren. Since there was a small amount of blood obtained
and other measures had priority, C-peptide concentra-
tions were available for a smaller number of children. As
the lipid and glucose metabolism and educational level
differs by ethnicity, [5,13] only children with a Dutch
mother and Dutch grandmother were selected for the
present study. Thus, 1308 children with complete data
were included in the current study’s analyses. A sub-
sample of 974 children had complete data on C-peptide
and insulin resistance (HOMA-IR).

Independent variables
Socioeconomic status (SES) was indexed using maternal
education, as education level is the most consistent SES
predictor of cardiovascular disease and its risk factors
[14]. Maternal education was reported in the childhood
questionnaire and was categorized as follows: low (no
education or primary school only; lower vocational sec-
ondary education or technical secondary education); mid
(higher vocational secondary education, intermediate vo-
cational education); high (higher vocational education,
university education). In the questionnaire there were 4
categories, but only 5 women reported no education or
primary school only, therefore this category was com-
bined with lower vocational secondary education or
technical secondary education.
Analyses were repeated with family income adequacy

as an indicator of SES to get more insight in the broad
construct of SES. Family income adequacy was requested
in the childhood questionnaire and was categorized into
four categories: (1) inadequate – scored if the mother
filled out either “overdraft or in debt” or “using up my
savings”; (2) adequate – scored if the mother filled out
“can just make ends meet”; (3) bit more than adequate –
scored if “can make ends meet and a bit more” was filled
out ; and (4) a lot more than adequate – scored if “can
make ends meet and a lot more” was filled out.

Dependent variables
At the age five health check, capillary blood was col-
lected with an ambulatory collection kit (Demecal: Lab
Anywhere, Haarlem, The Netherlands) [12]. Fasting glu-
cose (mmol/l), total cholesterol (mmol/l), HDL (mmol/
l), LDL (mmol/l), triglycerides (mmol/l), and C-peptide
(nmol/l) were determined. 49% of the C-peptide concen-
trations fell below the detection limit of 0.34 nmol/l.
Therefore, associations with C-peptide were explored
using survival analysis. Sex, age and BMI of the children
were used to predict these concentrations for the miss-
ing cases with survival analysis in R (‘survreg’; R2.13.0, R
foundation for statistical computing, Vienna, Austria),
applying the log-logistic distribution because it was the
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Figure 1 Sampling procedure.
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best fitting, based on log-likelihood. The homeostatic
model assessment (HOMA2-IR) was used to quantify in-
sulin resistance, using glucose and C-peptide concentra-
tions [15].

Covariates
Childhood age (continuous) and sex were included as
covariates. Based on the literature, other covariates were
considered as potential mediators in the relation be-
tween SES and lipid and glucose metabolism. Potential
mediators were: size at birth (small-for-gestational age;
appropriate-for-gestational age; large-for-gestational
age), maternal pre pregnancy body mass index (BMI; kg/
m2, continuous), breastfeeding duration (< 1 month, 1–
3 months, and > 3 months), height (continuous), child-
hood BMI (kg/m2, continuous), sports club membership
(yes/no), walking to school (none, < 30 min a week, 31–
60 min a week, > 60 min a week), and cycling to school
(none, < 30 min a week, 31–60 min a week, > 60 min a
week). Size at birth was defined as small-for-gestational
age (SGA) when birth weight was below the 10th per-
centile of parity and sex specific references of the Peri-
natal Registration, the Netherlands (PRN), as
appropriate-for-gestational age when birth weight was
between p10 and p90, and as large-for-gestational age
(LGA) when birth weight was greater than the 90th per-
centile of these references [16]. Birth weight and gesta-
tional age were obtained from the Youth Health Care
Registration and the PRN. Self-reported pre pregnancy
weight and height were used to calculate pre pregnancy
maternal BMI. Information on duration of breastfeeding
was available from the infancy questionnaire and from
the Youth Health Care registration. This prospectively
collected information was completed with retrospective
information of the 5-year questionnaire to complete the
data (19.9% retrospective data). During the health check
at age 5, the child’s height was measured to the nearest
millimetre using a Leicester height measure (Seca), and
weight to the nearest 100 gram using a Marsden weigh-
ing scale, model MS-4102. On the basis of these values,
BMI was calculated. Dutch sex and age specific refer-
ences were used in expressing BMI as standard deviation
scores [17]. Information on walking and cycling was
available from the 5-year questionnaire. Mothers had to
fill in how many times their child walked to school and
how many times their child walked from school each
week. If their child walked to or from school we asked:
‘how many minutes does it take each time?’ The same
was done for cycling. The duration of walking and cyc-
ling (minutes) per week was calculated by multiplying
the frequency per week with the duration each time.

Statistics
Differences between SES groups were examined using
Chi-square tests for categorical variables and ANOVAs
for continuous variables (Table 1). Triglycerides and C-
peptide were log-transformed as they were positively
skewed. In addition, the associations of the lipid and glu-
cose metabolism to all covariates were assessed with lin-
ear regression models. First, univariate analyses were
performed (Table 2). Second, multivariate analyses were
performed including all potential mediators that were



Table 1 Sample characteristics and metabolic blood profile in means (SD) or percentage (%) by maternal education

Total Low education Mid education High education p-valuea

N 1308 68 216 1024

Age 5.67 (0.43) 5.66 (0.44) 5.74 (0.44) 5.66 (0.42) .04

Sex (% boys) 51.1 45.6 48.6 52.1 .42

Height m 1.16 (0.06) 1.17 (0.06) 1.17 (0.06) 1.16 (0.05) .12

Size at birth .34

SGA (<p10) (%) 5.4 4.4 8.3 4.9

AGA 79.9 79.4 78.2 80.3

LGA (>p90) 14.7 16.2 13.4 14.8

Pre pregnancy Maternal BMI 22.8 (3.6) 25.1 (4.7) 23.5 (3.8) 22.5 (3.3) <.001

Breastfeeding duration <.001

< 1 month (%) 23.1 39.7 31.0 20.3

1 – 3 months 24.9 30.9 28.7 23.8

> 3 months 52.0 29.4 40.3 55.9

Childhood sdsBMI −0.15 (0.82) 0.14 (1.00) −0.14 (0.94) −0.17 (0.77) .009

Physical activity

sports club member (% yes) 58.2 52.3 59.0 58.4 .42

Walking to school .001

No 47.1 47.6 45.1 47.5

< 30 min a week 23.7 11.1 23.3 24.6

31 – 60 min a week 19.4 15.9 22.3 19.0

> 60 min a week 9.7 25.4 9.2 8.9

Cycling to school .27

No 62.5 65.6 64.4 61.9

< 30 min a week 19.5 25.0 16.8 19.7

31 – 60 min a week 11.4 4.7 13.9 11.3

> 60 min a week 6.6 4.7 4.8 7.1

Income adequacy <.001

Inadequate (%) 8.1 7.5 11.1 7.3

Adequate 18.9 45.6 27.3 15.4

Bit more than adequate 41.9 36.8 43.1 42.0

Lot more than adequate 31.1 5.9 18.5 35.4

Outcome

Cholesterol (mmol/l) 4.0 (0.7) 4.0 (0.7) 4.1 (0.7) 4.0 (0.7) .47

HDL-C (mmol/l) 1.3 (0.3) 1.3 (0.3) 1.3 (0.3) 1.3 (0.3) .99

LDL-C (mmol/l) 2.3 (0.6) 2.3 (0.6) 2.4 (0.7) 2.3 (0.6) .45

Triglyceridesb (mmol/l) 0.6 (0.4 – 0.8) 0.6 (0.5 – 0.8) 0.6 (0.4 – 0.8) 0.6 (0.4 – 0.8) .66

Glucose (mmol/l) 4.6 (0.5) 4.7 (0.6) 4.6 (0.5) 4.5 (0.5) .01

n 974 52 154 768

C-peptideb (nmol/l) 0.32
(0.28 – 0.38)

0.38
(0.32 – 0.44)

0.33
(0.28 – 0.40)

0.32
(0.28 – 0.38)

<.001

HOMA-IR 0.7 (0.3) 0.9 (0.4) 0.8 (0.3) 0.7 (0.2) <.001
a based on ANOVAs and Chi Square test. P-values for triglycerides and C-peptide were based on log transformed data.
b median (interquartile range).
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Table 2 Univariate regression analysis (95% CI) of lipid and glucose metabolism with potential mediators

Cholesterol HDL-C LDL-C Log(triglycerides) Glucose Log(C-peptide) Insulin resistance

Age 0.09 (0.00 – 0.18) ** 0.10 (0.06 – 0.13) **** 0.14 (0.06 – 0.22) 0.01 (−0.01 – 0.04) 0.14 (0.08 – 0.21) **** −0.10 (−0.12 - -0.09) **** −0.15 (−0.19 - - 0.10) ****

Sex (reference: boys) 0.19 (0.12 – 0.26) **** −0.02 (−0.05 – 0.01) 0.24 (0.17 – 0.30) **** 0.06 (0.04 – 0.08) **** −0.13 (−0.18 - -0.08) **** 0.02 (0.01 – 0.03) *** 0.01 (−0.02 – 0.05)

Height in meters −0.33 (−0.99 – 0.33) * 0.15 (−0.15 – 0.45) −0.03 (−0.66 – 0.60) −0.01 (−0.19 – 0.18) 1.20 (0.73 – 1.68) **** −0.13 (−0.25 – -0.00) ** −0.07 (−0.37 – 0.22)

Size at birth (reference: AGA)

SGA 0.06 (−0.11 – 0.22) 0.08 (0.01 – 0.16) ** −0.04 (−0.19 – 0.12) 0.01 (−0.04 – 0.05) −0.02 (−0.14 – 0.10) −0.01 (−0.04 – 0.02) 0.00 (−0.07 – 0.07)

LGA −0.12 (−0.22 - -0.01) ** −0.04 (−0.09 – 0.01) −0.10 (−0.20 – 0.00) * −0.01 (−0.04 – 0.02) 0.01 (−0.06 – 0.09) 0.01 (−0.01 – 0.03) 0.04 (0.00 – 0.09) *

Maternal BMI 0.00 (−0.01 – 0.01) 0.00 (−0.01 – 0.00) 0.01 (−0.00 – 0.02) * 0.00 (−0.00 – 0.00) 0.01 (−0.00 – 0.02) 0.00 (−0.00 – 0.00) 0.00 (−0.01 – 0.00)

Breastfeeding duration
(reference: > 3 months)

< 1 month −0.02 (−0.11 – 0.07) −0.04 (−0.08 – 0.00) 0.00 (−0.09 – 0.09) 0.02 (−0.00 – 0.05) * −0.01 (−0.08 – 0.06) 0.00 (−0.01 – 0.02) 0.00 (−0.04 – 0.04)

1 – 3 months 0.08 (−0.01 – 0.17) 0.01 (−0.03 – 0.05) 0.07 (−0.02 – 0.15) 0.00 (−0.02 – 0.03) 0.00 (−0.06 – 0.07) 0.00 (−0.02 – 0.01) 0.01 (−0.03 – 0.05)

Childhood sdsBMI 0.01 (−0.04 – 0.06) −0.01 (−0.03 – 0.01) 0.01 (−0.03 – 0.05) 0.01 (−0.01 – 0.02) 0.05 (0.02 – 0.08) *** 0.03 (0.02 – 0.04) **** 0.04 (0.02 – 0.06) ****

Sports club member
(reference: yes)

−0.01 (−0.09 – 0.07) 0.01 (−0.03 – 0.04) −0.02 (−0.09 – 0.05) 0.00 (−0.02 – 0.02) 0.05 (−0.01 – 0.10) * −0.01 (−0.02 – 0.01) 0.00 (−0.03 – 0.04)

Walking to school
(reference: > 60 min a week)

No 0.09 (−0.02 – 0.21) −0.02 (−0.07 – 0.03) 0.04 (−0.07 – 0.15) 0.00 (−0.03 – 0.03) 0.01 (−0.07 – 0.09) 0.01 (−0.01 – 0.04) 0.03 (−0.02 – 0.08)

< 30 min a week 0.07 (−0.06 – 0.19) −0.01 (−0.07 – 0.05) 0.05 (−0.07 – 0.17) 0.00 (−0.04 – 0.03) 0.00 (−0.09 – 0.09) 0.01 (−0.02 – 0.03) 0.01 (−0.05 – 0.06)

31 – 60 min a week 0.05 (−0.08 – 0.18) −0.04 (−0.10 – 0.02) 0.03 (−0.10 – 0.16) 0.01 (−0.03 – 0.05) 0.06 (−0.03 – 0.16) 0.02 (−0.01 – 0.04) 0.05 (−0.01 – 0.11)

Cycling to school
(reference: > 60 min a week)

No −0.04 (−0.17 – 0.09) −0.05 (−0.10 – 0.01) −0.07 (−0.19 – 0.05) 0.01 (−0.03 – 0.04) −0.01 (−0.10 – 0.09) 0.00 (−0.02 – 0.03) −0.02 (−0.07 – 0.04)

< 30 min a week −0.06 (−0.21 – 0.09) −0.03 (−0.10 – 0.04) −0.07 (−0.21 – 0.07) −0.02 (−0.06 – 0.02) 0.03 (−0.08 – 0.14) 0.00 (−0.02 – 0.03) −0.02 (−0.09 – 0.05)

31 – 60 min a week −0.06 (−0.22 – 0.10) −0.01 (−0.08 – 0.07) −0.08 (−0.23 – 0.08) −0.01 (−0.06 – 0.03) 0.02 (−0.10 – 0.14) 0.01 (−0.02 – 0.05) 0.00 (−0.07 – 0.08)

* p < 0.1; ** p <0.05; *** p < 0.01; ****p < 0.001.
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associated (p-value < 0.1) with one of the outcome vari-
ables in univariate analyses (Table 3). Covariates were
considered as potential mediators if they were associated
with SES and if they were associated with the lipid and/
or glucose metabolism in multivariate analysis [18].
These potential mediators were added in the subsequent
models (Table 4) and were considered as mediators if the
coefficient of the association between SES and the lipid
and/or glucose metabolism decreased > 10% by adjust-
ment for the potential mediator [19]. All statistical ana-
lyses were performed using SPSS 15.0 for Windows. A p-
value < 0.05 was regarded as significant in all analyses.

Results
The final sample of 1308 children was comparable to the
sample of Dutch children (n = 1598 out of n = 2452) who
underwent a finger prick, in terms of maternal educa-
tional level (p = 0.13), income adequacy (p = 0.97), and
BMI (15.4 vs 15.3 p = 0.35). However these children were
slightly younger (5.6 vs 5.7, p = 0.004). Children with
available markers of lipid and glucose metabolism
tended to have higher educated mothers (9.9 vs 8.2 years
of education after primary school), older mothers (32.1
vs 30.2 y), mothers with a lower body mass index (23.0
vs 23.2), and higher birth weight (3503 vs 3360 g) com-
pared to the initial ABCD-cohort.
As presented in Table 1, the children’s mean age in the

current sample was 5.67 (SD 0.43). Maternal pre preg-
nancy BMI, duration of breastfeeding, childhood BMI,
and duration of walking to school differed between edu-
cational groups.
Concentrations of cholesterol, HDL, LDL, and trigly-

cerides were equal between educational groups. How-
ever, there were educational inequalities in fasting
Table 3 Multivariate linear regression models of glucose, C-p
variables

Glucose

β (95% CI)

Maternal education (reference: high)

Mid 0.07 (0.00 – 0.01)

Low 0.14 (0.02 – 0.26)

Age 0.10 (0.03 – 0.17)

Sex (reference: boys)

Girls −0.12 (−0.18 - -0.07)

Height in meters 0.64 (0.07 – 1.20)

Size at birth (reference: AGA)

SGA (<p10) −0.01 (−0.13 – 0.11)

LGA (>p90) −0.03 (−0.10 – 0.05)

Sports club member (reference: yes) 0.03 (−0.02 – 0.09)

Childhood sdsBMI 0.04 (0.01 – 0.08)
glucose, C-peptide, and insulin resistance with higher
values in children of less educated mothers (Table 1). In
univariate analyses (Table 2), cholesterol, LDL, and tri-
glycerides were associated with sex, with higher levels in
girls. In addition, cholesterol and HDL were associated
with age, and size at birth. Glucose, C-peptide, and insu-
lin resistance were associated with age and childhood
BMI. Moreover, glucose and C-peptide were associated
with sex, and height. As sports club membership and
size at birth were borderline associated (p < 0.1) with a
marker of the glucose metabolism, these variables were
included in the multivariate analyses as well (Table 3). In
multivariate analyses, the higher the childhood BMI, the
higher were glucose, C-peptide, and insulin resistance.
Childhood height was associated with glucose and C-
peptide as well. Other covariates were not associated
with glucose, C-peptide, and insulin resistance in multi-
variate analyses. Thus, only childhood height and BMI
were indicated as a potential mediator and adjusted to
the subsequent model.
As can be seen from Table 4, adjustment for childhood

height (model 2) to the basic model (model 1) did not
decrease the coefficients. Additional adjustment for
childhood BMI (model 3) led to a considerable decrease
in the coefficients of glucose, C-peptide and insulin re-
sistance among children of low educated mothers. After
adjustment for age, height, sex, and BMI, the association
between low maternal education and glucose, C-peptide,
and insulin resistance remained significant.

Replicating the analyses using income adequacy as an
indicator of SES
The analyses were repeated using income adequacy as
an indicator of SES. Income adequacy was not associated
eptide, and insulin resistance, including all presented

Log(C-peptide) Insuline resistance

β (95% CI) β (95% CI)

0.02 (0.00 – 0.04) 0.04 (0.00 – 0.09)

0.06 (0.03 – 0.08) 0.13 (0.06 – 0.20)

−0.12 (−0.13 - -0.10) −0.17 (−0.22 - -0.13)

0.02 (0.00 – 0.03) 0.01 (−0.02 – 0.64)

0.16 (0.03 – 0.29) 0.31 (−0.02 – 0.64)

0.02 (−0.01 – 0.04) 0.04 (−0.03 – 0.11)

0.00 (−0.02 – 0.02) 0.02 (−0.02 – 0.07)

0.00 (−0.02 – 0.01) 0.01 (−0.03 – 0.04)

0.03 (0.02 – 0.03) 0.04 (0.02 – 0.06)



Table 4 Linear regression models of the association between maternal education and glucose, C-peptide, and insulin
resistance

Glucose Log(C-peptide) Insulin resistance

β (95% CI) β (95% CI) β (95% CI)

Model 1a

Maternal education

Mid 0.07 (−0.002 – 0.14) 0.02 (0.002 – 0.04) 0.05 (0.002 – 0.09)

Low 0.16 (0.04 – 0.27) 0.07 (0.04 – 0.10) 0.15 (0.08 – 0.22)

Model 2b

Maternal education

Mid 0.07 (−0.00 - 0.14) 0.02 (0.002 – 0.04) 0.05 (0.002 – 0.09)

Low 0.15 (0.03 - 0.27) 0.07 (0.04 – 0.09) 0.15 (0.08 – 0.22)

Model 3c

Maternal education

Mid 0.07 (−0.01 - 0.14) 0.02 (0.002 - 0.04) 0.04 (0.001 – 0.09)

Low 0.14 (0.02 - 0.26) 0.06 (0.03 – 0.08) 0.13 (0.07 – 0.20)
a Model 1 adjusted for age and sex.
b Model 2 adjusted for age, sex, and height.
c Model 3 adjusted for age, sex, height, and sdsBMI.
In all models high education was considered as reference group.
Bold indicates significance.
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with covariates, except maternal BMI and childhood
BMI. The lesser the income adequacy, the higher the
BMI. Income adequacy was not associated with the lipid
and glucose metabolism in analyses adjusted for age,
height, and sex (data not shown).

Discussion
This study sought to investigate the relationship between
socioeconomic status and the lipid and glucose metabol-
ism in 5–6 year olds. Interestingly, there were no differ-
ences in lipid profile, while there were gradual
differences in the glucose profile with higher levels of
glucose, C-peptide, and insulin resistance in children
with low educated mothers.
So far, the association of SES to lipid and glucose me-

tabolism has not been demonstrated at this young age.
In 10 year olds, there were also no SES differences in
cholesterol, triglycerides, and HDL [10]. In a slightly
older Danish cohort there were no differences in trigly-
cerides and HDL, but there were educational differences
in insulin resistance (HOMA-IR) [8]. Among adoles-
cents, Goodman and colleagues showed education
related differences in insulin, glucose, insulin resistance
(HOMA-IR), and also in HDL and LDL [6]. It appears
that there are education related differences in insulin re-
sistance in early childhood and that these differences in
dyslipidemia become clear later in life. This concords
with the pathogenesis of dyslipidemia of which research-
ers, as stated by Brunzell and Hokanson, hypothesized
that “central obesity causes insulin resistance and ele-
vated free fatty acid levels, with the resultant increase in
hepatic apoB secretion and increased hepatic lipase ac-
tivity leading to hypertriglyceridemia, small dense LDL,
and decreased HDL” [19]. Thus, insulin resistance seems
to be a cause of dyslipidemia. As children with low edu-
cated mothers had higher levels of insulin resistance,
they are consequently at risk for dyslipidemia later in
life.

Inequalities explained
Educational inequalities in glucose, C-peptide and insu-
lin resistance were partly explained by standardized child
BMI. However, independently of BMI there remained an
association between maternal education and the glucose
profile. This association can not be explained by mater-
nal pre pregnancy BMI, breastfeeding duration, physical
activity, and income adequacy. In addition, the associ-
ation between maternal education and the glucose me-
tabolism can not be explained by size at birth as size at
birth was not associated with markers of the glucose me-
tabolism in multivariate analyses. However, there was a
significant association between insulin resistance and
LGA in univariate analyses. This finding is comparable
to other studies and suggests the overriding importance
of current BMI [20,21]. The association of maternal edu-
cation to glucose, C-peptide, and insulin resistance
might be explained by other factors, such as carbohy-
drate intake, and stress of living. Previous research indi-
cates that insulin resistance is associated with
carbohydrate intake [22]. In our sample, there was no
association of insulin resistance to carbohydrate intake
in a subgroup of 765 children who completed a food
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frequency questionnaire at age 5–6. In addition, the
carbohydrate metabolism and cholesterol metabolism
are influenced by cortisol. Low SES children are at risk
for dysregulation of cortisol due to stress of living [6,23].
Thus, in low SES children, insulin resistance might be
caused by stress of living. For planning preventive initia-
tives it is important to better understand socioeconomic
inequalities in insulin resistance. Therefore, future re-
search should take into account cortisol in particular.

Strengths and limitations
The results presented here are subject to limitations.
First, the current study is conducted in a large prospect-
ive cohort study and unfortunately, selective loss to
follow-up was present, as in most cohort studies. The
current subgroup tends to be a slightly healthier and
higher SES reflection of the population. This underre-
presentation of low SES children might be the reason
that some of the actual associations did not reach signifi-
cance. The non significant associations were, however,
far from statistical significance: even in a population
with higher low SES prevalence, the associations are not
likely to become significant. Second, because this is a
large epidemiological study, insulin resistance was mea-
sured with the HOMA model using C-peptide rather
than oral glucose tolerance test or euglycemic clamp.
Unfortunately, due to the relatively high detection limit,
we had many missing on C-peptide and had to impute
this variable using survival analysis. We repeated the
analyses including only those with original C-peptide
data (without imputation). In these analyses the educa-
tion related differences in C-peptide were slightly larger
(0.38 nmol/l vs 0.45 nmol/l for high and low education
respectively). We infer that multiple imputation under-
estimated rather than overestimated our results. Finally,
we used two indicators of socioeconomic status, but
these indicators cannot capture the whole SES. In
addition, income adequacy is a subjective indicator of
SES, so an ‘adequate’ income could interpret differential
by participants.

Conclusions
The current study shows relevant educational inequal-
ities in glucose levels and insulin resistance at age 5–6,
while there are no educational inequalities in lipid pro-
file. As previous research at adolescence showed educa-
tional inequalities in lipid profile, our findings have
important implications for understanding risk trajector-
ies among youth and suggest that educational inequal-
ities begin in early childhood and may increase over
time as the children become older. The association be-
tween maternal education and insulin resistance is partly
explained by childhood BMI. However, BMI and various
other factors cannot fully explain the educational
gradient in insulin resistance. Whilst identification of
specific influences underlying the educational gradient
in insulin resistance requires further investigation, our
findings suggest that reducing BMI decreases the educa-
tional gradient in insulin resistance at early childhood
and may improve cardiovascular disease risk in later life.

Abbreviations
95% CI: 95% confidence interval; ABCD: Amsterdam Born Children and their
Development; AGA: Appropriate-for-gestational age; ANOVA: Analysis of
variance; BMI: Body mass index; HDL: High-density lipoprotein;
HOMA: Homeostatic model assessment; LDL: Low-density lipoprotein;
LGA: Large-for-gestational age; OR: Odds ratio; PRN: Perinatal Registration,
the Netherlands; SES: Socioeconomic status; SGA: Small-for-gestational age.

Competing interest
The authors declare that they have no competing interests

Authors’ contributions
GVDB had primary responsibility for data analysis and writing the manuscript.
MVE coordinated data collection as project manager of the ABCD study,
provided statistical advice and participated in writing the manuscript. TV
coordinated data collection as project manager of the ABCD study, provided
statistical advice and participated in writing the manuscript. RG, supervised
the design of the study, supervised data analysis and writing of the
manuscript. All authors have seen and approved this final version.

Funding
None

Acknowledgements
We are grateful to the participating hospitals, midwife practices, and Youth
Health Care Center in Amsterdam and we thank all participating women and
their children.

Author details
1Department of Pediatrics, VU University Medical Center, Amsterdam, The
Netherlands. 2Department of Epidemiology, Documentation and Health
Promotion, Public Health Service of Amsterdam (GGD), Amsterdam, The
Netherlands. 3Department of Health Sciences, VU University, Amsterdam, The
Netherlands. 4Department of Public Health, Academic Medical Center,
University of Amsterdam, Amsterdam, The Netherlands.

Received: 12 April 2012 Accepted: 18 July 2012
Published: 1 August 2012

References
1. Lynch JW, Kaplan GA, Cohen RD, Kauhanen J, Wilson TW, Smith NL, Salonen

JT: Childhood and adult socioeconomic status as predictors of mortality
in Finland. Lancet 1994, 343:524–527.

2. Mackenbach JP, Stirbu I, Roskam AJ, Schaap MM, Menvielle G, Leinsalu M,
Kunst AE: Socioeconomic inequalities in health in 22 European countries.
N Engl J Med 2008, 358:2468–2481.

3. Wannamethee SG, Whincup PH, Shaper G, Walker M: Influence of fathers'
social class on cardiovascular disease in middle-aged men. Lancet 1996,
348:1259–1263.

4. Baker JL, Olsen LW, Sorensen TI: Childhood body-mass index and the risk
of coronary heart disease in adulthood. N Engl J Med 2007,
357:2329–2337.

5. Goodman E, Daniels SR, Dolan LM: Socioeconomic disparities in Insulin
Resistance: Results From the Princeton School District Study. Psychosom
Med 2007, 69:61–67.

6. Goodman E, McEwen BS, Huang B, Dolan LM, Adler NE: Social inequalities
in biomarkers of cardiovascular risk in adolescence. Psychosom Med 2005,
67:9–15.

7. Van Lenthe FJ, Boreham CA, Twisk JW, Strain JJ, Savage JM, Smith GD:
Socio-economic position and coronary heart disease risk factors in
youth. Findings from the Young Hearts Project in Northern Ireland. Eur J
Public Health 2001, 11:43–50.



van den Berg et al. BMC Public Health 2012, 12:591 Page 9 of 9
http://www.biomedcentral.com/1471-2458/12/591
8. Lawlor DA, Harro M, Wedderkopp N, Andersen LB, Sardinha LB, Riddoch CJ,
Page AS, Anderssen SA, Froberg K, Stansbie D, et al: Association of
socioeconomic position with insulin resistance among children from
Denmark, Estonia, and Portugal: cross sectional study. BMJ 2005, 331:183.

9. Katzmarzyk PT, Perusse L, Malina RM, Bergeon J, Despres JP, Bouchard C:
Stability of indicators of the metabolic syndrome from childhood and
adolescence to young adulthood: the Quebec Family Study. J Clin
Epidemiol 2001, 54:190–195.

10. Howe LD, Galobardes B, Sattar N, Hingorani AD, Deanfield J, Ness AR,
Davey-Smith G, Lawlor DA: Are there socioeconomic inequalities in
cardiovascular risk factors in childhood, and are they mediated by
adiposity? Findings from a prospective cohort study. Int J Obes (Lond)
2010, 34:1149–1159.

11. van Eijsden M, Vrijkotte TG, Gemke RJ, van der Wal MF: Cohort Profile: The
Amsterdam Born Children and their Development (ABCD) Study. Int J
Epidemiol 2010, .

12. Gootjes J, Tel RM, Bergkamp FJ, Gorgels JP: Laboratory evaluation of a
novel capillary blood sampling device for measuring eight clinical
chemistry parameters and HbA1c. Clin Chim Acta 2009, 401:152–157.

13. Ford ES, Li C, Zhao G, Mokdad AH: Concentrations of low-density
lipoprotein cholesterol and total cholesterol among children and
adolescents in the United States. Circulation 2009, 119:1108–1115.

14. Luepker RV, Rosamond WD, Murphy R, Sprafka JM, Folsom AR, McGovern
PG, Blackburn H: Socioeconomic status and coronary heart disease risk
factor trends. The Minnesota Heart Survey. Circulation 1993,
88:2172–2179.

15. Wallace TM, Levy JC, Matthews DR: Use and abuse of HOMA modeling.
Diabetes Care 2004, 27:1487–1495.

16. Visser GH, Eilers PH, Elferink-Stinkens PM, Merkus HM, Wit JM: New Dutch
reference curves for birthweight by gestational age. Early Hum Dev 2009,
85:737–744.

17. Fredriks AM, van Buuren S, Burgmeijer RJ, Meulmeester JF, Beuker RJ,
Brugman E, Roede MJ, Verloove-Vanhorick SP, Wit JM: Continuing positive
secular growth change in The Netherlands 1955–1997. Pediatr Res 2000,
47:316–323.

18. Baron RM, Kenny DA: The moderator-mediator variable distinction in
social psychological research: conceptual, strategic, and statistical
considerations. J Pers Soc Psychol 1986, 51:1173–1182.

19. Brunzell JD, Hokanson JE: Dyslipidemia of central obesity and insulin
resistance. Diabetes Care 1999, 22(Suppl 3):C10–C13.

20. Ong KK, Petry CJ, Emmett PM, Sandhu MS, Kiess W, Hales CN, Ness AR,
Dunger DB: Insulin sensitivity and secretion in normal children related to
size at birth, postnatal growth, and plasma insulin-like growth factor-I
levels. Diabetologia 2004, 47:1064–1070.

21. Jeffery AN, Metcalf BS, Hosking J, Murphy MJ, Voss LD, Wilkin TJ: Little
evidence for early programming of weight and insulin resistance for
contemporary children: EarlyBird Diabetes Study report 19. Pediatrics
2006, 118:1118–1123.

22. Park YW, Zhu S, Palaniappan L, Heshka S, Carnethon MR, Heymsfield SB: The
metabolic syndrome: prevalence and associated risk factor findings in
the US population from the Third National Health and Nutrition
Examination Survey, 1988–1994. Arch Intern Med 2003, 163:427–436.

23. Brunner E: Stress and the biology of inequality. BMJ 1997, 314:1472–1476.

doi:10.1186/1471-2458-12-591
Cite this article as: van den Berg et al.: Socioeconomic inequalities in
lipid and glucose metabolism in early childhood in a population-based
cohort: the ABCD-Study. BMC Public Health 2012 12:591.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Independent variables
	Dependent variables
	Covariates
	Statistics

	link_Fig1
	link_Tab1
	link_Tab2
	Results
	Replicating the analyses using income adequacy as an indicator of SES

	link_Tab3
	Discussion
	Inequalities explained

	link_Tab4
	Strengths and limitations

	Conclusions
	Competing interest
	Authors´ contributions
	Funding
	Acknowledgements
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23

