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Context: Increasing evidence suggests that adverse conditions dur-
ing prenatal life are associated with the development of chronic dis-
eases in adult life. It is still unclear whether in vitro fertilization (IVF)
conception could affect the vulnerable developmental processes in
humans occurring during early prenatal development with long-term
perturbations of developmental pathways.

Objective: Our objective was to examine body composition in 8- to
18-yr-old IVF singletons and spontaneously conceived controls born
from subfertile parents.

Design and Setting: This follow-up study was conducted at the VU
University Medical Center in Amsterdam, The Netherlands.

Participants: Participants included 233 IVF children (139 pubertal
children) and 233 age- and gender-matched control children (143
pubertal children).

Main Outcome Measures: Body composition measures were as-
sessed by anthropometry and dual-energy x-ray absorptiometry in the
pubertal subpopulation.

Results: IVF children had a significantly lower subscapular-tri-
ceps skinfold ratio and a significantly higher sum of peripheral
skinfolds, peripheral body mass, and percentage of peripheral body
fat as compared with controls. Although not reaching statistical
significance, both dual-energy x-ray absorptiometry and skinfold
measurements suggested that total body fat in IVF children is in-
creased. Neither current and early risk factors nor parental factors, such
as subfertility cause, could explain the differences in peripheral fat as-
sessed by anthropometry between IVF children and controls. No differ-
ences in bone mineral composition between IVF children and controls
were found.

Conclusions: Our observations indicate that body fat composition in
IVF children is disturbed. Follow-up of IVF children to monitor body
fat pattern and potentially related health problems from adolescence
into adulthood is of great importance. (J Clin Endocrinol Metab 92:
3417–3423, 2007)

IN VIEW OF THE rising public health problems with re-
gard to obesity and osteoporosis in adult life, the need to

elicit determinants of body fat composition and skeletal ar-
chitecture is compelling. Accumulating evidence indicates
that environmental influences during prenatal life are asso-
ciated with changes in adult body composition including
altered fat distribution and low bone mineral content (BMC)
(1–3). These associations are thought to be the consequence
of programming of physiological, metabolic, and endocrine
key systems whereby adaptive responses to environmental
stimuli during critical or sensitive periods in early life may
have long-lasting consequences (4).

The period around fertilization appears to be one of the
critical time windows during which the developing concep-
tus is susceptible to environmentally induced changes. It has
been demonstrated in animal models that poor periconcep-
tional and preimplantational conditions can disturb both
prenatal and postnatal developmental potential (5). It is still

largely unclear whether developmental trajectories such as
skeletal development and adipogenesis can irreversibly be
perturbed by periconceptional insults. Nevertheless, the
Dutch famine study demonstrated that exposure to under-
nutrition in early pregnancy is associated with an increased
risk for obesity in adult life (6, 7). Periconceptional under-
nutrition was also found to increase fetal adiposity in sheep
twins, suggesting the importance of environmental influ-
ences during early prenatal life for adipose tissue develop-
ment (8). The number of children born after in vitro fertili-
zation (IVF) treatment is steadily growing as nowadays
approximately 1–3% of the current births in developed coun-
tries are established after IVF (9). Growing and convincing
evidence suggests that IVF children are at increased risk of
low birth weight, preterm birth, and perinatal death (10, 11).
Several animal studies demonstrated that embryo manipu-
lation techniques are linked to long-term alterations in the
characteristics of fetal and postnatal growth and develop-
ment (12, 13). Intriguingly, embryo culture conditions during
the preimplantation period in mice were found to have det-
rimental influences on body mass and adiposity in adult
progeny (14). It is still unclear whether the IVF process in
humans could affect the vulnerable developmental processes
occurring during early prenatal development with long-term
perturbations of developmental pathways. Therefore, we in-
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vestigated postnatal growth and development in 8- to 18-
yr-old children born from subfertile parents who were either
successfully treated with IVF or conceived spontaneously
after all. In the current study, we examined whether post-
natal body composition is influenced by method of concep-
tion by measuring bone mass, bone density, body fat mass,
and lean mass using dual-energy x-ray absorptiometry
(DXA) and anthropometry in IVF children and control chil-
dren. Based on the above-mentioned studies regarding pre-
natal programming of body composition, we hypothesized
that IVF children may be at increased risk for elevated body
fat mass and low bone mass.

Subjects and Methods
Study population

The OMEGA study is a Dutch retrospective cohort study aimed to
examine long-term health effects of hormone stimulation. The cohort
consists of 26,428 women diagnosed with subfertility problems in one
of the 12 IVF clinics between 1980 and 1995; 19,840 women received IVF
treatment and 6,588 women did not (15–17). Eligible women had not
achieved conception after at least 1 yr of frequent unprotected inter-
course at the time of their first visit to the fertility clinic. Risk factor
questionnaires to the women and detailed data collection from the
medical records provided information on the children born from the
OMEGA participants up to 1996–1997. The questionnaire response rate
was 73% among subfertile women with children. The present study was
restricted to IVF and spontaneously conceived children born from
OMEGA participants who were treated for subfertility in the VU medical
center (VUmc). IVF children born from women treated in the VUmc who
did not participate in the OMEGA study were also eligible for
recruitment.

From the 553 eligible singletons born after standard IVF treatment, we
invited 95% of IVF children born between 1986–1991, 74% of IVF chil-

dren born between 1992–1993, and 41% of IVF children born between
1994–1995 to achieve equal representation of all 1-yr age categories. For
each participating IVF child, one spontaneously conceived child of sim-
ilar gender and age (�3 months age difference) born from subfertile
parents was searched. In case this control child did not want to partic-
ipate, the control recruitment process was repeated until an appropriate
control child was found who agreed to participate. The study protocol
was approved by the ethics committee of the VUmc and by the National
Medical Ethics Committee known as the Centrale Commissie Mensge-
bonden Onderzoek located in The Hague, The Netherlands.

Approach of eligible study subjects

Between March 2003 and March 2006, children and their parents were
informed by letter about our study on growth and development of IVF
children (n � 354 IVF children and n � 454 control children). By means
of a reply form and a prestamped envelope, parents were able to inform
us whether they were willing to participate in our study. Address in-
formation of the families was checked and/or obtained using extensive
tracing techniques. After 4–8 wk, nonresponders were approached by
telephone. Inclusion results are summarized in Fig. 1. In total, 72% of the
IVF responders (n � 246) and 55% of the control responders (n � 233)
agreed to participate, resulting in 233 matched pairs. Children and their
parents gave written informed consent to participate in the study. Those
children who were in the pubertal stage were recruited for additional
research including DXA measurements [female criterion for puberty
was at least stage 2 of breast development; male criterion was at least
stage 2 of genital development and/or testis volume � 4 ml, assessed
according to Tanner et al. (18)]. In total, 85% of the pubertal children
underwent DXA scanning.

Families who refused to participate in the study received a single
questionnaire regarding health, education, and other characteristics of
the respective child (n � 283). Nonparticipation analysis yielded no
significant differences between participants and nonparticipants regard-
ing children’s current height, weight, and body mass index (BMI). On
average, nonparticipating children were significantly older (12.9 � 2.6
vs. 12.0 � 2.6 yr, P � 0.002) and their mothers were less often highly
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FIG. 1. Overview of the inclusion process and study population.
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educated (26 vs. 37%, P � 0.015), but these differences were similar in
the IVF and control population.

Data collection and measurements

Height to the nearest 0.1 cm and body weight to the nearest 0.1 kg
were measured using a stadiometer with children dressed only in un-
derwear. From these measurements, the BMI was calculated as weight
divided by height squared (kilograms per square meter). sd scores (SDS)
for weight, height, and BMI were calculated using a Dutch reference
population (19, 20). Skinfold thickness measurements (triceps, biceps,
subscapular, and suprailiac) were collected in triplicate on the non-
dominant side of the body by means of a Harpenden caliper. Coefficients
of variation for repeated skinfold measurements at the different loca-
tions were 3.4, 4.3, 2.6, and 3.8%, respectively. The sum of the triceps and
biceps skinfold was used as a measure of peripheral adiposity, the sum
of the subscapular and suprailiac as an index of truncal adiposity, and
the subscapular to triceps skinfold ratio was calculated as an measure
of truncal to peripheral adiposity (21). The sum of the four measured
skinfold thicknesses was used as an index of total adiposity. Waist
circumference was measured using a tape measure (22). Pubertal ma-
turity was assessed using breast developmental stages or genital de-
velopmental stages according to Tanner (18). The majority (94%) of the
anthropometric measurements were performed by one observer (M.C.).

BMC (grams) and bone mineral density (BMD, grams per square
centimeter) of the L1–L4 region of the lumbar spine, the nondominant
side of the femur (femoral neck, femoral trochanter, and femoral inter-
trochanter, separately, and combined as total hip) and the total body
were determined using the Hologic QDR-4500 bone densitometer op-
erated in the fan beam mode (Hologic Inc., Waltham, MA). Body fat and
lean mass measures were estimated from the total body scan to inves-
tigate body fat patterning. Body regions were delineated with the use of
specific anatomical landmarks. All scans were analyzed using Hologic
software version 12.3 and were subsequently evaluated by a single
blinded investigator (J.B.).

Information regarding various demographic, lifestyle, and medical
factors was obtained by questionnaire. Birth weight was either extracted
from birth certificates of the VUmc (49%) or outpatient clinic reports
(37%) or self-reported by the parents (14%) and were expressed as SDS
to correct for gestational age and gender (23). Socioeconomical status
was defined as the highest level of education completed by either parent,

categorized as low (primary school, low occupational training), medium
(high school, medium occupational training), and high (university, high
occupational training). Other relevant outcomes, such as blood pressure
levels, have been reported elsewhere.

Statistical analysis

In the present study, characteristics of 233 matched IVF control pairs
were compared using the paired t test for continuous variables and the
McNemar test for dichotomous variables (SPSS version 12.0; SPSS Inc.,
Chicago, IL). Differences in DXA measures between the unmatched
pubertal subpopulations, consisting of 139 IVF children and 143 control
subjects, were compared after correction for age and gender. Odds ratios
associated with method of conception for being in the highest quartile
of sum of peripheral skinfolds and in the lowest quartile of subscapular-
triceps skinfold ratio were estimated by logistic regression analysis.
Furthermore, linear regression analysis was carried out to explore the
relation between method of conception and postnatal body composition
measures after correction for current risk factors (age, sex, pubertal
stage, and height), early life factors (maternal smoking during preg-
nancy, birth weight, and gestational age), and parental factors (parental
education, maternal BMI at follow-up, and subfertility cause). The
square root of height was used to adjust for body size as suggested by
VanItallie et al. (24). Skewed-distributed variables were log-transformed
before analysis. P value of �0.05 was considered to be statistically
significant, based on two-sided testing.

Results

Birth weight, birth weight SDS, and gestational age were
significantly lower in children conceived by IVF compared
with controls (3.2 � 0.6 vs. 3.4 � 0.6 kg, P � 0.001; �0.15 �
1.00 vs. 0.08 � 1.08, P � 0.025; 38.9 � 2.5 vs. 39.5 � 1.8 wk,
P � 0.004, respectively). Age at follow-up of IVF children and
controls was 12.2 � 2.6 yr. Table 1 presents various fat and
lean mass measures of the IVF children and controls. IVF
children had a significantly higher sum of peripheral skin-
folds (21.9 � 10.4 vs. 19.7 � 8.9 mm, P � 0.014) and a
significantly lower subscapular-triceps skinfold ratio com-

TABLE 1. Body fat and lean mass measurements assessed by anthropometry at follow-up in IVF-conceived subjects and control subjects

IVF population Control
population P valuea

No. of subjects 233 233
Age at follow-up (yr) 12.2 � 2.6 12.2 � 2.6 0.323
Gender (% male) 49 49 1.000
Height (cm) 156.1 � 15.0 155.4 � 15.6 0.297
Height SDS 0.17 � 1.02 0.06 � 1.01 0.232
Weight (kg) 47.5 � 15.9 46.3 � 14.7 0.158
Weight SDS 0.28 � 1.08 0.14 � 1.05 0.162
BMI (kg/m2) 19.0 � 3.6 18.7 � 3.2 0.238
BMI SDS 0.28 � 1.04 0.15 � 1.09 0.234
Pubertal stage 1 62 (27%) 67 (29%) 0.628
Pubertal stage 2 52 (23%) 48 (21%)
Pubertal stage 3 25 (11%) 28 (12%)
Pubertal stage 4 43 (19%) 47 (20%)
Pubertal stage 5 49 (21%) 41 (18%)
Anthropometry

Peripheral measures
Sum of peripheral skinfolds (mm) 21.9 � 10.4 19.7 � 8.9 0.014

Central measures
Sum of truncal skinfolds (mm) 18.5 � 10.7 17.3 � 9.6 0.190
Waist circumference (cm) 66.6 � 9.0 66.1 � 8.8 0.449

Central-peripheral measures
Subscapular-triceps skinfold ratio 0.72 � 0.22 0.77 � 0.25 0.010

Total-body measures
Total sum skinfolds (mm) 40.4 � 20.3 37.1 � 17.5 0.054

Data represent mean � SD unless indicated otherwise.
a Continuous variables were analyzed using paired t test; dichotomous variables were analyzed using McNemar test.
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pared with control children (0.72 � 0.22 vs. 0.77 � 0.25, P �
0.010). Likewise, children born after IVF treatment were 1.8
times more likely to be in the highest quartile of peripheral
skinfold sum (�25 mm) than control children (95% confi-
dence interval, 1.1–3.1). Similarly, IVF-conceived children
were 1.9 times more likely to be in the lowest subscapular-
triceps skinfold ratio quartile (�0.57) compared with con-
trols (95% confidence interval, 1.2–3.3). Total sum of skin-
folds appeared to be higher in IVF children, although this
observation did not reach statistical significance (40.3 � 20.3
vs. 37.1 � 17.5 mm, P � 0.054). No differences in other
anthropometric measurements such as height, weight, BMI,
pubertal Tanner stage, and central fat measures between IVF
children and control children were found.

Comparison of fat and lean mass measures assessed by
DXA in the pubertal subset of children demonstrated that
peripheral body fat mass and percentage of peripheral body
fat were significantly higher in IVF children (7.59 � 4.22 vs.
6.69 � 3.15 kg, P � 0.039; 27.5 � 9.0 vs. 25.8 � 8.3%, P � 0.030,
respectively) (Table 2). Absolute peripheral lean mass did not
differ between IVF children and controls, whereas percent-
age of peripheral lean mass was significantly lower among
IVF children (69.0 � 8.7 vs. 70.5 � 8.0%, P � 0.023). No
differences in central fat and lean mass measures were found
between IVF and control children. Although not statistically
significant, IVF children had a different total body fat mass,
percentage of total body fat, and percentage of total body
lean mass compared with controls. Linear regression anal-
ysis was used to investigate whether differences in body fat
composition between IVF children and controls could be
explained by current risk factors, early life factors, and/or
parental factors (Table 3). After correction for these potential
confounding factors, differences in subscapular-triceps skin-
fold ratio and sum of peripheral skinfolds between IVF chil-

dren and controls remained statistically significant. Total
sum of skinfolds and peripheral and total body fat mass
assessed by DXA seemed to be increased in IVF children after
correction for potentially confounding variables, although
these differences did not reach statistical significance. Vari-
ation in central body fat measures was predominantly ex-
plained by maternal smoking during pregnancy, gender,
and/or height. Pearson correlation analyses demonstrated
that skinfold measurements and DXA were highly correlated
for sum of peripheral skinfolds and DXA peripheral body fat
(r � 0.868; P � 0.001), sum of central skinfolds and DXA
central body fat (r � 0.927; P � 0.001), and total sum of
skinfolds and DXA total body fat (r � 0.921; P � 0.001).

Comparison of BMC and BMD between the pubertal IVF
subjects and the control subjects revealed no statistically
significant differences in skeletal status (Table 4). However,
there seemed to be a trend toward a higher total-body BMD
in IVF children (0.97 � 0.11 vs. 0.95 � 0.11 g/cm2, P � 0.064).
Linear regression analysis was performed to examine
whether confounding variables obscured a potential associ-
ation between method of conception and bone composition.
After correction for sex, age, height, pubertal stage, birth
weight SDS, and parental education, method of conception
appeared to have no significant influence on bone mineral
composition. Variation in BMC and BMD was predomi-
nantly caused by age, height, and gender.

Discussion

In the present study, we compared body composition
among 8- to 18-yr-old IVF singletons and spontaneously
conceived controls born from subfertile parents. Peripheral
adipose tissue mass assessed by skinfold measurements and
DXA was significantly higher in IVF children compared with

TABLE 2. Body fat and lean mass measurements assessed by DXA at follow-up in pubertal IVF-conceived subjects and control subjects

IVF population Control
population P valuea

No. of subjects 136 143
Age at follow-up (yr) 13.7 � 2.1 13.5 � 2.1 0.634
Gender (% male) 48 48 0.913
Pubertal stage 2 34 (25%) 36 (25%) 0.557
Pubertal stage 3 19 (14%) 27 (19%)
Pubertal stage 4 39 (29%) 43 (30%)
Pubertal stage 5 44 (32%) 37 (26%)
DXA measurements

Peripheral measures
Peripheral fat mass (kg) 7.59 � 4.22 6.69 � 3.15 0.039
Peripheral fat percentage 27.5 � 9.0 25.8 � 8.3 0.030
Peripheral lean mass (kg) 18.27 � 5.17 17.85 � 4.87 0.679
Peripheral lean percentage 69.0 � 8.7 70.5 � 8.0 0.023

Central measures
Central fat mass (kg) 4.80 � 3.19 4.34 � 2.71 0.166
Central fat percentage 18.6 � 7.7 17.7 � 7.2 0.180
Central lean mass (kg) 19.11 � 4.97 18.62 � 4.88 0.501
Central lean percentage 79.5 � 7.5 80.4 � 7.0 0.123

Total-body measures
Total body fat mass (kg) 13.26 � 7.37 11.89 � 5.74 0.075
Total-body fat percentage 23.1 � 7.6 21.8 � 7.0 0.078
Total-body lean mass (kg) 40.42 � 10.22 39.46 � 9.91 0.555
Total-body lean percentage 73.7 � 7.3 74.9 � 6.7 0.060
Total-body weight (kg) 55.48 � 15.43 53.08 � 13.82 0.167

Data represent mean � SD unless indicated otherwise; three children did not undergo a total-body scan.
a Body composition measures were corrected for age and gender.
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controls. Conversely, a significant lower percentage of pe-
ripheral lean tissue was observed among IVF children. Al-
though not statistically significant, both DXA and skinfold
measurements suggested that total body fat is higher in IVF
children compared with controls. Differences in peripheral
body fat assessed by anthropometry could not be explained
either by current and early life factors or by parental factors
such as subfertility cause and socioeconomic status. These
observations suggest that the IVF procedure unfavorably
affects body fat composition of children conceived by IVF,
irrespective of potentially confounding variables.

Concerns about potential significant lifelong implications
for health in IVF children have recently been expressed (25–
27). Many epidemiological studies demonstrated that pre-
natal events can permanently program metabolic processes
in the fetus that cause chronic diseases in adult life (4, 28).
Because body fatness is recognized as a major risk indicator
of cardiovascular disease (29), our data demonstrating a dis-
turbed body fat composition in IVF children confirm the
importance of long-term research after IVF conception. It has
to be taken into account that especially peripheral adipose

tissue was increased in IVF children, whereas increased risk
for cardiovascular health problems has been suggested to be
primarily associated with a central body fat deposition (30).
On the other hand, in view of our other findings demon-
strating elevated blood pressure and fasting glucose levels in
IVF children compared with controls (31) (Ceelen, M., M. M.
van Weissenbruch, J. P. W. Vermeiden, F. E. van Leeuwen,
and H. A. Delemarre-van de Waal, submitted for publica-
tion), continued body fat monitoring in IVF children is of
great importance. In addition, current knowledge regarding
fat patterning development in childhood and adolescence as
well as their relative contributions to the development of
diseases in later life is fairly limited. There are indications
that central fat deposition is increasing from adolescence into
adulthood, in particular in males, due to an increase in trun-
cal fat mass and a decrease in peripheral fat mass (32, 33).

It has been proposed that developmental plasticity after
exposure to early prenatal insults can lead to irreversible
changes in imprinted gene expression, nutrient and stress-
related signaling pathways, and/or cell cycle and apoptotic
rates (12). Especially the role of epigenetics in developmental

TABLE 4. Bone mineral measurements at various skeletal regions in adolescents according to method of conception

IVF children (n � 139) Control children (n � 143) P valuea

Lumbar spine
BMC (g) 45.67 � 14.81 44.30 � 15.41 0.436
BMD (g/cm2) 0.82 � 0.16 0.80 � 0.17 0.156

Femoral neck
BMC (g) 3.97 � 0.93 3.87 � 0.94 0.504
BMD (g/cm2) 0.78 � 0.13 0.78 � 0.13 0.796

Femoral trochanter
BMC (g) 6.98 � 2.74 6.89 � 2.69 0.864
BMD (g/cm2) 0.69 � 0.13 0.69 � 0.14 0.787

Femoral intertrochanter
BMC (g) 18.79 � 6.31 18.31 � 6.47 0.583
BMD (g/cm2) 0.99 � 0.18 0.96 � 0.18 0.195

Total hip
BMC (g) 29.86 � 9.51 29.08 � 9.75 0.691
BMD (g/cm2) 0.87 � 0.14 0.86 � 0.15 0.444

Total body
BMC (g) 1790.2 � 456.1 1723.9 � 485.1 0.199
BMD (g/cm2) 0.97 � 0.11 0.95 � 0.11 0.064

Data represent mean � SD.
a BMC and BMD are corrected for age and gender.

TABLE 3. Associations between method of conception and peripheral and total-body fat measures adjusted for potential confounders

Association with IVF after
adjusting for current risk

factors

Association with IVF after
adjusting for current risk

and early life factors

Association with IVF after
adjusting for current risk,

early life, and parental
factors

� P value � P value � P value

Peripheral body fat measures
Subscapular-triceps skinfold ratio �0.114 0.007 �0.151 �0.001 �0.143 0.001
Sum of peripheral skinfolds (mm) 0.125 0.005 0.119 0.007 0.121 0.006
DXA peripheral fat mass (kg) 0.105 0.037 0.089 0.074 0.083 0.098
Total-body fat measures
Total sum of skinfolds (mm) 0.100 0.021 0.085 0.054 0.081 0.057
DXA total-body fat mass (kg) 0.091 0.073 NSa NSa

Data represent standardized regression coefficients (�) describing the association between IVF conception and several body fat composition
measures after correction for the following variables when appropriate: current risk factors (age, sex, height, and pubertal stage), early life
factors (maternal smoking during pregnancy, birth weight, and gestational age), and parental factors (parental education, maternal BMI, and
subfertility cause).

a Not significant; P � 0.100.
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plasticity is increasingly recognized. During the periconcep-
tional period, important events including the transition of
maternal to embryonic control and epigenetic reprogram-
ming of the genome make the developing embryo highly
susceptible to environmentally induced changes (34). In-
creasing evidence suggests that manipulation of gametes and
embryos inherent to assisted reproductive technologies can
perturb these important epigenetic processes causing altered
expression of important genes related to fetal growth and
development with both pre- and postnatal consequences
(35). Additional research is necessary to investigate whether
similar epigenetic mechanisms contribute to the disturbed
body fat composition observed among IVF children in the
present study.

With regard to skeletal status, no differences in bone min-
eral composition between IVF children and control children
were observed in the present study. Method of conception
was demonstrated to have no significant influence on BMC
and BMD. There is growing evidence that environmental
influences during prenatal life have long-term consequences
on bone composition, which influences fracture risk in later
life (36). For instance, a relation between maternal diet during
pregnancy and bone mass in childhood has been found (37).
Despite the lack of evidence of disturbed skeletal develop-
ment in IVF children in the present study, investigation of
other important processes, including the amount of attained
peak bone mass during early adulthood and subsequent rate
of bone loss in late adult life, are warranted.

When interpreting our results, potential limitations need
to be considered. First, our study was based on 58% (n � 466)
of the total number of subjects approached (n � 808). How-
ever, no differences in anthropometric measures such as
height, weight, and BMI were found between the partici-
pants and nonparticipants who returned the questionnaire.
Second, it must be acknowledged that both DXA and skin-
fold thickness measurements do not distinguish between
different types of adipose tissue. Especially visceral fat has
been shown to be related to several metabolic disease risk
factors (30). However, skinfold measurements, which mea-
sure only sc body fat, and body fat measured by DXA, which
comprises all internal and sc body fat, were highly correlated
in the present study. These findings are in line with other
studies, which suggested that during childhood and adoles-
cence, most of the total body fat is deposited sc (38, 39).

In conclusion, this is the first study addressing body com-
position in IVF children and adolescents and controls using
DXA and anthropometric measures. Although underlying
mechanisms remain to be identified, the periconceptional
period might represent a critical time window in humans
during which environmental influences can perturb devel-
opmental pathways leading to aberrant fat distribution in
postnatal life. It is of great importance that follow-up of IVF
children is continued to monitor physiological changes in fat
distribution from adolescence into adulthood and to address
potential related health problems.

Acknowledgments

We thank Jos Burcksen for evaluating the DXA scans.

Received January 2, 2007. Accepted June 18, 2007.

Address all correspondence and requests for reprints to: Mirjam M. van
Weissenbruch, VU University Medical Center, De Boelelaan 1117, 1081 HV
Amsterdam, The Netherlands. E-mail: m.vanweissenbruch@vumc.nl.

Author Disclosure Summary: M.C., M.M.v.W., J.C.R., J.P.W.V.,
F.E.v.L., and H.A.D.-v.d.W. have nothing to declare.

References

1. Sayer AA, Cooper C 2005 Fetal programming of body composition and mus-
culoskeletal development. Early Hum Dev 81:735–744

2. Rogers I 2003 The influence of birthweight and intrauterine environment on
adiposity and fat distribution in later life. Int J Obes Relat Metab Disord
27:755–777

3. McMillen IC, Edwards LJ, Duffield J, Muhlhausler BS 2006 Regulation of
leptin synthesis and secretion before birth: implications for the early program-
ming of adult obesity. Reproduction 131:415–427

4. Barker DJ 1995 Fetal origins of coronary heart disease. BMJ 311:171–174
5. McMillen IC, Robinson JS 2005 Developmental origins of the metabolic

syndrome: prediction, plasticity, and programming. Physiol Rev 85:571–633
6. Ravelli GP, Stein ZA, Susser MW 1976 Obesity in young men after famine

exposure in utero and early infancy. N Engl J Med 295:349–353
7. Ravelli AC, Der Meulen JH, Osmond C, Barker DJ, Bleker OP 1999 Obesity

at the age of 50 y in men and women exposed to famine prenatally. Am J Clin
Nutr 70:811–816

8. Edwards LJ, McFarlane JR, Kauter KG, McMillen IC 2005 Impact of pericon-
ceptional nutrition on maternal and fetal leptin and fetal adiposity in singleton
and twin pregnancies. Am J Physiol Regul Integr Comp Physiol 288:R39–R45

9. Maher ER 2005 Imprinting and assisted reproductive technology. Hum Mol
Genet 14(Spec No 1):R133–R138

10. Helmerhorst FM, Perquin DA, Donker D, Keirse MJ 2004 Perinatal outcome
of singletons and twins after assisted conception: a systematic review of con-
trolled studies. BMJ 328:261–265

11. Jackson RA, Gibson KA, Wu YW, Croughan MS 2004 Perinatal outcomes in
singletons following in vitro fertilization: a meta-analysis. Obstet Gynecol
103:551–563

12. Fleming TP, Kwong WY, Porter R, Ursell E, Fesenko I, Wilkins A, Miller DJ,
Watkins AJ, Eckert JJ 2004 The embryo and its future. Biol Reprod 71:1046–
1054

13. Lonergan P, Fair T, Corcoran D, Evans AC 2006 Effect of culture environment
on gene expression and developmental characteristics in IVF-derived embryos.
Theriogenology 65:137–152

14. Sjoblom C, Roberts CT, Wikland M, Robertson SA 2005 Granulocyte-mac-
rophage colony-stimulating factor alleviates adverse consequences of embryo
culture on fetal growth trajectory and placental morphogenesis. Endocrinol-
ogy 146:2142–2153

15. Klip H, Burger CW, de Kraker J, van Leeuwen FE 2001 Risk of cancer in the
offspring of women who underwent ovarian stimulation for IVF. Hum Reprod
16:2451–2458

16. de Boer EJ, den Tonkelaar I, te Velde ER, Burger CW, van Leeuwen FE;
OMEGA-project group 2003 Increased risk of early menopausal transition and
natural menopause after poor response at first IVF treatment. Hum Reprod
18:1544–1552

17. Klip H, van Leeuwen FE, Schats R, Burger CW 2003 Risk of benign gynae-
cological diseases and hormonal disorders according to responsiveness to
ovarian stimulation in IVF: a follow-up study of 8714 women. Hum Reprod
18:1951–1958

18. Tanner JM, Whitehouse RH 1976 Clinical longitudinal standards for height,
weight, height velocity, weight velocity, and stages of puberty. Arch Dis Child
51:170–179

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

20. Fredriks AM, van Buuren S, Wit JM, Verloove-Vanhorick SP 2000 Body
index measurements in 1996–7 compared with 1980. Arch Dis Child 82:107–
112

21. Haffner SM, Stern MP, Hazuda HP, Pugh J, Patterson JK 1987 Do upper-body
and centralized adiposity measure different aspects of regional body-fat dis-
tribution? Relationship to non-insulin-dependent diabetes mellitus, lipids, and
lipoproteins. Diabetes 36:43–51

22. Daniels SR, Khoury PR, Morrison JA 2000 Utility of different measures of
body fat distribution in children and adolescents. Am J Epidemiol 152:1179–
1184

23. Niklasson A, Ericson A, Fryer JG, Karlberg J, Lawrence C, Karlberg P 1991
An update of the Swedish reference standards for weight, length and head
circumference at birth for given gestational age (1977–1981). Acta Paediatr
Scand 80:756–762

24. VanItallie TB, Yang MU, Heymsfield SB, Funk RC, Boileau RA 1990 Height-
normalized indices of the body’s fat-free mass and fat mass: potentially useful
indicators of nutritional status. Am J Clin Nutr 52:953–959

25. Maher ER, Afnan M, Barratt CL 2003 Epigenetic risks related to assisted

3422 J Clin Endocrinol Metab, September 2007, 92(9):3417–3423 Ceelen et al. • Body Composition in IVF Children

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/92/9/3417/2597412 by guest on 23 April 2024



reproductive technologies: epigenetics, imprinting, ART and icebergs? Hum
Reprod 18:2508–2511

26. Horsthemke B, Ludwig M 2005 Assisted reproduction: the epigenetic per-
spective. Hum Reprod Update 11:473–482

27. Painter RC, Roseboom TJ 2006 Cardiovascular health among children born
after assisted reproduction. Eur J Obstet Gynecol Reprod Biol 131:107–108

28. Barker DJ 1998 In utero programming of chronic disease. Clin Sci (Lond)
95:115–128

29. Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz WH 1999 The
disease burden associated with overweight and obesity. JAMA 282:1523–1529

30. Snijder MB, van Dam RM, Visser M, Seidell JC 2006 What aspects of body
fat are particularly hazardous and how do we measure them? Int J Epidemiol
35:83–92

31. Ceelen M, van Weissenbruch MM, Vermeiden JP, Delemarre-Van de Waal
HA 2006 Increased blood pressure in children born after IVF. Horm Res 65:139

32. van Lenthe FJ, van Mechelen W, Kemper HC, Twisk JW 1998 Association of
a central pattern of body fat with blood pressure and lipoproteins from ad-
olescence into adulthood. The Amsterdam Growth and Health Study. Am J
Epidemiol 147:686–693

33. van Lenthe FJ, Kemper HC, van Mechelen W, Twisk JW 1996 Development
and tracking of central patterns of subcutaneous fat in adolescence and adult-
hood: the Amsterdam Growth and Health Study. Int J Epidemiol 25:1162–1171

34. Reik W, Dean W, Walter J 2001 Epigenetic reprogramming in mammalian
development. Science 293:1089–1093

35. Johnson MH 2005 The problematic in-vitro embryo in the age of epigenetics.
Reprod Biomed Online 10(Suppl 1):88–96

36. Gale CR, Martyn CN, Kellingray S, Eastell R, Cooper C 2001 Intrauterine
programming of adult body composition. J Clin Endocrinol Metab 86:267–272

37. Tobias JH, Steer CD, Emmett PM, Tonkin RJ, Cooper C, Ness AR 2005 Bone
mass in childhood is related to maternal diet in pregnancy. Osteoporos Int
16:1731–1741

38. Teixeira PJ, Sardinha LB, Going SB, Lohman TG 2001 Total and regional fat
and serum cardiovascular disease risk factors in lean and obese children and
adolescents. Obes Res 9:432–442

39. Fox KR, Peters DM, Sharpe P, Bell M 2000 Assessment of abdominal fat
development in young adolescents using magnetic resonance imaging. Int J
Obes Relat Metab Disord 24:1653–1659

JCEM is published monthly by The Endocrine Society (http://www.endo-society.org), the foremost professional society serving the
endocrine community.

Ceelen et al. • Body Composition in IVF Children J Clin Endocrinol Metab, September 2007, 92(9):3417–3423 3423

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/92/9/3417/2597412 by guest on 23 April 2024


