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General introduction
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Although morbidity and mortality rates are decreasing, cardiovascular disease is still a 
major cause of death among the population (1;2). Several risk factors for the development of 
atherosclerosis may be present for decades before the disease becomes manifest coronary 
artery disease. An important group of cardiovascular risk factors that tends to cluster in a 
patient is called the metabolic syndrome (3). Obesity, elevated plasma glucose, hyperten-
sion and dyslipidaemia are all part of the metabolic syndrome (4). Many studies have shown 
that these risk factors are related to insulin resistance (3;5) and that insulin resistance 
itself is a cardiovascular risk factor. The underlying etiology for the development of some 
of the metabolic syndrome factors is found in abnormalities in visceral adipose tissue or an 
altered inflammatory state (5).
An increasing number of children are at risk for the development of insulin resistance dur-
ing childhood. Important conditions associated with insulin resistance are low birth weight 
(6), prematurity (7;8) and childhood obesity (9).

Insulin resistance in intrauterine growth retardation and prematurity

Fetal and early life origins of adult disease

In 1986, while searching for an explanation of the different rates of mortality from stroke 
and cardiovascular diseases in Hertfordshire, Barker and colleagues (10) noted that the 
geographical distribution of mortality rates from stroke and cardiovascular diseases in 
1968-1978 was closely related to neonatal mortality in 1921-1925. These findings led to the 
conclusion that poor health and physique of mothers were important determinants of stroke 
risk in their offspring. Soon afterwards, they proposed the hypothesis that environmen-
tal influences, which impair fetal growth and development, result in an increased risk for 
ischaemic heart disease.
Intrauterine growth retardation is the concept that is used to explain the association 
between low birth weight and adult disease. Following the original reports, this concept has 
been used in an abundance of studies that confirm the relation between low birth weight 
and the development of hypertension, obesity, dyslipidaemia, insulin resistance, glucose 
intolerance, type 2 diabetes (11-15), and cardiovascular disease. Insulin resistance is a 
condition in which normal amounts of insulin are inadequate to produce a normal insulin 
response from fat, muscle and liver cells. In a state of insulin resistance compensatory 
increases of insulin production are needed to maintain a normal glucose regulation. Insulin 
resistance may however have deleterious effects on the regulation of other body functions 
such as blood pressure, sympathetic nervous system outflow and vascular smooth muscle 
proliferation.
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The thrifty phenotype hypothesis and fetal programming

To explain the relation between low birth weight and the later development of diseases, 
Hales and Barker introduced the thrifty phenotype hypothesis in 1992 (16). This hypothesis 
states that when the fetal environment is poor, there is an adaptive response to increase 
probability of survival. These survival responses might become permanent ie. programmed. 
Programmed effects could involve epigenetic changes in gene expression or altered stem 
cell allocation. After birth, when the environment changes from poor to rich, these perma-
nent changes might become mismatched.

Metabolic consequences of low birthweight at term

The consequences of low birth weight have recently been reviewed (17).
Insulin resistance is a consistent finding in children and adults born small for gestational 
age (SGA), independent of confounding factors such as body mass index (BMI) and age. In 
children born SGA, insulin resistance has been demonstrated throughout childhood (18;19) 
and adulthood (6;20). Studies in prepubertal children have shown that plasma glucose levels 
after an oral glucose load are inversely related to size at birth (21;22).
Adults born with low birth weight have increased prevalence of the metabolic syndrome. 
The metabolic syndrome is a group of cardiovascular risk factors including obesity, dysli-
pidaemia, hypertension and raised fasting glucose concentrations. Barker et al. reported 
in 1993 that out of 64-year-old men whose birth weights were 2.95 kg or less, 22% had the 
metabolic syndrome (23). This relation could even be found in young adults aged 22 years 
with low birth weights. The metabolic syndrome as defined was present in 2.3% of individu-
als born SGA, compared with 0.3% of individuals born appropriate for gestational age (AGA) 
and the presence of the metabolic syndrome also was associated with insulin resistance 
(24).

Pathophysiology

Mechanisms underlying the relation between low birth weight and adult disease are still 
unclear. Some genetic loci have been linked to low birth weight (25). Mutations in the glu-
cokinase gene, polymorphisms in the insulin gene and the coding region for the insulin 
receptor substrate-1 gene are associated with IUGR and insulin resistance (26-28).
Alternatively, the explanation for the relation between birth weight and insulin sensitivity 
and – secretion is based on early life physiological programming (23). Hales and others (16) 
proposed that growth-retarded newborn infants have reduced number of beta-cells and 
reduced insulin secretion. In animal models prenatal malnourishment results in pancreatic 
changes. In humans, until now structural changes of the pancreas have not been identified 
(29).
After birth, the relation between low birth weight and adult disease can be modified by fac-
tors such as catch up growth for height. In a recent review Gluckman (30) underlines that 
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many factors should be taken into account, and thus “the outcome of a pregnancy must be 
considered in terms of maternal and neonatal health, the growth and cognitive development 
of the infant, its health as an adult, and even the health of subsequent generations’’ (31).

Catch up growth

Catch-up growth is a growth velocity greater than the median for age and gender for a 
period of time (17) in order to normalise height after a period of growth delay. Definitions of 
catch up growth based on normal height of the population do not incorporate the individual 
genetic potential for growth. The genetic potential can be estimated by calculation of the 
target height from the height of the parents.
In individuals born SGA, insulin resistance was observed during the early catch-up growth 
period from 0 to 2 years of age (32). Results of another study in pre-pubertal SGA children 
showed that a lower insulin sensitivity was only found in children with catch-up growth 
expressed as a current BMI of 17 kg/m2 or greater (33). These findings suggest that catch 
up growth can lead to adverse metabolic outcomes. With regard to the metabolic syndrome, 
postnatal catch-up growth has also been shown to be a risk factor for the development of 
hypertension (34-37), ischaemic heart disease (38;39) and type 2 diabetes (40).
Until adulthood, height and weight are interrelated and many authors have focused on 
catch-up growth as gain of body size expressed as body mass index (BMI). Jaquet et al. (24) 
found that catch up in height was not associated with the development of insulin resistance 
whereas catch-up in BMI was. Poor glucose tolerance has been related to rapid postnatal 
weight gain in seven-year-old children (41). The mechanisms inducing catch-up growth are 
unclear. A role has been proposed for products from adipose tissue such as leptin (42), non-
esterified fatty acids and cytokines (TNF-α and IL-6).

Preterm birth

Over the last decades the care for children born preterm has been considerably improved 
leading to improved survival. Preterm birth is not rare: in The Netherlands 1% of children is 
born after a gestational age less than 32 weeks. Premature delivery may result in poor early 
and postnatal growth, inadequate nutrient delivery and increased physiological stress. The 
adverse environment ex-utero that preterms are exposed to during their “third trimester” 
has led to the proposal that preterm born individuals and term born SGA individuals share 
similarities with respect to growth and metabolic abnormalities.
While earlier studies reported conflicting height data, later studies almost invariably found 
impairment of postnatal growth in individuals born preterm (43-46). Inadequate nutrient 
intake accompanied by high morbidity is a major factor leading to growth retardation in the 
postnatal period. The majority of preterm infants accumulate a considerable nutrient deficit 
that cannot be replaced by feeding to current recommended daily intakes (17).
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The early growth pattern for height in preterm born infants shows similarities with the 
growth pattern observed in term children born SGA (47). Wit et al. recently suggested that 
childhood growth and adult height are similar in preterm individuals born SGA, in preterm 
individuals born AGA with inadequate growth until term and in individuals born SGA at term 
(48).
It has not been proven to which extent findings in SGA individuals born at term can be trans-
lated to preterm born individuals. Mechanisms leading to disease in later life in children 
born preterm may be different since preterms are not exposed to chronic placental insuf-
ficiency but to a cascade of acute problems including temperature problems, breathing 
difficulties, infections, anemia, intraventricular hemorrhage etc. Although there are simi-
larities between the growth patterns of children born SGA at term and preterms, there are 
differences in the regulation of growth. Pre-pubertal children born preterm have higher 
growth hormone levels, lower IGF-1 levels, higher IGF-2 levels and considerably lower 
IGFBP3-levels compared to term born SGA children (49;50). These findings are suggestive 
for partial growth hormone resistance.

Metabolic consequences of preterm birth

Preterm birth has been associated with glucose intolerance, insulin resistance, and 
increased blood pressure.
Irving et al (51) first demonstrated that adults born prematurely are exposed to cardiovas-
cular risks. Individuals born preterm had higher adult blood pressure and fasting plasma 
glucose compared to normal term birth weight controls. With respect to these findings, 
among individuals born preterm, those who were born small for gestational age were not 
measurably more disadvantaged than those born preterm appropriate for gestational age.
Other studies, focussing on hypertension, showed that birth weight, rather than birth weight 
standardised for gestational age, is related to blood pressure and that the association 
between birth weight and blood pressure is similar in term and preterm infants (52-55).
Fewtrell et al. (56) studied 200 12-year-old individuals born preterm. They measured glu-
cose and insulin levels during a standard oral glucose tolerance test. They found an asso-
ciation between birth weight and glucose but not with insulin levels. However, subjects were 
in various stages of puberty, which makes the measurements difficult to interpret.
Hofman et al. (7) reported a marked reduction of insulin sensitivity in preterm born subjects 
compared to term born subjects. The reduction in insulin sensitivity in preterm SGA and 
AGA subjects was similar to that found in term SGA subjects. No relation between insulin 
sensitivity and either birth weight or degree of prematurity was observed, suggesting that 
the postnatal environment was more important than the late fetal environment in the meta-
bolic programming of premature subjects (50).
Recently, Hovi et al. (8) studied 169 subject with very low birth weight and 169 subjects born 
at term with a normal birth weight. They found that young adults with a very low birth weight 



G
en

er
al

 in
tr

o
d

u
ct

io
n

15

had a 6.7% increase in the 2-hour glucose levels, a 16.7% increase in the fasting insulin con-
centration and an increase of 4.8 mmHg in systolic blood pressure compared with subjects 
born at term.

Insulin resistance in obesity

Type 2 diabetes mellitus

During the past two decades the prevalence of overweight and obesity in children has 
increased rapidly worldwide (57). In the United States type 2 diabetes mellitus (T2DM) now 
accounts for a considerable proportion of newly diagnosed diabetes in children (58). Insu-
lin resistance is strongly associated with obesity and is considered as the first step in the 
development of T2DM. Normally, insulin sensitivity and insulin secretion are inversely and 
proportionally related. When insulin sensitivity decreases, insulin secretion has to increase 
in order to maintain a normal glucose disposition. At a certain moment during the develop-
ment of T2DM this compensatory beta-cell response may fail and the glucose disposition 
decreases. The failure of the beta cell underlies the transition from insulin resistance to 
clinical diabetes.
Glucose intolerance is a potentially reversible condition that precedes T2DM. Alarming 
reports from the US have shown that 20-25% of obese children are glucose intolerant (59). A 
much lower prevalence of impaired glucose tolerance (IGT) i.e. 4.5% was observed in obese 
Italian children (60). In contrast data from the UK showed an IGT in 11% of obese children 
and adolescents (61). These geographic differences in IGT among obese children are not 
completely understood.
Only few data are available on T2DM in paediatric patients in Europe. The prevalence of type 
2 diabetes may still be low, as not many children are known to be diagnosed with T2DM. 
The incidence of T2DM among children in the Netherlands is unknown. On the other hand it 
is well known that Dutch children increasingly become more obese. In the period between 
1980 and 1997 overweight among 5-11 year-old boys increased from 3-5% to 7-12 % in the 
Netherlands, and obesity increased from 0.1-0.3% to 0.8-1.6 %. Comparable trends were 
found in girls (62;63). Thereafter the prevalence of overweight increased at an even faster 
rate: in 2003 14.5% of the boys and 17.5% of the girls were overweight or obese (64). These 
increases in the prevalence of overweight and obesity are alarming because a proportion of 
these children may develop IGT and T2DM (65;66).

The metabolic syndrome

The metabolic syndrome is a clustering of cardiovascular risk factors including obesity, 
increased fasting glucose, dyslipidaemia and hypertension (3). The concept of the metabolic 
syndrome has been heavily debated (5;67). It is uncertain whether insulin resistance is the 
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unifying aetiology of the metabolic syndrome. Some of the components are related to adi-
pose tissue abnormalities or an altered inflammatory state and insulin resistance may be a 
risk factor not unlike other metabolic syndrome components (5).
In children, as in adults, components of the metabolic syndrome have been related to insu-
lin resistance (68-70). For children, various modifications of the main definitions for adult 
metabolic syndrome have been used (71). In contrast to adults, the metabolic syndrome 
can appear and disappear in adolescents. In the diagnosis of the metabolic syndrome lon-
gitudinal analysis in adolescents showed instability in the presence of metabolic syndrome 
components (72). Furthermore, the 3 out of 5 “factor approach” that is used for the defini-
tion of the metabolic syndrome may exclude clinically important information in children (73) 
as well as in adults (5).
The incidence of the metabolic syndrome in adolescents has sharply increased during the 
past decades in the United States (US) and other countries. However, various studies have 
used different definitions and are therefore difficult to compare. The United States NHANES 
III survey, using the ATP-III definition, shows that nearly 30% of the overweight adolescents 
have a metabolic syndrome phenotype. The overall prevalence of the metabolic syndrome 
in US adolescents is 6.4% (74). A study from the United Kingdom (UK), using a modified WHO 
definition including raised fasting insulin levels, showed that the metabolic syndrome was 
diagnosed in one third of obese children and adolescents referred to an obesity clinic. (75). 
Hyperinsulinemia, a factor that is not included in the ATP-III criteria, was an important fac-
tor contributing to this high prevalence.
Although age specific metabolic syndrome criteria have been developed based on cross-
sectional measurements in a large cohort (76) there is no consensus on the definition in 
children. Recently, the International Diabetes Federation (IDF) proposed a world-wide 
definition for the metabolic syndrome in children and adolescents (77) that can be used 
as a research tool. The definition involves age-specific criteria for obesity, triglycerides, 
high-density lipoproteins, blood pressure and fasting glucose levels. Such a unifying tool is 
important since it allows the comparison of cohorts in different geographical regions.
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Metabolic consequences of preterm birth

Aim of the study

Adult consequences of low birth weight have been described extensively and include insulin 
resistance, type 2 diabetes, hypertension, dyslipidaemia and increased risk for cardiovas-
cular disease. The underlying mechanisms that have been proposed to explain the relation-
ship between low birth weight and later disease include catch-up growth and altered body 
composition. Preterms are invariably born with a low birth weight and we hypothesized 
that a tendency for the development of insulin resistance, type 2 diabetes, hypertension, 
dyslipidaemia and increased risk for cardiovascular disease can be found in preterm born 
subjects, especially in those with catch-up growth and altered body composition.
In order to test our hypothesis the following research questions were formulated:
– Is preterm birth associated with increased health risks in later life such as insulin re-

sistance as it is observed in small for gestational age born subjects?
– Is insulin resistance in young adults born preterm stronger related to birth weight than 

to gestational age?
– Are the associations between birth weight and later insulin resistance explained by de-

velopmental, metabolic or endocrine components?
– Are the metabolic consequences of prematurity comparable to the metabolic conse-

quences of subjects born small for gestational age treated with growth hormone?
– Are there differences in insulin sensitivity between preterm-born subjects with Pre-

term Growth Restraint compared to preterm-born subjects without Preterm Growth 
Restraint?

Metabolic consequences of childhood obesity

Aim of the study

The global obesity epidemic is related with increasing prevalences of glucose intolerance, 
type 2 diabetes and the metabolic syndrome in children. In The Netherlands, type 2 diabe-
tes and the metabolic syndrome were virtually non-existent diagnoses until the turn of the 
century. The prevalence of glucose intolerance, type 2 diabetes and the metabolic syndrome 
among obese children in The Netherlands is not known.
The following research questions were formulated:
– How often is type 2 diabetes diagnosed among Dutch children with new onset diabetes 

mellitus?
– What is the prevalence of the metabolic syndrome among Dutch obese children?
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Design and outline of the thesis

To answer the research questions the following studies were performed.
The methods are briefly described.
Insulin sensitivity and blood pressure were investigated in relation to childhood growth pat-
terns in young adults born preterm (Chapter 3). To study this, the hyperinsulinaemic eugly-
caemic clamp design was used that is considered as the gold standard for the measurement 
of insulin sensitivity. Participants were recruited from the POPS cohort (Project On Pre-
mature and Small for gestational age infants) that comprises of 94% of all Dutch neonates 
(n=1338) who were born alive in 1983 with a gestational age of below 32 weeks and / or with 
a birth weight below < 1500 g (1). The study group consisted of young adults born preterm 
appropriate for gestational age, young adults born small for gestational age and control 
subjects born at term with normal birth weight.
Growth hormone is an effective therapy in term born small for gestational age subjects that 
do not catch up for height. There are concerns about the long-term effects of this therapy. 
Therefore insulin sensitivity was studied in young adult males that had been treated with 
growth hormone and compared to insulin sensitivity in males born preterm small for ges-
tational age, males born preterm appropriate for gestational age and males born at term 
with normal birth weight (Chapter 4).
In preterm born subjects insulin resistance, glucose intolerance and high blood pressure 
have been reported but dyslipidaemia was not found. Fasting measurements may under-
estimate metabolic abnormalities. Therefore postprandial lipid metabolism and beta cell 
responses were investigated after a mixed meal in the same study groups as in the study on 
insulin sensitivity (Chapter 5).
The relation between preterm growth restraint and adult insulin sensitivity is not known. 
In this study insulin sensitivity was analysed in preterm born subjects according to the pre-
term growth restraint definition. The study group consisted of the preterm born subjects 
from the POPS cohort (Chapter 6).
Chapter 7 describes a nation-wide study on the prevalence of type 2 diabetes among Dutch 
children that was performed in 2003 and 2004. New cases of diabetes were investigated 
by means of questionnaires. The diagnosis that was initially made was re-evaluated using 
criteria of the American Diabetes Association.
The presence of insulin resistance and the metabolic syndrome among obese children 
referred to an obesity clinic is described in Chapter 8. In this hospital-based study clinical 
features of the metabolic syndrome were measured and an oral glucose tolerance test was 
performed in obese children and adolescents. Glucose intolerance was diagnosed according 
to the American Diabetes Association criteria (2). The metabolic syndrome was diagnosed 
according to world-wide criteria proposed by the International Diabetes Federation (3).
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Abstract

Objective: Preterms are at increased risk to develop insulin resistance and high blood pres-
sure. The influence of growth during childhood is not well established.
Methods: We investigated childhood growth patterns in relation to blood pressure and insu-
lin sensitivity, measured by the hyperinsulinemic euglycemic clamp, in young adults. We 
compared 29 subjects born preterm appropriate for gestational age, 28 subjects born pre-
term small for gestational age and 30 control subjects born at term with a normal birth 
weight.
Results: Insulin sensitivity expressed as Mi-value (glucose disposal mg/kg/min/ (insulin lev-
els pmol/l) x100)) was lower in subjects born preterm appropriate for gestational age (18.2) 
and subjects born preterm small for gestational age (15.2) than in control subjects (24.7). 
Systolic and diastolic blood pressure (mmHg) were higher in the subjects born preterm 
appropriate for gestational age (132/72) and subjects born preterm small for gestational 
age (127/71) than in control subjects (118/65).
The preterm-born subjects in the lowest insulin sensitivity quartile had a higher height 
standard deviation score at ages 1, 2 and 5 years and a higher weight standard deviation 
score at ages 2, 5, 10, 19 and 21 years than those in the lowest insulin sensitivity quartile. 
The preterm-born subjects in the highest systolic blood pressure quartile had a higher 
height standard deviation score at 3 months of age and at ages 2, 5, 10, 19 and 21 years and 
a higher weight standard deviation score at ages 1, 2, 5, 10, 19 and 21 years than those in the 
lowest systolic blood pressure quartile.
Conclusion: Young adults born preterm have lower insulin sensitivity and higher blood pres-
sure than controls. Increments in height and weight during childhood are associated with 
lower insulin sensitivity and higher blood pressure in adulthood.
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Introduction

Since the report by Barker in 1986 (1) that a low birth weight is associated with an increased 
risk of cardiovascular disease, evidence has accumulated that size at birth is associated 
with many risk factors for cardiovascular disease, such as hypertension and insulin resist-
ance (2-4). In small for gestational age (SGA) infants born at term, impaired growth dur-
ing the last trimester of pregnancy is usually the result of impaired placental function. In 
contrast, preterm infants are at risk of severely impaired growth related to the lack of an 
optimal environment normally provided by the uterus.
Irving et al (4) described that adults born moderately premature have an increased basal 
blood pressure and increased fasting plasma glucose level in adulthood. In addition, Hof-
man et al (2) observed a reduction in insulin sensitivity in children who were born preterm. 
Hovi et al (3) recently found increased indexes of insulin resistance and glucose intolerance 
in young adults with a very low birth weight. Whether the metabolic abnormalities in pre-
term born subjects are related to childhood growth patterns is not known. In earlier stud-
ies, catch up growth has been recognized as a risk factor (5-10).
In the present study, insulin sensitivity was investigated in young adults born prematurely. 
We used the hyperinsulinemic euglycemic clamp technique, the gold standard to estimate 
insulin sensitivity (11;12). Furthermore, blood pressure was investigated. Subjects born 
preterm appropriate for gestational age (AGA) and SGA were compared with subjects born 
at term as controls. It was hypothesized that prematurity, especially when accompanied 
with a low birth weight for gestational age, predisposes for 1. reduced insulin sensitivity in 
adulthood whereby catch up growth during childhood is detrimental for insulin sensitivity, 
2. high blood pressure in adulthood.

Subjects and Methods

Subjects

Participants were recruited from the POPS cohort (Project On Premature and Small for ges-
tational age infants) (13). The POPS cohort comprises of 94% of all Dutch neonates (n=1338) 
who were born alive in 1983 with a gestational age of below 32 weeks and / or with a birth 
weight below < 1500 g. Address information of the subjects and families was available from 
the POPS database. Information on disabilities was also available from the database. Disa-
bled subjects were excluded and not approached for this study. Subjects were approached 
by telephone. Subsequently, an information letter was sent. After 3 weeks subjects were 
approached again by telephone.
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From the POPS cohort we selected 47 subjects born prematurely with an appropriate birth 
weight for gestational age (birth weight sds between 0 and +2 sds: POPS-AGA) who had been 
treated in our Neonatal Intensive Care Unit during the neonatal period. Six subjects (13%) 
could not be traced, five subjects (11%) were not eligible because of pregnancy and seri-
ous disease, four subjects (9%) refused to participate. Thirty POPS-AGA subjects (64%), 15 
males and 15 females agreed to participate. Characteristics at birth are shown in table 1. Of 
the POPS-AGA group (birth weight standard deviation score (sds) ± SD:1,1 ± 0,26, range 0,67 
to 1,81) one female was excluded from the analysis because of morbid obesity.

Table 1 Clinical characteristics of the POPS-AGA-, POPS-SGA- and CON group at birth

CON POPS-AGA POPS-SGA p

Gender (M/F) 15 M / 15 F 15 M / 14 F 13 M / 15 F

GA (wks) 40.0 *• 28.9 ± 1.4 *† 30.7 ± 1.1 *• < 0.0001

BW (gr) 3562 ± 465 *• 1536 ± 300 *† 934 ± 146 *• < 0.0001

BW sds
BW sds range

0.11 ± 1.0 *• 1.11 ± 0,27 *†

0.67 – 1.81
-2.0 ± 0.34 *•

-2.64 – -1.37
< 0.0001

P-value: differences between the three groups analysed by ANOVA
* = POPS-AGA vs CON, • = POPS-SGA vs CON, † = POPS-AGA vs POPS-SGA
M = male, F= female
GA = gestational age
BW = birth weight
BWsds= birth weight sds according to Niklasson (14)
Results GA and BW expressed as mean ± SD
Results BW sds expressed as mean ± SD and range

From the POPS-cohort we selected 42 subjects born prematurely small for gestational age 
(birth weight sds below -2 sds: POPS-SGA). These subjects had been treated in the neonatal 
period in different centers. One year before the start of our study 22 of these subjects had 
participated in a study on renal function. Three subjects (7%) could not be traced, 10 subjects 
(24%) refused to participate. Twenty-eight subjects (67%), 13 males and 15 females agreed 
to participate. Originally, the definition of SGA in the POPS-SGA group was birth weight sds 
below -2 sd. Because the high refusal rate led to small group size we changed the definition 
to the group of children within the cohort with the lowest birth weight sd which appeared to 
be between -2,64 to -1,37 sd (birth weight sds ± SD: -2,0 ± 0,34). Fourteen SGA subjects had 
a birth weight sds lower than -2 sds. The remaining fourteen subjects had a birth weight sds 
ranging between -1.37 sds and -1.99 sds. The range of birth weight sds between the SGA and 
AGA group did not overlap. Characteristics at birth are shown in table 1.
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The control group (CON) was recruited by advertisement in the VU University medical fac-
ulty. The group comprised of thirty subjects, 15 males and 15 females, born in 1983. From 
the history we gathered that they were born at term (37 to 42 weeks) with a birth weight 
appropriate for gestational age.
Overall, most women (75%) used oral contraceptives. Tests were performed throughout 
the menstrual cycle as it was not possible to schedule appointments in the early follicular 
phase due to logistic reasons.

Methods

Growth data

Perinatal parameters (birth weight, birth length, gestational age, Apgar score, congenital 
anomalies) and obstetric parameters were known since birth. Birth weight and birth length 
were converted to SD scores (sds) using Swedish reference standards (14) because Dutch 
SDS reference values for birth weight and length are unavailable. Birth weight sds was 
considered as a measure of intrauterine growth. Follow up data for growth (height, weight, 
BMI) at the age of 3 months, 6 months, 12 months, 24 months, 5 years, 10 years, 14 years and 
at the age of 19 years were available from most POPS participants, but not for the controls. 
Observations at age 14 were left out of the analysis due to paucity of measurements. Follow 
up growth data were converted to SD scores according to Dutch reference standards (15). 
For the analysis of changes in the infant or childhood growth pattern, height sds and weight 
sds were analysed longitudinally.

Physical examination

Subjects arrived at the examination room after an over night fast.
Measurement of the subject’s weight and height were performed using an electronic scale 
and stadiometer (SECA, Hanover, Md). Weight was measured to the nearest 0.1 kg, height 
the nearest 0.1 cm. Body mass index (BMI) was calculated as weight/height squared and 
expressed as BMI sds. Waist circumference was measured at the level of the umbilicus 
after full expiration and hip circumference at the level of the greater trochanter, both with 
the use of a flexible tape measuring to 0.1 cm accuracy. Four skinfold-thickness measures 
were taken in duplicate by a single observer on the non-dominant side of the body using a 
calibrated Harpenden skinfold caliper at the triceps, biceps, subscapular and suprailiacal 
regions. The sum of the 4 skinfold thickness was used as a measure of overall subcutane-
ous fatness. Fat mass and the corresponding fat-free mass were computed using the equa-
tions of Durnin (16;17) and compared with Biometrical Impedance Analysis (BIA 101/S Akern 
RJL systems) measurements. BIA measurements were used for analyses.
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Blood pressure was obtained with an automatic BP device (Dinamap, Critikon, Germany). 
Three measurements were performed at the nondominant arm in supine position after 15 
minutes of rest with an appropriate size cuff for arm diameter. Mean values were used in 
statistical analysis.

Renal function

Before the clamp study a blood sample was obtained for measurement of creatinin levels.

Hyperinsulinemic euglycemic clamp

Subsequently the hyperinsulinemic euglycemic clamp was performed to determine insulin 
sensitivity by peripheral glucose uptake as described by De Fronzo et al (18). Insulin (Velo-
sulin, Novo Nordisk, Bagsvaerd, Denmark) was infused at a rate of 60 mU/kg/hr after a 
priming dose of 6 mU/kg. Hepatic glucose production is known to be suppressed in nondia-
betic subjects by this infusion rate. The blood glucose level was measured every 5 minutes 
(2300 STATplus C, Yellow Springs Incorporated). Blood glucose levels were clamped to a 
level of 5 mmol/l. During the last hour every 15 min blood was drawn to determine plasma 
insulin concentrations. Euglycemia (5 mmol/l) was maintained with 20% D-glucose infu-
sion. Under steady-state conditions of euglycemia, the rate of exogenous glucose infusion 
is equal to the rate of insulin-stimulated glucose disposal. Insulin sensitivity was calculated 
from the glucose infusion rate (milligrams per minute) between 60 and 120 minutes of the 
euglycemic clamp, divided by body weight and expressed as M-value (glucose disposal mg/
kg/min) and Mi-value (glucose disposal mg/kg/min/ (insulin levels pmol/l) x100).
Mi-value better reflects glucose disposal than the M-value because of correction for indi-
vidual differences of insulin clearance.

Statistical analysis

For statistical analysis the SPSS package for Windows version 15 was used (SPSS Inc., 
Chicago). Results in tables 1 and 2 are expressed as mean ± SD. Differences between the 
groups and relation with other factors were tested by linear regression analysis. In pre-
terms, quartiles of height sd and weight sd were analysed longitudinally using linear mixed 
models. P-value of < 0.05 was considered to be statistically significant, based on two-sided 
testing.

Ethical considerations

The study was approved by the local ethical committee. All subjects gave written informed 
consent to participate.
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Table 2 Clinical characteristics of the POPS-AGA-, POPS-SGA- and CON group at the time of the study.

CON POPS-AGA POPS-SGA p CON POPS-AGA POPS-SGA p p*

Gender M M M F F F

Age (yr) 21.7 ± 0.3 *• 22.1 ± 0.4 * 22.2 ± 0.3 • 0.003 21.5 ± 0.3 *• 21.9 ± 0.4 *† 22.2 ± 0.3 •† < 0.0001 < 0.0001

Height (cm) 185.9 ± 4.8 • 183.1 ± 8.9 178.9 ± 6.7 • 0.04 171.6 ± 3.8 • 169.6 ± 7.9 † 162.3 ± 5.1 •† < 0.0001 0.003

Weight (kg) 76.2 ± 8.2 

(59.3 – 90.8)
med: 73.5
IQR: 9.6

77.0 ± 16.8

(59.1 – 103)
med:72.1
IQR: 28.9

70.3 ± 8.5

(59.7 – 87.8)
med: 68.7
IQR: 10.8

0.29 63.3 ± 6.5

(50 –77.7)
med: 62.5
IQR: 6.4

61.2 ± 9.7

(49.2 – 78.8)
med: 59.7
IQR: 16.4

57.9 ± 9.2

(46.1 – 77)
med: 54.3
IQR: 12.1

0.22 0.12

BMI (kg/m2) 22.0 ± 2.0 22.8 ± 3.4 22.0 ± 3.0 0.71 21.5 ± 2.2 21.2 ± 2.1 21.9 ± 2.9 0.72 0.94

WC (cm) 77.3 ± 5.6 79.3 ± 9.6 77.7 ± 6.7 0.76 69.7 ± 5.3 69.2 ± 4.3 69.7 ± 8.5 0.97 0.88

Sum of skin-
folds (mm)

35.5 ± 10.4 43.0 ± 17.6 42.1 ± 15.0 0.33 50.8 ± 12.8 57.2 ± 18.2 61.4 ± 17.6 0.22 0.11

Fat mass (kg) 1 11.8 ± 3.6 13.9 ± 6.7 12.2 ± 4.0 0.51 17.8 ± 4.0 18.2 ± 5.2 17.8 ± 4.8 0.97 0.72

Fat mass (kg) 2 17.2 ± 4.6 17.9 ± 9.4 15.7 ± 5.5 0.71 19.5 ± 4.5 18.5 ± 5.6 18.1 ± 5.3 0.77 0.69

Fat percentage 22.2 ± 4.0 21.8 ± 7.1 21.5 ± 5.0 0.95 30.4 ± 4.0 29.7 ± 4.6 30.9 ± 4.6 0.77 0.81

Fat Free mass 
(kg)

59.0 ± 4.7 59.2 ± 7.7 55.1 ± 3. 0.12 43.9 ± 2.7 42.7 ± 4.5 39.5 ± 4.6 0.01 0.10

Sys BP (mmHg) 120 ± 10 * 139 ± 15 * 130 ± 11 0.001 116 ± 9 125 ± 12 124 ± 14 0.09 < 0.0001

Dia BP (mmHg) 64 ± 5 * 73 ± 8 * 68 ± 8 0.008 66 ± 8 72 ± 5 73 ± 10 0.08 0.002

Creatinin 
(micrmol/l)

96 ± 4 98 ± 10 101 ± 10 0.29 86 ± 6 84 ± 7 91 ± 8 0.05 0.18

M-value 14 ± 3.6 *• 10.3 ± 2.8 * 10.4 ± 3.7 • 0.006 11.7 ± 4.1 9.2 ± 3.8 9.5 ± 2.2 0.11 0.001

Mi-value*100 26.8 ± 10 *• 18.8 ± 7.1 * 16.3 ± 6.6 • 0.005 22.8 ± 12.1 • 17.5 ± 6.9 14.3 ± 5.2 • 0.03 < 0.0001

Results expressed as mean ± SD
P*-value: differences between the three groups analysed by ANOVA
*= POPS-AGA vs CON, •= POPS-SGA vs CON, †= POPS-AGA vs POPS-SGA
M= male, F= female
BMI = body mass index
WC = waist circumference
Sys BP= systolic blood pressure
Dia BP= diastolic blood pressure
Fat mass 1 = weight of body fat in kilograms derived from skinfold measurement
Fat mass 2 = weight of body fat in kilograms derived from Bio Electrical Impedance (BIA) measurement
Fat percentage = percentage fat mass derived from Bio Electrical Impedance (BIA) measurement
Fat free mass = weight of body fat free mass derived from Bio Electrical Impedance (BIA) measurement
M-value= glucose disposal mg/kg/min
Mi-value= glucose disposal mg/kg/min/ (insulin levels pmol/l) x100
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Results

Clinical characteristics of the groups

Table 2 shows the characteristics of the groups at the time of the study.
All subjects were born in 1983. SGA subjects were shorter in comparison with POPS-
AGA subjects (p=0.04) and CON subjects (p=0.003). No differences in renal function were 
observed.

Fat mass measurements

Fat mass derived from skin fold measurements was well correlated with fat mass derived 
from BIA analysis (R=0.87, p < 0.0001). BIA measurements were used for further analyses.

Insulin sensitivity

Results on insulin sensitivity are shown in table 3.
Insulin sensitivity expressed as Mi-value was lower in POPS-AGA (p=0.004) and POPS-SGA 
(p < 0.0001) subjects than in CON subjects. (Table 3).
The difference in insulin sensitivity between POPS-AGA and CON subjects decreased after 
adjustment for subscapular- , suprailiacal- and sum of skinfold measurements.
The difference in insulin sensitivity between POPS-SGA and CON subjects decreased after 
adjustment for fat percentage, subscapular- , suprailiacal- and sum of skinfold measure-
ments and increased after adjustment for weight and fat mass.
The difference in insulin sensitivity between POPS-SGA and POPS-AGA subjects only 
became significant after adjustment for fat mass.
In females, adjustment for OAC use did not influence the differences in insulin sensitivity 
between POPS-AGA and CON (crude B= -5.3, p=0.1 vs adjusted B= -5.6, p=0.1), POPS-SGA 
and CON (crude B= -8.5, p=0.01 vs adjusted B= -8.7, p=0.01), and between POPS-AGA and 
POPS-SGA females (crude B= -3.2, p=0.33 vs adjusted B= -3.0, p=0.35).

Systolic blood pressure

Results on systolic blood pressure are shown in table 4.
Systolic blood pressure was higher in POPS-AGA (p < 0.0001) and POPS-SGA (p=0.01) sub-
jects than in CON subjects.
The difference in systolic blood pressure between POPS-AGA and CON subjects decreased 
after adjustment for insulin sensitivity, subscapular and suprailiacal skinfold measure-
ments.
The difference in systolic blood pressure between between POPS-SGA and CON subjects 
decreased after adjustment for insulin sensitivity, subscapular and suprailiacal skinfold 
measurements and increased after correction for current height.
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Table 3 Insulin sensitivity: differences between the POPS-AGA, POPS-SGA and CON group.

POPS-AGA vs CON POPS-SGA vs CON POPS AGA vs POPS-SGA

B (range) p B (range) p B (range) p

Crude -6.6
(-10.9 – -2.2)

0.004 -9.5
(-14 – -5.1) 

< 0.0001 -3.0
(-7.4 – 1.5)

0.19

Gender -6.6
(-11.0 – -2.3)

0.003 -9.4
(-13.9 – -5.0)

< 0.0001 -2.8
(-7.2 – 1.6)

0.21

Height -6.5
(-10.9 – -2.1)

0.04 -9.4
(-14.2 – -4.6)

< 0.0001 -2.9
(-7.5 – 1.8)

0.22

Weight -6.7
(-10.8 – -2.6) 

0.002 -11.0
(-15.3 – -6.8)

< 0.0001 -4.4
(-8.6 – -0.1)

0.05

Triceps -5.8
(-9.7 – -1.9)

0.004 -8.6
(-12.6 – -4.6)

< 0.0001 -2.8
(-6.7 – 1.2)

0.17

Biceps -6.7
(-10.6 – -2.9)

0.001 -9.3
(-13.2 – -5.4)

< 0.0001 -2.6
(-6.5 – 1.3)

0.20

Subscapular -4.2
(-7.9 – -0.5)

0.028 -5.6
(-9.5 – -1.6)

0.006 -1.4
(-5.1 – 2.3)

0.46

Supra-iliacal -4.6
(-8.5 – -0.7)

0.021 -6.8
(-10.8 – -2.7)

0.001 -2.1
(-6.1 – 2.8)

0.28

Sum of skinfolds -4.9
(-8.5 – -1.2)

0.009 -6.9
(-10.7 – -3.1)

< 0.0001 -2.0
(-5.7 – 1.7)

0.28

Fat percentage 1 -6.0
(-9.9 – -2.1)

0.003 -8.1
(-12.1 – -4.1)

< 0.0001 -2.1
(-6.1 – 1.8)

0.29

Fat mass 1 -5.7
(-9.2 – -2.1)

0.002 -9.2
(-12.7 – -5.6)

< 0.0001 -3.4
(-7.0 – 0.1)

0.06

Fat mass 2 -6.8
(-10.4 – -3.1)

< 0.0001 -10.9
(-14.6 – -7.1)

< 0.0001 -4.1
(-7.8 – -0.3)

0.03

Gender: Insulin sensitivity adjusted for gender
Height: Insulin sensitivity adjusted for current height
Weight: Insulin sensitivity adjusted for current weight
Triceps: Insulin sensitivity adjusted for mean of skinfolds measured in triplicate at triceps
Biceps: Insulin sensitivity adjusted for mean of skinfolds measured in triplicate at biceps
Subscapular: Insulin sensitivity adjusted for mean of skinfolds measured in triplicate at scapula
Suprailiacal: Insulin sensitivity adjusted for mean of skinfolds measured in triplicate suprailiacal
Sum of skinfolds: Insulin sensitivity adjusted for mean of skinfolds
Fat percentage 1: Insulin sensitivity adjusted for fat pecentage derived from skin fold measurements
Fat mass 1: Insulin sensitivity adjusted for fat mass derived from skin fold measurements
Fat mass 2: Insulin sensitivity adjusted for fat mass percentage derived from BIA measurements
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Table 4 Systolic blood pressure: differences between the POPS-AGA, POPS-SGA an CON group.

POPS-AGA vs CON POPS-SGA vs CON POPS AGA vs POPS-SGA

B (range) p B (range) p B (range) p

Crude 14.0
(7.5 – 20.5)

< 0.0001 8.8
(2.2 – 15.4)

0.01 -5.2
(-11.9 – -1.4)

0.12

Gender 13.9
(7.6 – 20.1)

< 0.0001 9.1
(2.8 – 15.4)

0.005 -4.8
(-11.2 – 1.6)

0.14

Mi-value 11.3
(4.5 – 18.1)

0.001 5.5
(-1.8 – 12.7)

0.14 -5.8
(-12.5 – 0.8)

0.08

Height 15
(8.8 – 21.2)

< 0.0001 12.8
(6.2 – 19.4)

< 0.0001 -2.2
(-8.7 – 4.3)

0.51

Weight 14.2
(8.8 – 19.6)

< 0.0001 12.4
(6.8 – 17.9) 

< 0.0001 -1.8
(-7.4 – 3.8)

0.52

Triceps 13.9
(7.3 – 20.5)

< 0.0001 8.7
(2.0 – 15.4)

0.01 -5.2
(-11.9 – 1.5)

0.13

Biceps 14.0
(7.5 – 20.6)

< 0.0001 8.7
(2.1 – 15.3)

0.01 -5.3
(-11.9 – 1.3)

0.12

Subscapular 12.1
(5.6 – 18.6)

< 0.0001 5.8
(-0.9 – 12.6)

0.09 -6.3
(-12.7 – 0.2)

0.06

Supra-iliacal 12.6
(6.1 – 19.2)

< 0.0001 7.0
(0.2 – 13.7)

0.04 -5.7
(-12.2 – 0.9)

0.09

Sum of skinfolds 13.1
(6.6 – 19.7)

< 0.0001 7.6
(0.9 – 14.3)

0.03 -5.6
(-12.2 – 1.0)

0.10

Fat percentage 1 14.1
(7.5 – 20.7)

< 0.0001 9.1
(2.3 – 15.8)

0.009 -5.1
(-11.8 – 1.6)

0.14

Fat mass 1 13.4
((6.9 – 19.8)

< 0.0001 8.6
(2.1 – 15.0)

0.01 -4.8
(-11.3 – 1.7)

0.15

Fat mass 2 14.1
(8.1 – 20.1)

< 0.0001 9.7
3.6 – 15.8)

0.002 -4.4
(-10.6 – 1.8)

0.16

Gender: Systolic blood pressure adjusted for gender
Mi-value: Systolic blood pressure adjusted or insulin sensitivity expressed as Mi-value
Height: Systolic blood pressure adjusted for current height
Weight: Systolic blood pressure adjusted for current weight
Triceps: Systolic blood pressure adjusted for mean of skinfolds measured in triplicate at triceps
Biceps: Systolic blood pressure adjusted for mean of skinfolds measured in triplicate at biceps
Subscapular: Systolic blood pressure adjusted for mean of skinfolds measured in triplicate at scapula
Suprailiacal: Systolic blood pressure adjusted for mean of skinfolds measured in triplicate suprailiacal
Sum of skinfolds: Systolic blood pressure: adjusted for mean of skinfolds
Fat percentage 1: Systolic blood pressure adjusted for fat pecentage derived from skin fold measurements
Fat mass 1: Systolic blood pressure adjusted for fat mass derived from skin fold measurements
Fat mass 2: Systolic blood pressure adjusted for fat mass percentage derived from BIA measurements
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Table 5 Diastolic blood pressure: differences between the POPS-AGA, POPS-SGA an CON group.

POPS-AGA vs CON POPS-SGA vs CON POPS AGA vs POPS-SGA

B (range) p B (range) p B (range) p

Crude 6.9
(3.0 – 10.8)

0.001 5.4
(1.5 – 9.4)

0.007 -1.4
(-5.4 – 2.5)

0.48

Gender 6.9
(3.0 – 10.8)

0.001 5.4
(1.4 – 9.3)

0.008 -1.5
(-5.5 – 2.4)

0.45

Mi-value 5.7
(1.6 – 9.8)

0.007 4.2
(-0.2 – 8.6)

0.06 -1.5
(-5.5 – 2.5)

0.47

Height 6.9
(2.9 – 10.8)

0.001 5.5
(1.3 – 9.7)

0.01 -1.4
(-5.5 – 2.8)

0.51

Weight 6.9
(3.0 – 10.8)

0.001 5.8
(1.8 – 9.8)

0.005 -1.1
(-5.1 – 3.0)

0.60

Triceps 6.5
(2.6 – 10.3)

0.001 5.1
(1.2 – 8.9) 

0.01 -1.4
(-5.3 – 2.5)

0.46

Biceps 6.9
(3.1 – 10.7)

< 0.0001 5.3
(1.5 – 9.2)

0.007 -1.6
(-5.4 – 2.3)

0.42

Subscapular 6.3
(2.3 – 10.2)

0.002 4.5
(0.4 – 8.7)

0.03 -1.8
(-5.7 – 2.2)

0.38

Supra-iliacal 6.5
(2.5 – 10.5)

0.002 5.0
(0.9 – 9.0)

0.02 -1.5
(-5.5 – 2.4)

0.44

Sum of skinfolds 6.3
(2.4 – 10.2)

0.002 4.6
(0.6 – 8.6)

0.02 -1.7
(-5.6 – 2.3)

0.40

Fat percentage 1 6.6
(2.7 – 10.4)

0.001 4.9
(1.0 – 8.8)

0.02 -1.7
(-5.6 – 2.2)

0.39

Fat mass 1 6.5
(2.7 – 10.3)

0.001 5.3
(1.5 – 9.2)

0.007 -1.2
(-5.1 – 2.7)

0.55

Fat mass 2 6.9
(3.1 – 10.7)

< 0.0001 5.7
(1.9 – 9.6)

0.004 -1.7
(-5.6 – 2.2)

0.39

Gender: Diastolic blood pressure adjusted for gender
Mi-value: Diastolic blood pressure adjusted or insulin sensitivity expressed as Mi-value
Height: Diastolic blood pressure adjusted for current height
Weight: Diastolic blood pressure adjusted for current weight
Triceps: Diastolic blood pressure adjusted for mean of skinfolds measured in triplicate at triceps
Biceps: Diastolic blood pressure adjusted for mean of skinfolds measured in triplicate at biceps
Subscapular: Diastolic blood pressure adjusted for mean of skinfolds measured in triplicate at scapula
Suprailiacal: Diastolic blood pressure adjusted for mean of skinfolds measured in triplicate suprailiacal
Sum of skinfolds: Diastolic blood pressure: adjusted for mean of skinfolds
Fat percentage 1: Diastolic blood pressure adjusted for fat pecentage derived from skin fold measurements
Fat mass 1: Diastolic blood pressure adjusted for fat mass derived from skin fold measurements
Fat mass 2: Diastolic blood pressure adjusted for fat mass percentage derived from BIA measurements
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Diastolic blood pressure

Results on diastolic blood pressure are shown in table 5.
Diastolic blood pressure was higher POPS-AGA (p=0.001) and POPS-SGA (p=0.007) subjects 
than in CON subjects.
The difference in diastolic blood pressure between POPS-AGA and CON subjects decreased 
after correction for insulin sensitivity.
The difference in diastolic blood pressure between POPS-SGA and CON subjects decreased 
after correction for insulin sensitivity, subscapular skinfolds and sum of skinfold measure-
ments.

Infant and childhood growth patterns

In the POPS-AGA and POPS-SGA subjects, height- and weight sds were analysed longitudi-
nally. Quartiles were used for reasons of contrast. The lowest quartile for insulin sensitivity 
was characterized by higher height sds at age 1, 2 and 5 years as well as higher weight sds 
at age 2, 5, 10, 19 and 21 years compared to the group with the highest quartile for insulin 
sensitivity (Table 6; Figure 1, upper panel).
When height sds was adjusted for weight sds the differences between the insulin sensitivity 
quartiles were no longer significant except for height at 21 years while a trend was observed 
for 1 year of age (Table 6).
The growth pattern of the group with the highest quartile for systolic blood pressure was 
characterized by higher height sds at the age of 3 months and at 2, 5, 10, 19 and 21 years 
and by a higher weight sds at age 1, 2, 5, 10, 19 and 21 years compared to the group with the 
lowest quartile for systolic blood pressure (Table 7; Fig 1, lower panel).
When height sds was adjusted for weight sds the differences between the systolic blood 
pressure quartiles were no longer significant except for height at 3 months and 10 years of 
age while a trend was observed for height age 2 years and 5 years of age (Table 7).
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Table 6 Comparisons of growth in POPS-SGA and POPS-AGA between subjects with the highest and lowest 
quartile for insulin sensitivity measured at age 21

Height sds Weight sds

lowest quart 
insulin 
sensitivity

highest 
quart insulin 
sensitivity P

lowest quart 
insulin 
sensitivity

highest 
quart insulin 
sensitivity P

Birth 0,09 -0,12 -0,31 -0,02
3 months -0,41 -1,29 0.11 -0,70 -1,48 0.11
6 months -0,32 -1,09 0.16 -1,03 -1,28 0.38
1 year 0,04 -1,14 0.02 -0,71 -1,46 0.09
2 years 0,19 -1,0 0.02 -0,21 -1,16 0.02
5 years 0,33 -1,07 0.004 -0,15 -1,51 0.001
10 years 0,34 -0,58 0.15 -0,12 -1,47 0.008
19 years -0,04 -0,66 0.18 0,38 -1,02 0.001
21 years -0,08 -0,65 0.21 0,77 -1,19 0.001

Height, weight and BMI are expressed as sds according to age and sex (15).
Sds of the quartile with the highest quartile of insulin sensitivity are compared with the sds of the quartile with the lowest insulin 
sensitivity.
P < 0.05 indicates a statistical difference in sds between the two quartiles.

Table 7 Comparisons of growth in POPS-SGA and POPS-AGA between subjects with the highest and lowest 
quartile for systolic blood pressure measured at age 21

Height sds Weight sds

lowest quart 
systolic blood 
pressure

highest quart
systolic blood 
pressure P

lowest quart
systolic blood 
pressure

highest quart
systolic blood 
pressure P

Birth -0.59 0.06 -0.54 0.09
3 months -1.85 -0.49 0.003 -2.06 -0.98 0.07
6 months -1.24 -0.57 0.13 -1.62 -1.09 0.28
1 year -0.76 -0.06 0.09 -1.09 -0.39 < 0.001
2 years -0.85 0.23 0.02 -1.15 0.04 0.045
5 years -0.83 0.38 0.006 -1.54 -0.07 0.003
10 years -0.62 0.69 0.004 -1.42 0.24 0.045
19 years -0.81 0.07 0.036 -0.89 0.66 0.001
21 years -0.78 0.05 0.049 -1.26 0.68 < 0.001

Height, weight and BMI are expressed as sds according to age and sex (15).
Sds of the quartile with the highest quartile of systolic blood pressure sensitivity are compared with the sds of the quartile with the
lowest systolic blood pressure.
P < 0.05 indicates a statistical difference in sds between the two quartiles.
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Fig 1 Comparisons of growth from birth until the age of 21 years in POPS-SGA and POPS-AGA between subjects 
with the highest and lowest quartile for insulin sensitivity and the highest and lowest quartile for 
systolic blood pressure.
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Upper panels: the growth pattern of the subjects with the lowest quartile of insulin sensitivity is compared 
with the growth pattern of subjects with the highest quartile of insulin sensitivity.
Lower panels: the growth pattern of the subjects with the highest quartile of systolic blood pressure is com-
pared with the growth pattern of subjects with the lowest quartile of systolic blood pressure.
Height and weight are expressed as sd score according to age and sex (15). Statistical differences (student’s 
t-test) are indicated by star.
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Discussion

In subjects born SGA at term, low birth weight is associated with an increased risk to 
develop insulin resistance, hypertension and cardiovascular disease (10;19-30). Both pre-
natal and postnatal growth have been suggested to explain part of the relation between 
low birth weight and adult disease. Prenatally, subjects who are exposed to an adverse 
environment may develop permanent compensatory responses to survive that become mis-
matched when the postnatal circumstances are not unfavourable anymore (31). Postnatally, 
catch up growth of weight and height in subjects born SGA at term has been recognized as 
a risk factor for the development of hypertension (32;33), ischaemic heart disease (34) and 
insulin resistance (35). Preterm born infants are at risk of severely impaired growth during 
the early postnatal period which might be in a way comparable to the third trimester in term 
born SGA infants. Despite being fed hypercalorically preterms are not able to gain weight 
appropriately (36). In addition, during the neonatal period, preterms can be exposed to a 
cascade of acute problems including lung disease, infections, anemia and intraventricular 
hemorrhage.

In the present study we demonstrate that insulin sensitivity is decreased in preterm born 
subjects. The differences between the POPS groups and CON group were partly explained 
by differences in central body fat, represented by suprailiacal and subscapular skinfolds. In 
the POPS-SGA adjustment for weight and total body fat increased the difference with CON 
subjects, which may indicate that smaller body size protects against the development of 
insulin resistance.
The difference in insulin sensitivity between POPS-AGA and POPS-SGA subjects only 
became significant after correction for fat mass irrespective of body size.
Our study is the first that presents measurements of insulin sensitivity in preterm born 
young adults using the clamp design, which is considered the gold standard for measuring 
insulin sensitivity (11;12). Irving et al (4) were the first to report that preterms are exposed 
to similar cardiovascular risks as adults born SGA. They found increased fasting glucose 
and higher blood pressure in adults born moderately prematurely. With respect to insu-
lin resistance, Hofman et al (2) published intravenous glucose tolerance test data on pre-
term born children. Using the minimal model assessment (37) they found that preterms 
displayed a 40% reduction of insulin sensitivity compared to controls. As in our study they 
found that insulin sensitivity was not significantly different between the preterm SGA and 
AGA group (2). Recently, Hovi et al. (3) performed standard 75-g oral glucose tolerance tests 
in 169 subjects with very low birth weight and 169 controls. They found that young adults 
with a very low birth weight had significantly higher blood pressure, higher fasting insulin, 
2-hour insulin, and 2-hour glucose concentrations, as well as a higher HOMA-index after a 
standard 75-g oral glucose tolerance test (3).
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As Irving and Hovi we found that blood pressure is higher in preterm subjects. An additional 
finding of our study is that this difference is partly explained by differences in insulin sen-
sitivity. A new finding is that difference between POPS-SGA and CON subjects was strongly 
influenced by current height. This finding may suggest that stunting of growth protects 
against the development of high blood pressure.
Our study also indicates that not only birth weight and gestational age but also growth pat-
terns during infancy and childhood are of great importance for insulin sensitivity and blood 
pressure in later life. Increased growth during infancy is usually expected especially in sub-
jects with low birth weight that demonstrate catch up during this period.
Increased height gain between 1 and 5 years and increased weight gain between 2 and 21 
years were strongly associated with lower insulin sensitivity whereas increased height gain 
between 1 and 21 years and weight gain between 2 and 21 years were strongly associated 
with higher systolic blood pressure. The observed parallellism between height and weight 
sds can be interpreted as that height gain is a marker for gain in adiposity. Alternatively, 
it is possible that mechanisms involved in height gain lead to insulin resistance. However, 
independent of the interpretation, it is clear that spontaneous catch up growth in height in 
subjects born prematurely is unfavourable.
Several studies have shown that the trajectory of growth of subjects that later develop glu-
cose intolerance, hypertension and coronary heart disease, is often characterized by the 
crossing of sds lines, normally still within the normal range (8;38;39). Thus, the changes 
in height or weight sds are more important than the cross-sectional means of sds values 
throughout childhood.

In conclusion, young adults born prematurely have a reduced insulin sensitivity and 
increased blood pressure compared with controls. Increments in height and weight during 
childhood do contribute to the development of insulin resistance and high blood pressure 
in young adulthood.
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Abstract

Background: Low birth weight and preterm birth are associated with growth delay as well as 
the development of insulin resistance. Insulin resistance is especially seen in subjects with 
catch up growth. Growth hormone therapy induces growth in short subjects with low birth 
weight at term, but little is known about the long term effects on insulin sensitivity. Growth 
hormone therapy is now proposed for preterms that remain short as well.
Methods: We investigated insulin sensitivity using the gold standard hyperinsulinaemic 
euglycemic clamp technique in 10 young adult males born SGA who had been treated with 
growth hormone during childhood (GH) in comparison with 15 males born preterm AGA 
(premAGA), 13 males born preterm SGA (premSGA) and 15 males born at term with normal 
birth weight (CON). Furthermore we investigated the presence of the metabolic syndrome.
Results: Insulin sensitivity was decreased in premAGA, premSGA and GH subjects com-
pared to CON males. The metabolic syndrome was not present in any of the groups.
Conclusion: Insulin sensitivity is decreased in GH-treated SGA born males as well as in pre-
term born males. With respect to the SGA subjects, whether the difference results from 
perinatal-, postnatal- or growth hormone therapy-related factors is not known. With respect 
to the preterm born subjects, close surveillance is needed when commencing growth hor-
mone therapy. 
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Introduction

Low birth weight is considered as a risk factor for the development of the insulin resistance. 
The development of insulin resistance has been found in subjects born SGA at term (1) as 
well as in subjects born preterm (2;3). In 10% of the term born SGA subjects the low birth 
weight is associated with growth delay that can effectively be treated with growth hormone 
(4). Comparable growth patterns have been shown to be present in subjects born preterm 
(5) and the use of growth hormone therapy in subgroups of preterm born subjects is now 
under debate (6). Although preterms may follow growth trajectories comparable to that of 
term SGA subjects, it is not known whether the long-term metabolic consequences of term 
SGA and premature birth are similar.
There have been concerns about the long-term effects of growth hormone therapy on insu-
lin sensitivity. During therapy, growth hormone therapy causes insulin resistance (7;8) that 
does not lead to the development of type 2 diabetes during treatment (9).
After cessation of growth hormone therapy insulin sensitivity has been reported to be nor-
mal. Van Dijk et al (10) measured insulin sensitivity in the fasting state and found no differ-
ences between SGA subjects that had been treated with growth hormone and controls. The 
hyperinsulinaemic euglycemic clamp design (11) has never been used for evaluation of SGA 
subjects after treatment with growth hormone. In one study (12), using the hyper glycemic 
clamp that is not designed for the measurement of insulin sensitivity (13), a decrease in 
insulin sensitivity was observed in subjects treated with growth hormone compared to con-
trols.
In the present study we investigated insulin sensitivity as well as the metabolic syndrome 
in growth hormone treated males born SGA (GH). They were compared with male controls 
born at term with normal birth weight (CON). We also compared the GH and CON males 
with males born prematurely appropriate for gestational age (premAGA) and males born 
prematurely small for gestational age (premSGA).

Methods

Subjects

The study consisted of four groups of young adults.

Previously growth hormone-treated males (GH)

The study group consisted of 10 male subjects who previously participated in a Dutch multi-
center, double blind, randomized, dose-response growth hormone (GH) trial that originally 
involved 79 children. The dose-response GH-trial started in 1991 and investigated the effect 
of two doses GH, 1 and 2 mg/m2.day, respectively. Inclusion criteria for the study were pre-
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viously described (14). Briefly, children were included prepubertal, with a birth length and 
height sds below -1.88, without any or with incomplete catch-up growth in height and with-
out growth failure caused by other diseases. Biosynthetic GH was administered subcutane-
ous once daily and GH treatment was stopped after reaching adult height.
At the time of the present study inclusion criteria were male subjects that participated in 
the above-described trial and had been treated with growth hormone in our center. Five 
out of the 15 to be recruited participants who were originally treated according to the GH 
project could not be included due to loss of follow up. The ten male subjects that could be 
reached all agreed to take part in the present study. The growth hormone treatment in 
these subjects was initiated at a mean age (± SD) of 8.7 (± 2.1) years. The dose was 6 U/m2 
(2 mg/m2). The mean duration of the therapy was 8.1 (± 1.4) years. During GH treatment the 
mean height sds (± SD) increased from -3.3 (0.8) tot -1.6 (0.7) sds (p < 0.0001). The mean BMI 
sds (± SD) tended to increase from -0.95 (1.4) to -0.17 (1.0) sds (p=0.075). Growth hormone 
treatment was stopped for at least 3 years or more at the start of the present study. Two 
subjects were born prematurely (gestational age 29 weeks and 30 2/7 weeks). Two subjects 
were twin brothers. One subject was on clinical grounds diagnosed to have Silver-Russell 
syndrome.

Premature males born appropriate for gestational age (premAGA)

This group comprised 15 young adult male subjects born prematurely with normal birth 
weight for gestational age who had previously been participated in a study to investigate 
the metabolic profile of young adults born prematurely. Subjects were recruited from the 
POPS cohort (Project On Premature and Small for gestational age infants) (15). The POPS 
cohort comprises of 94% of all Dutch neonates (n=1338) who were born alive in 1983 with 
a gestational age (GA) of below 32 weeks and / or a birth weight below < 1500 g. Perinatal 
parameters (birth weight, birth length, gestational age, Apgar score, congenital anomalies) 
and obstetric parameters were known since birth.

Premature males born small for gestational age (premSGA)

Subjects were also recruited from the POPS cohort (Project On Premature and Small for 
gestational age infants) (15). This group comprised 15 young adult male subjects born pre-
maturely with low birth weight for gestational age.

Healthy controls (CON)

This group comprises 15 males born at term with normal birth weight that had participated 
as controls in a study on the metabolic profile of young adults after premature birth.
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Patient characteristics

Patient characteristics at birth and at the time of the study are shown in Table 1. Auxology 
and metabolic characteristics of the subject with Silver-Russell syndrome and of the two 
preterm born subjects of the GH group were not statistically different from the rest of the 
GH group.
In GH subjects, height of the mother (p=0.004) and target height (p=0.008) were significantly 
lower than CON subjects. Also in GH subjects, height of the mother (p < 0.0001) and target 
height (p=0.016) were significantly lower than premAGA subjects. There were no differences 
in height of the father between any of the groups.
GH subjects were slightly older than CON subjects (0=0.002), prem AGA subjects (p=0.02) 
and premSGA subjects (0.05). GH subjects were shorter than CON subjects (p < 0.0001) and 
premAGA subjects (p=0.003). Weight and fat free mass percentage were not significantly 
different between the groups.

Table 1 Patient characteristics at birth and at the time of the study of the four groups: growth hormone treated 
subjects (GH), premature AGA subjects (premAGA), premature SGA subjects (premSGA) and healthy 
untreated control subjects (CON).

CON premAGA premSGA GH p

N 15 15 13 10

Characteristics at birth

GA (wks) Term 28.9 (1.7) 30.8 (0.9) 36.9 (4,0) < 0.0001

BW (gr) 3726 (444) 1566 (364) 990 (108) 1994 (635) < 00001

Height mother (cm) 167.8 (5.2) 169.7 (5.3) 165.8 (5.9) 159.2 (7.0) < 0.0001

Height father (cm) 183.1 (6.0) 180.2 (7.9) 180.1 (7.0 176.6 (7.7) 0.19

Target height (cm) 186.5 (4.6) 186.0 (5.6) 183.9 (5.5) 178.9 (6.3) 0.007

Characteristics at the time of the study

Age (yrs) 21.9 (0,3) 22.1 (0.4) 22.2 (0.3) 23.5 (2.5) 0.003

Height (cm) 185.9 (4,8) 183.1 (8.9) 178.9 (6.7) 172.8 (5.3) < 0.0001

Weight (kg) 76.2 (8.2) 77.1 (16.8) 70.3 (8.5) 66.6 (7.3) 0.08

Fat free mass% 77.8 (4.0) 78.2 (7.1) 78.8 (5.0) 80.7 (5.0) 0.59

Results expressed as mean ± SD
GA= gestational age
BW= birth weight
Fat free mass%= percentage of fat free mass measured with Bio Impedance Analysis (BIA)
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Study protocol

Subjects were assessed after a 9-hour overnight fast.
Measurement of the subject’s weight and height were performed using an electronic scale 
and stadiometer (SECA, Hanover, Md). A tape measure was used to measure the circumfer-
ence of the non-dominant arm, as well as hip and waist circumferences.
Biometrical Impedance analysis was used to calculate lean body mass (BIA 101/S Akern RJL 
systems). Systolic and diastolic blood pressure (BP) were measured after a 15-minute rest 
in the recumbent position and measured by a Dynamap Critikon (Southern Medical Corp. 
Baton Rouge, LA) using an appropriately sized cuff.
The various components of the metabolic syndrome were assessed in all groups. According 
to criteria formulated by the Adult Treatment panel III (ATP III) (16) the metabolic syndrome 
is diagnosed if three or more of the following symptoms are present: central obesity (waist 
circumference ≥ 102 cm for males), raised TG levels (TG ≥ 1.7 mmol/l), reduced HDL levels 
(HDL < 1mmol/l for males), high blood pressure systolic BP ≥ 130 and/or diastolic BP ≥ 85 
mmHg) and increased fasting glucose levels (glucose ≥ 6.1 mmol/l).
Fasting blood samples were taken for the determination of high-density lipoproteins (HDL) 
(HDL-C plus, Roche, Mannheim, Germany) and triglycerides (TG) (GPO-PAP, Roche, Man-
nheim, Germany). Blood glucose was measured immediately by the glucose oxidase method 
using a Yellow Springs Instrument Co. Glucose analyzer (YSI Inc., Yellow Springs, OH). 
Insulin levels (immunometric assay, Bayer Diagnostics, Mijdrecht, The Netherlands) were 
measured after fasting and during the subsequent clamp. After centrifugation all samples 
were frozen (-70 C) until assayed.

Hyperinsulinaemic euglycemic clamp

The hyperinsulinaemic euglycemic clamp was performed to determine insulin sensitivity 
by peripheral glucose uptake as described by De Fronzo et al (11). Insulin (Velosulin, Novo 
Nordisk, Bagsvaerd, Denmark) was infused at a rate of 60 mU/kg/hr after a priming dose of 
6 mU/kg. Hepatic glucose production is known to be suppressed in nondiabetic subjects by 
this infusion rate. The blood glucose level was measured every 5 minutes (2300 STATplus 
C, Yellow Springs Incorporated). Blood glucose levels were clamped to a level of 5 mmol/l. 
During the last hour every 15 min blood was drawn to determine plasma insulin concentra-
tions. Euglycemia (5 mmol/l) was maintained with 20% D-glucose infusion. Under steady-
state conditions of euglycemia, the rate of exogenous glucose infusion is equal to the rate 
of insulin-stimulated glucose disposal. Insulin sensitivity was calculated from the glucose 
infusion rate (milligrams per minute) between 60 and 120 minutes of the euglycemic clamp, 
divided by body weight and expressed as M-value (mg/kg/min).
To correct for blood glucose levels during the steady state the Mc-value was obtained as 
follows: (M-value -1)x (100/mean plasma glucose(mg/dl) +1. To correct for fat free mass the 
Mffm was obtained as follows: M-value x percentage fat free mass.
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To correct for both blood glucose levels en fat free mass the Mcffm-value was obtained as 
follows: Mc-value x percentage fat free mass.

Statistical analysis

Analyses were carried out using the computer statistical package SPSS for Windows ver-
sion 11.5. Results in tables 1, 2 and 3 are expressed as mean ± SD. Differences between the 
groups were evaluated using ANOVA and regession analysis. Statistical significance was 
defined as p value ≤ 0.05.

Ethical considerations

The study was approved by the local ethical committee. Informed consent was obtained.

Figure 1 Insulin sensitivity expressed as M, MC, Mffm and Mcffm-value for CON, premAGA, premSGA and GH 
subjects.
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M-value= glucose disposal mg/kg/min
Mc= (M-value – 1) * (100 / mean glucose level during steady state) +1
Mffm = M-value * percentage fat free mass
Mcffm= Mc-value * percentage fat free mass 
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Results

Insulin sensitivity

Results on insulin sensitivity are displayed in figure 1. Differences between the groups are 
shown in table 2a and 2b.
Insulin sensitivity expressed as M-value (mg/kg/min), M-value corrected for steady state 
blood glucose levels (Mc), M-value corrected for fat free mass (Mffm) and Mc-value cor-
rected for fat free mass (Mcffm) were all significantly lower in premAGA, premSGA and GH 
subjects than in CON males (table 2a).
There were no differences in M, Mc, Mffm and Mcffm-value between premAGA and premSGA 
subjects in comparison with GH subjects (table 2b).

Table 2a Regression analysis of differences in insulin sensitivity. Controls in comparison with premAGA, premSGA 
and GH subjects

PremAGA vs CON PremSGA vs CON GH vs CON

B (95%CI) p B (95%CI) p B (95%CI) p

M-value -3.70
(-6.2 – -1.2)

0,004 -3.6
(-6.3 – -1.0)

0.007 -4.4
(-7.2 – -1.6)

0.003

Mc -4.1
(-7.0 – -1.2)

0.007 -3.5
(-6.5 – -0.5)

0.022 -4.6
(-7.8 – -1.3)

0.007

Mffm -2.8
(-5.0 – -0.6)

0.015 -2.7
(-5.0 – -0.3)

0.025 -3.1
(-5.6 – -0.6)

0.016

Mcffm -3.1
(-5.6 – -0.5)

0.019 -2.6
(-5.2 – 0.1)

0.05 -3.3
(-6.1 – -0.5)

0.024

Table 2b Regression analysis of differences in insulin sensitivity. GH subjects in comparison with premAGA and 
premSGA subjects

PremAGA vs GH PremSGA vs GH

B (95%CI) p B (95%CI) p

M-value 0.6
(-2.1 – 3.4)

0.66 0.7
(-2.2 – 3.4)

0.62

Mc 0.5
(-2.8 – 3.7)

0.76 1.0
(-2.3 – 4.4)

0.54

Mffm 0.3
(-2.2 – 2.8)

0.80 0.5
(-2.1 – 3.0)

0.73

Mcffm 0.2
(-2.6 – 3.1)

0.87 0.7
(-2.2 – 3.7)

0.62

M-value= glucose disposal mg/kg/min
Mc= (M-value – 1) * (100/mean glucose during clamp) +1
Mffm = M-value * percentage fat free mass
Mcffm= Mc-value * percentage fat free mass



 C
ha

p
te

r 4

58

Metabolic syndrome components

The components of the metabolic syndrome (increased waist circumference, raised TG 
levels, decreased HDL levels, high blood pressure and raised fasting glucose) are shown 
in table 3. Mean values were within the normal range. No significant differences in waist 
circumference, triglyceride levels, HDL levels and fasting glucose levels were observed 
between any of the groups. Systolic blood pressure was higher in premAGA subjects than in 
GH (p < 0.0001) and CON (p < 0.0001) subjects. In premSGA subjects, systolic blood pressure 
was higher than in GH subjects (0.03).
Diastolic blood pressure was higher in premAGA subjects than in CON subjects.

Table 3 Components of the metabolic syndrome (ATP-III) of the growth hormone treated subjects (GH) and healthy 
untreated control subjects (CON).

CON premAGA premSGA GH p

N 15 15 13 10

Waist circumference (cm) 77.3 (5.6) 79. 3 (9.6) 77.7 (6.7) 76.5 (3.6) 0.78

Triglycerides (mmol/l) 0.88 (0.4) 1.0 (0.5) 1.14 (0.5) 1.27 (0.84) 0.29

HDL (mmol/l) 1.41 (0.26) 1.35 (0.20) 1.39 (0.30) 1.30 (0.18) 0.56

Systolic blood pressure (mmHg) 120 (10) 139 (15) 130 (11) 116 (6) < 0.001

Diastolic blood pressure (mmHg) 64 (5) 73 (8) 68 (8) 65 (8) 0.015

Fasting glucose (mmol/l) 4.3 (0.6) 4.6 (0.4) 4.5 (0.4) 4.5 (0.3) 0.21

Results GA and BW expressed as mean ± SD
HDL= high density lipoproteins

Discussion

In the present study the hyperinsulinaemic euglycemic clamp design was used to study 
insulin sensitivity in subjects born small for gestational age (SGA) that were treated with 
growth hormone during childhood as well as subjects born preterm that were never treated 
with growth hormone. Our study shows that young adult males born SGA who had been 
treated with growth hormone have a decreased insulin sensitivity compared to controls. 
The reduction of insulin sensitivity in the GH group is larger than in some other studies con-
ducted in young adults with a low birth weight (1;17) and comparable to the insulin sensitivity 
that we found in the preterm born males.
The original study in which the GH subjects participated did not include control subjects 
born SGA not treated with growth hormone, which is a limitation of this study. Therefore, our 
study cannot distinguish between prenatal, postnatal or growth hormone therapy-related 
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factors that caused the insulin resistance of GH subjects compared to controls. Within the 
SGA population, the GH subjects represent a subgroup without spontaneous catch up growth 
and it is possible that short SGA subjects may have a different insulin sensitivity than tall 
SGA subjects due to differences in catch-up growth. It is conceivable that the GH subjects 
were already partly insulin resistant before the start of the growth hormone treatment, 
although there have been reports that in prepubertal children born SGA the highest insulin 
sensitivity is found in children without catch-up growth, while those with spontaneous catch 
up growth are insulin resistant (18). It has not been studied how insulin sensitivity changes 
with age in term born SGA subjects. Also the effect of duration of growth hormone therapy 
on insulin sensitivity is not known.
The effect of spontaneous catch-up growth can be studied in the premAGA and premSGA 
subjects. PremAGA subjects were taller than the GH subjects but had a comparable decrease 
in insulin sensitivity. This may indicate that spontaneous catch-up growth is unfavorable for 
metabolic health. Differences in body composition, especially the balance between fat mass 
and lean mass are often proposed as explanations for differences in insulin sensitivity (19). 
In our subjects the fat free mass percentage was comparable between the groups, sug-
gesting that body composition is not the only factor that is important in the relation between 
growth and insulin sensitivity.
Except for blood pressure, we did not find differences in the components of the metabolic 
syndrome between the groups. It is already known that pretem born have increased blood 
pressure (3).
To answer the questions on the relation between growth, growth hormone therapy and 
insulin sensitivity, it is necessary to perform long-term studies that measure insulin sen-
sitivity and body composition before, during and after growth hormone therapy. This is also 
important now that subgroups of preterm born that remain short are considered for growth 
hormone therapy.

In conclusion, GH-treated subjects born SGA and untreated subjects born preterm have 
a low insulin sensitivity compared to controls. Whether the difference in the GH-treated 
subjects results from perinatal-, postnatal- or growth hormone therapy-related factors is 
not known. In children born preterm, careful follow up is important when they are treated 
with growth hormone.
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Abstract

Objective: Low birthweight in infants born at term is related to the presence of the metabolic 
syndrome as an adult. Individuals born preterm invariably have low birthweights and may 
develop the metabolic syndrome as well. Although high BP, glucose intolerance and insulin 
resistance have been documented, dyslipidaemia has never been reported in individuals 
born preterm.
Methods: In three groups of young adults, 29 participants from the POPS (Project On Prema-
ture and Small for Gestational Age Infants) cohort born preterm appropriate for gestational 
age, 28 participants from the POPS cohort born preterm small for gestational age (POPS-
SGA) and 30 individuals born at term with normal birthweight (CON) we investigated fasting 
lipids as well as postprandial responses during a mixed meal test. The relationship between 
fasting and postprandial measurements and insulin sensitivity, measured by the hyperin-
sulinaemic clamp, was investigated.
Results: Preterm participants had higher BP than CON individuals. Postprandial triacylglyc-
erol levels were increased in POPS-SGA men. POPS-SGA individuals were hyperinsulinae-
mic during the mixed meal test.
Conclusion: The mixed meal test provides additional information on cardiovascular risk 
factors. Postprandial triacylglycerol levels are increased in POPS-SGA men. Postprandial 
hyperinsulinaemia is found in POPS-SGA individuals.
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Introduction

In infants born at term, size at birth is related to the presence of the metabolic syndrome 
(1) throughout adulthood (2-4). In preterms, size at birth is also reduced and it is becoming 
clear that preterm infants may be predisposed to the same risks of developing the meta-
bolic syndrome as infants with a low birthweight at term. Insulin resistance has been found 
in preterm-born prepubertal children (5) and young adults (6). Glucose intolerance and 
increased BP are already present in young adulthood, but dyslipidaemia is not found (6;7).
In the present study the different components of the metabolic syndrome, according to the 
Adult Treatment Panel III of the Expert Panel on Detection, Evaluation, and Treatment of 
High Blood Cholesterol in Adults (ATP III) definition, were investigated in young adults born 
preterm. Because metabolic abnormalities may only become apparent during the postpran-
dial phase, lipid and glucose metabolism were studied after a standardised mixed meal. 
Furthermore, the hyperinsulinaemic–euglycaemic clamp technique was used to study insu-
lin sensitivity in relation to components of the metabolic syndrome.
Young adults from the Project on Premature and Small for Gestational Age Infants (POPS) 
born prematurely appropriate for gestational age (POPS-AGA), young adults born prema-
turely small for gestational age (POPS-SGA) and term-born controls with normal birth-
weight (CON) were compared.
It was hypothesized that prematurity, especially when accompanied by a low birthweight 
for gestational age, predisposes for altered lipid metabolism, which can be identified in the 
postprandial state.

Methods

Participants

Participants were recruited from the POPS cohort (8). The POPS cohort comprises 94% of 
all Dutch neonates (n=1,338) who were born alive in 1983 with a gestational age of below 32 
weeks and/or with a birthweight < 1,500 g. Address information of the participants and fami-
lies was available from the POPS database. Information on disabilities was also available 
from the database. Disabled individuals were excluded and not approached for this study. 
Individuals were approached by telephone. Subsequently, an information letter was sent. 
After 3 weeks individuals were approached again by telephone.
From the POPS cohort we selected 47 individuals born prematurely with an appropriate 
birthweight for gestational age (birthweight standard deviation score (SDS) between 0 and 
+2 SDS: POPS-AGA) who had been treated in our Neonatal Intensive Care Unit during the 
neonatal period. Six individuals (13%) could not be traced, five individuals (11%) were not 
eligible because of pregnancy and serious disease and four individuals (9%) refused to par-
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ticipate. Thirty POPS-AGA individuals (64%), 15 men and 15 women, were selected after they 
agreed to participate. Characteristics at birth are shown in Table 1. Of the POPS-AGA group 
one woman was excluded from the analysis because of serious obesity (BMI 34.6 kg/m2).
From the POPS cohort we selected 42 individuals born prematurely small for gestational 
age (birthweight SDS below −2 SDS: POPS-SGA). These participants had been treated in 
the neonatal period in different centres. One year before the start of our study, 22 of these 
individuals had participated in a study on renal function. Three individuals (7%) could not be 
traced, ten individuals (24%) refused to participate. Twenty-eight individuals (67%), 13 men 
and 15 women, were selected after they agreed to participate. Originally, the definition of 
SGA in the POPS-SGA group was birthweight SDS below -2 SDS. Because the high refusal 
rate led to small group size we changed the definition to the group of children within the 
cohort with the lowest birthweight SDS. Fourteen SGA participants had a birthweight SDS 
lower than −2 SDS. The range of birthweight SDS between the SGA and AGA group did not 
overlap. Characteristics at birth are shown in Table 1.
The control group (CON) was recruited by advertisement in the VU University medical fac-
ulty. The first 15 men and 15 women, born in 1983, who volunteered for the study were 
selected. From taking the history we gathered that they were born at term (37-42 weeks) 
with a birthweight appropriate for gestational age.
Overall, most women (75%) used oral contraceptives. Tests were performed throughout 
the menstrual cycle, as it was not possible to schedule appointments in the early follicular 
phase because of logistic reasons.

Table 1 Clinical characteristics of the POPS-AGA, POPS-SGA and CON groups at birth

CON POPS-AGA POPS-SGA p valuea

Sex (M/F) 15 M/15 F 15 M/14 F 13 M/15 F

GA (weeks) 40.0 28.9±1.4 30.7±1.1 < 0.0001

Birthweight (g) 3562±465 1536±300 934±146 < 0.0001

Birthweight SDSb 0.11±1.0 1.11±0.27 -2.0±0.34 < 0.0001

Means ± SD
a Differences between any of the three groups analysed by ANOVA
b Birthweight SDS according to Niklasson et al. (23)
GA, gestational age
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Study protocol

Participants were investigated on two separate days.
During the first visit, a physical examination, blood sampling to investigate the presence of 
the metabolic syndrome and the hyperinsulinaemic–euglycaemic clamp were performed. 
During the second visit, 2-6 weeks later, a standardised mixed meal test (MMT) was per-
formed.

Physical examination

Participants arrived at the examination room after an overnight fast. Measurement of the 
participant’s weight and height were performed using an electronic scale and stadiometer 
(SECA, Hanover, MD, USA). Weight was measured to the nearest 0.1 kg, height the nearest 
0.1 cm. BMI was calculated as weight/height squared and expressed as BMI SDS.

Waist circumference was measured at the level of the umbilicus after full expiration while 
the individual standing upright, with feet together and arms hanging freely at the sides, and 
hip circumference at the level of the greater trochanter, both with the use of a flexible tape 
measuring to 0.1 cm accuracy.
Fat mass and the corresponding fat-free mass were estimated by biometrical impedance 
analysis (AKERN BIA 101/S; RJL Systems, Detroit, MI, USA).
BP was obtained with an automatic BP device (Dinamap; Critikon, Norderstedt, Germany). 
Three measurements were performed at the non-dominant arm in supine position after 15 
min of rest with an appropriate size cuff for arm diameter. Mean values were used in sta-
tistical analysis.

Metabolic syndrome components

The metabolic syndrome was defined according to the ATP III criteria (9). Using these cri-
teria, the metabolic syndrome is identified by the presence of three or more of these com-
ponents: central obesity (waist circumference ≥ 102 cm (men), > 88 cm (women); raised 
fasting blood triacylglycerol (TG) (≥ 1.7 mmol/l); reduced HDL-cholesterol (< 1.0 (men) or < 
1.3 (women) mmol/l); high BP (systolic ≥ 130 and/or diastolic ≥ 85 mmHg); and increased 
fasting glucose levels (≥ 6.1 mmol/l).

Assays

Fasting HDL-cholesterol and TG (HDL-cholesterol: HDL-C Plus, TG: GPO-PAP; Roche, Man-
nheim, Germany) were measured. Blood glucose was measured immediately by the glucose 
oxidase method using a Yellow Springs Instrument Glucose Analyzer (Yellow Springs, OH, 
USA).
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Mixed meal test

The MMT was performed 2-6 weeks after the clamp study. The participants were investi-
gated after an overnight fast. An i.v. cannula was placed into the antecubital vein for blood 
sampling. A standardised 400 ml liquid meal (Fresubin Energy; Fresenius Kabi, Friedberg, 
Germany) with an added 65 ml of unclotted cream was served that contained 76.7 g carbo-
hydrates, 54.7 g fat and 29.3 g proteins.
After an overnight fast from 00:00 hours the previous evening, each participant arrived at 
08:30 hours at the test room. An i.v. cannula was placed in an antecubital vein for blood 
sampling. Fasting blood samples were drawn at −15 and 0 min for measurement of TG, HDL-
cholesterol, NEFA, glucose and insulin concentrations.
Thereafter participants were asked to drink the liquid meal within 10 min. Blood collections 
for the measurement of NEFA (enzymatic colorimetric test, NEFA-C; WAKO Chemicals, 
Neuss, Germany) and TG (GPO-PAP; Roche) levels were performed at 60, 120, 180, 240 and 
300 min. Blood collections for the measurement of glucose (hexokinase method; Roche) and 
insulin (immunometric assay; Bayer Diagnostics, Mijdrecht, the Netherlands) levels were 
performed at 30, 60, 90, 120, 150, 180, 210, 240, 270 and 300 min.

Hyperinsulinaemic–euglycaemic clamp

After an overnight fast, a hyperinsulinaemic–euglycaemic clamp was performed to deter-
mine insulin sensitivity by peripheral glucose uptake as described by DeFronzo et al. (10). 
Insulin (Velosulin; Novo Nordisk, Bagsvaerd, Denmark) was infused at a rate of 60 mU kg-1 
h-1 after a priming dose of 6 mU/kg. Hepatic glucose production is known to be suppressed 
in non-diabetic individuals by this infusion rate. The blood glucose level was measured 
every 5 min (2300 STATplus C; Yellow Springs). Blood glucose levels were clamped to a level 
of 5 mmol/l. During the last hour every 15 min blood was drawn to determine plasma insulin 
concentrations. Euglycaemia (5 mmol/l) was maintained with 20% (wt/vol.) D-glucose infu-
sion. Under steady-state conditions of euglycaemia, the rate of exogenous glucose infusion 
is equal to the rate of insulin-stimulated glucose disposal. Insulin sensitivity was calculated 
from the glucose infusion rate (mg/minute) between 60 and 120 min of the euglycaemic 
clamp, divided by body weight and expressed as an M value (glucose disposal, mmol kg-1 
min-1) and an Mi value (glucose disposal, mmol kg-1 min-1 (pmol/l)-1).

Statistical analysis

For statistical analysis the SPSS package for Windows version 15 was used (SPSS, Chicago, 
IL, USA). Results in Tables 1, 2 and 3 are expressed as means ± SD. Differences between the 
groups and relationships with other factors were tested by linear regression analysis. Dif-
ferences between groups during the MMT were analysed longitudinally using linear mixed 
models where time was treated as a categorical variable. With this strategy we were able 
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to analyse the differences between the groups at the different time-points in one model. A p 
value < 0.05 was considered to be statistically significant, based on two-sided testing.

Ethical considerations 

The local ethical committee approved the study. All individuals gave written informed con-
sent to participate.

Table 2 Clinical characteristics of the POPS-AGA, POPS-SGA and CON groups at the time of the study

CON POPS-AGA POPS-SGA CON POPS-AGA POPS-SGA p valuea

Sex M M M F F F

Age (years) 21.7 ± 0.3 22.1 ± 0.4 22.2 ± 0.3 21.50.3 21.9 ± 0.4 22.2 ± 0.3 < 0.0001

Height (cm) 185.9 ± 4.8 183.1 ± 8.9 178.9 ± 6.7 171.6 ± 3.8 169.6 ± 7.9 162.3 ± 5.1 0.003

Weight (kg) 76.2 ± 8.2 77.0 ± 16.8 70.3 ± 8.5 63.3 ± 6.5 61.2 ± 9.7 57.9 ± 9.2 0.12

BMI (kg/m2) 22.0 ± 2.0 22.8 ± 3.4 22.0 ± 3.0 21.5 ± 2.2 21.2 ± 2.1 21.9 ± 2.9 0.94

WC (cm) 77.3 ± 5.6 79.3 ± 9.6 77.7 ± 6.7 69.7 ± 5.3 69.2 ± 4.3 69.7 ± 8.5 0.88

Fat mass (kg)b 17.2 ± 4.6 17.9 ± 9.4 15.7 ± 5.5 19.5 ± 4.5 18.5 ± 5.6 18.1 ± 5.3 0.69

Fat percentagec 22.2 ± 4.0 21.8 ± 7.1 21.5 ± 5.0 30.4 ± 4.0 29.7 ± 4.6 30.9 ± 4.6 0.81

Fat-free mass (kg)d 59.0 ± 4.7 59.2 ± 7.7 55.1 ± 3. 43.9 ± 2.7 42.7 ± 4.5 39.5 ± 4.6 0.10

M value (mmol kg-1 min-1) 0.078 ± 0.020 0.057 ± 0.016 0.058 ± 0.021 0.065 ± 0.023 0.051 ± 0.021 0.053 ± 0.012 0.001

Mi value (mmol kg-1 min-1 
[pmol/l]-1)

0.0015 ± 
0.0006

0.0010 ± 
0.0004

0.0009 ± 
0.0004

0.0013 ± 
0.0007

0.0010 ± 
0.0004

0.0008 ± 
0.0003

< 0.0001

Results expressed as means ± SD
a Differences between any of the three groups analysed by ANOVA
b Fat mass=weight of body fat derived from BIA measurement
c Fat percentage=percentage fat mass derived from BIA measurement
d Fat-free mass=weight of body fat-free mass derived from BIA measurement
WC, waist circumference

Results

Clinical characteristics of the groups

All participants were born in 1983. POPS-SGA individuals were shorter in comparison with 
POPS-AGA individuals (p=0.04) and CON individuals (p=0.003) (Table 2).
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Metabolic syndrome components

Systolic BP was higher in POPS-AGA (p < 0.0001) and POPS-SGA (p=0.01) individuals than 
in CON individuals. No differences were observed between POPS-AGA and POPS-SGA par-
ticipants (p=0.12). Diastolic BP was higher in POPS-AGA (p=0.001) and POPS-SGA (p=0.007) 
participants than in CON individuals. No differences were observed between POPS-AGA 
and POPS-SGA participants (p=0.48) (Table 3).

MMT: TG levels A significant interaction was observed for TG levels with group and sex 
(p≤.003 at all time-points from 120 min) (Figure 1).
TG levels in POPS-SGA men were higher at 120 min (p=0.01), 180 min (p < 0.0001), 240 min 
(p < 0.0001) and 300 min (p=0.003) than in CON men. POPS-SGA men had higher TG levels 
than POPS-SGA women at 120 min (p=0.001), 180 min (p < 0.0001), 240 min (p < 0.0001) and 
300 min (p=0.003).
Among women, no differences were observed between any of the groups.

MMT: NEFA levels No differences in postprandial NEFA levels were observed between the 
three groups (Figure 1).

MMT: glucose levels No differences in postprandial glucose levels were observed between 
the three groups (Figure 2).

Table 3 Components of the metabolic syndrome (ATP-III) of the POPS-AGA, POPS-SGA and CON groups during the 
first visit

CON POPS-AGA POPS-SGA p valuea

Sex (M/F) M F M F M F

Fasting glucose (mmol/l) 5.2 ± 0.7 4.8 ± 0.3 5.1 ± 0.3 4.9 ± 0.4 5.3 ± 0.5 5.0 ± 0.3 0.16

HDL-cholesterol (mmol/l) 1.4 ± 0.3 1.6 ± 0.3 1.4 ± 0.2 1.8 ± 0.5 1.4 ± 0.3 1.7 ± 0.4 0.69

TG (mmol/l) 0.9 ± 0.4 1.0 ± 0.4 1.0 ± 0.5 0.8 ± 0.3 1.1 ± 0.5 0.8 ± 0.3 0.94

WC (cm) 77.3 ± 5.6 69.7 ± 5.3 79.3 ± 9.6 69.2 ± 4.3 77.7 ± 6.7 69.7 ± 8.5 0.88

Systolic BP (mmHg) 120 ± 10 116 ± 9 139 ± 15 125 ± 12 130 ± 11 124 ± 14 < 0.0001

Diastolic BP (mmHg) 64 ± 5 66 ± 8 73 ± 8 72 ± 5 68 ± 8 73 ± 10 0.002

Results expressed as means ± SD
a Differences between any of the three groups analysed by ANOVA
M, male; F, female; WC, waist circumference
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MMT: insulin levels Insulin levels were higher in POPS-SGA participants compared with 
CON individuals at 30 min (p=0.002), 60 min (p=0.015), 90 min (p=0.005), 120 min (p=0.001), 
150 min (p=0.015), 180 min (p=0.007), 210 min (p < 0.0001) and 240 min (p=0.02) (Fig. 2). 
There was no difference in insulin levels between CON and POPS-AGA participants.

Insulin sensitivity

Insulin sensitivity expressed as an Mi value was lower in POPS-AGA (p=0.01) and POPS-SGA 
(p < 0.0001) participants than in CON individuals (Table 2).
Linear regression analysis adjusted for group showed a significant relationship between TG 
levels and insulin sensitivity at −15 min (p=0.015), 0 min (p=0.007), 60 min (p=0.031) and 300 
min (p=0.019) during the MMT. The relationship between TG levels and insulin sensitivity 
was not different between men and women.

Figure 1 TG and NEFA levels during MMT in men (a, c) and women (b, d) of the CON (squares), POP-AGA (circles) 
and POPS-SGA (inverted triangles) groups
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Discussion

The metabolic syndrome is a group of cardiovascular risk factors including central obesity, 
dyslipidaemia, hypertension and raised fasting plasma glucose levels. The development 
of the metabolic syndrome has been shown to be more prevalent in adults born with low 
birthweight at term than in control individuals (2;3). In individuals born preterm, increased 
BP, glucose intolerance and insulin resistance have been found (6;7) but dyslipidaemia was 
not reported.
As in the previous studies, we did not observe differences in fasting lipid levels between the 
three groups. However, early signs of metabolic derangement may be more easily detected 
in the postprandial state. Our study shows that especially POPS-SGA men have increased 
TG levels in the postprandial state.
As in previous reports (11) we found a relationship between insulin sensitivity and TG levels, 
in which we observed no sex differences.

Figure 2 Glucose and insulin levels during MMT in men (a, c) and women (b, d) of the CON (squares), POP-AGA 
(upright triangles) and POPS-SGA (inverted triangles) groups

CON
POPS-AGA
POPS-SGA

CON
POPS-AGA
POPS-SGA

-30 0 30 60 90 120 150 180 210 240 270 300
4

5

6

7

Time during MMT (min)

G
lu

co
se

 (m
m

ol
/l

)

a

-30 0 30 60 90 120 150 180 210 240 270 300
4

5

6

7

Time during MMT (min)

G
lu

co
se

 (m
m

ol
/l

)

b

-30 0 30 60 90 120 150 180 210 240 270 300
0

100

200

300

400

500

600

700

Time during MMT (min)

In
su

lin
 (p

m
ol

/l
)

c

0

100

200

300

400

500

600

700

In
su

lin
 (p

m
ol

/l
)

d

-30 0 30 60 90 120 150 180 210 240 270 300
Time during MMT (min)

CON
POPS-AGA
POPS-SGA

CON
POPS-AGA
POPS-SGA



 C
ha

p
te

r 5

74

A weakness of this study is that not enough individuals could be included according to the 
SGA definition of birthweight less than -2 SDS. Instead, individuals from the cohort with 
the lowest birthweight had to be selected. Therefore the POPS-SGA group may reflect the 
effects of both moderate and extreme intrauterine growth retardation, which makes a com-
parison with the POPS-AGA participants more difficult.
Postprandial hypertriacylglycerolaemia is considered to be a part of the metabolic syn-
drome (12). It has been shown that postprandial TG levels are related to the development 
of cardiovascular disease (13) and that these levels are related to insulin resistance (11). A 
gradual rise in TG levels throughout the day with peak concentrations between dinner and 
bedtime has been reported in individuals with insulin resistance (12). Potentiation of TG lev-
els may occur in our individuals as well, as we observed maximum postprandial TG levels 
hours after ingestion of the meal. It seems unlikely that the increased lipid levels that we 
found are explained by genetic causes of dyslipidaemia because HDL- and LDL-cholesterol 
were not different between subgroups.
In women, we found consistently lower TG levels throughout the MMT compared with men. 
A problem of our study is that, because of logistic reasons, the clamp study could not be 
performed during the follicular phase. Furthermore, 75% of women used oral contracep-
tives, which are known to influence the metabolic measurements. Previous studies have 
shown that women have lower postprandial TG levels (14), probably because of the presence 
of oestrogens and progestagens (15-18).
The MMT has been used for the assessment of beta cell function (19-21). The oral load 
results in a postprandial exposure of the pancreas to glucose, amino acids and hormones 
that closely reflects the ability of the pancreas to produce insulin under normal physiologi-
cal conditions (19). We found that postprandial insulin levels are increased in POPS-SGA 
participants compared with CON individuals. This finding is different from the results of 
the hyperinsulinaemic clamp study that showed that both POPS-AGA and POPS-SGA par-
ticipants are more insulin resistant than the CON group. This may be explained by earlier 
findings suggesting that insulin sensitivity measurements as determined by the clamp and 
hyperinsulinaemia may identify different metabolic subgroups (22). Increased insulin levels 
may also represent compensatory beta cell activity in reaction to insulin resistance and 
increase the risk of beta cell decompensation and the subsequent development of glucose 
intolerance and type 2 diabetes in the future.
In conclusion, additional cardiovascular risk markers have been identified in individuals 
born preterm. POPS-SGA men have increased postprandial TG levels that are related to 
the degree of insulin resistance. POPS-SGA individuals have increased postprandial insulin 
levels because of their insulin resistance.
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Abstract

Objective: Subjects born preterm appropriate for gestational age often have inappropriate 
weight or length at term age. This condition is called preterm growth restraint (PGR). In 
general, preterms are at increased risk to develop insulin resistance, but the risk specifi-
cally for the PGR subgroup is not known.
Study design: Childhood growth patterns and insulin sensitivity, measured by the hyperin-
sulinemic euglycemic clamp, were investigated in young adults. 17 preterm born subjects 
small for gestational age (SGA), 12 preterm born subjects appropriate for gestational age 
with postnatal growth retardation (AGA-PGR) were compared with 28 preterm born sub-
jects appropriate for gestational age without postnatal growth retardation (AGA-nonPGR).
Results: Insulin sensitivity expressed as M-value (glucose disposal mg/kg/min) tended to 
be higher in AGA-PGR (10.4) than in AGA-nonPGR (8.9) subjects. The M-value was higher in 
SGA (11.0) than in non-PGR subjects. These differences disappeared after adjustment for 
body size. Linear growth between 3 months and 21 years of age was different between AGA-
nonPGR and SGA subjects and between AGA-nonPGR subjects and the combined AGA-PGR 
and SGA subjects.
Conclusion: insulin sensitivity is lower in subjects born prematurely without PGR than in 
subjects born prematurely with SGA and with PGR. These differences are related to birth 
weight and early postnatal growth.
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Introduction

Preterms that have been exposed to an adverse uterine environment leading to intrauterine 
growth retardation are born small for gestational age (SGA). Preterms born appropriate 
for gestational age are often exposed to an adverse ex utero environment in the postna-
tal months, leading to leading to growth retardation at term age, a condition called Pre-
term Growth Restraint (PGR) (1). The growth patterns of subjects that experienced in utero 
growth retardation (SGA) and subjects that experienced ex utero growth retardation leading 
to a low weight at term (AGA-PGR) have been shown to be comparable (2). Their adult height 
is lower than that of subjects born prematurely and appropriate for gestational age without 
growth retardation at term age (AGA-nonPGR). In subjects born SGA at term, spontaneous 
catch up growth is associated with increased metabolic and cardiovascular risk (3-10). Lack 
of catch up growth may be associated with risk reduction.
It was hypothesized that SGA and AGA-PGR subjects are relatively protected against the 
development of insulin resistance because of diminished growth during childhood.
Childhood growth patterns and insulin sensitivity by means of the hyperinsulinemic euglyc-
emic clamp were analysed. Preterm born SGA and AGA-PGR subjects were compared with 
AGA-nonPGR subjects.

Subjects and Methods

Participants were recruited from the POPS cohort (Project On Premature and Small for ges-
tational age infants) (11). The POPS cohort comprises of 94% of all Dutch neonates (n=1338) 
who were born alive in 1983 with a gestational age of below 32 weeks and / or with a birth 
weight below < 1500 g. Address information of the subjects and families was available from 
the POPS database. Information on disabilities was also available from the database. Disa-
bled subjects were excluded and not approached for this study. Subjects were approached 
by telephone. Subsequently, an information letter was sent. After 3 weeks subjects were 
approached again by telephone.
From the POPS cohort we selected 47 subjects born prematurely with an appropriate birth 
weight for gestational age (birth weight sds between 0 and +2 sds) who had been treated in 
our Neonatal Intensive Care Unit during the neonatal period. Six subjects (13%) could not be 
traced; five subjects (11%) were not eligible because of pregnancy and serious disease, four 
subjects (9%) refused to participate. Thirty subjects (64%), 15 males and 15 females agreed 
to participate.
From the POPS-cohort we selected 42 subjects born prematurely small for gestational age 
(birth weight sds below -2 sds). These subjects had been treated in the neonatal period 
in different centers. One year before the start of our study 22 of these subjects had par-
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ticipated in a study on renal function. Three subjects (7%) could not be traced, 10 subjects 
(24%) refused to participate. Twenty-eight subjects (67%) 13 males and 15 females agreed to 
participate. Because the high refusal rate led to small group size we changed the definition 
to the group of children within the cohort with the lowest birth weight sd which appeared 
to be between -2,64 to -1,37 sd. Fourteen SGA subjects had a birth weight sds lower than 
-2 sds. The remaining fourteen subjects had birth weight sds ranging between -1.37 sds and 
-1.99 sds.
For the analysis of PGR the subjects were classified in three groups. Subjects born with 
a birth weight and/or length < -2 sds were classified as small for gestational age (SGA). 
Subjects born with birth weight and/or length > -2 sds and with a weight and/or length at 
3 months < -2 sds were classified as appropriate for gestational age with preterm growth 
restraint (AGA-PGR). Subjects born with birth weight and/or length > -2 sds and weight and/
or length at 3 months > -2 sds) were classified as appropriate for gestational age without 
preterm growth restraint (AGA-nonPGR).
Characteristics at birth are shown in table 1. The birth weights of SGA and AGA-PGR sub-
jects were lower than the birth weight of AGA-nonPGR subjects. The birth weight of SGA 
subjects was not significantly different from the AGA-PGR subjects.

Table 1 Characteristics of the SGA/AGA-PGR vs AGA-nonPGR group at birth

SGA AGA-PGR AGA-nonPGR p

N 17 12 28

Gender M/F 9/8 7/5 12/16

GA 31.0 ± 0.7 •† 28.7 ± 1.6 † 29.5 ± 1.4 • < 0.0001

BW 930 ± 127 • 1080 ± 279 * 1497 ± 352 •* < 0.0001

BWsds -2.2 ± 0.3 • -0.4 ± 1.4 * 1.1 ± 1.1 •* < 0.0001

BLsds -2.4 ± 0.6 •† -0.1 ± 1.2 † 1.2 ± 1.2 • < 0.0001

•= difference between SGA and AGA-nonPGR
†= difference between SGA and AGA-PGR
*= difference between AGA-PGR and AGA-nonPGR
Results expressed as mean ± SD
M= male, F= female
GA= gestational age
BW= birth weight
BWsds= birth weight sds according to Niklasson (12)
BLsds=birth length according to Niklasson (12)
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Table 2 Clinical characteristics of the SGA, AGA-PGR and AGA-nonPGR group at the time of the study

SGA AGA-PGR AGA-nonPGR p

N 17 12 28

Gender M/F 9/8 7/5 12/16

Age 22.1 ± 0.3 22.2 ± 0.3 22.0 ± 0.4 0.51

Height sds -1.05 ± 1.0 • -1.10 ± 0.8 * -0.05 ± 1.2 •* 0.002

Weight sds -1.16 ± 0.9 • -1.24 ± 0.8 * 0.14 ± 1.4 •* < 0.0001

BMI sds -0.56 ± 1.0 -0.62 ± 1.0 0.16 ± 1.2 0.05

•= difference between SGA and AGA-nonPGR
†= difference between SGA and AGA-PGR
*= difference between AGA-PGR and AGA-nonPGR
Height sds, Weight sds and BMI sds according to Dutch references (13)

Methods

Growth data

Perinatal parameters (birth weight, birth length, gestational age, Apgar score, congenital 
anomalies) and obstetric parameters were known since birth. Birth weight and birth length 
were converted to SD scores (sds) using Swedish reference standards (12) because Dutch 
sds reference values for birth weight and length were at that time unavailable. Birth weight 
sds was considered as a measure of intrauterine growth. Follow up data for growth (height, 
weight, BMI) at the age of 3 months, 6 months, 12 months, 24 months, 5 years, 10 years 
and 19 years were available from most POPS participants. Follow up growth data were 
converted to SD scores according to Dutch reference standards (13). For the analysis of 
changes in the infant or childhood growth pattern, height sds and weight sds were analysed 
longitudinally.

Physical examination

Subjects arrived at the examination room after an overnight fast.
Measurement of the subject’s weight and height were performed using an electronic scale 
and stadiometer (SECA, Hanover, Md). Weight was measured to the nearest 0.1 kg, height 
the nearest 0.1 cm. Body mass index (BMI) was calculated as weight/height squared and 
expressed as BMI sds.

Hyperinsulinemic euglycemic clamp

Subsequently the hyperinsulinemic euglycemic clamp was performed to determine insulin 
sensitivity by peripheral glucose uptake as described by De Fronzo et al (14). Insulin (Velo-
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sulin, Novo Nordisk, Bagsvaerd, Denmark) was infused at a rate of 60 mU/kg/hr after a 
priming dose of 6 mU/kg. Hepatic glucose production is known to be suppressed in nondia-
betic subjects by this infusion rate. The blood glucose level was measured every 5 minutes 
(2300 STATplus C, Yellow Springs Incorporated). Blood glucose levels were clamped to a 
level of 5 mmol/l. During the last hour every 15 min blood was drawn to determine plasma 
insulin concentrations. Euglycemia (5 mmol/l) was maintained with 20% D-glucose infu-
sion. Under steady-state conditions of euglycemia, the rate of exogenous glucose infusion 
is equal to the rate of insulin-stimulated glucose disposal. Insulin sensitivity was calculated 
from the glucose infusion rate (milligrams per minute) between 60 and 120 minutes of the 
euglycemic clamp, divided by body weight and expressed as M-value (glucose disposal mg/
kg/min).

Statistical analysis

For statistical analysis the SPSS package for Windows version 15 was used (SPSS Inc., 
Chicago). Results in tables 1, 2 and 3 are expressed as mean ± SD. M-value results were 
log-transformed for analyses. Differences between the groups were detected by ANOVA 
and linear regression analysis. Using linear mixed models, growth patterns of the different 
groups were compared longitudinally as linear functions.
P-value of < 0.05 was considered to be statistically significant, based on two-sided testing.

Ethical considerations

The study was approved by the local ethical committee. All subjects gave written informed 
consent to participate.

Results

Clinical characteristics

Characteristics at the time of the study are shown in table 2.
Height sds and weight sds were significantly higher in AGA-nonPGR subjects than in SGA 
subjects and AGA-PGR subjects.

Insulin sensitivity

Insulin sensitivity expressed as M-value (mg/kg/min) and differences between the groups 
are shown in tables 3a, 3b and 4. The M-value was lower in AGA-nonPGR than in the SGA 
subjects (8.9 v 11.0 mg/kg/min, p=0.01). Adjustment for birth weight sds increased the differ-
ence in logM-value between AGA-nonPGR and SGA subjects. A similar trend was observed 
after adjustment for weight sds and length sds at the age of 3 months (table 3b).
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The difference between AGA-nonPGR and SGA subjects remained after correction for height 
and fat free mass, but decreased after correction for weight and became insignificant after 
correction for BMI (table 4).
A trend was observed towards a lower M-value in AGA-nonPGR subjects than in AGA-PGR 
subjects (8.9 vs 10.4 mg/kg/min, p=0.09). The difference increased and reached statistical 
significance after adjustment for birth weight sds and length at 3 months (table 3b). After 
adjustment for BMI the difference between AGA-nonPGR and AGA-PGR became insignifi-
cant (table 4). No differences in insulin sensitivity were observed between AGA-PGR and 
SGA subjects.

Table 3a M-value of the SGA, AGA-PGR and AGA-nonPGR group at the time of the study

SGA AGA-PGR AGA-nonPGR

N 17 12 28

M-value (mg/kg/min) 11.0 ± 2.5 10.4 ± 3.1 8.9 ± 3.2

M-value: insulin sensitivity expressed as glucose disposal during hyperinsulinemic euglycemic clamp (log mg/kg/min)

Table 3b Regression analysis of logM-value: differences between the groups crude and adjusted for perinatal 
characteristics

SGA vs
AGA-nonPGR

AGA-PGR vs
AGA-nonPGR

SGA vs
AGA-PGR

B (95%CI) p B (95%CI) p B (95%CI) p

Crude 0.26
(0.06 – 0.46)

0.01 0.19
(-0.03 – 0.41)

0.09 -0.07
(-0.31 – 0.17)

0.57

BWsds 0.52
(0.22 – 0.82)

0.001 0.29
(0.06 – 0.52)

0.02 -0.23
(-0.51 – 0.04)

0.10

BLsds 0.27
(-0.10 –0.64)

0.14 0.15
(-0.11 –0.40)

0.25 -0.13
(-0.47 – 0.22)

0.46

weight sds at
3 months

0.32
(-0.01 – 0.64)

0.06 0.25
(-0.10 – 0.59)

0.16 -0.07
(-0.32 – 0.18) 

0.56

length
sds at
3 months

0.47
(0.14 – 0.80)

0.06 0.36
(0.05 – 0.68)

0.03 -0.11
(-0.37 – 0.16)

0.42

Crude: unadjusted difference in insulin sensitivity expressed as logM-value between the three groups
BWsds: insulin sensitivity expressed as logM-value adjusted for birth weight sds according to Niklasson (12)
BLsds: insulin sensitivity expressed as logM-value adjusted for birth length sds according to Niklasson (12)
Weight at 3 months: insulin sensitivity expressed as logM-value adjusted for weight sds at 3 months according to Dutch references (13)
Length at 3 months: insulin sensitivity expressed as logM-value adjusted for length sds at 3 months according to Dutch references (13)
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Table 4 Regression analysis of logM-value: differences between the three groups crude and adjusted for clinical 
characteristics at the time of the study

SGA vs
AGA-nonPGR

AGA-PGR vs
AGA-nonPGR

SGA vs
AGA-PGR

B (95%CI) p B (95%CI) p B (95%CI) p

Crude 0.26
(0.06 – 0.46)

0.01 0.19
(-0.03 – 0.41)

0.09 -0.07
(-0.31 – 0.17)

0.57

Gender 0.25
(0.05 – 0.45)

0.01 0.18
(-0.05 – 0.40)

0.12 -0.07
(-0.32 – 0.17)

0.55

Height 0.28
(0.08 – 0.48)

0.008 0.21
(-0.02 – 0.43)

0.07 -0.07
(-0.31 – 0.17)

0.57

Weight 0.21
(0.002 – 0.42)

0.048 0.14
(-0.06 – 0.37)

0.23 -0.07
(-0.31 – 0.17)

0.56

BMI 0.19
(-0.03 – 0.36)

0.09 0.09
(-0.13 – 0.30)

0.41 -0.08
(-0.30 – 0.15)

0.49

Fat free mass 0.26
(0.05 – 0.46)

0.014 0.19
(-0.04 – 0.41)

0.10 -0.12
(-0.36 – 0.11)

0.30

Crude: unadjusted difference in insulin sensitivity expressed as logM-value between the three groups
Gender: insulin sensitivity expressed as logM-value adjusted for gender
Height: insulin sensitivity expressed as logM-value adjusted for height
Weight: insulin sensitivity expressed as logM-value adjusted for weight
BMI: insulin sensitivity expressed as logM-value adjusted for BMI
Fat free mass: insulin sensitivity expressed as logM-value adjusted for fat free mass

Table 5 Regression analysis of logM-value: differences between the AGAnonPGR and the combined SGA and 
AGAPGR group crude and adjusted for clinical characteristics at the time of the study

SGA and AGA-PGR vs AGA-nonPGR

B (95%CI) p

Crude -0.23
(0.06 – 0.46)

0.008

Gender -0.22
(0.05 – 0.45)

0.012

Height -0.25
(0.08 – 0.48)

0.006

Weight -0.18
(0.002 – 0.42)

0.05

BMI -0.14
(-0.03 – 0.36)

0.11

Fat free mass -0.23
(0.05 – 0.46)

0.01

Crude: unadjusted difference in insulin sensitivity expressed as logM-value between the three groups
Gender: insulin sensitivity expressed as logM-value adjusted for gender
Height: insulin sensitivity expressed as logM-value adjusted for height
Weight: insulin sensitivity expressed as logM-value adjusted for weight
BMI: insulin sensitivity expressed as logM-value adjusted for BMI
Fat free mass: insulin sensitivity expressed as logM-value adjusted for fat free mass
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Figure 1 Height sds, weight sds and BMI sds of the SGA, AGA-PGR and AGA-nonPGR group
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Growth patterns (figure 1)
Height, weight and BMI sds measurements from 3 months untill 21 years were transformed 
to a linear model. The slopes of the linear models of the three groups were compared. The 
slopes of the linear model of height sds were different between AGA-nonPGR and SGA sub-
jects (p=0.003) but not between AGA-nonPGR and AGA-PGR subjects (p=0.19). The slopes of 
the linear models of weight and BMI sds were not different between the groups.

Analysis of AGA-nonPGR vs combined SGA and AGA-PGR subjects
It was expected that statistical significance could not be reached due to small group size. 
Therefore, SGA and AGA-PGR subjects were also analysed as a combined group. The M-value 
was lower in AGA-nonPGR than in the combined SGA and AGA-PGR subjects (table 5). After 
adjustment for weight and BMI the difference became insignificant (table 5).
The slope of the linear models of height sds was different between AGA-nonPGR subjects 
and the combined AGA-PGR and SGA subjects (p=0.007). The slopes of the linear models of 
weight and BMI sds were not different between the groups.

Discussion

Children born small for gestational age at term are at increased risk for the development 
of insulin resistance and cardiovascular disease (15). It has been proposed that predic-
tive adaptive programming in utero prepares the fetus for undernutrition (16) and that 
this programming becomes maladapative when postnatal circumstances are favourable. 
Unfortunately, it appears that the programming cannot be corrected after birth. Moreover, 
accelerated growth during childhood further increases the risk (3-10).
Children that are born prematurely experience a third trimester ex utero. As children born 
SGA at term, children born prematurely are at risk for the development of insulin resistance 
and hypertension (17, 18) and increased growth during childhood seems to increase the risk 
for the development of insulin resistance (19).
Although birth weight may be normal for gestational age, early postnatal growth in pre-
terms is often retarded, a condition called preterm growth restraint (PGR) (1).
In fact, preterms seem to display three distinct growth patterns: small for gestational age 
at birth and at term age (SGA), normal for gestational age but small for gestational age at 
term age (AGA-PGR), and normal for gestational age both at birth and at term age (AGA-
nonPGR). During childhood, the growth patterns of the first groups are comparable (2) with 
a compromised final height compared with subjects born preterm but without growth retar-
dation. The effects of postnatal growth until the term date, infant growth and childhood 
growth on insulin sensitivity are not known.
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Previously we reported insulin sensitivity in preterms and normal controls (19). In the 
present study we observed that young adults born preterm in combination with a low birth 
weight were characterised by higher insulin sensitivity and shorter childhood and adult body 
length compared to preterm borns with a normal weight and adequate postnatal growth. 
Young adults with a normal birth weight also had a higher insulin sensitivity compared to 
preterm borns with a normal birth weight and adequate postnatal growth. However, the 
differences in insulin sensitivity between the groups disappeared after correction for BMI, 
probably indicating that body size plays a major role in the interpretation of insulin sensitiv-
ity. In addition, factors related to both intrauterine and direct postnatal growth restraint, 
metabolic and vascular consequences may be responsible for the differences in insulin 
sensitivity with preterm normal growth children as well. Because of the small sample size 
additional analyses were performed on the combined SGA and AGA-PGR subjects. This 
combined group was also characterised by higher insulin sensitivity and smaller body size 
compared to AGA-nonPGR subjects. Also in the combined group differences in insulin sen-
sitivity disappeared after correction for BMI. These findings are in accordance with previous 
studies that did not find differences in insulin sensitivity between preterm AGA and preterm 
SGA subjects (17, 18, 20).
It appears that for preterm born babies, postnatal growth and metabolic condition are 
entangled. The differences in insulin sensitivity that we observed were related to differ-
ences in growth until term age that may predispose for differences in body composition or 
body size in adulthood. Therefore, improved growth until term age may lead to a larger adult 
body size that explains the differences in insulin sensitivity in adulthood.
In subjects born at term with a low birth weight catch up growth is associated with increased 
metabolic and cardiovascular risk (3-10). In preterms, a similar phenomenon has been 
described: increments in height and weight during childhood contribute to the development 
of insulin resistance in young adulthood (19). Although our study is too small to draw final 
conclusions about the insulin sensitivity of preterm subgroups, our data suggest that adult 
body size is decreased in subjects with preterm growth restraint and that insulin sensitivity 
relative to body size is normal.

In conclusion: in young adulthood, insulin sensitivity is higher in subjects born prematurely 
with SGA and PGR than in subjects born prematurely without PGR. These differences are 
related to birth weight and the postnatal growth until the term date.



In
su

lin
 s

en
si

ti
vi

ty
 in

 p
re

m
at

ur
el

y 
b

o
rn

 a
d

ul
ts

: r
el

at
io

n 
to

 P
re

te
rm

 G
ro

w
th

 R
es

tr
ai

nt

89

Reference List

1. Wit JM, Finken MJ, Rijken M, de Zegher F. Preterm growth restraint: a paradigm that 
unifies intrauterine growth retardation and preterm extrauterine growth retardation 
and has implications for the small-for-gestational-age indication in growth hormone 
therapy. Pediatrics 2006; 117:e793-e795.

2. Finken MJ, Dekker FW, de Zegher F, Wit JM. Long-term height gain of prematurely 
born children with neonatal growth restraint: parallellism with the growth pattern of 
short children born small for gestational age. Pediatrics 2006; 118:640-3.

3. Ekelund U, Ong K, Linne Y, Neovius M, Brage S, Dunger DB et al. Upward weight 
percentile crossing in infancy and early childhood independently predicts fat mass in 
young adults: the Stockholm Weight Development Study (SWEDES). Am J Clin Nutr 
2006; 83:324-30.

4. Eriksson JG, Forsen T, Tuomilehto J, Osmond C, Barker DJ. Early growth and coro-
nary heart disease in later life: longitudinal study. BMJ 2001; 322:949-53.

5. Eriksson JG, Forsen TJ, Kajantie E, Osmond C, Barker DJ. Childhood growth and 
hypertension in later life. Hypertension 2007; 49:1415-21.

6. Ong KK, Ahmed ML, Emmett PM, Preece MA, Dunger DB. Association between post-
natal catch-up growth and obesity in childhood: prospective cohort study. BMJ 2000; 
320:967-71.

7. Ong KK, Dunger DB. Birth weight, infant growth and insulin resistance. Eur J Endo-
crinol 2004; 151:U131-U139.

8. Singhal A, Fewtrell M, Cole TJ, Lucas A. Low nutrient intake and early growth for 
later insulin resistance in adolescents born preterm. Lancet 2003; 361:1089-97.

9. Singhal A, Cole TJ, Fewtrell M, Lucas A. Breastmilk feeding and lipoprotein profile 
in adolescents born preterm: follow-up of a prospective randomised study. Lancet 
2004; 363:1571-8.

10. Singhal A, Cole TJ, Fewtrell M, Kennedy K, Stephenson T, Elias-Jones A et al. Promo-
tion of faster weight gain in infants born small for gestational age: is there an adverse 
effect on later blood pressure? Circulation 2007; 115:213-20.

11. Walther FJ, den Ouden AL, Verloove-Vanhorick SP. Looking back in time: outcome of 
a national cohort of very preterm infants born in The Netherlands in 1983. Early Hum 
Dev 2000; 59:175-91.

12. Niklasson A, Ericson A, Fryer JG, Karlberg J, Lawrence C, Karlberg P. An update of 
the Swedish reference standards for weight, length and head circumference at birth 
for given gestational age (1977-1981). Acta Paediatr Scand 1991; 80:756-62.

13. Fredriks AM, van Buuren S, Burgmeijer RJ, Meulmeester JF, Beuker RJ, Brugman E 
et al. Continuing positive secular growth change in The Netherlands 1955-1997. 
Pediatr Res 2000; 47:316-23.



 C
ha

p
te

r 6

90

14. DeFronzo RA, Tobin JD, Andres R. Glucose clamp technique: a method for quantifying 
insulin secretion and resistance. Am J Physiol 1979; 237:E214-E223.

15. Barker DJ. The fetal and infant origins of adult disease. BMJ 1990; 301:1111.
16. Barker DJ. In utero programming of chronic disease. Clin Sci (Lond) 1998; 95:115-28.
17. Hofman PL, Regan F, Jackson WE, Jefferies C, Knight DB, Robinson EM et al. Prema-

ture Birth and Later Insulin Resistance. N Engl J Med 2004; 351:2179-86.
18. Hovi P, Andersson S, Eriksson JG, Jarvenpaa AL, Strang-Karlsson S, Makitie O et al. 

Glucose regulation in young adults with very low birth weight. N Engl J Med 2007; 
356:2053-63.

19. Rotteveel J, Van Weissenbruch MM, Twisk JW, Delemarre-Van De Waal HA. Infant 
and childhood growth patterns, insulin sensitivity, and blood pressure in prematurely 
born young adults. Pediatrics 2008; 122:313-21.

20. Irving RJ, Belton NR, Elton RA, Walker BR. Adult cardiovascular risk factors in 
premature babies. Lancet 2000; 355:2135-6.



7
Type 2 diabetes in children 

in the Netherlands: 
the need for diagnostic protocols

J. Rotteveel, E.J. Belksma, C.M. Renders, R.A. Hirasing, H.A. Delemarre-Van de Waal

Eur J Endocrinol. 2007;157(2):175-80





Ty
p

e 
2 

d
ia

b
et

es
 in

 c
hi

ld
re

n 
in

 t
h

e 
N

et
h

er
la

n
d

s:
 t

h
e 

n
ee

d 
fo

r d
ia

g
n

o
st

ic
 p

ro
to

co
ls

93

Abstract

Objective: The worldwide trend towards obesity in childhood is also observed in the Nether-
lands, and one of the consequences may be type 2 diabetes. In this study we assessed the 
number of children with type 2 diabetes, diagnosed by paediatricians, in the Netherlands.
Methods: In 2003 and 2004 the Dutch Paediatric Surveillance Unit (DPSU), a nation-wide 
paediatric register, was used to assess new cases of diabetes mellitus. Data on sociodemo-
graphic and clinical characteristics were collected by means of a questionnaire. A second 
questionnaire was sent to the reporting paediatrician if the diagnosis was inconclusive or 
if the diagnosis was type 1 diabetes in combination with overweight or obesity, according to 
international criteria.
Results: During the 24 months of registration the paediatricians reported 1142 new cases of 
diabetes, 943 of which were eligible for analysis. Initially, 14 patients (1.5%) were reported 
with type 2 diabetes. Only 7 of these patients were classified as type 2 diabetes according 
to the ADA criteria as information on C-peptides or antibodies was often missing. Based on 
clinical characteristics the other 7 patients had very likely type 2 diabetes.
After the second questionnaire 6 more patients met the ADA criteria and 2 had very likely 
type 2 diabetes. Most of the patients were female (95%), 14% was of Turkish and 18% of 
Moroccan origin.
Conclusion: This study showed a discrepancy between the number of patients with type 
2 diabetes diagnosed by paediatricians in daily practice and diagnosed according to the 
ADA criteria. Moreover, a considerable amount of reported patients were misclassified. 
Finally, 2.4% patients were classified as (very likely) type 2 diabetes. The development of 
programmes and protocols for prevention, diagnosis and classification applicable in daily 
practice is warranted.
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Introduction

During the past two decades the prevalence of overweight and obesity in children has 
increased rapidly worldwide (1). In the period between 1980 and 1997 overweight among 
5-11 year-old boys increased from 3-5% to 7-12 % in the Netherlands, and obesity increased 
from 0.1-0.3% to 0.8-1.6 %. Comparable trends were found in girls (2;3). The increases in the 
prevalence of overweight and obesity are alarming, because childhood obesity is associated 
with a wide range of serious medical complications, such as the metabolic syndrome, type 2 
diabetes and cardiovascular disease (4;5). In the United States type 2 diabetes now accounts 
for a considerable proportion of newly diagnosed diabetes in children (5).
Only few data are available on type 2 diabetes mellitus (T2DM) in paediatric patients in 
Europe. The incidence of type 2 diabetes among children in the Netherlands is unknown. 
This information is important for the public health policy and also for health professionals 
for the early detection and treatment of type 2 diabetes in obese children. Delayed diag-
nosis, poor glucose control during adolescence, and a long duration of diabetes may all 
predispose to the early onset of complications in adulthood.
Considering the severity of the problem, we looked for an existing registration system that 
could be used to systematically collect information on children and adolescents with type 2 
diabetes. We considered the Dutch Paediatric Surveillance Unit (DPSU) registration system 
to be the most suitable to study type 2 diabetes among children and adolescents. Since 
it can be difficult to distinguish type 2 diabetes from other forms of diabetes, both type 1 
diabetes and type 2 diabetes were registered in order to detect misclassification by the pae-
diatrician. The research question we addressed was: How often is type 2 diabetes diagnosed 
among children by paediatricians?

Methods

In the period from January 2003 to December 2004, cases of new onset type 1 diabetes and 
type 2 diabetes among children and adolescents in the Netherlands, diagnosed by paedia-
tricians, were registered prospectively by the Dutch Paediatric Surveillance Unit (DPSU). 
This Unit was founded in 1992 under the auspices of the Dutch Society for Paediatrics. The 
aim of the Unit is to monitor the incidence of rare or new diseases in youth aged of 0-18 
years. Moreover, it also aims to stimulate research in the field of the aetiology, diagnos-
tics, treatment, and prevention of these new diseases. The Unit requested all paediatricians 
working in general hospitals to report monthly all newly diagnosed cases of type 1 diabetes 
and type 2 diabetes. Therefore, all paediatricians received a DPSU card on a monthly basis. 
They were asked to return this card reporting all newly diagnosed cases of diabetes or 
marking the ‘nothing to report’ box. Each of the 8 University Medical Centres, nominated 
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a specific contact person who was responsible for reporting. At that time, there were no 
private paediatric clinics in The Netherlands yet treating diabetes in children. In 2003 and 
2004, respectively 97% and 95% of the paediatricians who had been contacted returned 
the monthly card to the DPSU. The researchers sent a short questionnaire to all paediatri-
cians who reported a case to the DPSU. The purpose of this questionnaire was to collect 
data on type of diabetes, ethnicity, blood pressure, weight and height of the patient, pre-
senting symptoms (polyuria, polydipsie) before the diagnosis of diabetes, laboratory results 
(glucose, ketones), auto-antibodies (ICA and/or GAD65 and/or IA-2) treatment (insulin, oral 
medication) and family history of diabetes.
A second questionnaire was sent if the diagnosis was inconclusive, or if the diagnosis was 
type 1 diabetes and the patient was overweight or obese, according to international age and 
gender specific criteria (6). The second questionnaire focussed, among other things, on the 
course of the disease and the treatment modality.
At first we described the number of children with type 2 diabetes diagnosed and reported 
by paediatricians that also met the ADA criteria. However in many patients information on 
C-peptides or antibodies was missing. Therefore it was decided to study also which patients 
could be considered as having very likely type 2 diabetes based on available information on 
body mass index, autoantibodies, medication and clinical parameters.
The baseline characteristics of patients who were diagnosed with type 1 and type 2 diabetes 
were compared with X2-tests, t-tests and Fisher’s exact tests.

Results

During the 24-month registration period a total of 1142 children with a new onset of diabetes 
mellitus were reported to the DPSU (Fig 1). The response rate for the first questionnaire 
concerning 1062 valid cases, (502 diagnosed in 2003 and 560 in 2004), was 88.8%, so 943 
patients were eligible for analysis.
Initially, 838 patients (88.9%) with type 1 diabetes were registered, 14 patients (1.5%) with 
type 2 diabetes, 26 (2.8%) with some other type of diabetes such as maturity onset diabetes 
of the young (MODY), cystic fibrosis related diabetes (CFRD) and mitochondrial diabetes, and 
65 (6.9%) with an unknown type of diabetes.
After the first questionnaire 7 of 14 patients reported with type 2 diabetes were diagnosed 
as type 2 diabetes according to the ADA criteria. In the remaining 7 patients especially infor-
mation on C-peptides was missing. These 7 patients however could be diagnosed as very 
likely type 2 diabetes based on their characteristics: they all were obese or overweight, 5 
patients had negative autoantibodies, were treated with oral medication, and had no ketonu-
ria. The other two met also these characteristics with the exception that one patient missed 
information on ketonuria and another one on autoantibodies (table 1).
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Table 1 Characteristics of the 22 patients with type 2 diabetes according to ADA guidelines and very likely 
diabetes

Sex Age Country
father

ADA Over 
weight

Obesity Polyuria Polydipsia Ketonuria Cpeptide antibodies Therapy

First questionnaire

F 16 N – – + – – – np np o

F 15 N + – + + + – ↑ – o

F 17 T – – + – – – np – o

F 17 N + – + – + – ↑ – o

F 17 N – + – + + na np – o

F 13 M – – + + + – np – o

F 19 N + – + + + – ↑ – o

F 12 N + – + + + + ↑ – i

F 12 T + + – – – – ↑ – o

F 12 M + – + + + – ↑ – i

F 14 N – – + – – – np – o

F 16 N – – + + + – np – o

F 17 O + – + – – – ↑ – i

F 13 N – – + + + – np – o

Second questionnaire

F 9 N + + – + na – ↑ – o

F 11 O – + – + + + np – i

M 9 N + + – + + + ↑ – i

F 10 N + – + + + + ↑ np o

F 13 SA + – + – – – ↑ np o

F 14 T + – + – – – ↑ – o

F 12 M + + – + + + ↑ – i

F 15 M – + – – – – np – i

General: – =negative, + =positive, na =not available, np= not performed
Sex: F=female; M=male
Country of origin father: N=The Netherlands, T=Turkey, M=Morocco, SA=South America, O=other
ADA: + = type 2 diabetes following ADA guidelines, – =very likely type 2 diabetes 
Overweight and obesity according to Cole criteria
C-peptide: ↑= increased C-peptide levels
Therapy: o=oral medication, i=insulin
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A second questionnaire was sent to the paediatricians of 65 patients for whom the diagno-
sis was inconclusive and to the paediatricians of 91 patients with type 1 diabetes who were 
overweight or obese, according to international criteria (6).
Based on this second questionnaire 6 more patients initially reported as patients with type 
1 diabetes or an inconclusive diagnosis could be classified as type 2 diabetes according to 
ADA criteria. Another 2 patients were diagnosed as very likely type 2 diabetes based on their 
characteristics. Both patients had overweight, negative antibodies, and were treated with 
insulin.
Of the 65 patients in which the paediatrician initially did not establish a diagnosis, only in 23 
patients the final diagnosis remained inconclusive (see figure 1).
Finally, 870 patients were diagnosed with type 1 diabetes, 13 (1.4 %) with type 2 diabetes 
according to the ADA criteria and 9 (1.0 %) with very likely type 2 diabetes. Clinical charac-
teristics of the 22 patients reported with type 2 diabetes are shown in table 1.
All 14 patients, who were classified by the paediatrician as type 2 diabetes after the first 
questionnaire were girls aged 12 to 17 years. The second group initially defined as type 1 
diabetes or an inconclusive diagnosis consisted of 7 girls and 1 boy, within an age-range of 
9-15 years.
Finally, of the 13 patients (12 girls and 1 boy) with type 2 diabetes according to the ADA 
criteria, 9 were obese and 4 were overweight. Two of these patients were of Moroccan and 
two were of Turkish origin. Of the 9 patients with very likely type 2 diabetes (9 girls), 6 were 
obese, and 3 were overweight. One of these patients was Turkish and two were Moroccan.
In the group of patients classified as type 1 diabetes antibody analysis was performed in 655 
(75.9%) patients. The results were available in 469 (53.9%) of the patients. Of these patients, 
306 patients had positive antibodies (65%), 146 patients had negative antibodies (31.1%), and 
18 patients had dubious antibodies (3.8%) (Table 2). C-peptide levels had been assessed in 
none of the patients reported with type 1 diabetes.
In the group classified as having type 2 diabetes antibody analysis was performed in 19 of 22 
patients. The result of antibody analysis was negative in all of them.
C-peptide levels had been assessed in only 13 of these 22 patients and they were elevated 
in all of them.
Patients with type 2 diabetes were older, more often female and more overweight or obese 
than patients with type 1 diabetes (p < 0.001). Furthermore, ketonuria, polydipsie and polyu-
ria was less often present in patients with type 2 diabetes (p < 0.001) (Table 2).
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Figure 1 Patient flow chart
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Table 2 Patient characteristics and findings on presentation

Type 1 diabetes Type 2 diabetes

N 870 22

Age years (± sd)* 9.1 (4.1) 13.8 (2.8)

% Female * 46 96

BMI sds (± sd)* -0.9 (1.5) 2.3 (0.7)

Country of origin father*

Netherlands (%) 684 (82%) 12 (55%)

Turkey (%) 20 (2%) 3 (14%)

Morocco (%) 60 (7%) 4 (18%)

Other countries (%) 70 (8%) 3 (14%)

Polyuria (%)* 834 (97%) 13 (59%)

Polydipsia (%)* 826 (97%) 62 (13%)

Ketonuria (%)* 585 (75%) 5 (24%) 

Auto antibodies (% positive)* 306 (65%) 0

Family history type 2 diabetes (%) 486 (58%) 15 (79%)

BMI-Body Mass Index
* p<0.001

Discussion

This is a descriptive study to assess the number of children and adolescents with T2DM, 
diagnosed by paediatricians, from the Netherlands, during 2 years (2003-2004). A nation-
wide paediatric register was used to perform this population based study and it describes 
clinical practice in establishing the diagnosis of diabetes, especially type 2 diabetes.
Our study of type 2 diabetes is relevant in the wake of the expanding epidemic of obesity in 
Western countries: only a few years ago type 2 diabetes was never diagnosed in children 
in the Netherlands. However, the results of studies in Europe have emphasized that the 
prevalence of type 2 diabetes is rising (7-10). Our study is the first national population-based 
study to show that type 2 diabetes is now prevalent among children in the Netherlands: 
1.4 % of children with new onset diabetes diagnosed by the paediatrician have type 2 dia-
betes according to the ADA criteria, whereas the diagnosis is very likely in another 1.0%. 
However, it was not the objective of this study to calculate incidence rates of type 2 diabetes 
among children in the Netherlands. Moreover, the incidence of type 2 diabetes cannot be 
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reliably calculated from this registration. A true incidence rate can only be determined in a 
complete assessment study.
Nearly 40% of the patients in our study with type 2 diabetes were initially registered as type 
1 diabetes, or as inconclusive. Misclassification by paediatricians has also been mentioned 
in other studies. In a study of 661 children in Florida, 3% of the children who were diagnosed 
with type 1 diabetes were reclassified as having type 2 diabetes, and 8% of those initially 
diagnosed with type 2 diabetes were reclassified as having type 1 diabetes (11). Another 
problem in the initial diagnosis is that patients with type 1 diabetes are becoming more 
obese (12). These difficulties in the establishment of the diagnosis underline the need for a 
strict diagnostic work-up. Diagnostic flowcharts and protocols do exist (13;14), but are obvi-
ously rarely used by paediatricians. Although antibody analysis can be negative in patients 
with type 1 diabetes, and positive in patients with type 2 diabetes, it should be performed for 
all patients with new onset diabetes to support the diagnosis of type 1 or type 2 diabetes. In 
this respect, the fact that antibody analysis was only performed for 75% of the patients in 
our study with type1 diabetes, and that the results were known for 54% is worrisome.
A second measurement that should be performed before a diagnosis of type 2 diabetes is 
confirmed, is C- peptide. This can only be used to support the diagnosis, because there is 
considerable overlap in C-peptide measurements at the onset of diabetes and during the 
first year in both type 1 and type 2 diabetes. Elevated levels of C-peptide indicate type 2 dia-
betes, but normal or suppressed levels do not exclude the possibility of type 2 diabetes.
The clinical characteristics of the patients in this study, who were diagnosed with type 2 dia-
betes indicate that the diagnosis of type 1 diabetes is highly unlikely. All patients who were 
diagnosed with type 2 diabetes were overweight or obese and the majority were treated with 
oral antidiabetic agents , and also had negative antibody analysis.
Type 2 diabetes was diagnosed almost exclusively in girls, especially after the first ques-
tionnaire. This is higher than the female/male ratios ranging from 1.3 to 3 found in other 
studies (1) and may be due to small group size.
Type 2 diabetes was more often diagnosed in Turkish and Moroccan children. Of the children 
with a diagnosis of type 2 diabetes, 4 (18%) were Moroccan and 3 (14%) were Turkish. This is 
a higher percentage than expected from the distribution of ethnicity in the general popula-
tion, which is respectively 3.1% and 3.6% (15). These ethnic groups are more at risk for the 
development of obesity (16) and may be more at risk for type 2 diabetes.
The number of children and adolescents in our study with type 2 diabetes is minimal. Some 
obese adolescents may have been diagnosed by specialists in internal medicine instead 
of paediatricians, because of their posture and adult appearance. It is also unclear how 
many children and adolescents in the general population are undiagnosed or diagnosed and 
treated by general practitioners. Finally, 23 patients were not assigned a definite diagnosis. 
The fact that the type of diabetes remained unknown in 23 patients reflects the problems 
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encountered in daily practice as well as the need to work in accordance with diagnostic 
protocols.
The percentage of children in the Netherlands with new onset diabetes, diagnosed with type 
2 diabetes by paediatricians, is considerable. The fact that the paediatricians are not using 
protocols to establish an accurate diagnosis is worrying. The numbers may therefore be 
much higher since misclassification or an inconclusive diagnosis by a paediatricians occurs 
in a substantial number of patients with new onset diabetes mellitus. This emphasizes the 
need for clear uniform protocols for the diagnosis and treatment of patients with type 2 
diabetes.
This study shows that current clinical practice among pediatricians is insufficient for proper 
classification. Although 100% can probably not be reached, the use of strict guidelines and 
recommendations applicable within daily practice could improve the number of correct 
classifications dramatically. This is very important with respect to the rapid increase in the 
prevalence of obesity in children and adolescent that is accompanied with a rapid increase 
in the prevalence of type 2 diabetes.
From the perspective of the public health policy, and considering the ever- increasing preva-
lence of obesity, it seems necessary to monitor obese children and adolescents and to study 
trends in incidence, prevalence, prognosis and related complications, and quality of life.
However, even more important than monitoring children and adolescents with type 2 diabe-
tes is the prevention of obesity, starting at an early age.
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Abstract

Background: Obesity leads to insulin resistance, glucose intolerance, type 2 diabetes and the 
metabolic syndrome. The aim of this study was to describe insulin resistance and the met-
abolic syndrome, following recent International Diabetes Federation guidelines in obese 
children and adolescents.
Methods: The cohort consisted of 518 patients, 250 boys, 268 girls, age ± sd: 11.8 ± 3.2 years, 
BMIsds ± sd: 2.94 ± 0.5. Insulin resistance, pancreatic beta-cell function and insulin sen-
sitivity were determined by HOMA, HOMA-b and QUICKI. An oral glucose tolerance test 
(OGTT) was performed and the Matsuda index was used as a measure of insulin sensitivity.
Results: Insulin resistance measured by HOMA > 2 was present in 87.2% of the boys and 
89.4% of the girls. QUICKI < 0.339 was present in 55.3% of the boys and 61.2% of the girls. 
Impaired glucose tolerance was found in 9.4% of the boys and 5.5% of the girls. Impaired 
fasting glucose was found in 12.4% of the boys and 11.6% of the girls. The metabolic syn-
drome was present in 13.9% of children of 10 years or older. The metabolic syndrome was 
associated with the HOMA but not with the QUICKI and Matsuda index. The metabolic syn-
drome was associated with elevated TSH. The proportion in which the metabolic syndrome 
was diagnosed was essentially not altered when pubertal groups were used instead of age 
groups.
Conclusion: Insulin resistance, impaired fasting glucose, impaired glucose tolerance and 
the metabolic syndrome are highly prevalent among obese children and adolescents.
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Introduction

Childhood and adolescent obesity has become an endemic health problem in many coun-
tries, both developed and underdeveloped. Obesity in children leads to insulin resistance 
and one of the first metabolic abnormalities in obese children are elevated insulin levels (1). 
Insulin resistance and impaired beta cell function can subsequently result in glucose intol-
erance and type 2 diabetes. Obesity also increases the risk for development of the metabolic 
syndrome; a group of cardiovascular risk factors including increased waist circumference, 
hypertension, dyslipidemia and impaired fasting glucose levels. In adults the metabolic 
syndrome is predictive for the development of type 2 diabetes and cardiovascular disease. 
Recently, the International Diabetes Foundation published a consensus on the definition of 
the metabolic syndrome in childhood (2). The IDF aimed to develop a simple easy-to apply 
clinical definition that can be used as a research tool to investigate the early development 
of type 2 diabetes and the cardiovascular risk. The definition was developed especially for 
children 10-16 years of age. According to the IDF definition the metabolic syndrome cannot 
be diagnosed in children < 10 years of age. Children > 16 years are diagnosed under the adult 
IDF metabolic syndrome definition (2).
The aim of the present study was to describe the prevalence of insulin resistance and the 
metabolic syndrome in obese children and adolescents. Data were obtained prospectively. 
Insulin resistance is strongly influenced by pubertal development. Therefore we investi-
gated also whether the age groups proposed by the IDF lead to a different prevalence of the 
metabolic syndrome than a division based on pubertal stage.

Patients and methods

The cohort consisted of 518 patients, 250 boys, 268 girls, aged: 11.8 ± 3.2 years (mean ± sd), 
BMIsds: 2.94 ± 0.5 (mean ± sd), who had been referred by their general practitioner, pediatri-
cian, or dietician to our obesity clinic between 2004 and 2007.
A medical history was obtained and physical examination was performed. Height and weight 
were measured using an electronic scale (SECA, Germany). Pubertal development was 
staged according to Tanner (3). Blood pressure was measured using an appropriately sized 
cuff (Dynamap, Critikon, Germany). Body mass index was calculated as the weight in kilo-
grams divided by the height in meters squared and BMI sds was calculated according to 
Dutch references (4).
Subjects attended the outpatient clinic after an overnight fast. Fasting total cholesterol, 
high-density lipoproteins (HDL), triglycerides (TG) (Cholesterol CHOD-PAP, HDL-C plus, 
Triglycerides GPO-PAP, Roche, Mannheim, Germany) and low-density lipoproteins (Friede-
wald formula: LDL= cholesterol – HDL – (0.45xTG)), HbA1c (reversed phase cation exchange 
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chromatography, Menari Diagnostics, Florence, Italy) and free T4, free T3 and TSH (electro-
chemiluminescense immunoassay ECLIA, Roche, Mannheim, Germany) were measured.
A standard oral glucose tolerance test (OGTT) (Glucose 1.75 gr/kg with a maximum of 75 
grams) was performed (5;6). Glucose (hexokinase method, Bayer Diagnostics, Nether-
lands), insulin (immunometric assay, Bayer Diagnostics, Mijdrecht, The Netherlands) were 
measured at -15, 0, 30, 60, 90 and 120 min.
Impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) were defined following 
ADA guidelines (7). IFG was defined as fasting plasma glucose levels of 5.6-6.9 mmol/l. IGT 
was defined as a 2-hour post OGTT plasma glucose levels of 7.8-11.0 mmol/l. Type 2 diabe-
tes was defined as fasting or 2-hour post OGTT plasma glucose level of ≥ 11.1 mmol/l (7).
Insulin resistance was estimated by the homeostatic model assessment (HOMA-IR= (fasting 
insulin mU/l x fasting glucose mmol/l) / 22.5). Insulin resistance was defined as HOMA-IR > 
2 (8). Insulin sensitivity was also estimated by the quantitative insulin sensitivity check index 
(QUICKI= 1/(log fasting insulin mU/l + log fasting glucose mg/dl) (9). Decreased insulin sen-
sitivity was defined as QUICKI < 0.339 (10). Pancreatic beta cell function was estimated by 
HOMA-derived beta-cell function (HOMA %B= (20 x fasting insulin mU/l) / (fasting glucose 
mmol/l –3.5) (8). Insulin sensitivity was also estimated by the Matsuda index and calculated 
as 10000 / √ ((fasting glucose (mg/dl) x fasting insulin (mU/l)) x (mean glucose (mg/dl) dur-
ing ogtt x mean insulin (mU/l) during ogtt) (11).
The metabolic syndrome was defined following IDF guidelines (2). Because waist circum-
ference measurements were not available in this cohort we used a definition of obesity as 
BMI sds > 2 (12). Although according to the IDF guidelines the metabolic syndrome cannot be 
diagnosed in children < 10 years of age, for reasons of comparison the metabolic syndrome 
was also analyzed in this age group. For children aged 10 years or older the metabolic syn-
drome is diagnosed by obesity and the presence of 2 or more clinical features (fasting trig-
lycerides ≥ 1.7 mmol/l; fasting HDL < 1.03 mmol/l; Blood pressure ≥ 130 mmHg systolic or 
≥ 85 mmHg diastolic; fasting glucose ≥ 5.6 mmol/l).
For children > 16 years the adult IDF criteria were used (fasting triglycerides ≥ 1.7 mmol/l; 
fasting HDL < 1.03 mmol/l for males and < 1.29 for females; Blood pressure ≥ 130 mmHg 
systolic or ≥ 85 mmHg diastolic; fasting glucose ≥ 5.6 mmol/l).

Statistics

All data were processed and analyzed in the statistical package SPSS version 15 (SPSS Inc., 
Chicago). Subgroups were compared with Student’s t-test. Linear regression analysis was 
used to study the relation between the various measures of insulin resistance and compo-
nents of the metabolic syndrome. P < 0.05 was considered as statistical significant.

Ethical considerations

The study was approved by the local ethical committee.
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Results

The clinical characteristics of the cohort are shown in table 1. The mean age was compara-
ble between boys and girls. As expected, at a mean age of 11.8 years a greater proportion of 
the girls had entered puberty in comparison with boys. The percentage of non-caucasians 
was higher among girls. Boys had a higher weight sds and BMI sds compared with girls.
The metabolic characteristics of the cohort are shown in table 2. Boys had slightly higher 
fasting glucose levels than girls. Girls tended to have slightly higher insulin levels during 
the second half hour of the oral glucose tolerance test than boys. In girls, HOMA-b was 
higher and QUICKI was lower than in boys. There were no differences in the lipid profile 
between boys and girls.

Table 1 Clinical characteristics of the total cohort of obese boys and girls

N Boys N Girls p

Age (years) 249 11.8 (3.0) 265 11.8 (3.4) NS

Puberty:
Prepubertal (%)
Pubertal (%)

121
116

51%
49%

88
169

34%
66%

< 0.0001

Ethnicity:
Caucasian (%)
Non-Caucasian (%)

115
129

47%
53%

149
116

56%
44%

0.04

Height SDS 232 0.21 (1.1) 247 0.24 (1.1) NS

Weight SDS 235 3.0 (1.0) 248 2.8 (0.8) 0.002

BMI SDS 232 3.1 (0.5) 247 2.8 (0.5) < 0.0001

Systolic BP (mmHg) 241 119 (16) 254 117 (14) NS

Diastolic BP (mmHg) 241 65 (8) 256 64 (7) NS

Age: mean (years) ± sd
Puberty: percentage of prepubertal children (Tanner stage 1) and pubertal children (Tanner stage ≥ 2) (3)
Height, weight and BMI: mean sds ± sd according to age and sex (4)
Systolic and diastolic blood pressure: mean (mmHg) ± sd

Insulin resistance and impaired insulin sensitivity

Metabolic abnormalities are shown in table 3. Insulin resistance expressed as HOMA > 2 
was present in almost 90% of both sexes. Impaired insulin sensitivity expressed as QUICKI 
< 0.339 was found in more than half of both sexes. BMI SDS  > 2 was present in 97.8% of the 
boys and 93.9% of the girls (p=0.03).
A comparison of indexes in prepubertal vs. pubertal and Caucasian vs. non-Caucasian chil-
dren is shown in table 4. Pubertal children had a higher HOMA and HOMA-b and a lower 
QUICKI and Matsuda index than prepubertal children. Non-caucasian children had a higher 
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HOMA and HOMA-b than Caucasian children, while the QUICKI tended to be lower in non-
caucasian children than in Caucasian children.

Table 2 Metabolic characteristics of the total cohort of obese boys and girls

N Boys N Girls p

Glucose -15 min 248 5.2 (0.3) 265 5.0 (0.4) < 0.0001

Glucose 0 min 238 5.1 (0.4) 248 5.0 (0.5) < 0.0001

Glucose 30 min 245 7.8 (1.5) 255 7.6 (1.4) 0.04

Glucose 60 min 156 6.9 (1.7) 161 7.0 (1.6) NS

Glucose 90 min 155 6.7 (1.4) 165 6.6 (1.4) NS

Glucose 120 min 245 6.2 (1.2) 255 6.2 (1.0) NS

Insulin -15 min 241 132 (91) 261 145 (95) NS

Insulin 0 min 229 130 (139) 250 137 (128) NS

Insulin 30 min 239 1134 (864) 248 1108 (783) NS

Insulin 60 min 156 745 (688) 157 903 (755) 0.05

Insulin 90 min 153 712 (663) 161 874 (824) 0.06

Insulin 120 min 242 615 (638) 261 739 (720) 0.04

HbA1c (%) 241 5.4 (0.3) 259 5.4 (0.3) NS

HOMA 244 5.1 (3.6) 263 5.5 (3.8) NS

HOMA-b 244 265 (181) 263 327 (210) < 0.0001

QUICKI 244 0.4 (0.1) 263 0.3 (0.1) 0.04

Matsuda 244 3.2 (3.6) 263 2.9 (2.2) NS

Cholesterol (mmol/l) 191 4.1 (0.7) 208 4.1 (0.8) NS

LDL (mmol/l) 189 2.4 (0.6) 207 2.4 (0.7) NS

HDL (mmol/l) 191 1.3 (0.3) 206 1.2 (0.2) NS

Triglycerides (mmol/l) 190 1.1 (0.6) 208 1.0 (0.5) NS

FT4 (pmol/l) 202 15.2 (2.2) 229 15.1 (2.1) NS

TSH (mU/l) 202 3.1 (1.5) 229 3.1 (1.6) NS

All results expressed as mean ± sd
Glucose: glucose levels (mmol/l) at -15, 0, 30, 60, 90, 120 min during OGTT
Insulin: insulin levels (pmol/l) at -15, 0, 30, 60, 90, 120 min during OGTT
HOMA: homeostatic model assessment= (fasting insulin mU/l x fasting glucose mmol/l) / 22.5) (8).
HOMA-b: HOMA-derived beta-cell function= (20 x fasting insulin mU/l) / (fasting glucose mmol/l –3.5) (8)
QUICKI: quantitative insulin sensitivity check index= 1/(log fasting insulin mU/l + log fasting glucose mg/dl) (9).
Matsuda: Matsuda index= 10000 / √ ((fasting glucose (mg/dl) x fasting insulin (mU/l)) x (mean glucose (mg/dl) during ogtt x mean 
insulin (mU/l) during ogtt) (11).
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Table 3 Insulin resistance and metabolic syndrome components in boys and girls

N Boys N Girls p

BMI SDS  > 2 228 97. 8% 232 93.9 % 0.03

Triglycerides ≥ 1.7 mmol/l 25 13.2 % 24 11.5 % NS

HDL
Age-adjusted

36 18.9 % 42 20.5 % NS

Systolic BP ≥ 135 mmHg 37 15.4 % 25 9.8 % 0.07

Diastolic BP ≥ 85 mmHg 2 0.8 % 3 1.2 % NS

Impaired fasting glucose (%) 31 12.4 % 31 11.6 % NS

Impaired glucose tolerance (%) 23 9.4 % 14 5.5 % NS

HOMA  > 2 218 87.2 % 235 89.4 % NS

QUICKI < 0.339 135 55.3 % 161 61.2 % NS

BMI sds according to age and sex (4)
HDL: 10-16 years < 1.03 mmol/l; > 16 years: < 1.03 mmol/l (males), < 1.29 mmol/l (females) (2)
Impaired fasting glucose and impaired glucose tolerance defined following ADA guidelines (7)
HOMA: homeostatic model assessment= (fasting insulin mU/l x fasting glucose mmol/l) / 22.5) (8).
QUICKI: quantitative insulin sensitivity check index= 1/(log fasting insulin mU/l + log fasting glucose mg/dl) (9).

Table 4 Comparison of prepubertal and pubertal children and comparison of Caucasian and non-Caucasian 
children of the total cohort obese boys and girls

Prepubertal Pubertal P Caucasian Non-caucasian P

HOMA 6.2 4.1 < 0.0001 4.9 5.8 0.01

HOMA-b 347 231 < 0.0001 279 318 0.03

QUICKI 0.39 0.32 < 0.0001 0.36 0.34 0.07

Matsuda 4.0 2.4 < 0.0001 3.2 2.9 NS

Prepubertal children: Tanner stage 1; pubertal children: Tanner stage ≥ 2 (3)
HOMA: homeostatic model assessment= (fasting insulin mU/l x fasting glucose mmol/l) / 22.5) (8).
HOMA-b: HOMA-derived beta-cell function= (20 x fasting insulin mU/l) / (fasting glucose mmol/l –3.5) (8)
QUICKI: quantitative insulin sensitivity check index= 1/(log fasting insulin mU/l + log fasting glucose mg/dl) (9).
Matsuda: Matsuda index= 10000 / √ ((fasting glucose (mg/dl) x fasting insulin (mU/l)) x (mean
glucose (mg/dl) during ogtt x mean insulin (mU/l) during ogtt) (11)
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Glucose tolerance

Impaired glucose tolerance (IGT) was found in 9.4% of the boys and 5.5% of the girls. The 
metabolic characteristics of subjects with IGT are displayed in table 5. Subjects with IGT 
were older, had a higher BMIsds, higher systolic blood pressure and were more often in 
puberty than subjects with normal glucose tolerance (NGT). Subjects with IGT had higher 
glucose and insulin levels at all time points during the OGTT than subjects with NGT. Sub-
jects with IGT had higher HbA1c, higher HOMA, lower HOMA-b, and lower QUICKI-values 
than subjects with NGT. Subjects with IGT had higher TG levels and tended to have lower 
HDL levels than subjects with NGT.
Impaired fasting glucose (IFG) was present in 12.4% of the boys and 11.6% of the girls. Six 
boys with IFG also had IGT (20%). Five girls with IFG also had IGT (17%). Subjects with IFG 
and without IGT were compared with the rest of the cohort. These subjects were older (12.6 
vs. 11.6 years, p=0.04), had higher glucose levels during the OGTT at -15 (5.8 vs. 5.0 mmol/l, 
p < 0.0001), 0 (5.7 vs. 5.0 mmol/l, p < 0.0001), 30 (8.6 vs. 7.6 mmol/l, p < 0.0001), 60 (8.1 vs. 
6.8 mmol/l, p=0.003), and 90 min (7.2 vs. 6.6 mmol/l, p=0.02), higher HbA1c (5.5 vs. 5.4%, 
p < 0.0001), higher insulin levels at -15 (193 vs. 131 pmol/l) and 0 min (181 vs. 127 pmol/l, 
p=0.007), higher HOMA (8.3 vs. 5.0, p < 0.0001), lower QUICKI (0.30 vs. 0.35, p=0.003), higher 
systolic blood pressure (123 vs. 117 mmHg, p=0.01) and higher diastolic blood pressure (67 
vs. 64 mmHg, p=0.02).

The metabolic syndrome
The metabolic syndrome could not be studied in the whole cohort. In 352 children all com-
ponents of the metabolic syndrome were known.
Insulin resistance expressed as HOMA was associated with the number of metabolic syn-
drome components that were present (B=0.08, p < 0.0001, CI: 0.06-0.1). The QUICKI and Mat-
suda index were not associated with the number of metabolic syndrome components. Free 
T4 levels were associated with the number of metabolic syndrome components. A weak 
but highly significant association was observed between TSH and the number of metabolic 
syndrome components that were present (B=0.08, p=0.002, CI: 0.03-0.13). After adjustment 
for insulin resistance expressed as HOMA and BMI SDS the relation between TSH and the 
number of metabolic syndrome components became non-significant (B=0.04, p=0.07, CI: 
-0.003 – 0.09).
The presence of the metabolic syndrome was compared between children < 10 years and  
> 10 years and between prepubertal and pubertal children. The various components of the 
metabolic syndrome and number of components that were present are shown in table 6. 
Regression analysis was performed between the number of metabolic syndrome compo-
nents and the subdivised groups based on age vs. pubertal stage. The regression coefficient 
was slightly higher when children were divided according to pubertal development: B=0.31, 
p < 0.0001 (CI: 0.2- 0.5) vs. B=0.26, p=0.003 (CI: 0.1 – 0.4).
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Table 5 Characteristics of subjects of the total cohort with impaired glucose tolerance (IGT) vs normal glucose 
tolerance (NGT)

IGT NGT p

N 37 464

Age (years) 13.4 (2.9) 11.6 (3.2) < 0.0001

Gender:
Males
Females

23
14

222
241

Ns

Puberty:
Prepubertal
Pubertal

7
26

200
244

0.003

Ethnicity:
Caucasian
Non-Caucasian

19
16

234
223

Ns

Height SDS 0.06 (1.3) 0.2 (1.1) Ns

Weight SDS 3.3 (1.1) 2.9 (0.9) 0.013

BMI SDS 3.2 (0.5) 2.9 (0.5) 0.001

Systolic BP (mmHg) 124 (16) 117 (15) 0.019

Diastolic BP (mmHg) 66 (8) 64 (7) Ns

Glucose -15 min 5.3 (0.4) 5.1 (0.4) 0.01

Glucose 0 min 5.2 (0.5) 5.0 (0.5) 0.04

Glucose 30 min 9.2 (1.4) 7.6 (1.4) < 0.0001

Glucose 60 min 9.4 (1.7) 6.7 (1.5) < 0.0001

Glucose 90 min 9.1 (21) 6.5 (1.1) < 0.0001

Glucose 120 min 8.6 (0.9) 6.0 (0.9) < 0.0001

Insulin -15 min 203 (115) 130 (80) 0.001

Insulin 0 min 195 (101) 126 (127) 0.002

Insulin 30 min 1751 (1335) 1078 (738) 0.006

Insulin 60 min 1584 (954) 758 (672) < 0.0001

Insulin 90 min 1617 (1130) 730 (677) 0.001

Insulin 120 min 1856 (1211) 593 (535) < 0.0001

HbA1c (%) 5.5 (0.3) 5.4 (0.3) 0.005

HOMA 8.0 (4.4) 5.0 (3.3) < 0.0001

HOMA-b 281 (161) 412 (332) 0.025

QUICKI 0.92 (0.28) 0.55 (0.50) < 0.0001

HDL (mmol/l) 1.16 (0.24) 1.25 (0.26) 0.055

Triglycerides (mmol/l) 1.30 (0.56) 1.04 (0.56) 0.016
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Age: mean (years) ± sd
Puberty: percentage of prepubertal children (Tanner stage 1) and pubertal children (Tanner stage ≥ 2) (3)
Height, weight and BMI: mean sds ± sd according to age and sex (4)
Systolic and diastolic blood pressure: mean (mmHg) ± sd
All other results expressed as mean ± sd
Glucose: glucose levels (mmol/l) at -15, 0, 30, 60, 90, 120 min during OGTT
Insulin: insulin levels (pmol/l) at -15, 0, 30, 60, 90, 120 min during OGTT
HOMA: homeostatic model assessment= (fasting insulin mU/l x fasting glucose mmol/l) / 22.5) (8).
HOMA-b: HOMA-derived beta-cell function= (20 x fasting insulin mU/l) / (fasting glucose mmol/l –3.5) (8)
QUICKI: quantitative insulin sensitivity check index= 1/(log fasting insulin mU/l + log fasting glucose mg/dl) (9).

Table 6 Presence of the metabolic syndrome components. Analysis in a subgroup of 352 children in which all 
features of the metabolic syndrome were known. In columns 2 and 3 the group is divided in children < 
10 years and children ≥ 10 years. In columns 4 and 5 the group is divided in prepubertal and pubertal 
children.

0-10 10-older prepubertal pubertal Total

N 94 258 140 195 352

BMI SDS > 2 100 % 100 % 100 % 100% 100 %

Systolic BP ≥ 135 mmHg 6.4 % 15.9 % 7.1 % 17.9% 13.4 %

Diastolic BP ≥ 85 mmHg 0 % 1.6 % 0.7% 1.0 % 1.1 %

Triglycerides ≥ 1.7 mmol/l 11.7 % 12.8 % 13.6 % 12.3 % 12.5 %

HDL
Age-adjusted

12.8 % 21.7 % 11.4 % 26.7 % 19.3 %

Glucose ≥ 5.6 mmol/l 5.3 % 11.6 % 7.1 % 11.8 % 9.9 %

1 metabolic syndrome 
components present

71.3 % 55.9% 71.4 % 49.7 % 59.4%

2 metabolic syndrome 
components present

23.4 % 30.6 % 20.7 % 34.9 % 28.7 %

3 metabolic syndrome 
components present

5.3 % 11.6 % 7.1 % 12.8 % 9.9 %

4 metabolic syndrome 
components present

0 % 2.3 % 0.7 % 2.6 % 1.7 %

Puberty: percentage of prepubertal children (Tanner stage 1) and pubertal children (Tanner stage ≥ 2) (3)
BMI: mean sds acco-rding to age and sex (4)
HDL (mmol/l) adjusted for age (2)
Metabolic syndrome components: number of components that are present following the IDF definition (2)
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Discussion

Insulin resistance is considered as an early complication of childhood obesity that predis-
poses for cardiovascular disease, even in the absence of other components of the metabolic 
syndrome. The variation in the development of insulin resistance among obese people is 
considerable. Several factors including fat distribution, genetic predisposition and perinatal 
factors are important for the development of insulin resistance (13). Increased insulin levels 
precede the development of metabolic and atherogenic complications (1). Although the gold 
standard for measuring insulin resistance is the hyperinsulinemic euglycemic clamp, fast-
ing insulin or a fasting insulin index is considered as an acceptable alternative (8).
In the present study insulin resistance was found in many obese children.
The high percentages of HOMA  >  2 and QUICKI < 0.339 are comparable with previous stud-
ies (14). The degree of insulin resistance and decreased insulin sensitivity was related to 
puberty and non-caucasian ethnicity. Although more females than males were in puberty, 
the metabolic characteristics of both sexes were comparable.
In the present study Impaired Glucose Tolerance (IGT) was detected in 9.4% of the males and 
5.5% of the females. There is considerable variation in the prevalence of IGT that is reported 
on cohorts of obese children and adolescents, ranging from 4.5-25% (15-17). In the present 
cohort, the IGT group is characterized by increased insulin resistance and systolic blood 
pressure as well as increased levels of HDL and triglycerides. This increased risk of the IGT 
group was detected only during the OGTT and could not be detected in the fasting state.
Relatively few reports have addressed the prevalence of Impaired Fasting Glucose among 
obese children and adolescents. In adult studies, IFG is decribed as a marker of beta-cell 
dysfunction whereas IGT is more closely related to insulin-resistant states (18). Cali et al 
recently reported that IFG in adolescents is linked primarily to alterations in glucose sensi-
tivity of 1st phase insulin secretion and liver insensitivity and that the IGT group is affected 
by a more severe degree of peripheral insulin resistance and a reduction in first phase 
secretion (19). In the present study 12.4% of the males and 11.6% of the females had IFG. 
Some of the subjects with IFG also had IGT. It is suggested that there may be three distinct 
metabolic subgroups: those with only IGT, those with both IGT and IFG and those with only 
IFG (19).
The metabolic syndrome in children and adolescents is related to the degree of obesity (12) 
but little information is available of how a diagnosis of the metabolic syndrome in childhood 
predicts later disease (20). The prevalence of the metabolic syndrome largely depends on 
the definition chosen. In order to define the metabolic syndrome in children and adolescents 
a variety of modifications of the adult definitions have been used (21). This study followed 
the guidelines that the International Diabetes Federation proposed on the definition of the 
metabolic syndrome in children and adolescents (2).
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When interpreting our results, potential limitations need to be considered. First, waist cir-
cumference measurements were not available. Second, BMI sds had to be used for the 
definition of obesity. The cohort included children of different age-, pubertal-, and ethnic 
groups.
In total, three components of the metabolic syndrome are found in 11.6% of children of 10 
years or older, and four components are found in an additional 2.3%. This is a high percent-
age, especially when considering that these cut-off values are adult’s cut-off values and 
that age-specific percentiles are not used in this definition. Different subsets of children are 
identified according to their division in prepubertal and pubertal groups or in age groups 
younger than 10 years and 10 years or older. However, the diagnosis of the metabolic syn-
drome seems to be relatively comparable between the subsets. Using age groups seems 
to be appropriate when diagnosing the metabolic syndrome. Although the IDF guidelines do 
not permit to diagnose the metabolic syndrome in children younger than 10 years, it is clear 
that 5.3% of these children meet the criteria.
With regard to the development of the metabolic syndrome, TSH has been proposed as a 
factor, independent of insulin resistance (22). In our study TSH is related with the number of 
metabolic syndrome components that are present, and in contrast with previous findings, 
this association is not independent of body composition and insulin sensitivity. TSH may be 
considered as a pathophysiological link, but it is possible that that the relation between TSH 
and the metabolic syndrome becomes only fully apparent in adulthood.
In conclusion, insulin resistance is abundant among obese children. The children that are 
most at risk for the development of type 2 diabetes and cardiovascular disease-those with 
IGT-, cannot be detected in the fasting state. Therefore an OGTT is needed for risk evalua-
tion. A relatively high proportion had IFG. Whether the inherent risk of IFG is comparable 
with that of IGT is not known. Following the IDF guidelines, almost 14 % of the children ≥ 10 
years in this cohort have the metabolic syndrome. For the diagnosis of the metabolic syn-
drome, the use of age groups is comparable to the use of groups based on puberty.
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Birth weight as a proxy for intrauterine growth retardation

The concept of IUGR

The concept of intrauterine growth restriction (IUGR) implies that a fetus does not reach 
its growth potential in utero. In order to establish the growth potential of a fetus, an indi-
vidualized growth curve should be made, based on factors like maternal weight, parity of 
the mother, gender of the fetus, parental size and ethnicity (1;2). Gardosi (3) proposed to 
develop individually customized fetal growth curves and birth weight percentiles that adjust 
for physiological variation in order to identify those babies who are pathologically small. In 
a re-analysis of several populations these corrections resulted in improved identification of 
subjects at risk (3). The curve can also be constructed with several measurements of body 
parameters with ultrasound. If a fetus’ growth does not follow its individualized growth 
curve, but displays a negative deviation, IUGR can be diagnosed (4).
For most pregnancies no individualized growth curve is available. In general practice, the 
diagnosis of IUGR is based on a single measurement, usually birth weight. Comparing birth 
weight with population means enables us to calculate a standard deviation score or per-
centile. Common cut-off values for the diagnosis of IUGR are 2 standard deviations below 
the mean, or below the 10th or 3rd centile (5). When using birth weight to define IUGR it is 
clear that a large proportion of the population will be misclassified. For example, analysis 
of a large Swedish dataset showed that SGA defined by a customized birth weight centile 
was more closely associated with stillbirths, neonatal deaths or low Apgar scores than the 
unadjusted population centile (6).

IUGR in preterm children

In preterm birth there is a large clinical heterogeneity with many factors known prior to 
pregnancy that are associated with preterm birth. Maternal characteristics (low maternal 
age, nulliparity, high parity, low maternal weight, obesity), social class (socio-economic 
status, education, marital status, low income) and ethnic origin have all been linked to pre-
term birth (7).
A number of investigators have reported a link between small for gestational age (SGA) 
babies and preterm labour. The actual contribution of fetal growth restriction is unknown, 
as SGA is not equal to intrauterine growth retardation. Effective differentiation between 
optimal and sub-optimal weight requires a standard to be accurately dated, individually 
adjusted, free from pathology and fetal weight based.
A large proportion of the population is misclassified if an unadjusted standard is used. Cus-
tomized centiles have demonstrated the link between prematurity and growth restriction 
in preterm born babies born after spontaneous onset of labour (8). After adjustment for 
confounders, spontaneous preterm birth was significantly associated with increased risk of 
the fetus not having reached its growth potential (3).
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For our study we used a birth weight-based approach. Because up-to-date Dutch birth 
weight references are unavailable we used the birth weight curves of Niklasson (9) that are 
based on the measurements of more than 375000 Swedish infants born between 1977 and 
1981. The references provided in 1970 by Usher and McLean (10) are based on a relatively 
small population and are no longer considered for research purposes.

Measurement of cardiovascular risk factors

Measurement of insulin sensitivity

The euglycaemic hyperinsulinaemic clamp technique is considered the best available 
method for the measurement of insulin-mediated glucose uptake (11;12). The technique is 
invasive and time-consuming and can only be used in a research setting. Many alternative 
methods have been developed for measuring insulin sensitivity. The Frequently Sampled 
Intravenous Glucose Tolerance Test (FSIGT) is technically easier and less expensive to per-
form than the clamp and has good concordance with clamp-derived insulin sensitivity val-
ues, although its use may be limited in those individuals with the highest insulin resistance 
(12). The oral glucose tolerance test (OGTT), homeostasis model assessment (HOMA) and 
quantitative insulin sensitivity check index (QUICKI) methods are relatively inexpensive and 
technically easy. However, they do not provide the same degree of information as the clamp, 
even though some studies found good concordance rates between these and the more reli-
able tests (12). Although hyperinsulinemia and insulin resistance are reciprocally related 
to one another, the association is not very strong. Ferrannini et al (13) showed that subjects 
with “pure” insulin resistance have a more central fat distribution, excessive lipolysis and 
endogenous glucose production whereas subjects with “pure” hyperinsulinemia have sup-
pressed lipolysis, endogenous glucose production and insulin clearance, higher values of 
systolic blood pressure and HDL-cholesterol concentrations. The only abnormality com-
mon to both phenotypes was the presence of raised serum triglyceride concentrations.

Measurement of blood pressure

Because blood pressure measurements are notoriously variable, measuring blood pres-
sure only once will result in an inaccurate estimation of the true blood pressure and an 
underestimation of the strength of the true associations of blood pressure with other vari-
ables. Repeating the blood pressure measurement is an effective method to get a more 
precise estimate of the true blood pressure (14). In our study blood pressure was measured 
in the recumbent position after a fifteen-minute rest. Blood pressure was measured three 
times with intervals of one minute. The mean of three blood pressure measurements was 
used in the analysis.
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Measurement of body composition

Both skinfold thickness and bioelectric impedance analysis (BIA) measurements can be used 
to predict body composition. Regression equations are used to predict a body component. 
This value is converted to final body composition data using further theoretical assump-
tions (15). The accuracy of both methods to predict fat mass in individuals and groups is not 
high. Application of the combination of these methods may however reduce the likelihood 
of misdiagnosis (15).
BIA (for review (16;17)) has been used extensively in healthy subjects and patients. BIA 
measures impedance of the body to a small electric current. By using the empirical rela-
tion between height and impedance total body water and fat free mass can be predicted in 
subjects without significant fluid and electrolyte abnormalities. BIA equations are popula-
tion and age-specific. For our study we used references for healthy subjects (N=343) aged 
20-94 years (18).
Skinfold measurement are sensitive to interobserver variation. Therefore, in our study a 
single observer performed all measurements. Skinfold measurements tend to overesti-
mate body fat mass somewhat compared with a direct method such as dual-energy X-ray 
absorptiometry (DXA). Fewtrell et al concluded from their study on prematurity and body 
fatness at ages 8-12y that the same association exists with both methods (19). The correla-
tions between the anthropometric measurements of Durnin et al (20;21) and dual photon 
absorptiometry are 0.76 and 0.83 for males and females, respectively.

Measuring fasting and postprandial serum lipids

Abnormalities in lipid en lipoprotein metabolism are important risk factors in states of 
insulin resistance. The dyslipidaemia is characterized by low high-density lipoproteins, 
increased small dense low-density lipoprotein cholesterol particles and hypertriglyceri-
daemia (22). Dyslipidaemia is not frequently reported in young adults born SGA at term or 
born preterm. It may be an abnormality that presents relatively late during life. We hypoth-
esized that measurement of the postprandial lipid metabolism provides more information 
than measurement of fasting lipids. Postprandial triglycerides have been associated with 
cardiovascular risk in adults and with states of insulin resistance (23). We used the mixed 
meal test (MMT) design to measure postprandial lipid metabolism. The MMT is a more phys-
iological test that provides information on postprandial lipids as well as beta cell function 
(24;25).
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The concept of the metabolic syndrome

The metabolic syndrome is a clustering of risk factors, which predisposes an individual to 
cardiovascular morbidity and mortality. The prevalence of the metabolic syndrome varies 
with the definition used. Within each definition, the prevalence of the metabolic syndrome 
increases with age and varies with gender, geographical region and ethnicity. There is debate 
regarding the validity of the term metabolic syndrome (26). There is no consistency in the 
criteria used to diagnose the metabolic syndrome in childhood and adolescence although 
age-specific criteria based on the ATP-III criteria have been developed (27). Furthermore, 
marked inconsistency exists in the categorical diagnosis of metabolic syndrome in adoles-
cence. The diagnosis may be applicable initially during but not during follow up or vice versa 
(28). Recently, international criteria for the diagnosis of the metabolic syndrome in children 
and adolescents were proposed by the International Diabetes Federation (IDF) (29).
The metabolic syndrome in children and adolescents is related to the degree of obesity (30) 
but little information is available of how a diagnosis of the metabolic syndrome in childhood 
predicts later disease (31). It has been suggested that insulin resistance plays no pivotal 
role in the development of the metabolic syndrome. However, others have underlined the 
importance of insulin resistance and stressed that the risk for cardiovascular risk factors 
increases as an individual progresses from insulin resistance to impaired glucose toler-
ance to diabetes (32). Identifying patients early in the process, before the onset of impaired 
fasting glucose, is an important step in preventing and mitigating the consequences of CVD 
risk through lifestyle modifications and medical intervention.

Metabolic consequences of prematurity

The following research questions were formulated:
– Is preterm birth associated with increased health risks in later life such as insulin resis-

tance as it is observed in small for gestational age born subjects?
– Is insulin resistance in young adults born preterm stronger related to birth weight than 

to gestational age?
– Are the associations between birth weight and later insulin resistance explained by de-

velopmental, metabolic or endocrine components?
– Are the metabolic consequences of prematurity comparable to the metabolic conse-

quences of subjects born small for gestational age treated with growth hormone?
– Are there differences in insulin sensitivity between preterm-born subjects with Pre-

term Growth Restraint compared to preterm-born subjects without Preterm Growth 
Restraint?
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Is preterm birth associated with increased health risks in later life such as insulin 
resistance as it is observed in small for gestational age born subjects?
Low birth weight at term is associated with an increased risk of adult onset type 2 diabetes 
mellitus, hypertension, obesity, heart disease and cerebrovascular accidents (33). Associ-
ated metabolic abnormalities in these subjects are dyslipidaemia and insulin resistance 
(34;35). Insulin resistance has been demonstrated to be an early and consistent finding and 
it is likely that insulin plays a major role in the pathogenesis of the metabolic syndrome 
(32). Low birth weight might be the result of placental insufficiency leading to intrauterine 
growth retardation during their third trimester. Children that are born prematurely, experi-
ence an adverse environment during their third trimester ex utero. Therefore, preterm born 
subjects may have metabolic abnormalities that are similar to those observed in subjects 
with a low birth weight born at term.
Several studies have reported metabolic abnormalities in preterm born subjects.
Preterm birth has shown to be associated with decreased insulin sensitivity (36), increased 
fasting glucose levels (37), increased indexes of insulin resistance and glucose intolerance 
during oral glucose tolerance tests (38), and increased blood pressure (37;38).
The gold standard method for measuring insulin sensitivity (11) was never used in previous 
studies. Using the hyperinsulinaemic euglycaemic clamp design (chapter 3) we showed that 
insulin sensitivity is decreased in preterm subjects in comparison with control subjects 
with a normal birth weight born at term. We analyzed the insulin sensitivity of the preterm 
born subjects with the highest quartile for height and weight SDS during childhood to those 
born with the lowest quartile for height and weight SDS during childhood. It appeared that 
increments in height and weight during childhood are associated with lower insulin sensi-
tivity in adulthood. Catch-up growth has been associated with worsening of insulin resist-
ance (39;40) and it might be possible that increased growth during childhood is detrimental 
for subjects born preterm.
In accordance with previous studies we found that high blood pressure is more frequently 
found in preterm born subjects than in controls (chapter 3). In analogy with the findings on 
insulin sensitivity we also found that increments in height and weight during childhood are 
associated with higher adult blood pressure.
Dyslipidaemia was never reported in previous studies on preterm borns, although one study 
mentioned a trend for an adverse metabolic profile with increased triglycerides, increased 
total cholesterol and decreased high-density lipoprotein cholesterol (37). In a large cohort 
of preterm borns, a less favorable lipid profile was observed as an effect of current body 
composition, rather than of early growth (41). We hypothesized that abnormalities in lipid 
handling in preterm born young adults can only be observed in the postprandial state. Using 
the mixed meal test (chapter 5) we found that postprandial triglyceride levels were increased 
in preterm born SGA males and that preterm born SGA individuals were hyperinsulinaemic 
during the mixed meal test. These risk factors could not be measured in the fasting state 
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and none of the subjects was diagnosed to have the metabolic syndrome. The variation of 
measurements in the mixed meal test is considerable when using a single meal. Repeated, 
cumulative metabolic stress may be needed for improved identification of the subjects at 
risk. Such improved discrimination between the groups may be achieved studying cumula-
tive metabolic effects during extended tests that include multiple meals.
Taken together these findings show that cardiovascular risk factors are present in young 
adult preterm born subjects, but are difficult to detect in the fasting state. A possible expla-
nation for the development of these cardiovascular risk factors is that of fetal program-
ming. During critical periods of fetal and early infant life, subjects exposed to an adverse 
environment develop survival responses that become permanent or programmed. When 
the adverse environment is removed, these responses can become maladaptive (42).

Is insulin resistance in young adults born preterm stronger related to birth weight than 
to gestational age?
None of the previous studies in preterm born subjects reported a strong relation between 
insulin resistance or cardiovascular outcome measures and birth weight corrected for ges-
tational age. Irving (37) found no difference in blood pressure or plasma glucose between 
subjects born preterm appropriate for gestational age and subjects born preterm small for 
gestational age. Hofman (36) found no differences in insulin sensitivity between subjects 
born preterm appropriate for gestational age and subjects born preterm small for gesta-
tional age. Also Hovi (38) found in a large group of subjects no influence of birth weight sds 
on insulin resistance, glucose intolerance and high blood pressure.
We found that insulin sensitivity was correlated with birth weight but not with birth weight 
sds (chapter 3). It is important to realize that in our study gestational age in SGA preterms 
was higher than that of the AGA preterms. The reason for this phenomenon is not clear but 
it may imply that the chance of survival might have been different for the two groups. Ideally, 
subjects should be compared to those who are born after the same gestational age but with 
different birth weights.
High blood pressure was found to be increased in AGA preterms compared to SGA pre-
terms. Several factors have been suggested to explain the high blood pressure in preterm 
born subjects, including microvascular and renal development. Another well-known factor 
associated with blood pressure is body size. AGA preterms may have a better capacity to 
achieve their genetic potential for body size, and as a result of that they develop higher blood 
pressure, than SGA preterms.

Are the associations between birth weight and later insulin resistance explained by 
developmental, metabolic or endocrine components?
The relation between low birth weight and later development of disease is still unclear but 
several mechanisms have been proposed (43;44). Genetic abnormalities, altered function 
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of the adrenal axis (45;46) and catch up growth have all been suggested to explain this rela-
tion. Postnatal catch-up growth appears to be a risk factor for subsequent hypertension 
(33;47), ischaemic heart disease (48) and insulin resistance (49). A challenging hypothesis 
is that body composition and the change of body composition may be programmed during 
fetal life (50).
Most investigations have focused on the relation between insulin sensitivity and catch up 
growth in weight or BMI (39;51-57). BMI is however a poor outcome measure in epidemio-
logical research investigating the possible programming of body composition (50). In one 
report a trend was observed towards higher insulin sensitivity in term SGA children with 
catch-up growth compared with term SGA children without catch-up growth (58). We found 
that increased growth during childhood is associated with decreased insulin sensitivity and 
increased blood pressure in young adulthood (chapter 3). These observations suggest that 
body composition is an important factor in the development of later disease. Body composi-
tion variability might be a central component of early growth variability and track from fetal 
life into infancy onwards (50).
It is important to realize that programming of body composition may be different in preterm 
born subjects than in subjects born at term with a low birth weight for gestational age. 
Preterm children have low levels of body fat at birth (59) as well as by the time that term 
age is reached (60). MRI studies have suggested that at term age preterm children have a 
more central adipose tissue distribution (60), with some indication that this trait persists 
subsequently. These findings are consistent with the hypothesis that the third trimester is 
an important period for the programming of body composition.
Factors that influence catch-up growth are neuro-endocrine regulation and nutrition. In 
preterms, there is a paucity of data on these mechanisms. Animal studies convincingly 
showed that postnatal growth is influenced by nutrition (61). In preterm born subjects, both 
overnutrition and undernutrition at critical growth periods may have adverse effects, but 
optimal nutritional strategies are not available (62).

Are the metabolic consequences of prematurity comparable to the metabolic 
consequences of subjects born small for gestational age treated with growth hormone?
Low birth weight is considered as a risk factor for the development of the insulin resistance 
(34). In 10% of the term born SGA subjects the low birth weight is associated with growth 
delay that can effectively be treated with growth hormone (63). Comparable growth pat-
terns have been shown to be present in subjects born preterm (64) and the use of growth 
hormone therapy in subgroups of preterm born subjects is now under debate (65). There 
have been concerns about the long-term effects of growth hormone therapy on insulin sen-
sitivity (66;67). We compared preterm borns that never received growth hormone treatment 
with term born SGA that had been treated during childhood because of their short childhood 
stature (chapter 4). Insulin sensitivity as measured by the hyperinsulinaemic euglycemic 
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clamp was decreased in young adults, born at term with a low birth weight that had been 
treated with growth hormone. Due to lack of longitudinal data and an untreated control 
group we can draw no definite conclusions on the cause of the lower insulin sensitivity. 
Whether the difference results from perinatal-, postnatal- or growth hormone therapy-
related factors is not known. Their insulin sensitivity was comparable to that of the preterm 
borns. Because insulin sensitivity is already decreased in preterm born subjects, close 
surveillance is warranted when growth hormone therapy is commenced for preterm born 
subjects that remain short.

Are there differences in insulin sensitivity between preterm-born subjects with 
Preterm Growth Restraint compared to preterm-born subjects without Preterm 
Growth Restraint?
Preterms born appropriate for gestational age are often exposed to an adverse ex utero 
environment in the postnatal months, leading to growth retardation at term age, a condition 
called Preterm Growth Restraint (PGR) (65). The growth patterns of subjects that experi-
enced in utero growth retardation and subjects that experienced ex utero growth retarda-
tion leading to a low weight at term age have been shown to be comparable (64). Their adult 
height is lower than that of subjects born prematurely and appropriate for gestational age 
without growth retardation at term age. Without spontaneous catch up growth subjects with 
PGR may be relatively protected against the development of insulin resistance. We found 
that insulin sensitivity was lower in subjects born preterm with normal birth weight and 
adequate postnatal growth than in subjects born preterm with a low birth weight (chapter 
6). Subjects born preterm with normal birth weight and adequate postnatal growth tended 
to have lower insulin sensitivity than subjects born preterm with postnatal growth delay. 
These differences disappeared after adjustment for BMI, emphasizing the importance of 
body size or body composition in the interpretation of insulin sensitivity. Adult body size is 
decreased in subjects with preterm growth restraint and insulin sensitivity relative to body 
size is normal. These findings are in accordance with previous studies that did not find dif-
ferences in insulin sensitivity between preterm AGA and preterm SGA subjects (36-38).

Metabolic consequences of obesity
The following research questions were formulated:
– How often is type 2 diabetes diagnosed among Dutch children with newly diagnosed 

diabetes mellitus?
– What is the prevalence of the metabolic syndrome among Dutch obese children?
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How often is type 2 diabetes diagnosed among Dutch children with newly diagnosed 
diabetes mellitus?
Westernised as well as developing countries have experienced a marked increase in the 
prevalence of obesity (68;69). As a result, type 2 diabetes, previously a rare disease in child-
hood, is now increasingly diagnosed in many populations (70;71).
Reports on the prevalence of type 2 diabetes in Europe are scarce (72-74). The prevalence 
of type 2 diabetes in The Netherlands was unknown. We found that 2.4% of the children that 
present with diabetes de novo very likely has type 2 diabetes (chapter 7). The study showed 
a discrepancy between the number of patients with type 2 diabetes diagnosed by paediatri-
cians in daily practice and diagnosed according to the ADA criteria. Moreover, a consid-
erable amount of reported patients were misclassified. Misclassification and uncertainty 
about the definitive differential diagnosis have been described before (75) and emphasize 
the importance of adhering to protocols and guidelines. The development of programmes 
and protocols for prevention, diagnosis and classification applicable in daily practice is war-
ranted.
The amount of children and adolescents with type 2 diabetes that we detected is still rela-
tively low. However, with increasing rates of obesity in The Netherlands the problem may 
rapidly increase as has been observed in other countries. Furthermore, the children that 
were diagnosed with type 2 diabetes were probably part of a greater population of children 
with insulin resistance. Insulin resistance is associated with health risks as the metabolic 
syndrome (76), also in the absence of type 2 diabetes.

What is the prevalence of the metabolic syndrome among Dutch obese children?
Following worldwide trends, the prevalence of obesity increases among Dutch children. 
Childhood obesity is related to the development and degree of the metabolic syndrome and 
an increase in the prevalence of the metabolic syndrome among Dutch children is expected. 
In adults the metabolic syndrome predicts type 2 diabetes and cardiovascular disease, in 
children this relation is less clear (31). Following a worldwide definition of the metabolic 
syndrome that was recently published by the International Diabetes federation (IDF) (29) 
we found that 13.9% of the obese children and adolescents ≥ 10 years of age has the meta-
bolic syndrome (chapter 8). We also found that the majority has insulin resistance and that 
impaired fasting glucose is present in 12.1% and impaired glucose tolerance is present in 
7.4% of obese children and adolescents. It needs to be underlined that the diagnostic crite-
ria that we used are very similar to adult criteria. When using age-specific cut-off values for 
the diagnosis of the metabolic syndrome higher prevalences of the diagnosis are expected. 
A problem of the IDF guidelines is that the metabolic syndrome cannot be diagnosed in chil-
dren < 10 years. We found, however, that 5.3% of these children meet the criteria. Although 
the relation between childhood metabolic syndrome and adult disease is not exactly known, 
considerable health risks are expected for this group.
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Future perspectives

The relation between intrauterine growth retardation, birth weight, growth, body composi-
tion and the development of cardiovascular risk factors is complex. The findings in this thesis 
underline the importance of longitudinal follow up of metabolic characteristics, growth and 
body composition in children at risk for the development of cardiovascular abnormalities. 
Improved methods for measuring body composition at birth and thereafter will allow more 
detailed conclusions about these relations. For an early prediction of metabolic abnormali-
ties mixed meal tests might be considered.
When growth hormone therapy is implemented in the care for preterm born children with-
out catch-up growth, a research design including an untreated control group is warranted.
Obesity in childhood is associated with metabolic abnormalities. In patients with newly diag-
nosed diabetes a diagnostic work-up according to international guidelines is recommended. 
A robust diagnostic tool is now available for diagnosis of the metabolic syndrome, but risk 
stratification strategies should also include children under the age of ten years.
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Summary

Chapter 1 provides background on the adult consequences of intrauterine growth retarda-
tion that is considered as the cause of low birth weight. Associations between low birth 
weight and insulin resistance and cardiovascular risk factors are described. The rationale 
for studying infancy and childhood growth patterns, insulin sensitivity and cardiovascular 
risk factors in preterm born children is explained. Background is provided on the metabolic 
consequences of obesity. The rationale for studying insulin sensitivity, type 2 diabetes mel-
litus and the metabolic syndrome in children and adolescents with obesity is described.

Chapter 2 consists the aims to study infant and childhood growth patterns, insulin sensitiv-
ity and cardiovascular risk factors in preterm born subjects. In addition, the aims to study 
insulin sensitivity, type 2 diabetes mellitus and the metabolic syndrome in obese children 
and adolescents are described.

In chapter 3 insulin sensitivity and blood pressure are studied in preterm born young adults, 
using the hyperinsulinaemic euglycaemic clamp technique. Furthermore, the influence of 
growth during infancy and childhood is taken into account. The hyperinsulinaemic clamp 
shows a reduction in insulin sensitivity in preterm born subjects. Blood pressure meas-
urements show increased blood pressure in preterm born subjects. Preterm born sub-
jects with the highest increments of height and weight during childhood have lower insulin 
sensitivity and higher blood pressure compared to preterm born subjects with the lowest 
increments in height and weight during childhood. It is concluded that infant and childhood 
growth patterns are a modifying factor in the decreased insulin sensitivity that is observed 
in preterm born subjects.

In chapter 4 insulin sensitivity is studied in young adults born small for gestational age at 
term that have been treated with growth hormone and compared to preterm-born subjects 
as well as with term-born control subjects with normal birth weight using the hyperinsuli-
naemic euglycaemic clamp technique. A reduction in insulin sensitivity in the preterm born 
subjects similar to that in term born small for gestational age subjects treated with growth 
hormone is observed, compared to control subjects. It therefore is concluded that the cause 
for the decreased insulin sensitivity in the growth hormone treated small for gestational 
age subjects is not known, but that growth hormone should be used with caution in preterm 
born subjects that already have decreased insulin sensitivity.

In chapter 5 postprandial lipid metabolism and beta cell response are studied in young adult 
preterm born subjects, using the mixed meal test (MMT). The MMT shows that postprandial 
triglyceride levels are higher in preterm born males with a low birth weight for gestational 
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age compared to control subjects. Preterm born subjects with a low birth weight for gesta-
tional age have higher insulin levels during the MMT.
It is concluded that the mixed meal test provides additional information on cardiovascular 
risk factors that cannot be observed in the fasting state.

In chapter 6 childhood growth patterns and insulin sensitivity, measured by the hyperinsu-
linaemic euglycaemic clamp, were studied in preterm-born young adults.
Subjects born preterm small for gestational age, subjects born preterm appropriate for 
gestational age with postnatal growth retardation, and subjects born preterm appropriate 
for gestational age without postnatal growth retardation were compared. The hyperinsuli-
naemic clamp shows that insulin sensitivity is lower in preterm born subjects born appro-
priate for gestational age with a normal postnatal growth pattern than in preterm born 
subjects born small for gestational age and tends to be lower than in preterm born subjects 
with normal birth weight and a retarded postnatal growth pattern. These differences disap-
peared after adjustment for body size. It is concluded that early growth patterns in preterm 
born subjects are associated with differences in insulin sensitivity.

Chapter 7 describes an assessment of the number of children with type 2 diabetes mel-
litus, diagnosed by pediatricians, in the Netherlands in 2003 and 2004. The Dutch Pediatric 
Surveillance Unit (DPSU), a nation-wide pediatric register, was used to assess new cases of 
diabetes mellitus. Data on socio-demographic and clinical characteristics were collected 
by means of a questionnaire. A second questionnaire was sent to the reporting pediatrician 
if the diagnosis was inconclusive or if the diagnosis was type 1 diabetes mellitus in combi-
nation with overweight or obesity, according to international criteria. During the 24 months 
of registration 1142 new cases of diabetes were reported. The study shows a discrepancy 
between the number of patients with type 2 diabetes mellitus diagnosed by pediatricians in 
daily practice and the number of patients diagnosed according to the ADA criteria. Moreover, 
it was obvious that a considerable amount of reported patients were misclassified. Finally, 
2.4% patients were classified as (very likely) type 2 diabetes mellitus. It is concluded that 
type 2 diabetes mellitus should be considered especially in overweight and obese children. 
Because type 2 diabetes mellitus remains a challenging diagnosis, the development of and 
adherence to diagnostic guidelines is warranted.

In chapter 8 insulin sensitivity, glucose intolerance and the metabolic syndrome are studied 
in 512 obese children and adolescents, using fasting insulin sensitivity indexes as well as 
oral glucose tolerance tests (OGTT). The fasting insulin sensitivity indexes show that the 
majority of the obese children and adolescents are insulin resistant and that 12.1% has 
impaired fasting glucose. The metabolic syndrome is present in 13.9% of obese children ≥ 
10 years of age and 5.3% of children < 10 years of age. The OGTT showed that 7.4% of obese 
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children and adolescents has impaired glucose tolerance. It is concluded that risk factors 
for cardiovascular disease are present in many obese children and adolescents. For the 
detection of high-risk groups the OGTT is needed.

In chapter 9 the results of the studies described in this thesis are discussed. It is concluded 
that differences in insulin resistance and high blood pressure in preterm born subjects are 
associated with preterm birth, early postnatal growth, childhood growth velocity and adult 
body composition. Impaired lipid handling in young adult preterms that cannot be detected 
in the fasting state can be detected with meal tests.
In The Netherlands, type 2 diabetes mellitus is now a differential diagnosis that should 
be considered in each child with new onset diabetes. The metabolic syndrome and glu-
cose intolerance are present in a significant proportion of obese children. Not all high risk 
groups can be detected without the use of an oral glucose tolerance test. Suggestions for 
future research are made.
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Samenvatting

Hoofdstuk 1 beschrijft de achtergrondinformatie van de relatie tussen intrauteriene groei-
vertraging, waarvan het lage geboortegewicht een uiting kan zijn, en de gevolgen in de 
volwassenheid. Meer in detail worden de verbanden tussen een laag geboortegewicht, 
insulineresistentie en cardiovasculaire risicofactoren uiteengezet. De redenen om bij pre-
matuur geboren kinderen insulinegevoeligheid en cardiovasculaire risicofactoren nader te 
onderzoeken worden beschreven. Tevens worden de metabole gevolgen van overgewicht 
nader beschreven. De redenen om bij obese kinderen onderzoek te doen naar insuline-
gevoeligheid, het voorkomen van type 2 diabetes mellitus en het metabole syndroom wor-
den uiteengezet.

In Hoofdstuk 2 zijn de onderzoeksvragen geformuleerd die betrekking hebben op het ver-
band tussen prematuriteit, groeipatronen tijdens de jeugd, insulinegevoeligheid en cardio-
vasculaire risicofactoren bij jong-volwassenen. Verder zijn onderzoeksvragen geformuleerd 
die betrekking hebben op het verband tussen obesitas bij kinderen en insulinegevoeligheid, 
type 2 diabetes mellitus en het metabole syndroom.

In Hoofdstuk 3 wordt het onderzoek naar insulinegevoeligheid en bloeddruk bij prematuur 
geboren jong-volwassenen beschreven. Voor het meten van de insulinegevoeligheid wordt 
gebruik gemaakt van de hyperinsulinemische euglycemische clamp techniek. De relatie 
met het groeipatroon tijdens de jeugd wordt onderzocht. Prematuur geboren jong-volwas-
senen blijken een verminderde insulinegevoeligheid en een verhoogde bloeddruk te heb-
ben. Prematuur geboren jong-volwassenen met de sterkste toename van lengte en gewicht 
tijdens de jeugd hebben een lagere insulinegevoeligheid en een hogere bloeddruk dan zij 
die de minste toename van lengte en gewicht tijdens de jeugd laten zien. De conclusie is dat 
het groeipatroon tijdens de jeugd van invloed is op de insulinegevoeligheid en de bloeddruk 
op jong-volwassen leeftijd.

Hoofdstuk 4 beschrijft de studie naar insulinegevoeligheid bij jong-volwassenen met een 
laag geboortegewicht na een normale zwangerschapsduur die in hun jeugd behandeld wer-
den met groeihormoon, bij prematuur geboren jong-volwassenen en bij jong-volwassenen 
met een normaal geboortegewicht na een normale zwangerschapsduur. Jong-volwassenen 
met een laag geboortegewicht na een normale zwangerschapsduur die in hun jeugd behan-
deld werden met groeihormoon hebben een lagere insulinegevoeligheid die vergelijkbaar 
is met die van prematuur geboren jong-volwassenen. De oorzaak van de lagere insuline-
gevoeligheid bij de met groeihormoon behandelde jong-volwassenen is niet bekend. Daarom 
wordt geconcludeerd dat groeihormoonbehandeling bij prematuur geboren kinderen, die 
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ook zonder groeihormoon een verminderde insulinegevoeligheid hebben, voorzichtig moet 
worden toegepast.

Hoofdstuk 5 beschrijft het onderzoek naar de veranderingen in de vetstofwisseling en de 
functie van de beta-cel na inname van een test-maaltijd bij prematuur geboren jong-vol-
wassenen. Deze test wordt beschreven als een mixed-meal-test (MMT). Na de MMT zijn de 
triglyceride concentraties hoger bij prematuur geboren mannen met een te laag geboor-
tegewicht voor de zwangerschapsduur dan bij a term geboren mannen, de controle groep. 
Verder zijn de insuline concentraties tijdens de MMT bij prematuur geboren jong-volwas-
senen hoger dan bij jong-volwassenen uit de controlegroep. De conclusie is dat de mixed 
meal test aanvullende informatie verschaft over cardiovasculaire risicofactoren, die niet in 
de nuchtere situatie kunnen worden herkend.

Hoofdstuk 6 beschrijft het onderzoek naar het verband tussen groeipatronen in de eer-
ste levensjaren en de insulinegevoeligheid bij prematuur geboren jong-volwassenen. De 
insulinegevoeligheid werd hiervoor onderzocht met de hyperinsulinemische euglycemische 
clamp techniek. De resultaten van prematuur geboren jong-volwassen met een te laag 
geboortegewicht voor de zwangerschapsduur werden vergeleken met die van prematuur 
geboren jong-volwassenen met een normaal geboortegewicht voor de zwangerschapsduur 
en een te kleine lengte of een te laag gewicht op de uitgerekende datum, en prematuur 
geboren jong-volwassenen met een normaal gewicht voor de zwangerschapsduur en nor-
male lengte en gewicht op de uitgerekende datum.
De insulinegevoeligheid van jong-volwassenen met normale proporties bij de geboorte en 
op de uitgerekende datum is lager dan die van jong-volwassenen met een normaal geboor-
tegewicht en een te kleine lengte of een te laag gewicht op de uitgerekende datum. Deze 
verschillen verdwijnen na correctie voor de lichaamsproporties op jong-volwassen leef-
tijd. De conclusie is dat vroege groeipatronen geassocieerd zijn met verschillen in insuline-
gevoeligheid op jong-volwassen leeftijd.

Hoofdstuk 7 beschrijft de studie naar het voorkomen van type 2 diabetes mellitus onder 
Nederlandse kinderen. In 2003 en 2004 werd de diagnose type 2 diabetes mellitus onder 
kinderen door Nederlandse kinderartsen geregistreerd. Nieuwe gevallen van diabetes 
mellitus bij kinderen werden aangemeld bij het Nederlands Signaleringscentrum Kinder-
geneeskunde (NSCK). De kinderarts die een melding verrichtte ontving vervolgens een vra-
genlijst waarmee tevens demografische en klinische gegevens werden verzameld. Indien 
niet met zekerheid een diagnose kon worden gesteld of indien er sprake was van type 1 
diabetes mellitus bij een kind met overgewicht of obesitas werd een aanvullende vragenlijst 
verzonden. Tijdens de 24 maanden waarin de registratie plaatsvond werden 1142 nieuwe 
gevallen van diabetes mellitus gemeld. De studie laat een discrepantie zien tussen het aan-
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tal gevallen waarin door de kinderarts de diagnose type 2 diabetes mellitus werd gesteld 
en het aantal gevallen waarin die diagnose wordt gesteld op basis van de criteria van de 
American Diabetes Association (ADA). Een aanzienlijk aantal patienten bleek aanvankelijk 
niet juist te zijn geclassificeerd. Uiteindelijk werd in 2.4% van de gevallen de diagnose (zeer 
waarschijnlijk) type 2 diabetes mellitus gesteld. De conclusie is dat de diagnose type 2 dia-
betes mellitus met name overwogen dient te worden bij kinderen met overgewicht of obe-
sitas. Het stellen van de diagnose is echter niet eenvoudig. Het volgen van diagnostische 
protocollen is daarom noodzakelijk.

Hoofdstuk 8 beschrijft het onderzoek naar insulinegevoeligheid, glucosetolerantie en het 
metabole syndroom bij 512 kinderen en adolescenten met obesitas. De insulinegevoeligheid 
wordt bestudeerd in de nuchtere situatie en tijdens een orale glucose tolerantie test (OGTT). 
Uit de nuchtere bepalingen blijkt dat de meerderheid van de obese kinderen insulineresis-
tent is. In 12.1% van de gevallen is er sprake van een te hoge waarde van de nuchtere glu-
cose. De diagnose metabool syndroom kan worden gesteld bij 13.9% van de obese kinderen 
die 10 jaar en ouder zijn en bij 5.3% van de obese kinderen die jonger zijn dan 10 jaar. Uit de 
2-uurs glucosewaarden van de OGTT blijkt dat 7.4% van de obese kinderen en adolescenten 
een gestoorde glucosetolerantie heeft. De conclusie is dat cardiovasculaire risicofactoren 
zoals het metabole syndroom niet zeldzaam zijn bij kinderen met obesitas. Kinderen met 
een verhoogd risico kunnen alleen met behulp van de OGTT, met de combinatie van nuch-
tere en gestimuleerde glucosewaarden, worden geïdentificeerd.

In Hoofdstuk 9 worden de resultaten van de verschillende studies bediscussieerd. Verschil-
len in insulinegevoeligheid van prematuur geboren jong-volwassenen zijn geassocieerd 
met de premature geboorte, vroege postnatale groei, groei tijdens de kinderleeftijd en de 
lichaamssamenstelling op volwassen leeftijd.
Prematuur geboren jong-volwassenen die stoornissen laten zien in de vetstofwisseling en 
insulinehuishouding na een testmaaltijd kunnen niet in nuchtere toestand worden geïden-
tificeerd.
Type 2 diabetes mellitus is een diagnose die ook in Nederland moet worden overwogen 
bij kinderen met een recent ontstane diabetes mellitus. Het metabole syndroom en een 
gestoorde glucosetolerantie zijn niet zeldzaam bij kinderen en adolescenten met obesitas. 
Zonder gebruik te maken van een orale glucose tolerantie test kunnen niet alle kinderen 
met een verhoogd risico worden opgespoord. Voor toekomstig onderzoek worden daarom 
enkele suggesties gedaan.
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