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Summary

Objective Small for gestational age (SGA) newborns constitute

still a major cause of perinatal morbidity and mortality. Overt

thyroid disease is a known cause of preterm birth and low birth-

weight but in its untreated condition it is rare today. In this

study, we investigated the possible relation between maternal

thyroid function assessed in euthyroid women at each trimester

and the incidence of term born SGA neonates.

Design A prospective cohort study was performed.

Patients Thyroid function was assessed at 12, 24 and 36 weeks

gestation in 1051 healthy Caucasian women who delivered at

≥37 weeks gestation.

Measurements One-way ANOVA was used to compare mean

TSH and FT4 levels between women with SGA neonates and

controls. Multiple logistic regression analysis was performed to

adjust for known risk factors of SGA.

Results Seventy (6�7%) SGA neonates were identified and they

were significantly more often born to women with a

TSH ≥ 97�5th at first and third trimester. Multiple logistic

regression analysis showed that smoking (OR: 4�4, 95% CI:

2�49–7�64), pre-eclampsia (OR: 2�8, 95% CI: 1�19–6�78) and

TSH ≥ 97�5th percentile (OR 3�3, 95% CI 1�39–7�53) were sig-

nificantly related to SGA. Maternal FT4 levels and TPO-Ab sta-

tus were not associated with SGA offspring.

Conclusions Our data show that TSH levels in the upper range

of the reference interval at different trimesters (3�0–3�29 mIU/l)

are independently related to an increased risk of delivering SGA

neonates at term.

(Received 2 April 2014; returned for revision 15 June 2014; finally

revised 8 July 2014; accepted 31 July 2014)

Introduction

Intrauterine growth restriction is an important cause of perina-

tal morbidity and mortality.1,2 Small for gestational age (SGA)

neonates are predisposed to adult metabolic syndrome due to

altered metabolic homoeostasis.3,4 Several determinants for SGA

have been described such as: maternal age > 35 years, smoking,

pre-eclampsia, low prepregnancy BMI and primiparity.2 Overt

thyroid dysfunction has long been recognized as an important

risk factor of preterm birth and miscarriage.5–8 Suboptimal

maternal thyroid function [subclinical hypothyroidism and ele-

vated titres of thyroid peroxidase antibodies (TPO-Ab)] has

been related to poor perinatal outcome as well.9,10 Research into

a possible association between maternal TSH and FT4 levels,

and SGA is scarce and has resulted in inconclusive data.11,12 A

recent paper of a large cohort from Rotterdam found a relation

between high maternal FT4 during early gestation and SGA,

with no effect for maternal TSH or TPO-Ab status.13

This study investigates the occurrence of SGA in a cohort of

more than 1000 women without a history of thyroid dysfunction,

who were followed prospectively throughout gestation with thy-

roid function assessment at each trimester. Primary outcome was

to investigate the possible relation between the incidence of SGA

in those who delivered at term and maternal thyroid function, at

a cross-sectional level (each trimester). Secondary outcome was

to find out whether this possible relation persisted after adjust-

ment for other factors which are known to be related to SGA.

Materials and methods

Subjects

Women. During a period of 2 years, 1702 women who booked

for antenatal visits at 12 weeks gestation were followed in five

community midwife practices in the vicinity of Eindhoven (the
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Netherlands), known to be an iodine sufficient area.14 To avoid

language problems (several questionnaires were used) and

possible confounding of ethnic origin, only Dutch Caucasian

women (n = 1507) were eligible. Seventy-nine percentage

(n = 1197) of the women signed a consent form; the

nonresponders did not differ from the responders with regard to

age, parity or educational level (data not shown). Women on

thyroid medication (n = 21), diagnosed as clinically hypothyroid

(n = 1) or hyperthyroid (n = 6) at screening, pregnant as a result

of hormonal stimulation (n = 8), with multiple pregnancy

(n = 8), and with Type 1 diabetes (n = 5) were excluded. Data

were missing in 37 women. Of the remaining 1111 women, there

were 60 women who delivered before 37 weeks gestation (in

whom 11 had SGA neonates). Therefore, data analysis refers to

1051 women. This sample included 14 (1�3%) women with low

prepregnancy BMI according to WHO classification (<18�4). The
selection process is shown in Fig. 1 and the characteristics are

shown in Table 1. This study was approved by the Medical Ethical

Committee of M�axima Medical Centre in Eindhoven/Veldhoven.

Neonates. The Netherlands perinatal registry was used to define

SGA neonates. In this registration system, >95% of all hospital

and home births in the Netherlands are registered. The

definition of SGA was based on population-based birthweight

percentiles using the lowest 10th percentile cut-off.2,15 Although

the cut-off for the definition of SGA and intrauterine growth

restriction is arbitrary, in most large studies the lowest 10th

percentile is used.16,17 To define SGA, appropriately birthweight

is corrected for gestational age, sex of the baby and parity.

Assessments

TSH was measured in serum at 12, 24 and 36 weeks using a

solid-phase, two-site chemiluminescent enzyme immunometric

assay (IMMULITE Third generation TSH, Diagnostic Products

Corporation, Los Angeles, CA, USA). The interassay coefficients

of variation were 5�0% and 4�4% at concentrations 0�22 and

2�9 mIU/l, respectively. The nonpregnant reference range of

TSH is 0�45–4�5 mIU/l.

Free thyroxin (FT4) concentration was measured in serum at

12, 24 and 36 weeks with a solid-phase immunometric assay

(IMMULITE Free T4). The interassay coefficients of variation

for this technique were 6�7% and 4�4% at concentrations of 11�6
and 31�5 pmol/l, respectively. The nonpregnant reference range

of FT4 is 10�3–25�7 pmol/l.

TPO-Ab were determined in serum at 12, 24 and 36 weeks by

means of the IMMULITE Anti-TPO-Ab kit. The interassay coeffi-

cients of variation for this analysis were 9% and 9�5% for concen-

trations of 40 and 526 kU/ml, respectively. The anti-TPO assay is

standardized in terms of the International Reference Preparation

for anti-TPO MRC 66/387. A woman with TPO-Ab

titre > 35 kU/ml at 12 weeks gestation was defined as moderately

immunologically compromised, while a woman with TPO-Ab

titre ≥ 100 kU/ml was defined as distinctly compromised, even if

the titre fell during pregnancy. Women were defined as TPO-Ab

negative when the titre was below 35 kU/ml at 12 weeks gestation.

All measurements were performed in one laboratory.

Statistical analysis

Statistical analysis was performed using the Statistical Package of

Social Science (IBM SPSS Statistics for Windows, Version 19.0.

Armonk, NY: IBM Corp.). TSH and FT4 concentrations were

not normally distributed. However, because the cohort size of all

subgroups was substantial (n > 30), we were able to calculate

differences in means (SD) of thyroid hormones concentration

levels using Welch’s t-test (two-tailed).18 Differences of preva-

lence rates were calculated by chi-square. We compared the

changes of FT4 and TSH means in women with and without

SGA neonates by means of one-way ANOVA. Thereafter, we

defined a group of women with high TSH at each trimester

using 97�5th percentile as cut-off and compared the prevalence

of SGA in these different subgroups by chi-square with Bonfer-

roni’s correction for multiple testing. Finally, we performed

multiple logistic regression analysis with SGA as dependent

variable and high TSH as independent variable, adjusting for

multiple possible confounders.

Results

In our study, 70 (6�7%) SGA neonates (<10th percentile) were

detected, of whom the characteristics are shown in Table 1.

There were 42 (4%) and 23 (2�2%) SGA neonates using the 5th

and 2�3rd percentiles, respectively. None of the women who

were included after 12 weeks gestation developed overt thyroid

dysfunction throughout pregnancy. The range for TSH at

79% signed consent form. N = 1197 

Exclusion

- Women on thyroid medication N = 21 (1176) 
- Hypothyroid N = 1 (1175) 
- Hyperthyroid N = 6 (1169) 
- Pregnant afterstimulation N = 8 (1161) 
- Multiple pregnancy N = 8 (1153) 
- Type I diabetes N = 5 (1148)

Missing data N = 37 (1111)  

Excluding pre-term delivery (<37 weeks) N = 60  

Data analysis refers to 1051 women 

Fig. 1 Selection of participants.
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12 weeks was between 0�04 and 5�2 mIU/l, at 24 weeks between

0�3 and 5�7 mIU/l and at 36 weeks between 0�4 and 6�2 mIU/l.

For FT4 the range at 12 weeks gestation was between 9�1 and

26 pmol/l, at 24 weeks between 8�4 and 24 pmol/l and at

36 weeks gestation between 7�2 and 23 pmol/l. This indicates

that the studied population maintained normal thyroid function

throughout the whole gestation.

Women with appropriate for gestational age (AGA) or large

for gestational age (LGA) neonates smoked significantly less

often (P < 0�001). Also, the birthweight and placental weight

were significantly higher in the AGA/LGA group (P < 0�001,
Welch’s t-test). Gender was not significantly different in the

SGA group compared with the AGA/LGA group.

Although at a cross-sectional level at each trimester, the mean

TSH was higher in the SGA group, this difference was not sig-

nificant. Mean FT4 was rather similar in both groups and so

was elevated TPO-Ab. In Fig. 2, the relation between SGA neo-

nates and changes of mean TSH (Fig. 2) throughout gestation is

shown. As shown, in both groups, mean TSH did increase

towards the end of gestation, but during all trimesters the mean

TSH in the SGA group remained significantly higher compared

with the women with AGA/LGA neonates (P < 0�001). For mean

FT4, no differences were found between the two groups related

to SGA (data not shown).

We subsequently defined high TSH at each trimester using

the group as its own reference using an upper reference limit of

≥97�5th percentile. These cut-offs were 3�28, 3�0 and 3�29 mIU/l,

at 12, 24 and 36 weeks, respectively.

We defined a group of women who had a TSH ≥ 97�5th percen-

tile at least at one trimester (n = 53). Within this group, there

were significantly more SGA neonates born; 17% 9 in the high

TSH group and 6% (61) in the remaining 998 women [RR 3�8
(95% CI: 1�8–8�1)]. Of the 53 women with a TSH ≥ 97�5th per-

centile at least at one trimester, 20 (37�7%) had elevated TPO-Ab

titres at 12 weeks gestation, compared with 66 (6�6%) in the

group of women below this cut-off (P < 0�001). We subsequently

used other cut-offs to define SGA. When the lowest 5th percentile

was used, high TSH at the third trimester (>97�5th percentile) was

significantly associated with SGA, OR: 4�5 (CI: 1�5–13�7,
P = 0�008).When we used the lowest 2�3rd SGA cut-off, high TSH

at the last trimester was associated with low SGA but only at a

90% significance level: OR: 3�8, 95% CI: 0�85–17, P = 0�08).

Table 1. Characteristics of a sample of 1051 women who delivered at term (≥37 weeks gestation), 981 women with neonates with normal or high

birthweight (AGA/LGA) and 70 neonates who were small for gestational age (SGA)

Total group (N = 1051) AGA/LGA (n = 981) SGA (n = 70)

P-value, T Chi2Mean (SD) n (%) Mean (SD) n (%) Mean (SD) n (%)

Age 30�5 (3�5) 30�5 (3�6) 30�6 (3�6)
Smoking (yes/no) 127 (12) 105 (11) 22 (31) <0�01
Alcohol use (yes/no) 137 (13) 127 (13) 10 (14)

Prepregnancy BMI (kg/m2) 25�5 (4�6) 25�5 (4�6) 24�7 (4�6) 0�14
BMI < 18�6 (WHO) 14 (1�3) 11 (1�1) 3 (4�2) 0�03

Primiparity 482 (46) 450 (47) 32 (46)

Multiparity 569 (54) 531 (53) 38 (54)

Miscarriage earlier in life 196 (17) 180 (19) 16 (22)

Pre-eclampsia 59 (5�8) 52 (5�3) 7 (10) 0�10
Thyroid dysfunction in family 184 (17) 170 (18) 14 (20)

12 weeks gestation

TSH mIU/l (0�04-5�2) 1�23 (0�78) 1�21 (0�76) 1�42 (0�99) 0�12
FT4 pmol/l (9�1–26) 16�0 (2�3) 16�1 (2�3) 15�9 (2�1) 0�63
TPO-Ab > 35 kU/l 86 (8�2) 66 (8�0) 5 (7�1)

24 weeks gestation

TSH mIU/l (0�3–5�7) 1�42 (0�67) 1�41 (0�69) 1�52 (0�71) 0�13
FT4 pmol/l (8�4–24) 13�8 (2�0) 13�8 (2�3) 14�1 (1�8) 0�53
TPO-Ab > 35 kU/l 74 (7) 69 (7) 4 (5�7)

36 weeks gestation

TSH mIU/l (0�4-6�2) 1�51 (0�74) 1�50 (0�72) 1�65 (0�98) 0�18
FT4 pmol/l (7�2–23) 13�3 (2�0) 13�3 (2�1) 13�4 (2�2) 0�75
TPO-Ab > 35 kU/l 67 (6�2) 63 (6�4) 4 (5�7)

Neonatal outcome

Term at delivery (wks) 39�9 (1�2) 39�9 (1�3) 39�8 (1�1)
Birthweight (gr) 3526 (483) 3582 (447) 2753 (259) <0�001
Placental weight (gr) 623 (127) 632 (124) 482 (78) <0�001
Male 558 (53) 515 (53) 43 (61) 0�15
Female 493 (47) 466 (47) 27 (39)

Chi: df = 1; Welch’s t-test.

Values provided in bold are statistically significant (p<0.005).

© 2014 John Wiley & Sons Ltd
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We finally performed multiple logistic regression analysis with

SGA (10th percentile) as dependent variable and high TSH

(≥97�5th percentile) as independent variable, adjusting for possi-

ble confounders (Table 2). As indicated, high TSH (≥97�5th per-

centile at one or more trimesters) (OR 3�31, 95% CI 1�39–7�53),
the occurrence of pre-eclampsia (OR2�8, 95% CI: 1�19–6�78)
and smoking (OR 4�4, 95% CI: 2�49–7�64) were independently

related to SGA.

Discussion

The current study, with a prospective design in which thyroid

function was evaluated at each trimester in a cohort of more

than 1000 euthyroid pregnant women who delivered at term,

showed that TSH ≥ 97�5th percentile at any trimester was inde-

pendently related to SGA (OR: 3�3, 95% CI: 1�39–7�53), adjusted
for confounders of SGA such as smoking and the occurrence of

pre-eclampsia.

The prospective design of the study enabled to show that

women with SGA neonates had an increase of TSH throughout

gestation at a level which was consistently higher and signifi-

cantly different from those with mothers of appropriate or large

for gestational age (AGA/LGA) neonates. In detecting an upper

limit of TSH that was associated with an increased risk of SGA,

the 97�5th percentile proved to be associated with an increased

risk of SGA. This might suggest that the optimal upper limit of

TSH, regarding SGA offspring, during gestation ranges between

3�0 and 3�29 mIU/l, depending on the trimester. Low levels of

TSH and FT4 levels were not related to SGA.

In our study population, we found 6�7% SGA, which is

slightly lower than expected for the <10th percentile. This could

be explained by the fact that we only included healthy women

and women who delivered at term. We found no differences in

the SGA and AGA/LGA groups in terms of alcohol use, BMI,

family history of thyroid dysfunction or term of delivery

(Table 1). The only statistically significant difference that we

found in the patient characteristics was smoking status and the

occurrence of pre-eclampsia, which are known risk factors for

SGA.2,19,20 When comparing our cohort to the large recent study

from Rotterdam, we see comparable figures regarding mean

TSH and FT4, suggesting that we included a representative pop-

ulation.13 We did find a higher incidence of TPO-Ab (8�2% in

the first trimester compared with 5�6% in the study from Rot-

terdam), but this could be explained by the large number of

African–European women in their sample (up to 40%), in

whom TPO-Ab occur less frequent.21

In previous studies, the relationship between overt thyroid

disease and SGA has been well established.5–8 Studies about a

possible relation between SGA and FT4 and TSH ranges in

euthyroid women are scarce and have shown conflicting

results.9,11,12,22 An explanation for these inconclusive findings is

first, the different time of assessment of maternal thyroid func-

tion, which is important when relating it to SGA outcome.

Moreover, different definitions for SGA (birthweight percentiles

should be corrected for parity, sex and term of gestation) and

different cut-offs have been used (<10th percentile and <2�3th
percentile). Finally, a possible relation between maternal thyroid

function and SGA should be adjusted for other important con-

founders, such as pre-eclampsia or smoking.

Two studies have found no differences in maternal thyroid

function in SGA neonates.11,12 The sample size was, however,

small in one study (N = 89)11 and in the other study, thyroid

function was only assessed between 11 and 13 weeks of gesta-

tion.12 By contrast, however, the study from Shields et al.22 had

found an association between high maternal FT4 levels at

28 weeks gestation and lower birthweight of the offspring. A

10% increase in FT4 resulted in 59 g decrease in absolute birth-

weight (thus not necessarily SGA). A very recent, large cohort

study from Rotterdam has endorsed the finding that high free
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Fig. 2 Mean maternal TSH levels throughout pregnancy in relation to

small for gestational age offspring. *Mean maternal TSH is significantly

higher in all trimesters in small for gestational age offspring than in

offspring with normal birthweight (P < 0�001).

Table 2. Multiple logistic regression analysis with SGA as dependent

variable and high maternal TSH during gestation as independent

variable (>97�5th percentile at one or more trimesters), adjusted for

possible confounders in 1051 women who delivered at term (≥37 weeks

gestation)

Odds Ratio 95% CI P-value

Maternal age > 35 years 1�03 0�96–1�09 0�42
Low education 1�29 0�84–3�02 0�23
Alcohol intake (yes/no) 1�07 0�52–2�19 0�84
Work outside home (yes/no) 0�88 0�44–1�55 0�56
Primiparity 1�13 0�65–1�96 0�61
Term of gestation at delivery 1�01 0�83–1�23 0�81
Female neonate 0�77 0�46–1�49 0�31
Smoking 4�38 2�49–7�64 <0�001
BMI 0�95 0�89–1�008 0�08
High TSH 3�31 1�39–7�53 0�007
Thyroid dysfunction in family 0�57 0�26–1�23 0�15
Pre-eclampsia 2�84 1�19–6�78 0�018

SGA: small for gestational age: birthweight in the lowest 10th percentile

corrected for gender, parity and term at delivery. High TSH: maternal

TSH above the 97�5th percentile at one or more trimesters.

© 2014 John Wiley & Sons Ltd
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T4 levels, in euthyroid women, but not TSH levels, are related

to SGA.13 However, in this study, thyroid function was assessed

only once at around thirteen weeks of gestation, so no prospec-

tive changes in thyroid function could be observed. Further-

more, in contrast to TSH assessment, there have been concerns

about the reliability of the measurement methods used of free

T4 levels in pregnancy.23 Recently, the International Federation

of Clinical Chemistry Working Group has set-up a procedure to

standardize FT4 assessments.24 This recently developed reference

measurement system is a key advance towards improved stan-

dardization and clinical validity of free thyroid hormone mea-

surements and should preferentially be implemented in future

research.25 The study from Rotterdam consisted of only 62�2%
Dutch or other Western immigrants, which is substantially dif-

ferent from the general Dutch population26 and the current

study in which only Caucasian women were included.

Casey et al.9 showed in a retrospective study of over 15 000

pregnancies that there was a significant relation between higher

TSH levels and poor obstetric outcome, which was not the case

for low TSH or FT4 in upper or lower reference ranges. In a

more recent study, the same group showed a relation between

high TSH and the development of severe pre-eclampsia.27 Pre-

eclampsia by itself is an independent risk factor for SGA.2 In the

current study this is shown as well, but even after adjustment

for pre-eclampsia, the independent relation between high TSH

and SGA persisted. Maternal thyroid function is important for

foetal growth, due to the need of trans-placental passage of

T4.26 Thyroid hormones enhance foetal growth by anabolic

action on foetal metabolism and their influence on different

growth factors (i.e. insulin-like growth factors).28 This might

explain why in the current study, women with TSH in the upper

reference ranges (suboptimal maternal thyroid function) were at

risk to deliver term SGA neonates. Another explanation could

be the role of thyroid hormones on placentation. Karagiannis

et al.12 studied the role of thyroid hormones in placentation and

found no association. However, there is some evidence that high

FT3 and FT4 levels do have a role in vascularization, prolifera-

tion and differentiation of the placenta.29,30 A recent meta-analy-

sis on levothyroxine treatment in women with subclinical

hypothyroidism undergoing assisted reproductive techniques has

indicated that T4-replacement therapy is beneficial on pregnancy

outcomes, possibly indicating a role for thyroid hormones on

placentation as well.31

The current study has several strengths. First, maternal thy-

roid function was assessed at each trimester enabling to look at

the dynamic pattern of thyroid function changes during gesta-

tion in relation to SGA. Secondly, trimester specific upper limits

of TSH were defined using generally accepted cut-offs of 97�5th
percentiles. Thirdly, the upper limit of TSH during gestation

was 6�2 mIU/l (Table 1), suggesting that the cut-offs of high

TSH (>97�5th percentiles) refer to women without severely high

TSH. This means that the relation between higher TSH and SGA

indeed refers to a healthy euthyroid sample. Fourth, the defini-

tion of SGA was corrected for parity, sex and gestational age. In

international literature different definitions of SGA are used,

including ≤�2 SD for gestational age32 (<2�3rd percentile), <3rd

percentile and <5th percentile,33 but most recent studies have

used the <10th percentile definition as described previously. Fur-

thermore, a recent survey in Ireland has identified that the opin-

ion of most clinicians is that the lowest 10th percentile should

be used to define intrauterine growth restriction.17 The best defi-

nition however, is based on customized percentiles and individ-

ual growth potential, to rule out the effects of, for example,

ethnicity.15 As only Dutch Caucasians were included in our

study population, population-based percentiles from the Nether-

lands perinatal registry are appropriate for the definition of SGA

in our cohort. Finally, factors that are known to be related to

SGA such as smoking and pre-eclampsia were also indepen-

dently related to SGA in the current study, suggesting that the

women in this cohort refer to a representative sample.

Several limitations of the study need to be mentioned. First,

we did not consider iodine status. A study from Alvarez et al.34

showed that low iodine levels in maternal urine are related to a

higher incidence of SGA. However, the iodine intake in our

region has been shown to be generally sufficient.14 Moreover,

results of congenital heel screening in 886 neonates born in this

sample showed 13 (1�5%) newborns with a TSH > 5 mIU/l, a

figure which is below 3%, a generally accepted cut-off showing

sufficient iodine intake at a population level.35,36 Furthermore,

although the number of women who were prospectively fol-

lowed was relatively large, the absolute number of SGA was only

70. Finally, our population was a selected cohort of women

without medical disease, such as hypertension or diabetes and

all from the same ethnic origin. The results found should there-

fore be validated in cohort studies with women from different

ethnic backgrounds. Also, in future research one should be

aware to obtain appropriate trimester specific reference levels of

the TSH cut-offs, as those can differ for different methodology

used at different centres and in women with different iodine

intake.

In conclusion, the current study supports the evidence that

TSH levels in euthyroid women at different trimesters in the

upper range of the reference interval (3�0–3�29 mIU/l) are inde-

pendently related to an increased risk of delivering small for ges-

tational age neonates at term.

Conflict of interest

Nothing to declare.

References

1 Gardosi, J., Madurasinghe, V., Williams, M. et al. (2013) Mater-

nal and fetal risk factors for stillbirth: population-based study.

BMJ, 346, 346–360.
2 McCowan, L. & Horgan, R.P. (2009) Risk factors for small for

gestational age infants. Best Practice & Research, Clinical Obstet-

rics & Gynaecology, 23, 779–793.
3 Rinaudo, P. & Wang, E. (2012) Fetal programming and meta-

bolic syndrome. Annual Review of Physiology, 74, 107–130.
4 Hales, C.N. & Barker, D.J. (1992) Type 2 (non-insulin-depen-

dent) diabetes mellitus: the thrifty phenotype hypothesis. Diabet-

ologia, 35, 595–601.

© 2014 John Wiley & Sons Ltd

Clinical Endocrinology (2015), 82, 254–259

258 L. Monen et al.



5 De Groot, L., Abalovich, M., Alexander, W.K. et al. (2012)

Management of thyroid dysfunction during pregnancy and

postpartum: an endocrine society clinical practice guideline.

The Journal of Clinical Endocrinology & Metabolism, 97, 2543–
2565.

6 Azizi, F. & Amouzegar, A. (2011) Management of hyperthyroid-

ism during pregnancy and lactation. European Journal of Endocri-

nology, 164, 871–876.
7 Karakosta, P., Alegakis, D., Georgiou, V. et al. (2012) Thyroid

dysfunction and autoantibodies in early pregnancy are associated

with increased risk of gestational diabetes and adverse birth out-

comes. Journal of Clinical Endocrinology and Metabolism, 97,

4464–4472.
8 Mitsuda, N., Tamaki, H., Amino, N. et al. (1992) Risk factors

for developmental disorders in infants born to women with

Graves disease. Obstetrics and Gynecology, 80, 359–364.
9 Casey, B.M., Dashe, J.S., Wells, C.E. et al. (2005) Subclinical

hypothyroidism and pregnancy outcomes. Obstetrics and Gyne-

cology, 105, 239–245.
10 Negro, R., Schwartz, A., Gismondi, R. et al. (2011) Thyroid anti-

body positivity in the first trimester of pregnancy is associated

with negative pregnancy outcomes. Journal of Clinical Endocri-

nology and Metabolism, 96, E920–E924.
11 Hamm, M.P., Cherry, N.M., Martin, J.W. et al. (2009) The

impact of isolated maternal hypothyroxinemia on perinatal mor-

bidity. Journal of Obstetrics and Gynaecology Canada, 31, 1015–
1021.

12 Karagiannis, G., Ashoor, G., Maiz, N. et al. (2011) Maternal thy-

roid function at eleven to thirteen weeks of gestation and subse-

quent delivery of small for gestational age neonates. Thyroid, 21,

1127–1131.
13 Medici, M., Timmermans, S., Visser, W. et al. (2013) Maternal

thyroid hormone parameters during early pregnancy and birth

weight: the generation r study. Journal of Clinical Endocrinology

and Metabolism, 98, 59–66.
14 Wiersinga, W.M., Podoba, J., Srbecky, M. et al. (2001) A survey

of iodine intake and thyroid volume in dutch schoolchildren:

reference values in an iodine-sufficient area and the effect of

puberty. European Journal of Endocrinology, 144, 595–603.
15 Figueras, F. & Gardosi, J. (2011) Intrauterine growth restriction:

new concepts in antenatal surveillance, diagnosis and manage-

ment. American Journal of Obstetrics and Gynecology, 204, 288–
300.

16 Boers, K.E., Vijgen, S.M., Bijlenga, D. et al. (2010) Induction

versus expectant monitoring for intrauterine growth restriction

at term: randomised equivalence trial (DIGITAT). BMJ, 341,

c7087.

17 Unterscheider, J., Daly, S., Geary, M. et al. (2014) Definition and

management of fetal growth restriction: a survey of contempo-

rary attitudes. European Journal of Obstetrics, Gynecology, and

Reproductive Biology, 174, 41–45.
18 Stevens, J.P. (1996) Applied Multivariate Statistics for the Social

Sciences. Lawrence Erlbaum, Mahway, New Jersey, 242.

19 Anderson, N.H., Sadler, L.C., Stewart, A.W. et al. (2012) Inde-

pendent risk factors for infants who are small for gestational age

by customised birthweight centiles in a multi-ethnic New Zea-

land population. Australian and New Zealand Journal of Obstet-

rics and Gynaecology, 53, 136–142.
20 Campbell, M.K., Cartier, S., Xie, B. et al. (2012) Determinants of

small for gestational age birth at term. Paediatric and Perinatal

Epidemiology, 26, 525–533.

21 La’ulu, S.L. & Roberts, W.L. (2007) Second-trimester reference

intervals for thyroid tests: the role of ethnicity. Clinical Chemis-

try. 53, 1658–1664.
22 Shields, B.M., Knight, B.A., Hill, A. et al. (2011) Fetal thyroid

hormone level at birth is associated with fetal growth. Journal of

Clinical Endocrinology and Metabolism, 96, 934–938.
23 Mannisto, T. (2013) Is there enough evidence of poor fetal

growth to merit narrowing free T4 reference ranges during preg-

nancy? Journal of Clinical Endocrinology and Metabolism, 98, 43–
44.

24 van Houcke, S., van Uytfanghe, K., Shimizu, E. et al. (2011)

IFCC international conventional reference procedure for the

measurement of free thyroxine in serum: International Federa-

tion of Clinical Chemistry and Laboratory Medicine (IFCC)

Working Group for Standardization of Thyroid Function Tests

(WG-STFT). Clinical Chemistry and Laboratory Medicine, 49,

1275–1281.
25 Thienpont, L., van Uytfanghe, K., Poppe, K. et al. (2013) Deter-

mination of free thyroid hormones. Best Practice & Research,

Clinical Endocrinology & Metabolism 27, 689–700.
26 Centraal Bureau Voor de Statistiek. Dutch Statistics. Available

from http://www.cbs.nl (July 2013).

27 Wilson, K., Casey, B., McIntire, D. et al. (2012) Subclinical thy-

roid disease and the incidence of hypertension in pregnancy.

Obstetrics and Gynecology, 119, 315–320.
28 Forhead, A.J. & Fowden, A.L. (2014) Thyroid hormones in fetal

growth and prepartum maturation. Journal of Endocrinology 221

(3): R87–R103.
29 Souza, C.A., Ocarino, N.M., Silva, J.F. et al. (2011) Administration

of thyroxine affects the morphometric parameters and VEGF

expression in the uterus and placenta and the uterine vasculariza-

tion but does not affect reproductive parameters in gilts during

early gestation. Reproduction in Domestic Animals, 46, 7–16.
30 Barber, K.J., Franklyn, J.A., McCabe, C.J. et al. (2005) The in vitro

effects of triiodothyronine on epidermal growth factor-induced

trophoblast function. Journal of Clinical Endocrinology and

Metabolism, 90, 1655–1661.
31 Velkeniers, B., Van Meerhaeghe, A., Poppe, K. et al. (2013) Lev-

othyroxine treatment and pregnancy outcome in women with

subclinical hypothyroidism undergoing assisted reproduction

technologies: systematic review and meta-analysis of RCTs.

Human Reproduction Update 19, 251–258.
32 Lee, P.A., Chernausek, S.D., Hokken-Koelega, A.C. et al. (2003)

International small for gestational age advisory board consensus

development conference statement: management of short chil-

dren born small for gestational age, April 24-October 1, 2001.

Pediatrics, 111, 1253–1261.
33 Franco, B., Laura, F., Sara, N. et al. (2013) Thyroid function in

small for gestational age newborns: a review. Journal of Clinical

Research in Pediatric Endocrinology, 5(Suppl.), 2–7.
34 Alvarez-Pedrerol, M., Guxens, M., Mendez, M. et al. (2009)

Iodine levels and thyroid hormones in healthy pregnant women

and birth weight of their offspring. European Journal of Endocri-

nology 160, 423–429.
35 Kuppens, S.M., Kooistra, L., Wijnen, H. et al. (2011) Neonatal

thyroid screening results are related to gestational maternal thy-

roid function. Clinical Endocrinology (Oxford), 75, 382–387.
36 Zimmerman, M. (2009) Iodine deficiency in pregnancy and the

effect of maternal iodine supplementation on the offspring:

a review. American Journal of Clinical Nutrition, 89(Suppl.),

668S–672S.

© 2014 John Wiley & Sons Ltd

Clinical Endocrinology (2015), 82, 254–259

Maternal TSH is related to SGA neonates 259


