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Summary
Objective Variation in the tumour necrosis factor gene, (TNF)
has been associated with insulin resistance traits. We questioned
whether the TNF −308G/A polymorphism is associated with birthweight and insulin resistance in children born small for gestational age
(SGA), a patient population known to be at risk for insulin resistance.
Design A cross-sectional, hospital-based study assessing insulin
sensitivity in SGA children.
Patients One hundred and ninety-eight school-age children born
either SGA (n = 90, age 7·4 ± 4·5 years) or appropriate for gestational age (AGA, n = 108, age 8·7 ± 4·0 years).
Measurements All children were genotyped for the TNF −308G/
A polymorphism; a biochemical profile was also performed in
prepubertal SGA (n = 58) and AGA (n = 57) subjects.
Results Genotype frequencies for the TNF −308G/A single
nucleotide polymorphisms (SNPs) (GG and GA /AA) differed
between SGA and AGA children (86% vs. 72% and 14% vs. 28%,
respectively; P = 0·025). The GG genotype was associated with lower
birthweight and birth length (2747·0 ± 23·3 g vs. 2851·0 ± 45·7 g,
P = 0·045, and 47·0 ± 0·2 cm vs. 48·2 ± 0·4 cm, P = 0·011, respectively) and, in AGA but not in SGA children, with higher systolic
blood pressure [103·3 (95% confidence interval (CI) 96·4 – 110·2)
mmHg vs. 92·8 (84·9–100·7) mmHg; P = 0·028], higher blood
glucose [4·8 (4·7–5·0) mmol / l vs. 4·5 (4·3 – 4·8) mmol / l; P = 0·042]
and higher homeostasis model assessment for insulin resistance
(HOMA-IR) index [1·4 (1·1–1·7) vs. 0·9 (0·4 –1·3); P = 0·005]. In
multivariate analysis, the TNF −308GG genotype was an independent predictor of HOMA-IR during childhood, explaining 8% of its
variance.
Conclusion SGA children show increased frequency of the TNF
−308G allele, an allele that is associated with prenatal growth and
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with postnatal insulin resistance. The TNF −308G/A polymorphism
may have implications in the growth and metabolic abnormalities
that characterise SGA children.
(Received 1 June 2005; returned for revision 15 July 2005; finally
revised 27 July 2005; accepted 28 November 2005)

Introduction
Low birthweight has been related to increased risk for developing the
metabolic syndrome in adulthood. Hyperinsulinaemia is usually
present before metabolic abnormalities (hypertension, dyslipidaemia,
obesity) become detectable and has been proposed as the common
trigger of the constellation.1,2 The mechanisms underlying the
relationship between weight at birth and insulin sensitivity in
adulthood are still unclear. Hales and Barker2 have postulated that
the foetal adaptation to an adverse intrauterine environment
involves altered programming of endocrine pathways, leading to permanent metabolic changes, including reduced insulin sensitivity.
Others have proposed that this association is genetically mediated.3
The links between low birthweight and insulin resistance may also
explain the pathogenesis of reduced prenatal growth in small for
gestational age (SGA) individuals.4
Tumour necrosis factor-α (TNF-α) is a strong determinant
of insulin sensitivity.5–7 The induction of insulin resistance by this
cytokine is mediated through its ability to induce serine phosphorylation of insulin receptor substrate 1.8
TNF-α signals through two known cell-surface receptors (TNFR1
and 2).9 Although specific signalling pathways and cellular responses
have been documented for the different TNF-α receptors, both molecules are ubiquitously expressed, both are critically involved in the
establishment of host defence, and both have been related to the
insulin resistance phenotype.6,10–12
The soluble fractions of these receptors, sTNFR1 and sTNFR2,
result from proteolytic cleavage of the cell-surface forms upon TNFα binding; they are thought to both inhibit and stabilize the bioactivity of TNF-α, depending on the experimental conditions.13 Serum
levels of sTNFR are considered to be good surrogates of TNF-α
129
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because they reflect local tissue action of this cytokine14 and because
they are fairly stable over time.15
Recent genetic studies have shown that the TNF −308G /A single
nucleotide polymorphism (SNP) is associated with insulin resistance
traits in humans. The base change (G to A) in the TNF gene has been
associated with increased transcriptional activity,16 with insulin
resistance-associated hypertension,17 increased fat mass and leptin
levels and decreased insulin sensitivity in healthy subjects,18 and with
19
obesity in population-based studies.
We hypothesized that children born SGA manifest a proinflammatory genotype (i.e. increased frequency of the A allele in the TNF
gene) that can modify the risk for insulin resistance conferred by a
low weight at birth. To test this we genotyped children born SGA or
appropriate for gestational age (AGA) for the above-mentioned SNP
and studied its associations with both birthweight and insulin resistance in these children. As a secondary aim, we also studied the
plasma concentrations of sTNFR1 and sTNFR2 in prepubertal children and studied their associations with birthweight and insulin
resistance in these subjects.

Measurements
Anthropometric measurements were performed by a single observer
(P.C.-S.). Weight was measured to the nearest 0·5 kg using a hospital
balance beam scale. Height was measured to the nearest 0·5 cm using
a wall-mounted stadiometer. Age- and sex-adjusted standard deviation
scores (SDS) for current weight, height and body mass index (BMI)
were calculated using regional normative data.22
Waist circumference was measured at the minimal circumference
between the umbilicus and xiphoid process with the child standing;
the hips were measured at maximum extension of the buttocks.
Blood pressure was measured in the sitting position on the right arm
after a 10-min rest; a standard sphygmomanometer of appropriate cuff
size was used and the first and fifth phases were recorded. Values used
in the analysis are the average of two readings taken at 5-min intervals.
Birthweight and birth length were obtained from standard medical
records. Gestational age- and sex-adjusted SDS for birthweight and
height were calculated using regional normative data.23
Analytical methods

Subjects and methods
Subjects
One hundred and ninety school-age children born either SGA
(n = 90; 34 boys and 56 girls; age 7·4 ± 4·5 years) or AGA (n = 108;
59 boys and 49 girls; age 8·7 ± 4·0 years) were genotyped for the TNF
−308G /A SNP. Among these, 58 SGA and 57 AGA were prepubertal
at the time of the study, as based on the standards by Marshall and
Tanner,20,21 and comprised the group for biochemical analyses.
For a given value of P = 0·05, the study had an 80% power to detect
a significant difference in GG genotype frequencies between SGA
and AGA children (difference of at least 20%) as well as significant
correlations between endocrine–metabolic parameters (Pearson
coefficient of at least 0·3).
SGA and AGA were defined as gestational age- and sex-adjusted
birthweight below the 10th centile and above the 25th centile, respectively. SGA children were recruited among patients seen at the outpatient endocrinology clinic in the Barcelona hospital. AGA children
were selected from healthy children seen at the outpatient paediatric
clinic in the same hospital. Five SGA and four AGA children were
born preterm at between 32 and 36 weeks of gestation.
The exclusion criteria were: evidence for a syndromic, chromosomal or infectious aetiology of low birthweight; gestational diabetes
and/or hypertension; evidence of acute or chronic illness or medication use within the previous month of inclusion; GH deficiency
(defined as an abnormal GH response to both clonidine and -dopa
tests in the context of suggestive auxological data); abnormal thyroid
function; current or previous treatment with recombinant human
GH; and first-degree relatives with type 2 diabetes mellitus. Girls
with short stature (either SGA or AGA) underwent a karyotype
analysis to rule out Turner’s syndrome. Informed written consent
was obtained from the parents after the purpose, nature and potential risks of the study were explained to the parents and subjects. The
experimental protocol was approved by the Institutional Review
Board of Sant Joan de Déu Hospital, Barcelona.

Serum glucose, total cholesterol, high density lipoprotein (HDL)cholesterol, low density lipoprotein (LDL)-cholesterol and triglycerides were measured using standard enzymatic methods. Fasting
serum insulin was assessed using a solid-phase, enzyme-labelled,
chemiluminescent sequential immunometric assay (Immulite 2000,
DPC DIPESA S.A., Madrid, Spain). The lower limit of detection was
14·4 pmol /l. The intra- and interassay coefficients of variation (CVs)
were less than 8%.
Insulin resistance and insulin secretion were calculated using the
homeostasis model assessment for insulin resistance [HOMAIR = (fasting insulin in mU /l) × (fasting glucose in m)/22·5] and
β-cell function [HOMA-β-cell = (fasting insulin in mU/l × 20)/
(fasting glucose in m − 3·5)].24
sTNFR1 and sTNFR2 levels were analysed using commercially
available solid-phase enzyme-amplified sensitivity immunoassays
(EASIA™, Biosource Technologies, Inc. Europe S.A., Fleunes,
Belgium). The intra- and interassay CVs were < 7% and < 9%,
respectively. sTNFR1 EASIA has no cross-reactivity with sTNFR2,
and TNF-α does not interfere with the assay.
Genetic analysis
Genomic DNA was purified from peripheral blood leucocytes using
QIAGEN QIAmpBlood kits. The amount of DNA used for PCR
amplification was approximately 100 ng.
A ‘G’ to ‘A’ transition polymorphism in the promoter (position
−308) of the TNF gene was studied by allelic discrimination analysis
using an ABI Prism 7000 sequence detector and TaqMan technology.
Sequences for minor groove binder (MGB) probes were 5′-CCGTCCCCATGCC-3′ and 5′-CCGTCCTCATGCC-3′ for GG and AA
alleles, respectively, and sequences for primers were 5′-GAAATGGAGGCAATAGGTTTTGAG-3′ and 5′-GTAGGACCCTGGAGGCTGAAC-3′. The reaction was performed in a final volume of
25 µl. DNA was amplified after 50 cycles with an initial denaturation
of 10 min at 95 °C. The cycle programme consisted of 15 s denaturation
© 2006 Blackwell Publishing Ltd, Clinical Endocrinology, 64, 129–135
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at 92 °C and 1 min annealing and extension at 60 °C. Positive
controls that had been characterized by restriction fragment length
polymorphism analysis, as described previously,18 were included in
all reactions. The frequencies of the alleles in the control population
were 86% and 14% for G and A alleles, respectively. The populations
of children born AGA and those born SGA were in Hardy–Weinberg
equilibrium (χ2 = 0·0, P = 1·0 and χ2 = 0·05, P = 0·83, respectively).

analysed by simple correlation (Pearson’s test) and multiple linear
regression analyses. The χ2-test and logistic regression analyses were
used to study differences in genotype frequencies between groups.
Student’s t-test and general lineal models were used to study differences
in continuous variables among genotype groups and between SGA
and AGA children. Levels of statistical significance were set at P < 0·05.

Results
Statistical methods
Statistical analyses were performed using SPSS version 10·0. Parameters that did not show a normal distribution were log transformed
for subsequent analyses. The relationships between variables were

The relationship between TNF genotypes and birth anthropometry
was studied in 90 SGA (age 7·4 ± 4·5 years) and 108 AGA (age 8·7 ±
4·0 years) children, whose clinical characteristics at birth are shown
in Table 1. To avoid the influence of puberty on insulin sensitivity,

Table 1. Clinical and laboratory variables in the
study subjects

SGA

AGA

P

At birth
N
Sex (male /female)
Gestational age (weeks)
Birthweight (g)
Birthweight SDS
Birth length (cm)
Birth length SDS

90
34 /56
39·2 ± 1·9
2309·9 ± 380·5
− 2·1 ± 0·5
45·3 ± 3·4
− 2·1 ± 0·9

108
59/49
39·3 ± 1·4
3216·2 ± 399·0
− 0·2 ± 0·7
48·8 ± 2·3
− 0·6 ± 1·1

0·022
ns
< 0·0001
< 0·0001
< 0·0001
< 0·0001

At time of study
N
Sex (male/female)
Age (years)
Weight SDS
Height SDS
BMI SDS
Waist to hip ratio
SBP (mmHg)
DBP (mmHg)
Glucose (mmol/ l)
Insulin (pmol/ l)
HOMA-IR
HOMA-β-cell
Cholesterol (mmol/ l)
LDL-cholesterol (mmol / l)
HDL-cholesterol (mmol / l)
Triglycerides (mmol / l)
sTNFR1 (µg/l)
sTNFR2 (µg /l)

58
25 / 33
6·0 ± 2·7
− 1·0 ± 1·4
− 1·5 ± 1·5
− 0·3 ± 1·4
0·93 ± 0·1
98·4 ± 11·2
50·6 ± 9·3
4·8 ± 0·4
28·7 (19·4 – 41·6)
1·0 (0·7–1·3)
73·9 (53·0 –108·7)
4·5 ± 0·8
2·6 ± 0·8
1·6 ± 0·4
0·63 (0·48 – 0·77)
1·56 (1·36 –1·80)
4·00 (3·41–4·99)

57
34 /23
6·9 ± 2·8
0·1 ± 1·3
− 0·2 ± 1·3
0·1 ± 1·2
0·95 ± 0·1
103·4 ± 15·7
52·1 ± 10·7
4·8 ± 0·5
29·4 (14·4 –54·5)
0·89 (0·4 –1·6)
70·7 (51·7–125·2)
4·5 ± 0·7
2·5 ± 0·6
1·7 ± 0·4
0·55 (0·42 – 0·66)
1·47 (1·27 –1·68)
4·73 (4·03 –5·78)

ns
ns
< 0·0001
< 0·0001
0·054
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
0·031
ns
0·056

33·0 (28·3 – 37·8)
1·0 (0·8 –1·2)
0·58 (0·49 – 0·67)
1·5 (1·4 –1·6)
5·0 (4·5 –5·6)

0·010
0·008
0·065
ns
0·020

After adjustment for sex, age and current weight or height
Insulin (pmol/l)
39·5 (34·4 – 44·7)
HOMA-IR
1·2 (1·0 –1·4)
Triglycerides (mmol / l)
0·67 (0·58 – 0·77)
sTNFR1 (µg /l)
1·6 (1·5 –1·7)
sTNFR2 (µg/l)
4·3 (3·7 –4·8)

AGA, appropriate for gestational age; SGA, small for gestational age; SDS, age- and sex-adjusted standard
deviation score; BMI, body mass index; SBP/DBP, systolic and diastolic blood pressure; HOMA,
homeostasis model assessment of insulin resistance (IR) and beta cell function (β-cell); sTNFR1 and
2, soluble TNF-α receptors 1 and 2. For nonadjusted means, data are expressed as mean ± SD for
Gaussian variables and as median and interquartile range for non-Gaussian variables. Otherwise data
are mean and 95% CI. P-values are from Student’s t-test (nonadjusted means) and from general lineal
models (adjusted means). Data for adjusted means of sTNFR2 are for lean prepubertal children.
© 2006 Blackwell Publishing Ltd, Clinical Endocrinology, 64, 129–135
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Table 2. Genotype frequencies of TNF −308G/A SNP
SGA (n = 90)
TNF −308G/A
GG
77 (85·6%)
GA
13 (14·4%)
AA
0 (0%)

AGA (n = 108)

78 (72·2%)
29 (26·9%)
1 (0·9%)

P

0·025*

OR (95% CI)

2·3 (1·1–4·7)*

*For GG homozygous subjects compared to GA/AA genotypes.

the relationships among TNF genotypes, current anthropometry
and endocrine–metabolic parameters were restricted to 58 prepubertal SGA and 57 prepubertal AGA children whose clinical data
at birth did not differ from those of the group as a whole, except for
a nonstatistically significant difference in gender (Table 1).

TNF genotypes and metabolic parameters in prepubertal
SGA and AGA children
In the AGA but not in the SGA group, the TNF −308GG genotype
was associated with higher systolic blood pressure [adjusted means:
103·3 (95% CI 96·4–110·2) mmHg vs. 92·8 (84·9–100·7) mmHg;
P = 0·028], and higher glucose [4·8 (4·7–5·0) mmol /l vs. 4·5 (4·3–
4·8) mmol /l; P = 0·042], serum insulin [45·9 (38·3–53·5) pmol/ l vs.
30·0 (17·9–42·0) pmol /l; P = 0·012] and HOMA-IR [1·4 (1·1–1·7)
vs. 0·9 (0·4–1·3); P = 0·005; Table 3].
Correlation and regression analyses

Genotype frequencies for the TNF −308G/A SNP are shown in
Table 2. The frequency of the G allele in the TNF gene for the AGA
population was similar to that reported in healthy adults from the
same geographical area.18 Among SGA children, the frequency of GG
homozygotes was unexpectedly higher than in AGA children (86%
vs. 72%, P = 0·025). The risk of being SGA when having the GG
genotype was 2·3 (95% CI 1·1– 4·7; P = 0·026).

Simple correlation analysis revealed an association between sTNFR2
and age (r = – 0·36, P < 0·0001). Because most metabolic parameters
were also age- and sex-dependent, simple correlation analyses were
calculated adjusting for age and sex. Serum concentrations of
sTNFR2 showed significant associations with current anthropometry, i.e. current weight (r = 0·20, P = 0·043) and BMI (r = 0·21,
P = 0·037). Further analyses showed that these associations were
restricted to SGA subjects (r = 0·37, P = 0·009, for both current
weight and BMI in SGA children). Circulating sTNFR2 was also
associated with total cholesterol (r = – 0·22, P = 0·044) and LDLcholesterol (r = – 0·29, P = 0·010) in all subjects studied as a group.
sTNFR1 was similarly associated with total cholesterol (r = – 0·27,
P = 0·008) and had a borderline correlation with LDL-cholesterol
(r = – 0·20, P = 0·072). No other significant correlations were observed
between endocrine–metabolic or anthropometric parameters and
either sTNFR1 or sTNFR2, after adjustment for age and sex.
In multiple regression analyses of HOMA-IR as the dependent
variable, and age, sex, BMI, birthweight and TNF −308GG genotype
as independent variables, age was the main predictor of HOMA-IR,
explaining 36% of its variance (β = 0·05; P < 0·0001). Additional
predictors of HOMA-IR in AGA, but not in SGA, children were
BMI (β = 0·05; P = 0·001; R2 = 15%), the TNF −308GG genotype
(β = 0·21; P = 0·01; R2 = 8%) and female sex (β = 0·20; P = 0·01;
R2 = 7%).
Multiple regression models were also constructed with sTNFR2
as the dependent variable, and age, sex, BMI, birthweight and
HOMA-IR as independent variables. In these models, age was the main
predictor or sTNFR2, explaining 11% of its variance (β = − 0·02;
P < 0·0001). After excluding age from these models, significant effects
were also documented for HOMA-IR in AGA children (β = −0·15;
P = 0·043; R2 = 7%) and for BMI in SGA children (β = 0·02;
P = 0·009; R2 = 12%).

TNF genotypes and birth anthropometry

Discussion

In addition to the increased prevalence in SGA children, the GG genotype was weakly associated with lower birth length in the AGA
group (adjusted means: 48·4 ± 0·3 cm vs. 49·5 ± 0·5 cm; P = 0·065;
Table 3), and was associated with both lower birthweight and
lower birth length in all subjects, pooled in a single group, in general
lineal models that included SGA status as an independent variable
(adjusted means: 2747·0 ± 23·3 g vs. 2851·0 ± 45·7 g, P = 0·045, and
47·0 ± 0·2 cm vs. 48·2 ± 0·4 cm, P = 0·011, respectively).

To our knowledge, only two previous studies have examined the relationship between the TNF −308GA SNP and birthweight and both
failed to show significant associations between these traits.25,26
A major, although unexpected, finding of our study was the higher
frequency of GG homozygosity at position −308 in the TNF gene in
SGA children (it should be noted that the frequency of the G allele
for AGA control children was in agreement with that described for
healthy adults from the same geographical area).18

Current anthropometry and endocrine–metabolic
parameters in prepubertal SGA and AGA children
Prepubertal SGA children were lighter and shorter (both P < 0·0001)
than prepubertal AGA children, had higher serum triglycerides
(P = 0·031) and tended to have lower sTNFR2 (P = 0·056; Table 1).
After adjusting for age, sex and current weight or height in general
lineal models, prepubertal SGA children also showed higher serum
insulin and HOMA-IR values than AGA children (P = 0·01 and
P = 0·008, respectively). Further analysis revealed that the difference
in serum sTNFR2 was restricted to lean subjects (arbitrarily defined
as having BMI SDS values below the 50th centile, P = 0·020). In
SGA children, being overweight caused a significant increase
in serum sTNFR2 concentrations [from 4·3 (95% confidence
interval (CI) (3·7–4·8) µg/l to 5·0 (4·5–5·6) µg/l, P = 0·028],
which were very similar to those observed in AGA children
[5·0 (4·6–5·4) µg/l].
TNF genotypes in SGA and AGA children
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Table 3. Clinical and laboratory variables in the study subjects according to TNF −308G/A genotype
SGA

AGA

GG

GA/AA

P

GG

GA/AA

P

77
30 / 47
39·2 ± 1·9
2289·5 ± 397·0
−2·1 ± 0·5
45·4 ± 2·8
−2·2 ± 0·9

13
4/9
39·7 ± 1·2
2429·2 ± 242·1
−2·0 ± 0·4
46·6 ± 1·1
−1·7 ± 0·7

ns
ns
ns
ns
ns
ns

78
42 / 36
39·4 ± 1·5
3195·6 ± 396·2
−0·2 ± 0·6
48·6 ± 2·3
−0·7 ± 0·9

30
17 /13
39·1 ± 1·2
3274·8 ± 422·2
0·0 ± 0·8
49·6 ± 2·4
− 0·1 ± 1·3

ns
ns
ns
ns
ns
ns

After adjustment for sex and gestational age
Birthweight
2307·7 ± 29·8
Birth length
45·3 ± 0·2

2373·5 ± 71·1
46·5 ± 0·6

ns
ns

3174·6 ± 35·8
48·4 ± 0·3

3295·8 ± 59·8
49·5 ± 0·5

ns
0·065

At time of study
N
Sex (male/female)
Age (years)
Weight SDS
Height SDS
BMI SDS
Waist to hip ratio
SBP (mmHg)
DBP (mmHg)
Glucose (mmol/l)
Insulin (pmol/l)
HOMA-IR
HOMA-β-cell
Cholesterol (mmol/l)
LDL-cholesterol (mmol / l)
HDL-cholesterol (mmol / l)
Triglycerides (mmol/l)
STNFR1 (µg/l)
STNFR2 (µg/l)

9
2/7
4·1 ± 1·4
−1·7 ± 1·0
−2·0 ± 1·5
− 0·9 ± 1·0
1·01 ± 0·1
100·3 ± 10·4
50·4 ± 9·3
4·6 ± 0·4
24·4 (14·4 –37·3)
0·8 (0·4 –1·2)
66·7 (49·7– 87·8)
4·5 ± 0·7
2·7 ± 0·6
1·5 ± 0·3
0·61 (0·56 – 0·89)
1·5 (1·2 –1·7)
3·9 (3·6 –4·9)

ns
0·020
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

40
24 /16
7·0 ± 2·9
0·2 ± 1·4
− 0·2 ± 1·4
0·3 ± 1·6
0·95 ± 0·1
106·6 ± 14·5
54·2 ± 10·7
4·9 ± 0·5
36·6 (16·0 – 67·6)
1·0 (0·5 –2·2)
79·2 (50·0 –132·8)
4·4 ± 0·6
2·5 ± 0·6
1·7 ± 0·4
0·54 (0·42 – 0·77)
1·4 (1·2 –1·6)
4·6 (3·8 –6·2)

17
10 / 7
6·3 ± 3·1
−0·3 ± 1·4
−0·8 ± 1·3
0·0 ± 1·3
0·94 ± 0·1
94·5 ± 11·4
49·9 ± 8·9
4·5 ± 0·8
23·0 (14·4 – 38·0)
0·6 (0·4 –1·2)
61·6 (35·0 –130·2)
4·5 ± 0·7
2·5 ± 0·6
1·7 ± 0·3
0·57 (0·46 – 0·67)
1·6 (1·3 –1·8)
4·7 (4·1–5·7)

ns
ns
ns
ns
ns
ns
0·014
ns
0·020
0·034
0·016
ns
ns
ns
ns
ns
ns
ns

103·0 (92·2–113·8)
4·7 (4·5 – 5·0)
30·1 (16·9 – 43·1)
0·9 (0·5 –1·3)

ns
ns
ns
ns

103·3 (96·4 –110·2)
4·8 (4·7– 5·0)
45·9 (38·3 – 53·5)
1·4 (1·1–1·7)

92·8 (84·9 –100·7)
4·5 (4·3 – 4·8)
30·0 (17·9 – 42·0)
0·9 (0·4 –1·3)

0·028
0·042
0·012
0·005

At birth
N
Sex (male/female)
Gestational age (weeks)
Birthweight
Birthweight SDS
Birth length
Birth length SDS

49
23 / 26
5·6 ± 2·9
−1·1 ± 1·4
− 1·7 ± 1·3
− 0·4 ± 1·5
0·91 ± 0·1
94·8 ± 10·7
48·8 ± 9·3
4·7 ± 0·5
29·4 (19·6 – 41·6)
0·9 (0·6 – 1·3)
73·3 (50·0 –106·5)
4·4 ± 1·0
2·5 ± 0·9
1·5 ± 0·5
0·63 (0·48 – 0·75)
1·6 (1·4 – 1·81)
4·4 (3·5 – 5·2)

After adjustment for sex, age, BMI and birthweight
SBP (mmHg)
93·7 (90·0 – 97·5)
Glucose (mmol/l)
4·6 (4·5 – 4·7)
Insulin (pmol/l)
33·7 (28·6 – 38·8)
HOMA-IR
1·0 (0·8 –1·1)

SDS, age- and sex-adjusted standard deviation score; BMI, body mass index; SBP/DBP, systolic and diastolic blood pressure; HOMA, homeostasis model
assessment of insulin resistance (IR) and beta cell function (β-cell); sTNFR1 and 2, soluble TNF-α receptor 1 and 2. For nonadjusted means, data are expressed
as mean ± SD for Gaussian variables and as median and interquartile range for non-Gaussian variables. Otherwise data are mean and 95% CI. P-values are
from Student’s t-test (nonadjusted means) and from general lineal models (adjusted means).

Infants and children born SGA have been reported to be more
insulin resistant than children born AGA,27 but also to be leaner and
shorter,28 to have decreased muscularity and decreased subcutaneous
fat and relatively increased visceral fat.29 As TNF-α is a mitogen for
skeletal muscle,30 and possibly also for adipocytes,31 our data might
indicate that the TNF −308G allele, which is known to be associated
with lower expression of the TNF-α gene, is associated with smaller
size at birth by influencing either muscle or fat development and thus
may have important implications for later development of both
muscle and fat mass and insulin sensitivity in adults born SGA.
© 2006 Blackwell Publishing Ltd, Clinical Endocrinology, 64, 129–135

In agreement with the higher GG homozygosity in SGA children,
we also observed an association between the GG genotype and lower
birthweight and length and, independently of size at birth, higher
systolic blood pressure, serum glucose, insulin and HOMA-IR. It can
be argued that the condition of lower birthweight and higher insulin
resistance of SGA children may override these associations, which
would explain why most of these differences were observed in AGA
children. Alternatively, the statistical power in SGA children might
not have been sufficient to disclose at least part of the associations
observed in AGA children.
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sTNFR1 and sTNFR2, which are considered proinflammatory
molecules and surrogates of TNF-α activity, have been associated
with hypertension, dyslipidaemia, obesity and insulin resistance.6
Unexpectedly, we found that lean SGA children had lower concentrations of sTNFR2 than lean AGA children and the soluble receptor
was directly correlated with current anthropometric measures in
these children. In line with the above-mentioned findings, sTNFR2
may act as a positive regulator of body weight, specifically muscle
mass, fat mass, or both. Of note, mice deficient in TNF-α receptorassociated factor 2 (TRAF2), an important signalling molecule for
TNF-α receptor activation, are born with a systematically smaller
muscle mass,32 and we and others have observed significant positive
correlations between circulating sTNFR2 and measures of muscle
mass in humans.5,33
sTNFR2 was also associated with measurements of insulin resistance and serum lipids besides its associations with body size. Similarly, sTNFR1 was associated with total cholesterol. It is noteworthy
that the TNF-α soluble receptors were negatively associated with
insulin resistance traits. Because TNF-α is known to acutely induce
glucose uptake, presumably in a noninsulin-dependent manner,34,35
it is conceivable that this cytokine may be capable of exerting insulinlike properties in children, favouring glucose uptake and growth.31
We speculate that ageing and obesity result in a predominance of the
inhibitory actions of TNF-α on insulin-dependent glucose uptake
and in resistance to the growth factor-like effects of this cytokine.
Supporting our findings, Jefferies et al.36 have recently reported
lower circulating TNF-α in formerly SGA children and a positive
correlation between the reduction in insulin sensitivity in these children and the lowering of plasma TNF-α concentrations.
Our data can be unified as follows: the TNF −308GG genotype,
which is associated with lower transcription rates, causes a functional
deficiency of the growth-promoting activities of TNF-α, resulting in
lower size at birth. The allele may also increase the risk for postnatal
insulin resistance, partly because of its association with low birthweight, partly by mechanisms that imply at least the insulin-like
properties of TNF-α on glucose uptake. This hypothesis is supported
by the fact that SGA children have increased frequencies of this allele
and increased postnatal insulin resistance.
TNF-α may also have postnatal growth-promoting actions, which
is supported by the fact that lean SGA children have lower circulating
sTNFR2 and that both postnatal growth and insulin sensitivity are
determinants of serum sTNFR2 concentrations. Alternatively,
circulating sTNFR2 can be growth dependent during childhood.
Because of the cross-sectional design of our study, the proposed
mechanisms are only speculative and should be viewed as hypothesis
generating.
In summary, SGA children show increased frequency of the TNF
−308G allele, an allele that is associated with prenatal growth and
postnatal insulin resistance. The TNF −308G/A polymorphism may
have implications in the growth and metabolic abnormalities that
characterize SGA children.

Acknowledgements
This study was supported by a grant to P.C.-S. from Sant Joan de
Déu Children’s Hospital, Barcelona, Spain, and, in part, by grant no.

01/0455 to A.L.-B., and grants G03/212 and G03/028 to J.M.F.-R.
(Redes Temáticas de Investigación Cooperativa), from the Fondo de
Investigación Sanitaria, Health Institute Carlos III, Madrid, Spain.
A.L.-B. is also a research investigator of the Fund for Scientific
Research ‘Ramon y Cajal’ (Ministerio de Ciencia y Tecnologia,
Spain).

References
1 Barker, D.J., Hales, C.N., Fall, C.H., Osmond, C., Phipps, K. & Clark, P.M.
(1993) Type 2 (non-insulin-dependent) diabetes mellitus, hypertension and hyperlipidaemia (syndrome X): relation to reduced fetal
growth. Diabetologia, 36, 62– 67.
2 Hales, C.N. & Barker, D.J. (1992) Type 2 (non-insulin-dependent)
diabetes mellitus: the thrifty phenotype hypothesis. Diabetologia, 35,
595 – 601.
3 Hattersley, A.T. & Tooke, J.E. (1999) The fetal insulin hypothesis: an
alternative explanation of the association of low birthweight with
diabetes and vascular disease. Lancet, 353, 1789 –1792.
4 Terauchi, Y., Kubota, N., Tamemoto, H., Sakura, H., Nagai, R.,
Akanuma, Y., Kimura, S. & Kadowaki, T. (2000) Insulin effect during
embryogenesis determines fetal growth: a possible molecular link
between birth weight and susceptibility to type 2 diabetes. Diabetes,
49, 82– 86.
5 Fernandez-Real, J.M., Broch, M., Ricart, W., Casamitjana, R.,
Gutierrez, C., Vendrell, J. & Richart, C. (1998) Plasma levels of the
soluble fraction of tumor necrosis factor receptor 2 and insulin
resistance. Diabetes, 47, 1757–1762.
6 Fernandez-Real, J.M. & Ricart, W. (2003) Insulin resistance and
chronic cardiovascular inflammatory syndrome. Endocrine Reviews,
24, 278 –301.
7 Hotamisligil, G.S., Shargill, N.S. & Spiegelman, B.M. (1993) Adipose
expression of tumor necrosis factor-alpha: direct role in obesity-linked
insulin resistance. Science, 259, 87 –91.
8 Hotamisligil, G.S., Peraldi, P., Budavari, A., Ellis, R., White, M.F. &
Spiegelman, B.M. (1996) IRS-1-mediated inhibition of insulin
receptor tyrosine kinase activity in TNF-alpha- and obesity-induced
insulin resistance. Science, 271, 665 – 668.
9 Tartaglia, L.A. & Goeddel, D.V. (1992) Two TNF receptors. Immunology
Today, 13, 151–153.
10 Schreyer, S.A., Chua, S.C. Jr & LeBoeuf, R.C. (1998) Obesity and
diabetes in TNF-alpha receptor-deficient mice. Journal of Clinical
Investigation, 102, 402 – 411.
11 Tartaglia, L.A., Weber, R.F., Figari, I.S., Reynolds, C., Palladino, M.A.
Jr & Goeddel, D.V. (1991) The two different receptors for tumor
necrosis factor mediate distinct cellular responses. Proceedings of the
National Academy of Sciences of the United States of America, 88,
9292 –9296.
12 Uysal, K.T., Wiesbrock, S.M., Marino, M.W. & Hotamisligil, G.S.
(1997) Protection from obesity-induced insulin resistance in mice
lacking TNF-alpha function. Nature, 389, 610 – 614.
13 Aderka, D., Engelmann, H., Maor, Y., Brakebusch, C. & Wallach, D.
(1992) Stabilization of the bioactivity of tumor necrosis factor by
its soluble receptors. Journal of Experimental Medicine, 175, 323 –
329.
14 Aderka, D., Sorkine, P., Abu-Abid, S., Lev, D., Setton, A., Cope, A.P.,
Wallach, D. & Klausner, J. (1998) Shedding kinetics of soluble tumor
necrosis factor (TNF) receptors after systemic TNF leaking during
isolated limb perfusion. Relevance to the pathophysiology of septic
shock. Journal of Clinical Investigation, 101, 650 –659.
© 2006 Blackwell Publishing Ltd, Clinical Endocrinology, 64, 129–135

TNF-α, birthweight and childhood insulin resistance 135
15 Aderka, D., Engelmann, H., Shemer-Avni, Y., Hornik, V., Galil, A.,
Sarov, B. & Wallach, D. (1992) Variation in serum levels of the soluble
TNF receptors among healthy individuals. Lymphokine and Cytokine
Research, 11, 157 –159.
16 Wilson, A.G., Symons, J.A., McDowell, T.L., McDevitt, H.O. &
Duff, G.W. (1997) Effects of a polymorphism in the human tumor
necrosis factor alpha promoter on transcriptional activation.
Proceedings of the National Academy of Sciences of the United States
of America, 94, 3195 –3199.
17 Pausova, Z., Deslauriers, B., Gaudet, D., Tremblay, J., Kotchen, T.A.,
Larochelle, P., Cowley, A.W. & Hamet, P. (2000) Role of tumor necrosis
factor-alpha gene locus in obesity and obesity-associated hypertension
in French Canadians. Hypertension, 36, 14 –19.
18 Fernandez-Real, J.M., Gutierrez, C., Ricart, W., Casamitjana, R.,
Fernandez-Castaner, M., Vendrell, J., Richart, C. & Soler, J. (1997)
The TNF-alpha gene Nco I polymorphism influences the relationship among insulin resistance, percent body fat, and increased serum
leptin levels. Diabetes, 46, 1468 –1472.
19 Brand, E., Schorr, U., Kunz, I., Kertmen, E., Ringel, J., Distler, A. &
Sharma, A.M. (2001) Tumor necrosis factor-alpha −308 G/A polymorphism in obese Caucasians. International Journal of Obesity and
Related Metabolic Disorders, 25, 581–585.
20 Marshall, W.A. & Tanner, J.M. (1969) Variations in the pattern of
pubertal changes in girls. Archives of Disease in Childhood, 44, 291–303.
21 Marshall, W.A. & Tanner, J.M. (1970) Variations in the pattern of
pubertal changes in boys. Archives of Disease in Childhood, 45,
13 –23.
22 de la Puente, M.L., Canela, J., Alvarez, J., Salleras, L. & Vicens-Calvet, E.
(1997) Cross-sectional study of the child and adolescent population
of Catalonia. Annals of Human Biology, 24, 435 – 452.
23 Vicedo, E.M., Mataró, D., Martínez, S., Gavaldá, L. & Sabriá, J. (1998)
Neonatal weight charts for the population served by Dr Josep Trueta
University Hospital (Girona). Progresos de Obstetricia y Ginecología,
41, 215 –220.
24 Matthews, D.R., Hosker, J.P., Rudenski, A.S., Naylor, B.A., Treacher, D.F.
& Turner, R.C. (1985) Homeostasis model assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia, 28, 412 – 419.
25 Jaquet, D., Tregouet, D.A., Godefroy, T., Nicaud, V., Chevenne, D.,
Tiret, L., Czernichow, P. & Levy-Marchal, C. (2002) Combined
effects of genetic and environmental factors on insulin resistance
associated with reduced fetal growth. Diabetes, 51, 3473 –3478.

© 2006 Blackwell Publishing Ltd, Clinical Endocrinology, 64, 129–135

26 Rasmussen, S.K., Urhammer, S.A., Jensen, J.N., Hansen, T.,
Borch-Johnsen, K. & Pedersen, O. (2000) The −238 and −308 G→A
polymorphisms of the tumor necrosis factor alpha gene promoter
are not associated with features of the insulin resistance syndrome
or altered birth weight in Danish Caucasians. Journal of Clinical
Endocrinology and Metabolism, 85, 1731–1734.
27 Hofman, P.L., Cutfield, W.S., Robinson, E.M., Bergman, R.N.,
Menon, R.K., Sperling, M.A. & Gluckman, P.D. (1997) Insulin resistance in short children with intrauterine growth retardation. Journal
of Clinical Endocrinology and Metabolism, 82, 402 – 406.
28 Hediger, M.L., Overpeck, M.D., Maurer, K.R., Kuczmarski, R.J.,
McGlynn, A. & Davis, W.W. (1998) Growth of infants and young
children born small or large for gestational age: findings from the
Third National Health and Nutrition Examination Survey. Archives
of Pediatrics and Adolescent Medicine, 152, 1225 –1231.
29 Hediger, M.L., Overpeck, M.D., Kuczmarski, R.J., McGlynn, A.,
Maurer, K.R. & Davis, W.W. (1998) Muscularity and fatness of
infants and young children born small- or large-for-gestational-age.
Pediatrics, 102, E60.
30 Li, Y. (2003) TNF-alpha is a mitogen in skeletal muscle. American
Journal of Physiology. Cell Physiology, 285, C370 –C376.
31 Cornelius, P., Marlowe, M., Lee, M.D. & Pekala, P.H. (1990) The
growth factor-like effects of tumor necrosis factor-alpha. Stimulation
of glucose transport activity and induction of glucose transporter
and immediate early gene expression in 3T3-L1 preadipocytes.
Journal of Biological Chemistry, 265, 20506 –20516.
32 MacLachlan, T.K. & Giordano, A. (1998) TRAF2 expression in
differentiated muscle. Journal of Cellular Biochemistry, 71, 461– 466.
33 Straczkowski, M., Kowalska, I., Stepien, A., Dzienis-Straczkoswka, S.,
Szelachowska, M. & Kinalska, I. (2002) Increased plasma-soluble
tumor necrosis factor-alpha receptor 2 level in lean nondiabetic
offspring of type 2 diabetic subjects. Diabetes Care, 25, 1824 –1828.
34 Evans, D.A., Jacobs, D.O. & Wilmore, D.W. (1989) Tumor necrosis
factor enhances glucose uptake by peripheral tissues. American
Journal of Physiology, 257, R1182–R1189.
35 Wang, C.N., O’Brien, L. & Brindley, D.N. (1998) Effects of cellpermeable ceramides and tumor necrosis factor-alpha on insulin signaling and glucose uptake in 3T3-L1 adipocytes. Diabetes, 47, 24 –31.
36 Jefferies, C.A., Hofman, P.L., Keelan, J.A., Robinson, E.M. & Cutfield, W.S.
(2004) Insulin resistance is not due to persistently elevated serum
tumor necrosis-alpha levels in small for gestational age, premature,
or twin children. Pediatric Diabetes, 5, 20 –25.

