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Introduction

ABSTRACT
Several studies have shown that small for gestational age (SGA) babies have a
different hormonal profile than those born with a birth weight appropriate for
gestational age (AGA). Thyroid hormones play an important role in growth and
neurocognitive development. Only few studies analyzed the concentrations of
thyroid-stimulating hormone (TSH) and thyroxine (T4) during fetal and extrauterine
life in SGA and AGA newborns, and the existing data on the possible alterations
of these hormones in postnatal life are controversial. It remains to be established
whether SGA newborns have different blood concentrations of thyroid hormones
as compared with AGA infants and if so, whether these findings play a role in the
development of obesity, short stature, hypertension, and diabetes - disorders,
already known to be related with SGA birth. It has also not yet been established
whether and when substitutive therapy with levothyroxine (LT4) should be
initiated in preterm and full-term SGA newborns. Further trials are needed to
determine the thyroid hormone profile in both preterm and full-term SGA
newborns and also to evaluate the effectiveness and safety of LT4 treatment in
these infants.
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The term small for gestational age (SGA) newborns has
been used to describe a neonate whose weight and/or crownheel length at birth is at least 2 standard deviations (SD) below
the mean for the infant’s GA based on data derived from an
appropriate reference population. Some publications define
SGA as a birth weight or length below the 3rd, 5th, or 10th
percentiles for GA (1,2,3,4). However, -2 SD, a cut-off value
which is equivalent to the 2.3rd percentile, is likely to capture
the majority of infants with impaired fetal growth. According to
recent estimates, 4 115 590 infants were born in the United
States in 2004. This means that, at 2.3% of the population,
there were approximately 95 000 infants born SGA.
Intrauterine growth retardation (IUGR) and birth of SGA
babies may be related to several factors. These include genetic
potential, nutritional status of the mother, placental function
and transfer of nutrients, intrauterine hormones and growth
factors (5,6,7). There are several publications which show that
the restriction of fetal growth may result in long-term
development disorders, including delayed growth
during childhood, short stature, obesity, and increased risk
of hypertension and type 2 diabetes in adulthood
(8,9,10,11,12,13,14). Because of these long-term effects,
studies on SGA infants may yield intriguing hypotheses about
the fetal origins of adult disease (7). Functioning of the
hypothalamic-pituitary-adrenal axis may be permanently
programmed during development (15). Cianfarani et al (8)
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reported that children born SGA who do not show catch-up
growth have significantly higher fasting levels of plasma
cortisol than children born SGA who achieve catch-up growth.
In addition, cortisol may act by limiting insulin-like growth
factor binding protein-3 (IGFBP-3) proteolysis in the perinatal
period, thereby minimizing the availability of circulating IGFs
and imposing early growth restriction.
Thyroid hormones are crucial for growth and
neurocognitive development as well. It remains to be
established whether thyroid hormone impairment may play a
role in the growth retardation affecting SGA. In fact, very few
studies have compared thyroid function in SGA and
appropriate for gestational age (AGA) newborns. Conflicting
results have been published for neonatal plasma
concentrations of thyroxine (T4) and thyroid stimulating
hormone (TSH) with diverse study designs including different
timing (i.e. in cord blood at birth, in the first days and in the
first weeks of life) and different methodology in the
evaluation (16,17,18,19,20,21,23,24).

Thyroid Function in SGA Infants
Experimental Studies
Only a few studies on animal models have been reported in
the literature on SGA fetuses. When compared to normal
controls, SGA newborn lambs show overlapping TSH and
reverse triiodothyronine (rT3) plasma levels. By contrast,
plasma T3, total T4 (TT4) and free T4 (FT4) concentrations are
significantly lower. Thyroid size, expressed as relative to body
weight, is higher in SGA newborns, suggesting that a partial
compensation for low thyroid hormone levels may occur during
fetal life. Plasma TSH and T4 concentrations show a similar
increase after exposure to cold and thyrotropin-releasing
hormone (TRH) or TSH administration in SGA and control
lambs; however, in the former, the rise in T3 levels is constantly
depressed in all stimulation tests.
Fetal Thyroid Function
Cordocentesis has permitted the study of fetal thyroid
function in utero. In normal fetuses, concentrations of TSH,
thyroxine-binding globulin (TBG), and thyroid hormones
increase progressively during intrauterine life. Fetal TSH
concentrations are always higher compared to nonpregnant
adult values. Physiologically, TBG concentrations reach adult
levels at the end of gestation. While TT4 and FT4
concentrations reach adult levels by 36 weeks of gestation,
TT3 and FT3 remain always lower than adult levels. There are
no significant associations between fetal and maternal
concentrations of TRH, TBG, or thyroid hormones. Maternal
administration of TRH from at least 25 weeks gestation
stimulates the fetal pituitary gland to produce TSH. The
response is rapid, unrelated to gestational age, and much
greater than that of the mother. These findings suggest that

in intrauterine life, maturation of the pituitary, thyroid, and liver
are independent and autonomous.
Thyroid function has been evaluated in fetal blood
samples obtained by funipuncture (cordocentesis) from SGA
fetuses between 20-21 and 38-39 weeks' gestation
(19,20,21,22,23,24,25,26) (Table 1). When compared to AGA
fetuses, T4 and FT4 levels were found to be significantly
lower in SGA fetuses (19,26). No differences seem to be
present in the T3 and FT3 levels (19). With respect to TSH
levels in SGA, controversies still remain since they have been
found significantly elevated in some studies but not in others.
According to Thorpe-Beeston et al (19), the high TSH and the
low FT4 concentrations are significantly associated with the
severity of fetal hypoxemia and acidemia. It has been pointed
out that the low serum levels of thyroid hormones may have
some beneficial effects in SGA population by reducing oxygen
requirements, even though they may adversely affect the
brain development (25).
Although circulating concentrations of FT4 are major
determinants of cellular uptake of T4 and T3, other factors
such as the expression and function of thyroid hormone
receptors (TRs) may modulate thyroid hormone action at the
tissue level. Ligand binding studies have shown high affinity
nuclear binding sites for T3 in the human fetal brain (28) and
in the placenta (29). In the latter tissue, T3 may stimulate the
production of 17β estradiol and epidermal growth factor (30)
suggesting a T3 role in the control of trophoblast growth and
development, which are both abnormal in IUGR (31).
Placental thyroid receptor α1, α2 and β1 expression was
shown to be significantly upregulated in pregnancies
complicated by IUGR when compared to normal pregnancies
(27). Although it remains to be established whether the
reductions in circulating thyroid hormones determine
hypothyroidism at the tissue level, the increased expression
of TRs may support the hypothesis of a maintenance of
tissue euthyroidism in the face of reduced circulating
concentrations of thyroid hormones (27).
Thyroid Function at Birth
Significant changes of thyroid function occur at birth in the
term newborn. A surge in the serum TSH is seen at 30
minutes after delivery (up to 60-70 μU/L). The increasing TSH
serum levels are thought to be related to the cold exposure in
the ambient atmosphere. The high TSH peak concentration
stimulates production of both T4 and T3 in the thyroid gland.
In the first postnatal week, the T4 serum levels reach
concentrations that are higher than at any other time of life.
The T3 serum levels continue to rise during the first 28 days.
This is the consequence of both the direct TSH stimulation
and the increased postnatal expression of the activating
deiodinase D1 and the loss of placental D3.
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day of life when, according to Jacobsen et al (21), serum T4
levels reach normal concentrations.
We have recently evaluated the relationship between
growth restriction and thyroid function in the first week of life
using data from screening for congenital hypothyroidism.
Plasma concentrations of TSH and T4 have been analyzed in
14 092 newborns (13 333 AGA and 759 SGA infants) (35). We
observed that preterm and full-term SGA infants had lower T4
serum levels, whereas concentrations of TSH were
significantly higher only in full-term SGA infants (Figure 1, 2).
Moreover, T4 levels were positively correlated with GA in SGA
and AGA groups, whereas TSH concentrations were
correlated with GA only in the AGA group. SGA babies were
affected by a significantly higher recall rate for TSH and T4
anomalies than AGA newborns (1.84% vs. 0.93%). However,
in most cases, these alterations reverted to normal during the
following months. In this context, it should be underlined that
in our study, all babies who were subsequently diagnosed as
affected by hypothyroidism belonged to the AGA group (35).
Therefore, hypothyroxinemia found in SGA newborns is
commonly transient and tends to disappear by the next
follow-up. The spontaneous normalization of the blood T4
level in SGA babies may be interpreted as the recovery of
thyroid function as the consequence of adequate nutrition. Of
course, a more accurate monitoring of the thyroid function in
this population may be necessary. A persistent reduced
secretion of T4 during the first days of life in SGA babies may
be due to pathogenetic mechanisms similar to those
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Figure 1. Plasma concentration of thyroxine (T4) in term and preterm
appropriate for gestational age (AGA) and small for gestational age (SGA)
newborns; Adapted from Bagnoli et al (35)
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Thyroid hormone profile in SGA babies at birth remains to
be clearly defined (Table 1). Early studies (32) showed that
TSH levels in cord blood samples were not significantly higher
in AGA babies as compared to SGA ones, both in full-term and
preterm newborns. Analogously, higher cord blood T4 levels
were not observed in AGA as compared to SGA babies. These
findings have been confirmed by recent studies (22,24). In
particular, Rashmi et al (22) found that cord blood TSH levels
were not influenced by IUGR and gender, while they were
negatively correlated with GA and birth weight and tended to
be increased by perinatal stress factors such as birth asphyxia
and difficult deliveries (22). By contrast, Nieto-Diaz et al (23)
found that SGA babies at birth have significantly lower cord
blood TSH and IGF-I levels associated with higher growth
hormone levels. This endocrine profile is similar to that
observed in malnourished children suggesting similar
pathophysiological mechanisms for both IUGR and post-natal
growth retardation of nutritional etiology (33). Significantly
higher cord blood TSH levels and lower T4 concentrations
were observed by Setia et al (20) who also noted a significant
positive insulin sensitivity with TSH and a negative
association with T4 levels. This means that thyroid hormones
may play a key role in the increased insulin sensitivity at birth
in IUGR. Several researchers argue against a pathogenetic
role of placental deiodinases in hypothyroxinemia observed in
IUGR fetuses, as no difference in deiodinase expression has
been detected in normal and IUGR placentas (34). A possible
pathogenetic role may be played by the transthyretin (TTR), a
placental high-affinity TBG, which is involved in maternal
thyroid hormone uptake by the fetus by modifying
deiodination. In that perspective, alteration in thyroid hormone
profile and insulin sensitivity may be the epiphenomena of
growth retardation. In fact, an impairment in the TTR
production or secretion occurs in IUGR with reduced maternal
transfer of thyroid hormones to the fetus which accounts for
circulating hypothyroxinemia (20).
Thyroid Function in the Early Neonatal Period
Very few studies evaluated thyroid hormone profile in SGA
babies during the first days of life (Table 1). Early reports
demonstrated that SGA newborns have TSH basal levels
significantly higher than preterm AGA babies. By contrast, no
differences have been found in T4 and T3 serum levels or in
pituitary-thyroid responsiveness to TRH stimulation. Jacobsen
et al (21) showed that the percentage increase in serum TSH
after intravenous injection of 40 μg TRH, between 5 and 167
hours after birth, is overlapping in SGA and AGA preterm
babies and similar to that observed in full-term newborns.
Interestingly, although higher than those observed in preterm
neonates, serum T4 levels in SGA persist at significantly
lower levels than in full-term AGA newborns up to the 49th
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Figure 2. Plasma concentration of thyroid stimulating hormone (TSH) in term
and preterm appropriate for gestational age (AGA) and small for gestational
age (SGA) newborns; Adapted from Bagnoli et al (35)
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Table 1. Published studies on thyroid hormones in SGA fetuses, newborns and children
AUTHORS
(year)

POPULATION number of patients

GA (weeks)

SAMPLING
PERIOD

RESULTS
(SGA infants versus AGA)

Studies in the prenatal period
Thorpe-Beeston et al (19)

38 AGA

18-39

cordocentesis

TSH ↑ p<0.0001
T4 ↓ p<0.001

Soothill et al (26)

449 SGA

20-39

cordocentesis

TSH ↑ FT4 ↓

Kilby et al (27)

15 SGA
11 AGA
15 AGA

24-35
20-25
28-38

cordocentesis

FT3↓ p<0.05
FT4 ↓ p<0.001
TSH p=ns

Studies at birth
Malik et al (32)

5 SGA 20 AGA vs. full-term
18 AGA vs. 12 AGA preterm

Mean 39
Mean 34

At birth;
24th hour of life;
72nd hour of life;

TSH and T4 p=ns

Nieto-Diaz et al (23)

31 IUGR
45 controls

37-42

At birth from cord

TSH ↓ p<0.01

Setia et al (20)

50 IUGR
50 controls

Full-term

At birth from cord

TSH ↑ p<0.001
T4 ↓ p<0.001

Mahajan et al (24)

74 SGA
226 AGA

Full-term

At birth from cord

TSH; T4 p=ns

Rashmi (22)

296 SGA
1294 AGA

28-32

At birth from cord

TSH p=ns

Studies during the first month of life
Jacobsen et al (43)

15 SGA full-term
12 preterm AGA

37-40
27-36

5th hour of life
160th hour of life

TSH; T4; T3 p=ns

Jacobsen et al (21)

91 SGA
127 AGA
88 preterms

37-42

7th day of life
240th day of life

TSH p=ns
T4 ↓ p<0.01
Preterms: T4↓ p<0.01

4th day of life
25th day of life

TSH and T3 ↑ p<0.001
T4 p =ns

3rd day of life

SGA full-term: TSH↑p<0.001;
SGA preterm: TSH p=ns;
SGA preterm and full-term:
T4↓p<0.0001

Cartault et al (44)

39 SGA
127 preterm AGA
29 full-term AGA

Bagnoli et al (35)

759 SGA
13333 AGA

25-36

23-42

Studies in childhood
Cianfarani et al (8)

82 born SGA
52 born AGA

NA

Mean age: 8.6 years
Mean age: 9.3 years

TSH, T4 p=ns

Radetti et al (45)

88 born SGA
29 born AGA

NA

Mean age: 7.8 years
Mean age: 8.1 years

FT4 ↓ p<0.005;
TSH, FT3 p=ns;

de Kort et al (46)

264 born SGA (116 preterms)

NA

Mean age: 7.4 years

TSH ↑ p<0.05

GA: gestational age, SGA: small for GA, AGA: appropriate for GA, IUGR: intrauterine growth retardation, T4: thyroxine, FT4: free T4, T3: triiodothyronine, FT3: free T3,
TSH: thyroid stimulating hormon, vs.: versus, NA: not applicable
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hypothesized in IUGR newborns, in which the low T4 plasma
levels have been related to retarded development of the gland
caused by malnutrition and by placental hypoxia. Indeed, SGA
newborns are typically undernourished babies (36,37).
However, we also confirmed that SGA newborns show higher
TSH serum levels than AGA controls. This finding may be
interpreted as a correct pituitary response to the low T4 levels
observed in SGA population. Therefore, it is possible that the
pituitary gland function might not be influenced by nutritional
status. The appropriate pituitary functioning and the lack of
any relationship with malnutrition in SGA newborns seem to
be further supported by investigations on the adrenocorticotropic
hormone (ACTH)-adrenal axis, demonstrating higher ACTH
levels and lower cortisol concentrations than in AGA babies
(38).
Finally, malnutrition may affect thyroid hormone synthesis
through reduced availability of phenylalanine and tyrosine
leading to low plasma concentrations of T4 in utero and in the
first days of life. This endocrine and metabolic state could be
an advantage in conditions of poor nutrition or pathologies
leading to growth retardation, because it is associated with
reduced oxygen consumption.

levels is commonly scheduled for every 8-10 days of therapy
and when necessary, LT4 doses are readjusted.
As already mentioned, full-term SGA newborns show
significantly lower thyroid levels than full-term AGA babies.
However, no studies addressing the question of LT4
prophylaxis in this population have been reported. On the
other hand, there are studies showing that TSH levels in the
upper normal range (>2 mIU/L) might be correlated with
increased risk of developing hypothyroidism and
cardiovascular disorders later in life (8,39,40,41,42). Moreover,
there are several studies pointing to the high risk of SGA
newborns for developing endocrine-metabolic disorders later
in life (8,9,10,11,12,13,14).
On the basis of these studies, neonatologists should
consider the potential role of LT4 prophylaxis (low doses) in
full-term SGA babies. Awaiting appropriate studies on that
question, an adequate monitoring of thyroid function may be
useful in term SGA babies. Indeed, case-control studies are
needed to evaluate the potential effectiveness and
usefulness of LT4 treatment in both preterm and full-term
SGA newborns.
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6

1. Clayton PE, Cianfarani S, Czernichow P, Johannsson G, Rapaport
R, Rogol A. Management of the child born small for gestational
age through to adulthood: a consensus statement of the
international societies of pediatric endocrinology and the
growth hormone research society. J Clin Endocrinol Metab
2007;92:804-810. Epub 2007 Jan 2
2. Lapillonne A, Peretti N, Ho PS, Claris O, Salle BL. Aetiology,
morphology and body composition of infants born small for
gestational age. Acta Paediatr Suppl 1997;423:173-176.
3. Lee PA, Chernausek SD, Hokken-Koelega AC, Czernichow P;
International Small for Gestational Age Advisory Board.
International small for gestational age advisory board
consensus
development
conference
statement:
management of short children born small for gestational age.
Pediatrics 2003;111:1253-1261.
4. Barker DJ, Bull AR, Osmond C, Simmonds SJ. Fetal and
placental size and risk of hypertension in adult life. BMJ
1990;301:259-262.
5. Gluckman PD, Harding JE. The physiology and
pathophysiology of intrauterine growth retardation. Horm
Res 1997;48:11-16.
6. Harkness UF, Mari G. Diagnosis and management of
intrauterine growth restriction. Clin Perinatol 2004;31:743764.
7. Eichenwald EC, Stark AR. Management and outcomes of
very low birth weight. N Engl J Med 2008;358:1700-1711.
8. Cianfarani S, Maiorana A, Geremia C, Scirè G, Spadoni GL,
Germani D. Blood glucose concentrations are reduced in
Children born small for gestational age (SGA), and Thyroidstimulating hormone levels are increased in SGA with
blunted postanatal catch-up growth. J Clin Endocrinol Metab
2003;88:2699-2705.
9. Hales CN, Barker DJP. Type 2 (non-insulin-dependent)
diabetes mellitus: the thrifty phenotype hypothesis.
Diabetologia 1992;35:595-601.

Bagnoli F et al.
Thyroid Function in SGA Newborns

10. Barker DJ, Hales CN, Fall CH, Osmond C, Phipps K, Clark
PM. Type-2 (non insulin dependent) diabetes mellitus,
hypertension and hyperlipidaemia (syndrome X): relation to
reduced fetal growth. Diabetologia 1993;36:62-67.
11. Stocker CJ, Arch JR, Cawthorne MA. Fetal origins of insulin
resistance and obesity. Proc Nutr Soc 2005;64:143-151.
12. Levy-Marchal C, Jaquet D. Long-term metabolic consequences
of being born small for gestational age. Pediatr Diabetes
2004;5:147-153.
13. Godfrey KM, Barker DJ. Fetal nutrition and adult disease. Am
J Clin Nutr 2000;71:1344-1352.
14. Moran A, Sinaiko AR. Influence of intrauterine environment
on development of insulin resistance. J Pediatr
2000;136:567-569.
15. Obregon MJ, Calvo RM, Del Rey FE, de Escobar GM.
Ontogenesis of thyroid function and interactions with
maternal function. Endocr Dev 2007;10:86-98.
16. Morreale de Escobar G, Obregon MJ, Escobar del Rey F.
Role of thyroid hormone during early brain development. Eur
J Endocrinol 2004;1513:25-37.
17. Oppenheimer JH, Schwartz HL. Molecular basis of thyroid
hormone-dependent brain development. Endocr Rev
1997;18:462-475.
18. Koibuchi N, Iwasaki T. Regulation of brain development by
thyroid hormone and its modulation by environmental
chemicals. Endocr J 2006;53:295-303. Epub 2006 May 12.
19. Thorpe-Beeston JG, Nicolaides KH, Snijders RJ, Felton CV,
McGregor AM. Thyroid function in small for gestational age
fetuses. Obstet Gynecol 1991;77:701-706.
20. Setia S, Sridhar MG, Bhat V, Chaturvedula L. Growth
Hormone in intrauterine growth retarded newborns. Indian J
Pediatr 2007;74:991-994.
21. Jacobsen BB, Hummer L. Changes in serum concentrations
of thyroid hormones and thyroid hormone-binding proteins
during early infancy. Studies in healthy fullterm, small-forgestational age and preterm infants aged 7 to 240 days. Acta
Paediatr Scand 1979;68:411-418.
22. Rashmi, Seth A, Sekhri T, Agarwal A. Effect of perinatal
factors on cord blood thyroid stimulating hormone levels. J
Pediatr Endocrinol Metab 2007;20:59-64.
23. Nieto-Díaz A, Villar J, Matorras-Weinig R, Valenzuela-Ruìz P.
Intrauterine growth retardation at term: association
between anthropometric and endocrine parameters. Acta
Obstet Gynecol Scand 1996;75:127-31.
24. Mahajan SD, Aalinkeel R, Singh S, Shah P, Gupta N,
Kochupillai N. Endocrine regulation in
asymmetric
intrauterine fetal growth retardation. J Matern Fetal Neonatal
Med 2006;19:615-623.
25. Thorpe Beeston JC, Nicolaides KH, McGregor AM. Fetal
thyroid function. Thyroid 1992;2:207-217. Epub 2009 Mar 30
26. Soothill PW, Ajayi RA, Nicolaides KN. Fetal biochemistry in
growth retardation. Early Hum Dev 1992;29:91-7.
27. Kilby MD, Verhaeg J, Gittoes N, Somerset DA, Clark PM,
Franklyn JA. Circulating thyroid hormone concentrations and
placental thyroid hormone receptor expression in normal
human pregnancy and pregnancy complicated by
intrauterine growth restriction (IUGR). J Clin Endocrinol
Metab 1998;83:2964-2971.
28. Bernal J, Pekonen F. Ontogenesis of the nuclear 3,5,3'triiodothyronine receptor in the human fetal brain.
Endocrinology 1984;114:677-679.
29. Banovac K, Ryan EA, O’Sullivan MJ. Triiodiothyronine (T3)
nuclear binding sites in human placenta and decidua.
Placenta 1986;7:543-549.
30. Maruo T, Matsuo H, Mochizuki M. Thyroid hormone as a

biological amplifier of differentiated function in early
pregnancy. Acta Endocrinol (Copenh) 1991;125:58-66.
31. Ahmed A, Kilby MD. Intrauterine growth restriction:
placental hypoxia and hyperoxia. Lancet 1997;350:826-827.
32. Malik GK, Kacker S, Misra PK, Agarwal CG, Sharma B.
Neonatal hypothyroxinemia. Indian J Pediatr 1988;55:967971.
33. Waterlow JC. Endocrine changes in severe PEM. In:
Waterlow JC ed. Protein-energy Malnutrition. London:
Edward Arnold, 1992:112.
34. Chan S, Kachilele S, Hobbs E, Bulmer JN, Boelaert K,
McCabe CJ, Driver PM, Bradwell AR, Kester M, Visser TJ,
Franklyn JA, Kilby MD. Placental iodothyronine deiodinase
expression in normal and growth-restricted human
pregnancies. J Clin Endocrinol Metab 2003;88:4488-4495.
35. Bagnoli F, Farmeschi L, Peruzzi L, Musarò A, Paffetti P, Badii
S, Casucci M, Pasqui L, lacoponi F. Altered thyroid function in
small for gestational age newborns: study based on
screening test for congenital hypothyroidism. J Pediatr Sci
2010;4:55.
36. Orbak Z, Akin Y, Varoğlu E, Tan H. Serum thyroid hormone
and thyroid gland weight measurements in protein-energy
malnutrition. J Pediatr Endocrinol Metab 1998;11:719-724.
37. Kumar S, Nadkarni J, Dwivedi R. Thyroid hormone status in
malnourished children. Indian Pediatr 2009;46:263-264.
38. Barker PM, Strang LB, Walters DV. The role of thyroid
hormones in maturation of adrenaline-sensitive lung liquid
reabsorptive mechanism in fetal sheep. J Physiol
1990;424:473-485.
39. Michalopoulou G, Alevizaki M, Piperingos G, Mitsibounas D,
Mantzos E, Adamopoulos P, Koutras DA. High serum
cholesterol levels in persons with 'high-normal' TSH levels:
should one extend the definition of subclinical
hypothyroidism? Eur J Endocrinol 1998;138:141-145.
40. Hak AE, Pols HA, Visser TJ, Drexhage HA, Hofman A,
Witteman JC. Subclinical hypothyroidism is an independent
risk factor for atherosclerosis and myocardial infarction in
elderly women: the Rotterdam Study. Ann Intern Med
2000;132:270-278.
41. Siahanidou T, Karachristou K. Mildly elevated levels of TSH in
preterm neonates at first month of life are often transient.
Pediatr Res 2004;56:204.
42. Proceeding of the congress “Endocrinologia Neonatale”
Siena, Nov 2009:43-66.
43. Jacobsen BB, Andersen H, Dige-Petersen H, Hummer L.
Pituitary-thyroid responsiveness to thyrotropin-releasing
hormone in preterm and small-for-gestational age newborns.
Acta Paediatr Scand 1977;66:541-548.
44. Cartault Grandmottet A, Cristini C, Tricoire J, Rolland M,
Tauber MT, Salles JP. TSH, FT4 and T3t evaluation in normal
and preterm hospitalized newborns. Arch Pediatr
2007;14:138-143. Epub 2006 Nov 30
45. Radetti G, Fanolla A, Pappalardo L, Gottardi E. Prematurity
may be a risk factor for thyroid dysfunction in childhood. J
Clin Endocrinol Metab 2007;92:155-159. Epub 2006 Oct 10
46. de Kort SW, Willemsen RH, van der Kaay DC, van Dijk M,
Visser TJ, Hokken-Koelega AC. Thyroid function in short
children born small-for-gestational age (SGA) before and
during GH treatment. Clin Endocrinol (Oxf) 2008;69:318322. Epub 2008 Jan 23

7

