
Prepubertal children with a history of extra-uterine growth restriction
exhibit low-grade inflammation
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Abstract

Intra-uterine growth restriction (IUGR) may induce significant metabolic and inflammatory anomalies, increasing the risk of obesity and

CVD later in life. Similarly, alterations in the adipose tissue may lead to metabolic changes in children with a history of extra-uterine

growth restriction (EUGR). These mechanisms may induce alterations in immune response during early life. The aim of the present

study was to compare pro-inflammatory markers in prepubertal EUGR children with those in a reference population. A total of thirty-

eight prepubertal children with a history of EUGR and a reference group including 123 healthy age- and sex-matched children were

selected. Perinatal data were examined. In the prepubertal stage, the concentrations of inflammatory biomarkers were measured in

both groups. The serum concentrations of C-reactive protein (CRP) and plasma concentrations of hepatocyte growth factor (HGF), IL-6,

IL-8, monocyte chemotactic protein type 1 (MCP-1), neural growth factor, TNF-a and plasminogen activator inhibitor type 1 were deter-

mined. The plasma concentrations of inflammatory biomarkers CRP, HGF, IL-8, MCP-1 and TNF-a were higher in the EUGR group than in

the reference group (P,0·001). After adjustment for gestational age, birth weight and length, blood pressure values and TNF-a

concentrations remained higher in the EUGR group than in the reference group. Therefore, further investigations should be conducted

in EUGR children to evaluate the potential negative impact of metabolic, nutritional and pro-inflammatory changes induced by the

EUGR condition.
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Currently, extra-uterine growth restriction (EUGR) remains a

health problem in premature neonates, especially in critically

ill and malnourished newborn infants. However, there is no

clear consensus about the definition of EUGR; this term is

descriptive of stunted growth owing to a severe nutritional

deficit during the first few weeks of life in preterm infants.

EUGR has been described as having a growth value ,10th
(1) or 3rd(2) percentile (P) at the time of discharge from the

neonatal intensive care unit(3) or at 36 weeks of corrected

gestational age (CGA)(4).

Children with a history of intra-uterine growth restriction

may display nutritional disorders and metabolic alterations,

higher prevalence of obesity and the metabolic syndrome,

hypertension, type 2 diabetes and CVD at later stages(5). In

IUGR children, the increase in pro-inflammatory cytokine

concentrations may be a result of adipose tissue changes(6).

Similarly, the EUGR condition may also determine an early

programming in the adipose tissue.

Recently, our research group has documented some

metabolic changes in EUGR children. Plasma adipokine

concentrations and antioxidant system parameters are altered

in EUGR children compared with those in prepubertal healthy

children. These changes may be associated with a higher risk

of the metabolic syndrome or CVD later in life(7–10).

Children with a history of EUGR might develop early signs

of low-grade inflammation even at the prepubertal stage.

*Corresponding author: Dr M. Gil-Campos, fax þ34 957010017, email mercedes_gil_campos@yahoo.es
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HGF, hepatocyte growth factor; IUGR, intra-uterine growth restriction; MCP-1, monocyte chemotactic protein type 1; NGF, neural growth factor;

PAI-1, plasminogen activator inhibitor type 1.
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However, thorough research would allow early diagnosis and

early monitoring of EUGR children as well as allow devising

nutritional programmes and prevention strategies. The goal

of the present study was to compare pro-inflammatory mar-

kers in prepubertal EUGR children with those in a reference

population.

Experimental methods

Selection of participants

In the present study, two groups of Caucasian children at a pre-

pubertal stage (Tanner stage 1)(11) were enrolled: EUGR group

and reference population group. The EUGR group included

thirty-eight participants with a mean age of 8·42 (SD 3·02)

years meeting the following eligibility criteria: (1) having a

history of premature birth (before the completion of 37 weeks

of pregnancy); (2) having been delivered between 1996 and

1998; (3) having a birth weight #1500 g and above P10 for

gestational age (GA); (4) meeting both EUGR characteristics

defined in the present study (weight ,P3 at 36 weeks of

CGA(4) and at the time of discharge(1,2) from the neonatal

intensive care unit); (5) being free of any disease unrelated to

prematurity and EUGR. The exclusion criteria were as follows:

(1) failure to meet the age requirements or perinatal criteria for

EUGR; (2) presence of underlying inflammatory or metabolic

disease; (3) displaying signs of puberty.

Initially, the clinical records of fifty-five participants with a

history of EUGR were obtained. Consent was obtained from

forty-four participants (excluding eleven, as they could not

be located or had moved out of the study area). Due to

being in Tanner stage .1, six subjects were excluded.

The reference population group included 123 randomised

sex (fifty-nine males and sixty-four females) and age (8·93

(SD 1·32))-matched Caucasian prepubertal children in good

health, meeting the following eligibility criteria: (1) being a

healthy full-term neonate with adequate birth weight for GA

(2500–3500g and 38–42 weeks of GA); (2) having been

delivered between 1996 and 1998; (3) displaying no disease

at baseline (including perinatal stage). Healthy children were

recruited from a group with a low suspicion of disease, but

they needed to undergo a blood analysis. For these children,

medical check-up by the paediatrician, physical examination

and blood analysis proved normal. These children were

included in the study after the evaluation of the test results

and ruling out of disease.

Study design

The present study is a descriptive, analytical, observational

case–control study. Low-grade inflammation biomarkers in

prepubertal children with a history of EUGR were compared

with those in a reference healthy population group in the

study. Both groups of participants were selected in

accordance with the percentile charts of age, sex and CGA

developed by Carrascosa et al.(12).

Perinatal clinical records were collected and reviewed.

Neonates with EUGR received parenteral nutrition, which

included carbohydrates, proteins, amino acids, oligoelements,

vitamins and long-chain fatty acids in amounts established at

the neonatal intensive care unit, according to their maturity

state and clinical progression. These children also received

enteral nutrition – initially trophic and then full-feeding – in

the form of a special formula for premature neonates. None

of the infants was breast-fed. Personal and family health

records of all the participants were documented.

The present study was conducted according to the guidelines

laid down in the Declaration of Helsinki and was approved

by the Institutional Ethical Committee of the Hospital. Written

informed consent was obtained from all parents or legal

guardians and verbal consent was obtained from all children.

Verbal consent was witnessed and formally recorded.

Anthropometry and blood pressure measurement

At birth, anthropometric data including weight, crown-to-heel

height, and head and chest circumferences were collected.

Specifically, birth weight was assessed at 36 weeks of CGA

and again at discharge according to the percentile charts of

age, sex and CGA(12).

In both groups of prepubertal children, anthropometry and a

complete physical examination with Tanner staging(11), blood

pressure (BP) measurement and biochemical analysis were

performed. The prepubertal stage was also validated through

serum hormone levels. Weight and height were measured in

all the participants in barefoot and minimal clothing according

to standard protocols with a HEALTH SCALEw ADE RGT-200

stadiometer (ADE Germany). BMI was measured as the ratio

of weight:height squared (kg/m2). The z-scores for weight,

height and BMI were estimated for all the participants. Normal

growth was assessed using the growth percentile charts of the

Spanish population(13). Waist circumference was measured

midway between the lowest rib and the high point of the iliac

crest with a measuring tape at the end of expiration. Systolic

blood pressure and diastolic blood pressure were measured

with a digital random-zero sphygmomanometer (Dinamap

V-100; GE HealthCare), with the subjects resting supine for

$5 min and placing a paediatric cuff around the left arm. Per-

centiles for systolic blood pressure and diastolic blood pressure

were established according to the subject’s age and sex(14).

Blood collection and biochemical analysis

Blood samples were collected at 09.00 hours after a 12 h over-

night fast and at rest. An intravenous catheter was inserted into

a median cubital vein to collect two 3 ml blood samples,

which were used to extract serum and plasma, respectively.

Serum samples were analysed within 2 h of collection, while

plasma samples were divided into aliquots and frozen at

2808C until analysis. The serum concentrations of biochemi-

cal markers associated with metabolic disorders (uric acid

and ferritin), liver enzymes, aspartate aminotransferase

(CV # 4·6 %), alanine aminotransferase (CV # 5·2 %) and

g-glutamyl transferase (CV # 4·8 %) were determined. Lipid

profile was determined by measuring the concentrations

of total cholesterol (CV # 3 %), HDL (CV # 4 %), LDL, TAG
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(CV # 5 %), apoA-1 (CV # 4·8 %) and apoB (CV # 6·5 %). The

concentrations of carbohydrate metabolism markers glucose

(CV # 5 %) and insulin (CV # 7 %) were also determined.

Homeostatic model assessment of insulin resistance (HOMA-

IR ¼ insulin (mU/l) £ glucose (mmol/l)/22·5) values were

also calculated. The concentrations of the following sex hor-

mones were determined: follicle-stimulating hormone; lutei-

nising hormone; oestradiol; testosterone. The analyses were

carried out using the autoanalyser Architect i2000SR and

c16000 (Abbott Diagnosticsw, Abbott Laboratories).

Pro-inflammatory biomarker assay

The serum concentrations of C-reactive protein (CRP)

(intra-assay CV 3·06 % and inter-assay CV 1·7 %) and plasma

concentrations of hepatocyte growth factor (HGF) (intra-assay

CV 7·7 % and inter-assay CV 11 %), IL-6 (intra-assay CV 7·8 %

and inter-assay CV 18 %), IL-8 (intra-assay CV 7·9 % and

inter-assay CV 15 %), monocyte chemotactic protein type 1

(MCP-1; intra-assay CV 7·9 % and inter-assay CV 18 %), neural

growth factor (NGF; intra-assay CV 6 % and inter-assay CV

4 %), TNF-a (intra-assay CV 7·8 % and inter-assay CV 16 %)

and plasminogen activator inhibitor type 1 (PAI-1; intra-assay

CV 6·6 % and inter-assay CV 10 %) of both groups were

measured. The concentrations of CRP were quantified using

the autoanalyser Architect c16000 (Abbott Diagnosticsw,

Abbott Laboratories) by turbidimetric immunoassay with latex

particles. The concentrations of the remaining biomarkers

were determined using the Luminexw xMAPe multiplex

technology on a Labscane 100 flow analyser and using

LINCOplex assay kits (Millipore Corporation) by an immuno-

assay on the surface of fluorescent-coded microspheres(15).

Statistical analysis

As all the possible candidates from the database of a hospital

neonatal unit were selected, previous sample size estimation

was not necessary, but assuming a difference of 30 % in mean

values for the main study variables between the EUGR group

and the control group, an a-error of 0·05, a b-error of 0·1 in a

bilateral contrast of hypothesis, and a loss to follow-up of

15–20 %, thirty-seven EUGR children and 111 control children

group were required (1:3) for the present study. Means and

standard deviations were calculated for quantitative variables,

and counts (n) and percentages (%) were calculated for

qualitative variables. The adjustment to a normal distribution

was assessed using the Shapiro–Wilk test. Homogeneity of

variances was estimated using Levene’s test. Proportions (%)

were compared using the statistical x 2 for contingency tables.

Mean values obtained for quantitative variables in both

groups were compared using the Mann–Whitney U test.

BP values and inflammatory biomarker concentrations were

adjusted by GA and birth weight and length. These data

are expressed as means with their standard errors and adjusted

P values.

Spearman’s correlation coefficient (r) was calculated to

establish the relationship between quantitative variables.

A factorial analysis was carried out to determine whether the

inflammatory biomarkers could be grouped into a relatively

small number of factors of biological significance that would

explain the presence of low-grade inflammation at prepubertal

age. Accordingly, parameters were grouped into components

based on whether having a value .0·6 or not. A multiple

linear regression analysis was carried out to identify the factors

associated with plasma TNF-a concentrations. A corrected

coefficient of determination (R 2) was used to determine the

global fit of the model. Data analysis was carried out using the

statistics software SPSS18w (PASW Statistic 18, Inc.).

Results

Table 1 summarises the main perinatal characteristics of EUGR

children. During the gestational period, 22 % of the mothers

had hypertension. Diseases with the highest prevalence

among the EUGR neonates were sepsis (64 %) and hyaline

membrane disease (60 %). Among the EUGR neonates, 23 %

had patent ductus arteriosus, 20 % had intraventricular haemor-

rhage (generally grade 2) and 9 % had necrotising enterocolitis.

Treatment with inotropes and corticosteroids was undergone by

61 and 30 % of the neonates, respectively.

The anthropometric measurement, BP and metabolic par-

ameter values of both groups at prepubertal age are given

in Table 1. Some of them have been published

previously(7–10). Statistically significant differences in sex and

z-scores for weight, height and BMI were found between

the two groups. The subjects were grouped into percentiles

for weight, height and BMI for age and sex. The EUGR

group had weight and height values below P50 and BMI

values below or equal to P25 (P,0·001 for all cases). The

EUGR group had higher BP – both systolic blood pressure

and diastolic blood pressure – when compared with the refer-

ence group even after adjustment for GA, weight and length at

birth (Table 1). In Fig. 1, specifically the distribution of

children by percentiles for BP is shown. A significant

proportion of subjects in the EUGR group had BP values

above P95 when compared with the reference group.

The concentrations of biochemical markers in both groups

were within the normal range, although the EUGR group

had lower serum HDL-cholesterol concentrations and higher

glucose concentrations than the reference group (Table 1).

The plasma concentrations of inflammatory markers TNF-a,

HGF, CRP, IL-8 and MCP-1 were significantly higher in the

EUGR group than in the healthy group (Fig. 2). No differences

were observed between the two groups with regard to the

concentrations of IL-6 (EUGR: 1·97 (SD 1·61) v. reference

group: 4·42 (SD 7·92) pg/ml; P¼0·282), NGF (EUGR: 9·66 (SD

6·28) v. reference group: 20·53 (SD 36·11) pg/ml; P¼0·624)

and PAI-1 (EUGR: 16 362·07 (SD 6810·43) v. reference group:

18 482·44 (SD 13 614·09) pg/ml; P¼0·575). After adjustment

for GA, weight and length at birth, significant differences

between the two groups were found with regard to only

TNF-a concentrations (EUGR: 7·47 (SD 0·61) v. reference:

3·41 (SD 0·23) pg/ml; adjusted P,0·001).

Table 2 summarises the most significant correlations

observed between inflammatory parameters. TNF-a exhibited

the strongest association with inflammatory biomarkers such
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as MCP-1 and HGF. On the other hand, a principal component

analysis was carried out with the strongest correlations

between inflammatory markers. Major commonalities

(proportion of variance explained by common factors)

obtained were as follows: IL-6, 0·86; MCP-1, 0·81; TNF-a,

0·80; IL-8, 0·74; HGF, 0·70; NGF, 0·68. Applying the method

of Kaiser that determines factors such as eigenvalues .1,

a factorial structure with three components was obtained.

Table 3 summaries the principal component’s matrix extracted

from this analysis. All the inflammatory biomarkers (except

CRP) were associated with a percentage of the variance

of the inflammatory status in childhood. Component

1 (associated with HGF, MCP-1 and TNF-a) explained

26·03 % of the total variance. Component 2 (associated with

IL-6, IL-8 and NGF) explained 20·58 % of the remaining

variance not explained by the first component. Component 3

(associated with PAI-1 and MCP-1) explained 12·26 % of the

remaining variance, not explained by either the first

component or the second component. Finally, the cumulative

percentage of the variance of this factorial structure of three

components explained 57·58 % of the total variance.

Table 4 summarises the results of the multiple linear

regression analysis. Variables statistically associated with the

increase in plasma TNF-a concentrations were EUGR group,

HGF and MCP-1. Age and HDL concentrations were associated

with a decrease in TNF-a concentrations. The coefficient of

multiple correlation in this model was very high (R 0·87)

and significant (F ¼ 91·54; P,0·001), indicating a linear

relationship between the plasma concentrations of TNF-a

and the set of parameters listed in Table 4. The adjusted

Table 1. Major perinatal data of infants with extra-uterine growth restriction (EUGR) and anthropo-
metric parameter, blood pressure and biochemical marker values of prepubertal children with a
history of EUGR and control children

(Mean values and standard deviations or standard errors; median values and interquartile ranges
(IQR))

EUGR group
(n 38)

Control group
(n 123)

Mean SD Mean SD P

Perinatal data
Maternal age (years) 30·30 3·90
Gestational age (weeks) 29·30 2·20
Birth weight (g)

Median 1143·90
IQR 660·00–1707·00

Weight at 36 weeks of CGA (g)
Median 1788·50
IQR 1400·00–1980·00

Weight at discharge (g)
Median 2475·00
IQR 2245·00–3200·00

Parenteral nutrition (d)
Median 39·00
IQR 10·00–119·00

Hospital stay (d)
Median 73·50
IQR 30·00–145·00

Prepubertal age
Sex (%) 0·021*

Male 71·00 48·00
Female 29·00 52·00

Age (years) 8·42 3·02 8·93 1·32 0·869†
Weight z-score 20·446 0·972 0·080 0·603 ,0·001†
Size z-score 20·439 0·861 0·267 0·786 ,0·001†
BMI z-score 20·409 1·047 20·165 0·466 0·012†
WC (cm) 59·05 10·21 58·51 7·62 0·346†
SBP (mmHg) 113·11 3·96‡ 92·55 1·52‡ ,0·001†§
DBP (mmHg) 77·99 3·46‡ 56·18 1·35‡ ,0·001†§
GGT (mkat/l) 0·035 0·009 0·021 0·006 ,0·001†
HDL (mmol/l) 1·46 0·32 1·72 0·32 ,0·001†
LDL (mmol/l) 2·43 0·54 2·37 0·64 0·659†
TAG (mmol/l) 0·66 0·25 0·63 0·21 0·679†
Glucose (mmol/l) 4·87 0·42 4·61 0·37 ,0·001†
Insulin (pmol/l) 39·63 24·00 38·41 17·84 0·629†

CGA, corrected gestational age; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood
pressure; GGT, g-glutamyl transferase.

* Statistical significance obtained by the x 2 test.
† Statistical significance obtained by the Mann–Whitney U test.
‡ SEM.
§ Adjusted P value.
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coefficient of determination (R 2) indicated that 75 % of the

variability in plasma TNF-a concentrations can be explained

by the variables that form this linear regression model.

Discussion

The most relevant results obtained in the present study suggest

that children with a history of EUGR exhibit poor growth and

have higher concentrations of inflammatory biomarkers and

higher BP values when compared with a healthy group. Similar

findings have been reported in relation to other pathological

conditions, such as obesity in patients at prepubertal age(16).

Some authors have described that low birth weight, low GA,

male sex (which might explain why the EUGR group included a

greater number of male subjects than female subjects; Table 1),

pathologies related to prematurity, intake of postnatal steroids,

a longer hospital stay and an inadequate nutritional supply in

the first few days of life are the most significant factors associ-

ated with the growth restriction status(3). Children with a history

of IUGR generally have lower growth rate and weight when

compared with healthy infants that are born full-term and

have adequate birth weight for GA. Nevertheless, IUGR

children are likely to suffer from obesity at later stages(17).

Similarly, immature neonates with low birth weight achieve

the catch-up growth during the first few years of life, but

they remain smaller in size during prepuberty and adolescence

compared with children born full-term(18). Similarly, in children

with a history of EUGR, it has been observed that poor growth

is also present not only during the neonatal period but also

throughout childhood(1). Data indicated that the EUGR group

had lower weight, height and BMI values than the reference

group (Table 1). Furthermore, a relevant percentage of children

in the EUGR group (33%) had growth delay (,P10) that

prevailed at school age, specifically delay in achieving the

medium normal height of the reference group at the same age.

Fetal development is significantly influenced by genetic sus-

ceptibility and/or intra-uterine environment. Consequently, it

may induce alterations in the adipose tissue and metabolic

programming, resulting in changes in the first few years of

life(19). Some authors have indicated that neonatal nutritional

support may lead to later metabolic anomalies associated

with certain pathologies later in life, but still there is no

strong evidence to support this hypothesis(20–22). IUGR

neonates manage to adapt to the adverse intra-uterine

environment, favouring thus the appropriate development of

vital organs(6) but causing dynamic quantitative and qualitative

changes in adipocytes – mainly in the visceral adipose

tissue(23), to achieve an optimal growth. Some authors have

demonstrated that later metabolic diseases and CVD are

associated with intra-uterine nutritional deficit in that fetal

growth is related to an increased risk of CVD, hypertension,

dyslipidaemia, insulin resistance and type 2 diabetes(19). How-

ever, the mechanisms involved in the development of these

pathologies – such as low-grade inflammation – are still

unknown(24,25). Among other alterations, IUGR children are

at a higher risk of hypertension in adulthood, and the

prevalence of the metabolic syndrome and CVD may then

be secondary to this condition(26). Other authors have

observed that there is a positive relationship between an

increase in BP values in young people and a history of low

birth regardless of being obese or achieving the catch-up

growth(27). Both poor fetal and accelerated postnatal growth

are associated with the programming of hypertension and

risk of CVD(28). As far as premature neonates may as well

exhibit an increase in BP levels resulting from the nutritional

support received, whether the programming of BP levels

occurs before or after birth is difficult to ascertain(29).

Nutritional deficit may be a direct consequence of EUGR.

Although there are no data on children with altered growth

at the extra-uterine perinatal stage, our findings indicated

that prepubertal children with EUGR had higher BP values

than the reference group, even after adjustment – some had

values within the range of hypertension (Table 1 and Fig. 1).

These children were followed up on an outpatient basis for

the evaluation of their condition and treatment.

As concerns inflammatory biomarkers, small-for-gestational-

age neonates have elevated CRP, IL-6 and TNF-a concentrations

in cord blood when compared with the normal-weight-for-

gestational-age infants(30). Hence, EUGR neonates might

exhibit changes in the adipose tissue, the inflammatory and

metabolic mechanisms induced by the specific nutritional

support received during the first few days of life to rapidly

achieve the catch-up growth. Inflammatory markers such as

CRP and PAI-1 are involved in the perinatal stress physiology,
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Fig. 1. Percentiles of systolic blood pressure (a) and diastolic blood pressure (b) in prepubertal children with a history of extra-uterine growth restriction (n 38; )

and in a reference group (n 123; ). Values are percentages of children in each percentile. *P,0·001.
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which is likely to affect adipose and brain tissue caused by

the adaptation to extra-uterine life in neonates with IUGR(31).

This along with the fact that infants with EUGR develop

severe nutritional deficit in the first few weeks of birth might

also induce changes in the adipose tissue. This would possibly

account for the increase in the concentrations of inflammatory

biomarkers (except IL-6 and PAI-1) observed in the EUGR

group (Fig. 2).

TNF-a, HGF, IL-6, IL-8, MCP-1 and PAI-1 are also considered

adipokines as they are produced by the adipose tissue and act

on inflammation(32). Therefore, MCP-1 is a proatherosclerotic

factor predominantly synthesised by macrophages and endo-

thelial cells(33). PAI-1 is considered an acute-phase reactant

with antifibrinolytic properties that regulates the coagulation

cascade. The levels of PAI-1 secreted by the liver and vascular

cells as well vary significantly(31). In the chronic low-grade

inflammatory state, the increase in IL-6 concentrations is

generally mild, rising CRP concentrations and stimulating the

synthesis of other pro-inflammatory cytokines such as

MCP-1(34). This increase along with the fact that we are dealing

with prepubertal children, and using a method to analyse mul-

tiple parameters different from ELISA, may generate minor

changes in IL-6 and PAI-1 concentrations in the EUGR group

when compared with the reference group. On the one

hand, CRP is considered to be the major acute-phase reactant

in humans and has high sensitivity to inflammation(31). The

concentrations of CRP in the EUGR group were higher than

those in healthy group (Fig. 2(e)), similarly to the previously

described adipocytokines. CRP is secreted primarily by

hepatocytes in response to IL-6 and TNF-a and induces the

(a) (b)

(c) (d)

0

2

4

6

8

10

12

EUGR

***

*** ***

***

***

Control

T
N

F-
α 

co
n

ce
n

tr
at

io
n

 (
p

g
/m

l)

EUGR Control
0

50

100

150

200

250

300

M
C

P-
1 

co
n

ce
n

tr
at

io
n

 (
p

g
/m

l)

0
200
400
600
800

1000
1200
1400
1600
1800

EUGR Control

H
G

F 
co

n
ce

n
tr

at
io

n
 (

p
g

/m
l)

0·0

0·5

1·0

1·5

2·0

2·5

3·0

3·5

4·0

EUGR Control

IL
-8

 c
o

n
ce

n
tr

at
io

n
 (

p
g

/m
l)

0·0
0·5
1·0
1·5
2·0
2·5
3·0
3·5
4·0
4·5

EUGR Control

C
R

P
 c

o
n

ce
n

tr
at

io
n

 (
m

g
/m

l)

(e)

Fig. 2. Pro-inflammatory biomarker concentrations in prepubertal children with a history of extra-uterine growth restriction (EUGR, n 38) and in a reference group

(n 123). (a) TNF-a, (b) hepatocyte growth factor (HGF), (c) monocyte chemotactic protein type 1 (MCP-1), (d) IL-8 and (e) C-reactive protein (CRP). Values are

means, with their standard deviations represented by vertical bars. *** Mean value was significantly different from that of the reference group (P,0·001; Mann–

Whitney U test).
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expression of PAI-1, IL-6, TNF-a and MCP-1(35). However, data

indicated that there was a positive association between this

protein and IL-6 (Table 2).

On the other hand, we measured the concentrations of HGF

and NGF, as well as they are growth factors considered to be

adipocytokines. Previous studies have reported that CRP(36),

HGF(37) and NGF(38) concentrations are associated with GA.

NGF is a protein synthesised and secreted by mature adipo-

cytes that also modules inflammation and is essential for the

development and maintenance of the sympathetic nervous

system(39). The plasma concentrations of NGF were not

increased, although they were positively correlated with

some of the inflammatory markers analysed in the present

study (Table 2). HGF is synthesised and secreted by adipose

mesenchymal cells and expressed by apoptotic cells and acts

as a chemoattractant for tissue-committed stem cells with

regeneration potential(40). TNF-a prompts the secretion of

both factors into the adipose tissue, and HGF stimulates the

secretion of IL-8 and PAI-1(39,40). Higher plasma concen-

trations of HGF were detected in the EUGR group (Fig. 2(b)).

We observed that HGF correlated with all the biomarkers with

the exception of NGF (Table 2). Thus, the outcomes indicate

that HGF may have a major role in the different inflammatory

pathways in which other adipocytokines are involved.

TNF-a, mainly secreted by the macrophages infiltrated in

the adipose tissue, is highly pro-inflammatory(41) and induces

the production of CRP in the liver(42) and the secretion of

other pro-inflammatory cytokines such as IL-6, IL-8(38),

PAI-1, MCP-1, NGF(35) and HGF(40). In the present study, cor-

relations between TNF-a and these biomarkers were found in

children with EUGR (Table 2), suggesting that TNF-a may play

a major role in the inflammation cascades that occur in numer-

ous pathologies(43) and possibly in EUGR children. Indeed,

the multiple linear regression analysis indicated that the

plasma concentrations of TNF-a were positively related to

HGF and MCP-1 concentrations and negatively related to

HDL concentrations, as has been described previously in

different conditions(44,45). The present study reveals that

there is a strong association between an increase in TNF-a

concentrations and a history of neonatal EUGR (Table 4).

After adjustment for GA, birth weight and length, TNF-a con-

centrations remained significantly higher in the EUGR group

than in the reference group. These findings suggest that TNF-

a may be a pro-inflammatory biomarker with the strongest

association with EUGR, even at the prepubertal stage. Factorial

analysis revealed that all parameters –except CRP – were

involved to a certain extent in the low-grade inflammatory

state found in the prepubertal EUGR group (Table 3).

In addition, TNF-a, HGF and MCP-1 appear to be the adipocy-

tokines with the highest influence and strongest correlation

with the biomarkers analysed in the present study (Table 2).

This outcome supports the hypothesis that the adipose tissue

may play a major role in the metabolic and inflammatory

state of children with a history of EUGR.

We observed associations among the various inflam-

matory biomarkers, which indicates common syntheses or

actions even though these molecules may be involved in

different mechanisms; that is, mature macrophages prompt

Table 3. Components of factorial analysis on inflammatory biomarkers

Components*

Parameters 1 2 3

CRP (mg/l) 0·303 20·010 20·560
HGF (pg/ml) 0·736 0·134 0·194
IL-6 (pg/ml) 20·109 0·914 20·077
IL-8 (pg/ml) 0·271 0·797 0·107
MCP-1 (pg/ml) 0·694 0·031 0·563
NGF (pg/ml) 20·122 0·812 20·019
TNF-a (pg/ml) 0·861 0·120 20·059
PAI-1 (pg/ml) 0·204 20·224 0·619
Variance (%) 26·03 20·58 12·26
Cumulative variance (%) 26·03 46·61 58·87

CRP, C-reactive protein; HGF, hepatocyte growth factor; MCP-1, monocyte chemo-
tactic protein type 1; NGF, neural growth factor; PAI-1, plasminogen activator
inhibitor type 1.

* Component 1: HGF, MCP-1 and TNF-a; component 2: IL-6, IL-8 and NGF;
component 3: PAI-1.

Table 2. Results of correlation analysis performed on pro-inflammatory biomarkers

(Spearman’s correlation coefficient (r) values)

CRP (mg/l) IL-6 (pg/ml) IL-8 (pg/ml) HGF (pg/ml) NGF (pg/ml) MCP-1 (pg/ml)

IL-6 (pg/ml) 0·650
P ,0·001
IL-8 (pg/ml) 0·666
P ,0·001
HGF (pg/ml) 0·193 0·211 0·382
P 0·018 0·013 0·001
NGF (pg/ml) 0·373 0·690 0·478
P 0·021 0·001 ,0·001
MCP-1 (pg/ml) 0·430 0·538
P ,0·001 ,0·001
TNF-a (pg/ml) 0·220 0·554 0·600 0·208 0·616
P 0·005 ,0·001 ,0·001 0·010 ,0·001
PAI-1 (pg/ml) 0·346 0·424 0·214 20·172 0·389
P 0·042 0·008 ,0·001 0·034 0·008

CRP, C-reactive protein; HGF, hepatic growth factor; NGF, neural growth factor; MCP-1, monocyte chemotactic protein type 1; PAI-1,
plasminogen activator inhibitor type 1.
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inflammatory processes by segregating MCP-1, TNF-a, IL-6

and IL-1 and the excretion of CRP from the liver(46). Moreover,

an increase in PAI-1 concentrations has been described in

different metabolic states(31,35), and PAI-1 concentrations

have also been reported to be associated with molecules

such as TNF-a and CRP, as PAI-1 is up-regulated as a response

to chronic increased TNF-a and CRP concentrations(47).

However, PAI-1 concentrations were not overexpressed or

associated with TNF-a and CRP concentrations in the EUGR

group. On the contrary, IL-6, IL-8, MCP-1, NGF and HGF con-

centrations were correlated (Table 2) as described previously

in other studies(44). These changes and associations in inflam-

matory biomarkers, already present in prepubertal children,

could prevail at later stages and reach pathological values con-

tributing to disease. This means that at the perinatal stage, not

just in the case of intra-uterine conditions, there might be a

functional alteration in adipocytes as observed in neonates

with low birth weight for GA(6) and at later stages(19).

Metabolic, inflammatory and cardiovascular changes might

be induced by premature birth(48), although the majority of

authors suggest that the main risk factor for CVD and diabetes

in adulthood is abnormal growth in childhood – especially

IUGR(19,21,22,49).Owing to this, EUGR might also be a risk

factor for the development of these diseases.

In conclusion, our findings suggest that prepubertal

children with a history of EUGR may have abnormal growth,

higher BP levels and higher plasma concentrations of

pro-inflammatory biomarkers when compared with healthy

children. Nonetheless, further comparative studies among

different groups of full-term and premature neonates should

be conducted in later ages to evaluate the potential damage

of metabolic, nutritional and pro-inflammatory changes

induced by this condition. It should be emphasised that a

clinical follow-up be performed in childhood to prevent

later alterations associated with EUGR.
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