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Growth and Endothelial Function in the First 2 Years of Life

Robbert N. H. Touwslager, MD, PhD1,2,3, Alfons J. H. M. Houben, PhD4,5, Frans E. S. Tan, PhD6,7, Marij Gielen, MD, PhD3,8,

Maurice P. Zeegers, PhD3,8, Coen D. A. Stehouwer, MD, PhD3,4,5, Willem-Jan M. Gerver, MD, PhD1,2,

Klaas R. Westerterp, PhD3,9, Loek Wouters, BSc3,9, Carlos E. Blanco, MD, PhD1,2, Luc J. Zimmermann, MD, PhD1,2,

and Antonius L. M. Mulder, MD, PhD1,2

Objective To test the hypothesis that the inverse association between infant growth and endothelial function at
6 months would persist to 24 months and that accelerated growth would lead to an increased percent body fat,
which would, in turn, impact negatively on endothelial function.
Study design In a prospective observational study, 104 healthy term newborns underwent anthropometry and
measurements of vascular vasodilation at 0, 6, 12, and 24months. We recordedmaximum vasodilation in response
to acetylcholine (endothelium-dependent) and nitroprusside (endothelium-independent) by use of laser-Doppler
vascular perfusion monitoring of the forearm skin vasculature. Additional anthropometry at 1 and 3 months was
collected from child welfare centers. The data were analyzed by multilevel linear regression.
ResultsWeight gain from 0-1 month was associated inversely with maximum perfusion in response to acetylcho-
line at the age of 2 years (b = �8.28 perfusion units [PU] per D z-score, P = .03). Weight gain from 0-1 month was
related positively to maximum perfusion in response to nitroprusside (b = 10.12 PU per D z-score, P = .04), as was
birth weight (b = 8.02 PU per z-score, P = .02). Body fat percentage did not have a significant effect in any of the
perfusion models and was not related to maximum perfusion at 2 years.
Conclusion Infant weight gain from 0-1month is inversely related to endothelial function in healthy term infants, at
least to the age of 2 years. This relationship was not explained by an increased percentage body fat. (J Pediatr
2015;166:666-71).

C
ardiovascular disease is one of the leading causes of morbidity and mortality worldwide.1 Low birth weight is related to
mortality from cardiovascular disease, which has been termed the Barker hypothesis.2 Evidence is accumulating that
accelerated infant growth also is related to later risk of cardiovascular disease.3-6 Because early infant growth is largely

nutrition-driven and accelerated growth may thereby be avoided, infant growth is a potential target for primary prevention of
cardiovascular disease.7 There may be a complicated trade-off, however, with the beneficial effects of accelerated early growth,
such as improved neurodevelopmental outcome.8

Endothelial function is considered a precursor of atherosclerosis and has been shown to precede an adverse cardiovascular
phenotype in adolescents.9 We have shown previously that infant growth is associated inversely with endothelial function during
the first 6 months of life.10 Growth during the first month seemed to be of particular importance. During the first few months,
growth velocities are high and, moreover, especially small-for-gestational age infants are more likely to cross percentile lines.
The period of high growth velocity continues until approximately 1 year of age. We now present follow-up data from our earlier
study, with additional measurements of endothelial function at the ages of 12 and 24 months.

Accelerated infant growthmay lead to (central) obesity in young adulthood but also as early as childhood (6-7 years).6,11,12 In
children, obesity is related to endothelial dysfunction, measured both as flow-mediated dilation and by use of laser-Doppler
flowmetry.13-16
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we recruited healthy term newborns (gestational age
37-42 weeks) from January 2006 to May 2010. For logistical
reasons, they had to remain admitted to the hospital for at
least 3 days. Ethical approval was given by the Medical Ethics
Committee of the Maastricht University Medical Centre. All
parents provided written informed consent.

A detailed description of the vascular measurements was
published previously.17 In short, we performed the measure-
ments in the first week (0 months) and at the ages of 6, 12,
and 24 months. At 0 months, measurements were taken
when the newborns were asleep, mostly after feeding. At
6 months, the infants were mostly measured awake, lying
in their own baby seat. At 12 and 24 months, the infants
and children were measured on their parent’s lap or in their
stroller while they were watching a video, looking at a picture
book, or while sleeping.

We gently fixed the forearm to minimize movement arti-
facts. We recorded microvascular skin blood flow of the dorsal
side of the forearm by use of single-point laser-Doppler flow-
metry (Periflux system 5000; Perimed A.B., J€arf€alla, Sweden)
before and after pharmacologically induced vasodilatation.
We fixed the temperature of the probe to 32�C. Blood perfu-
sion was recorded in perfusion units (PU), which correlate
with the number and velocity of passing blood cells in the
skin microvasculature. We induced endothelium-dependent
vasodilation by iontophoresis of acetylcholine, which releases
nitric oxide (NO) and prostanoids from the endothelium
(with a possible accessory role for endothelium-derived hyper-
polarization factor).18 Multiple successive doses were given,
resulting in a cumulative dose response curve. Endothelium-
independent vasodilation was induced by iontophoresis of ni-
troprusside, a direct NO donor.19 One experienced researcher
(R.T.) extracted the average perfusion values in a steady period
of at least 30 seconds without significant movement artifacts at
baseline (covariates) and atmaximum attained perfusion (pri-
mary outcome variables) by use of specially designed software
(Perisoft; Perimed A.B.).

We measured body fat using the deuterium dilution
method, because of its acceptability in all age groups.20

Because the percentage of fat-free mass (FFM) that consists
of water is known (this “hydration constant” is, for
example, 73% in adults, but greater in children21), FFM
can be estimated if the total amount of water in the
body (TBW) is known. We used an adapted version of
the Maastricht protocol.22 The children ingested 25 mL
of a 5% deuterium oxide solution under supervision of
the researchers, after a baseline urine sample was collected
at home first. Absorbent cotton wool rolls were placed in
the children’s diapers by their parents to collect the urine
samples. At least 6 hours after ingestion of the deuterium,
to allow for full equilibration with the body water, a second
urine sample was collected at home by the parents, and the
exact time between ingestion of the deuterium oxide and
collection of the sample was recorded. The parents sent
these samples back to the hospital in glass containers (to
prevent evaporation) by mail and the samples were stored
at �20�C until analysis.
The samples (baseline and enriched) were analyzed via
isotope ratio mass spectrometry (Optima; Micromass, Man-
chester, United Kingdom). TBWwas calculated as deuterium
dilution space divided by 1.04 to adjust for the 4% exchange
of the deuterium oxide with the nonwater compartment in
the body.
Subsequently, FFM was calculated as follows:

FFMboysðkgÞ ¼ TBW

0:77
and FFMgirlsðkgÞ ¼ TBW

0:78

The percentage of body fat was calculated by the following
formula:

%fat ¼ weight � FFM

weight
� 100

Birth weight was measured on an electronic scale (accurate
to 1 g) as part of the usual delivery protocol in our hospital.
Supine length was measured using a measuring table (0, 6,
and 12 months) or, if possible, standing (24 months). The
measurements were accurate to 1 mm. Head circumference
was measured via a nonstretchable tape, accurate to 1 mm,
around the most protruding points of occiput and forehead.
SD scores (z-scores) were calculated accurate to 1 day, as
described earlier (data at 12 and 24 months were standard-
ized similar to data at 6 months).10 We furthermore collected
weight, length, and head circumference data from the infant
and child welfare centers and extracted the measurements
closest to 30 days (1 month) and 90 days (3 months).
Detailed collection and scaling methods of covariates have

been described previously.17 We collected the following vari-
ables from hospital records: sex,23,24 gestational age (based on
the first day of the last menstrual period, recorded accurate to
one day),25 maternal hypertension during pregnancy
(includes preexistent hypertension, gestational hypertension,
preeclampsia and HELLP syndrome [ie, Hemolysis, Elevated
Liver enzymes, Low Platelet count]),24 gestational diabetes,26

and mode of delivery.27 Furthermore, whether the child was
born after an assisted pregnancy (including hormonal stimu-
lation of ovulation, in vitro fertilization, and intracytoplas-
mic sperm injection) was recorded, as was parity and blood
pressure of the infant/child. Blood pressure was measured
by use of an arm circumference-adjusted cuff and an auto-
mated blood pressure recorder (at 0 months: Philips
M1008B module, Eindhoven, The Netherlands; at 6, 12,
and 24 months: Dinamap Pro 300, GE Healthcare, Chalfont
St. Giles, United Kingdom) when the infant was quiet or
asleep.
We interviewed the parents and collected data on maternal

smoking during pregnancy,28 breast feeding,29 parental
ethnic background (Dutch descent or not), level of educa-
tion, and family history of cardiovascular disease. Level of ed-
ucation was expressed dichotomously: 0 = from no education
to lower secondary education, 1 = from intermediate level
secondary school to tertiary education. Family history of car-
diovascular disease had 4 categories: 0 = no known cardio-
vascular diseases in the family; 1 = hypertension,
667



Table I. Characteristics of the children with a
measurement at 24 months (n = 86)

Variables Mean/n SD/% n (%) missing

Birth
Age at day of measurement, d,

mean, SD
2.1 1.4

Weight, Z-score, mean, SD �0.4 1.3
Born small for gestational age

(<p10), n, %
21 24.4

24 months
Age at follow-up visit, d, mean, SD 738 15
Weight, Z-score, mean, SD �0.3 1.0

Growth
Weight, D Z-score 0-1, mean, SD �0.3 0.8 3 (3.5)
Weight, D Z-score 1-3, mean, SD 0.5 0.7 3 (3.5)
Weight, D Z-score 3-6, mean, SD 0.0 0.6 5 (5.8)
Weight, D Z-score 0-6, mean, SD 0.2 1.2 5 (5.8)
Weight, D Z-score 6-12, mean, SD �0.1 0.5 6 (7.0)
Weight, D Z-score 12-24, mean, SD 0.0 0.4 2 (2.3)

Pregnancy
Gestational age, wk, mean, SD 39.3 1.4
Hypertension during pregnancy, n, % 16 18.6
Gestational diabetes, n, % 3 3.5
Smoking during pregnancy, n, % 13 15.1
Assisted pregnancy, n, % 15 17.4
Cesarean delivery, n, % 59 68.6
Multipara, n, % 33 38.4

General
Male, n, % 36 41.9
Systolic blood pressure at 24 months,

mm Hg, mean, SD
93.1 8.3 13 (15.1)

Non-Dutch ethnic background, n, % 13 15.1
Breast feeding, n, % 61 70.9
Low education level, father, n, % 27 31.4
Low education level, mother, n, % 31 36.0
Family history of cardiovascular

disease, n, %
No known cardiovascular disease 24 27.9
Risk factors in second-degree
relative

27 31.4

Event in second-degree relative 23 26.7
Risk factors or event in
first-degree relative

12 14.0

Height father, m, mean, SD 1.81 0.08 1 (1.2)
Weight father, kg, mean, SD 81.1 12.9 2 (2.3)
Height mother, m, mean, SD 1.69 0.06
Weight mother, kg, mean, SD 67.5 14.1
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hypercholesterolemia, or type 2 diabetes in a second-degree
relative <60 years; 2 = cardiovascular event (transient
ischemic attack, stroke, or myocardial infarction) in a
second-degree relative <60 years; and 3 = hypertension, hy-
percholesterolemia, type 2 diabetes, or a cardiovascular event
in a first-degree relative. Only 1 infant had a cardiovascular
event in a first-degree relative. We always included the time
point (0, 6, 12, or 24) as a covariate in our analyses.

Statistical Analyses
Interobserver variability for baseline and maximum perfu-
sion in a random subsample of 20 newborns was assessed pre-
viously and reached an intra-class coefficient of >0.98.17 To
compare group means between the children with and
without a (successful) visit at the age of 24 months, the inde-
pendent t test was used for continuous variables, the c2 test
was used for dichotomous variables, and the Mann-
WhitneyU test was used to compare the family history of car-
diovascular disease. If a variable predicted completion of the
final visit, it was included in the subsequent (multilevel)
models.

We applied multilevel linear regression to take our 4 sub-
sequentmeasurements into account. Because multilevel anal-
ysis requires complete data for all covariates, we imputed
missing values in the covariates by use of multiple imputa-
tion and used this data file for the multilevel analyses only.
We assumed a missing at random pattern for our missing
data, which means that our missing observations would
only be related to variables we measured. First, we performed
an initial analysis for both response to acetylcholine and ni-
troprusside including all covariates and all growth intervals
simultaneously for the 4 different growth variables (weight,
length, weight-for-length, and head circumference). Second,
we constructed a final model in which we excluded all vari-
ables from the initial model with P> .10 (in the pooled results
of the 5 imputed data sets). As exceptions, we always kept
time point, sex, and baseline perfusion in the models. For
response to acetylcholine, we kept hypertension during preg-
nancy in the model because we identified its effect earlier.17

For response to nitroprusside, we always kept family history
of cardiovascular disease and gestational age in the model
because they proved significant in our previous final
models.10 We report the data obtained by the imputed data
file.

Bivariate Pearson correlation coefficients were calculated
between fat percentage, the other anthropometric variables,
and maximum perfusion values at the age of 2 years. Asso-
ciations between fat percentage at the age of 2 years and
growth were tested by linear regression. Analogously to
our multilevel approach, first a multivariable model was
constructed containing all available covariates, except the
perfusion variables. Second, only the covariates with
P < .10 were kept in the model. Because we aimed to test
all growth windows simultaneously, only children with com-
plete data could be included in these models. All analyses
were performed using SPSS Statistics version 20 (IBM,
Armonk, New York).
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Results

The Figure (available at www.jpeds.com) shows the number
of measurements at each time point. The total loss-
to-follow-up at 24 months was 16 children (15%), with an
additional 2 unsuccessful measurements at 24 months. The
characteristics of the children with a (successful) visit at the
age of 24 months are given in Table I. There were no
differences between children with and without a
measurement for the variables shown in Table I, except for a
greater prevalence of low educated mothers in the children
without a visit compared with the children with a visit, 67%
vs 36%, P = .02. Two children had negative calculated fat
percentages, which indicated the occurrence of technical
errors (for example unrecorded spilling). These were
excluded from the analysis.
Weight gain from 0-1 month was associated inversely with

maximum perfusion in response to acetylcholine (b = �8.28
Touwslager et al
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PU per D z-score, P = .03; Table II). Weight gain from
0-1 month was related positively to maximum perfusion in
response to nitroprusside (b = 10.12 PU per D z-score,
P = .04), as was birth weight (b = 8.02 PU per z-score,
P = .02). Length, weight-for-length, and head
circumference birth or growth variables were not associated
with maximum perfusion. Fat percentage did not have a
significant effect in any of the models, for example in the
weight model: b = 0.06, P = .94.

Fat percentage was correlated in bivariable analysis to
weight-for-length z-score at 2 years (r = 0.30, P = .01), but
not to weight, length, or head circumference z-scores and
not to maximum perfusion in response to acetylcholine
(r = 0.09, P = .48) or nitroprusside (r = �0.08, P = .50)
(data not shown).

Faster weight gain between 6 and 12months was associated
with a greater percent body fat at the age of 2 years (b = 3.28%
per D z-score, P = .02; Table III). This was also the case for a
faster increase in weight-for-length in nearly all growth
periods, most strikingly between 6 and 12 months
(b = 3.68% per D z-score, P < .0001). Finally, head growth
Table II. Associations between anthropometry at birth, grow
and nitroprusside

Variables

Acetylcholine (n = 104

All covariates Fi

b P b

Weight
Birth weight Z-score �1.20 .74 0.68
Growth 0-1 mo (D Z-score) �8.85 .15 �8.28
Growth 1-3 mo (D Z-score) �8.25 .13 �4.85
Growth 3-6 mo (D Z-score) �2.87 .63 0.82
Growth 6-12 mo (D Z-score) 0.96 .87 3.44
Growth 12-24 mo (D Z-score) 1.85 .76 2.02

Length
Birth length Z-score 4.21 .24 4.76
Growth 0-1 mo (D Z-score) �4.26 .30 �3.53
Growth 1-3 mo (D Z-score) �9.62 .08 �4.74
Growth 3-6 mo (D Z-score) �1.69 .71 1.17
Growth 6-12 mo (D Z-score) �1.79 .68 0
Growth 12-24 mo (D Z-score) �1.47 .78 �0.08

Weight-for-length
Birth weight-for-length Z-score �1.56 .72 �2.38
Growth 0-1 mo (D Z-score) �2.73 .58 �3.31
Growth 1-3 mo (D Z-score) �3.85 .49 �3.85
Growth 3-6 mo (D Z-score) �3.89 .41 �2.43
Growth 6-12 mo (D Z-score) 5.59 .34 6.73
Growth 12-24 mo (D Z-score) 6.25 .31 6.91

Head circumference
Birth head circumference Z-score 3.03 .40 3.64
Growth 0-1 mo (D Z-score) �2.44 .69 �2.01
Growth 1-3 mo (D Z-score) �0.61 .94 �0.56
Growth 3-6 mo (D Z-score) �5.11 .41 �3.57
Growth 6-12 mo (D Z-score) �7.56 .37 �3.46
Growth 12-24 mo (D Z-score) �5.52 .48 �2.70

The outcome variable is maximum perfusion (in PU) in response to acetylcholine or nitroprusside.
The data were analyzed by multilevel linear regression with compound symmetric covariance, all 6
“All covariates” constitutes time point, baseline perfusion, fat percentage, sex, gestational age, pare
cular disease, assisted pregnancy, parity, hypertension during pregnancy, gestational diabetes, ma
The final acetylcholine models were adjusted for time point, sex, baseline perfusion, hypertension d
weight was additionally adjusted for paternal socioeconomic status.
The final nitroprusside models were adjusted for time point, sex, baseline perfusion, maternal socioe
models for weight and length were additionally adjusted for maternal smoking.
*Indicates a significant association (P < .05).

Growth and Endothelial Function in the First 2 Years of Life
from 3 to 6 months was positively associated with percent
body fat at the age of 2 years (b = 4.57% per D z-score,
P = .003).

Discussion

In contrast to what we hypothesized and to previous studies
in older children, we did not find a correlation between
percent body fat and vascular function at the age of
2 years.13-16 In our growth models percent body fat did not
have any effect. We hypothesize our study population might
have been too young: in the referenced literature, the children
were all >9 years of age. The degree of fat accumulation dur-
ing childhood—after fast infant weight gain—that is associ-
ated with complications such as increased blood pressure and
impaired insulin sensitivity may not have been attained yet at
the age of 2 years.30 Alternatively, an observed harmful effect
of percent body fat may be a proxy for accelerated infant
growth, because growth was not measured in these studies.
We recommend future studies to take both infant and child-
hood growth data into account, as well as obesity and percent
th, and maximum perfusion in response to acetylcholine

) Nitroprusside (n = 102)

nal model All covariates Final model

P b P b P

.79 6.70 .13 8.02 .02*

.03* 14.96 .02* 10.12 .04*

.25 �5.26 .46 �2.09 .73

.87 3.88 .56 2.92 .60

.50 �0.23 .98 �0.38 .96

.72 �4.18 .55 �1.72 .78

.07 4.53 .28 6.22 .054

.25 �0.14 .98 1.51 .81

.29 �3.03 .75 �2.98 .71

.77 �2.80 .61 �2.68 .59
1.00 �3.98 .46 �3.20 .46
.99 �2.87 .65 �3.25 .57

.54 5.13 .23 7.09 .06

.43 5.36 .20 4.95 .18

.44 2.70 .67 3.94 .45

.55 3.88 .46 5.79 .19

.17 6.55 .26 6.70 .18

.21 �0.83 .89 0.49 .92

.16 4.24 .34 4.53 .21

.62 2.41 .70 2.18 .67

.94 3.49 .62 1.90 .78

.47 �4.89 .49 �4.85 .43

.52 �6.54 .46 �4.09 .61

.71 �3.88 .66 �3.23 .65

parameters were tested simultaneously in 1 model.
ntal weight, parental height, parental socioeconomic status, race, familial history of cardiovas-
ternal smoking, delivery mode, breast feeding, and systolic blood pressure of the child.
uring pregnancy, maternal socioeconomic status, and gestational diabetes. The final model for

conomic status, gestational age, familial history of cardiovascular disease, and race. The final
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Table III. Association between anthropometry at birth,
growth, and fat percentage at the age of 2 years

Variables

All covariates Final model

b P b P

Weight (n = 56, n = 66)
Birth weight Z-score 0.69 .52 0.42 .50
Growth 0-1 mo (D Z-score) 0.80 .68 1.13 .20
Growth 1-3 mo (D Z-score) 2.36 .14 0.38 .72
Growth 3-6 mo (D Z-score) 0.004 1.00 0.35 .81
Growth 6-12 mo (D Z-score) 4.80 .04* 3.28 .02*
Growth 12-24 mo (D Z-score) 1.01 .57 1.33 .36

Length (n = 48, n = 56)
Birth length Z-score 1.24 .32 1.05 .18
Growth 0-1 mo (D Z-score) 0.31 .84 0.08 .92
Growth 1-3 mo (D Z-score) 1.38 .36 0.94 .35
Growth 3-6 mo (D Z-score) 1.97 .25 1.39 .23
Growth 6-12 mo (D Z-score) 0.64 .70 0.61 .55
Growth 12-24 mo (D Z-score) 1.04 .58 �0.36 .78

Weight-for-length (n = 48, n = 56)
Birth weight-for-length Z-score 1.45 .14 1.08 .13
Growth 0-1 mo (D Z-score) 2.53 .04* 1.87 .02*
Growth 1-3 mo (D Z-score) 2.24 .09 2.00 .02*
Growth 3-6 mo (D Z-score) 1.43 .21 1.44 .08
Growth 6-12 mo (D Z-score) 4.66 .004* 3.68 <.0001*
Growth 12-24 mo (D Z-score) 1.28 .28 1.95 .03*

Head circumference (n = 44, n = 49)
Birth head circumference Z-score 1.05 .34 0.54 .39
Growth 0-1 mo (D Z-score) 2.26 .22 1.25 .12
Growth 1-3 mo (D Z-score) �0.88 .66 �1.52 .28
Growth 3-6 mo (D Z-score) 2.81 .18 4.57 .003*
Growth 6-12 mo (D Z-score) 1.85 .50 1.71 .28
Growth 12-24 mo (D Z-score) 0.45 .87 0.19 .91

The outcome variable is fat percentage, as determined by the deuterium dilution method.
The data were analyzed by linear regression, all 6 parameters were tested simultaneously in 1
model.
The 2 n’s refer to the number of children included in the models using all covariates and the
final model, respectively.
“All covariates” constitutes sex, gestational age, parental weight, parental height, parental so-
cioeconomic status, race, familial history of cardiovascular disease, assisted pregnancy, parity,
hypertension during pregnancy, gestational diabetes, maternal smoking, delivery mode, breast
feeding, and systolic blood pressure of the child.
The covariates in the final models were: race (for weight); sex, maternal height and hyperten-
sion during pregnancy (for length); sex, maternal height and weight, hypertension during preg-
nancy and race (for weight-for-length); and sex, paternal height and parity (for head
circumference).
*Indicates a significant association (P < .05).
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body fat when assessing the association between growth and
vascular function.

Earlier we found that infant growth, particularly during
the first 3 months, is related inversely to endothelial function
at the age of 6 months.10 It is important to observe that this
association is still relevant later in life, when growth rates are
slower. We can now confirm that this association persists at
least up till the age of 2 years, 1 year after the fast growth
period of 0-1 year of age ended. We suggest there may be a
harmful effect of accelerated weight gain during the first
month on the development of the endothelium, which might
eventually contribute to the increased risk fast growing in-
fants have for metabolic syndrome later in life.3,5 Our results
are consistent with a recent study, which also linked acceler-
ated weight gain in small for gestational age individuals
(measured as change from birth to adulthood) to later, adult,
endothelial function.31

As we suggested previously, we think that accelerated
growth results in a second, stronger, hit to the
670
already-existing increased risk for endothelial dysfunc-
tion and cardiovascular disease in small for gestational
age individuals.2,10,17 In the present study, the models
containing both birth weight and postnatal growth did
not show an association between birth weight and endo-
thelial function, and growth did show an inverse associ-
ation. Small-for-gestational age infants are more likely to
show accelerated growth, so future studies should test
the effects of birth weight and growth simultaneously.32

It should be noted that the fact that birth weight as a
crude measure was statistically not important when
growth was considered, does not mean that intrauterine
growth patterns could still be important. Mechanistically
speaking, there are data describing modifying effects of
(accelerated) growth on the hypothalamus-pituitary-
adrenal axis, growth hormone, leptin, adipocytes and
epigenetic profiles.33-35

Contrary to our expectations, we identified positive asso-
ciations between birth weight and response to nitroprusside
(endothelium-independent vasodilation) and between
weight growth from 0-1 month and response to nitroprus-
side. In the literature, however, acetylcholine and nitroprus-
side responses mostly are affected in the same direction, or
nitroprusside responses remain unaffected. For example,
both are negatively related to percent body fat in children.16

Should our results be confirmed in other studies, one may
speculate that the smooth muscle cells increase their sensi-
tivity to NO when the infant grows fast, to compensate for
suboptimal endothelial release of NO, prostanoids and other
vasodilatory mediators. This may also imply that the endo-
thelial responses to acetylcholine are even more impaired af-
ter accelerated growth than we have measured, because these
children are more likely to have more responsive smooth
muscle cells.
Data from a healthy term study population can potentially

be extrapolated to the general population. Furthermore, we
tested many confounders, birth weight and 5 growth win-
dows simultaneously, which helps to adjust for the effects
on each other and avoids multiple testing issues. As a limita-
tion, although the deuterium dilutionmethod is considered a
valid measure for body composition, we relied on the exper-
tise of the parents at home for sample collection, which may
have affected the reliability of our measurements. Second, the
moderate study size may have resulted in false-negative ob-
servations. As in all observational studies, no conclusions
can be drawn with regard to causality. Our study is limited
to the first 2 years of life. Later growth windows have also
been linked to later cardiovascular disease and were not stud-
ied here.36

We found evidence for an inverse association between
growth from 0-1 month and endothelial function at the age
of 2 years. The expanding body of evidence on the potential
harmful effects of accelerated growth on later (cardiovascu-
lar) disease may lead to clinical guidelines on prevention of
accelerated growth in early infancy. First, interventional
studies will be needed to establish a causal relationship.
Further research is needed into optimal early infant growth
Touwslager et al
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to yield adequate primary prevention of cardiovascular out-
comes without compromising neurologic development. n
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Figure. Participant flow.
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