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Abstract

Background: Children whose mothers had low thyroid hormone levels during pregnancy have been reported to

have decreased cognitive function. The reported research is part of the follow-on study of the Controlled Antenatal

Thyroid Screening Study (CATS I), a randomised controlled trial which investigated the impact of treated vs. untreated

low thyroid hormone level in women during pregnancy with the primary outcome being the child’s IQ at age 3. No

significant differences in IQ were found between the treated and untreated groups. These children are now aged

between 7 and 10 years and aspects of their cognitive functioning including their IQ are being reassessed as part

of CATS II.

Methods/Design: Cognitive assessments generate an IQ score and further tests administered will investigate

long term memory function and motor coordination. The aim is to complete the assessments with 40% of the

children born to mothers either in the treated or untreated low thyroid hormone groups (n = 120 per group).

Also children born to mothers who had normal thyroid functioning during CATS I are being assessed for the first

time (n = 240) to provide a comparison. Assessments are conducted either in the research facility or the participant’s

home.

Discussion: The study is designed to assess the cognitive functioning of children born to mothers with low thyroid

hormone levels and normal thyroid functioning during pregnancy. This is the largest study of its type and also is

distinguishable in its longitudinal design. The research has the potential to have a significant impact on public

health policy in the UK; universal screening of thyroid hormone levels in pregnancy may be the recommendation.

Keywords: Hypothyroidism, Pregnancy, Child, Intelligence, IQ, Cognition, Motor coordination, Long term memory,

Thyroid function

Background

Subclinical Hypothyroidism (SH), defined as an elevated

level of thyroid stimulating hormone (TSH) with normal

circulating levels of free thyroxine (T4) and free tri-

iodothyronine (T3) [1], affects 3-6% of the UK population

[2,3]. SH in pregnancy is defined as a TSH concentration

higher than the upper limit of the pregnancy related

reference-range with normal T4 (and, if measured, normal

T3). The upper limit of TSH is now defined as 2.5 mIU/l

in the first trimester and 3 mIU/l in the second and third

trimesters [4,5]. SH is a biochemical diagnosis as symp-

toms may be mild, non-specific and mimic typical symp-

toms occurring in pregnancy [6]. The recent lowering of

the pregnancy TSH threshold has had a dramatic effect

on the prevalence of Gestational SH (GSH) with preva-

lence rates in Belgium increasing from 2-3% to 6.8% [7]

and over 15% in a recent large pregnancy screening study

in the USA [8].

Iodine is an essential component of thyroid hormones

and the UK population is borderline iodine deficient [9].

When iodine supplies are severely inadequate, TSH in-

creases as a compensation mechanism. In women with
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chronic iodine deficiency during pregnancy, their depleted

iodine stores are not able to compensate for increased iod-

ine demands leading to increased risk of maternal goitre

and hypothyroidism [10].

There is some evidence that neuropsychological and

intellectual development of offspring can be adversely af-

fected by an iodine deficiency during pregnancy [11-13]

or GSH [14-18]. Intellect, as measured by Intelligence

Quotient (IQ) tests has been shown to predict a range of

life outcomes such as academic performance, job perform-

ance, years in education and even physical health [19-25].

The suggested mechanism for these effects of iodine defi-

ciency and GSH is that although the brain is very dependent

on thyroid hormones for normal development, active

secretion of thyroid hormone in the fetus does not start

until about 18-20 weeks gestation so the fetus is dependent

on the mothers’ circulating hormones for growth and

development up until this point [26]. The number of

studies investigating the impact of an untreated GSH

on an offspring’s IQ is growing but the findings are

equivocal: in one retrospective study untreated GSH was

shown to lower an offspring’s IQ by a mean of 7 points

[14], and out of the 48 GSH offspring compared to 124

matched control children, 19% of these had an IQ of <85

compared to only 5% of the controls (IQ scores as mea-

sured on standardised tests are normally distributed so an

average IQ score falls in the range of 90-109; with a per-

centile ranking of 50 for an IQ of 100).

Further studies have also shown a deficit of GSH hav-

ing an impact on the offspring’s intelligence [14,27-29].

Li [15] detected this impact on children as young as 25-

30 months (compared to controls, mean intelligence scores

were found to be significantly lower p = 0.008). There is

also some evidence of more specific impairments to the

offspring; motor coordination, attention, language and

visuo-motor performance [14,15,29-31]. However other

research, including prospective studies, have not found

that GSH affects any aspect of cognition for the offspring

[17,32,33].

If there is a significant impact of GSH on the child’s

development, this could potentially be widespread and

to test and treat for GSH is reasonably “low-cost” [34].

In response to these findings of an effect there are those

who propose screening during pregnancy to help deter-

mine the circulating thyroid hormone levels in the mothers

[34,35]. However before that decision can be made the

evidence needs to be more robust based on longitudinal

large-scale randomised trials including women with treated

and untreated GSH and their off-spring. The Controlled

Antenatal Thyroid Screening (CATS) study is one such

trial, understood to be the largest randomised controlled

trial (RCT) of this kind to date.

Between 2002 and 2006 the CATS I study [36] recruited

participants in the UK (10 centres) and Italy (1 centre:

Turin). A total of 16,349 pregnant women with no known

thyroid disease participated in the UK at a gestation of

16 weeks or less and a blood sample was obtained to

measure TSH and T4 (A further 5,497 were recruited in

Turin and included in CATS I but are not being included

in this follow-on study; CATS II). TSH levels above the

97.5th percentile, free T4 levels below the 2.5th percentile,

or both were considered as a Suboptimal Gestational

Thyroid Function (SGTF) result. Women with SGTF in

the screen group were treated during their pregnancy

and those in the control group with SGTF were untreated

(see article Lazarus [36] for further details). IQ of the off-

spring was measured at a mean age of 3.2 years with no

significant differences found between the groups.

Whilst measuring IQ at age 3 has value as a general

indicator of cognitive function, it does not give a detailed

cognitive profile. It is not best suited as a longer term esti-

mation of cognition function [37] which can be achieved

by administering a more in-depth battery of assessments

with older children. Therefore the primary aim of CATS II

is to measure the children’s cognitive function at age 7–10

years. In addition to the cognitive assessments the study

has expanded to include investigations of (i) the child and

mothers’ bone mineral density (ii) height, waist and weight

measurements, blood pressure and arterial stiffness (iii)

DNA collection (iv) and behavioural questionnaires. The

outline of these additional investigations will be included

but the details are outside the range of this protocol which

focuses on the primary outcome; the child's cognitive

functioning.

Methods

CATS II is a follow-on study from CATS I, a large multi-

centre RCT, that aims to investigate the possible long term

effects of exposure to SGTF. Cognitive assessments are

administered to children aged between 7 and 10 years to

ascertain their overall development. The study is aiming

to recruit a total of 480 participants between August 2011

and the end of August 2015. Participants can be seen in

either the research centre or can choose to be visited in

their homes. If the participants prefer they can opt to pro-

vide a reduced data set using a post pack. The study was

approved by the Wales Research Ethics Committee 2 and

Caldicott Guardian.

Eligibility

Participants are included if they were involved in

CATS I and originally recruited from the UK, and are

approached for CATS II when the child involved in

the study is ≥7 years 0 months to ≤ 10 years 11 months.

Participants are excluded from the study if they have

moved overseas.

Hales et al. BMC Endocrine Disorders 2014, 14:95 Page 2 of 6

http://www.biomedcentral.com/1472-6823/14/95



Sample size justification

With a 5% two-sided significance level and 90% power, a

sample of 120 from both treated and untreated SGTF

groups will allow a detection of a difference of 6 IQ points

in mean IQ (assuming mean IQ to be 100 with a standard

deviation (SD) of 15 points) [38].

We have used an increase in the odds of IQ < 85 as a

primary outcome in treated and untreated SGTF groups,

similar to the CATS I analysis. We have 80% power with

a 5% two-sided significance level to detect a 1.97 increase

in odds of IQ < 85 in untreated SGTF offspring assuming

treated SGTF offspring have a mean IQ of 100 with a SD

of 15. This is substantially lower odds than that observed

comparing low thyroid hormone bioavailability to those

offspring of mothers with normal GTF bioavailability

(odds ratio = 2.36). In addition 240 participants (1.5%)

from the normal GTF group who are randomly selected

from the complete group of 15,744 from the UK cohort

will be used to assess whether there is interaction with

maternal thyroid status and levothyroxine treatment on

offspring IQ.

Recruitment

An initial contact pack inviting the CATS I mothers to

participate in the research is mailed to all in the SGTF

groups. Re-involvement in to CATS is centred on the

age of the child; those born earliest during CATS I are

contacted first in a rolling recruitment process over the

48 months of the project. The Welsh Demographics

Service and Patient Data Registrar have been utilised to

ensure up-to-date addresses for individuals from the

SGTF groups. Figure 1 details the recruitment process

for participants.

Those participants, who wish to complete the cognitive

assessments at their home or by attending the research

centre, are contacted to arrange the appointment and post

packs are mailed out. Research centre appointments take

2.5 hours, home appointments last for 2 hours or less.

A different letter is sent to individuals from the normal

GTF group who consented to participate in CATS I but

did not participate in the cognitive assessments. There are

15,744 potential participants that could be contacted from

the Wales CATS I cohort for re-involvement into CATS

II. 240 participants are required from this group for CATS

II. As participants are contacted by year of registration

into the study a random selection is mailed from each of

the 4 years CATS I recruited for, totalling 5,000 packs

being sent to mothers from the normal GTF group.

Cognitive measures and procedure

To be able to address the primary aim of CATS II, an IQ

test (1) and additional cognitive tasks (2) are administered

to the children in the study.

1. The Wechsler Intelligence Scale for Children- Fourth

Edition UK (WISC). The WISC [38] provides sub-test

Eligible CATS I participants 

approached

Recruitment pack mailed in a rolling 

process based on age of the child

Response form returned, with the 

participant indicating their 

preference;

1)  Request 

further 

information

2) Post pack 3) Home visit
4) Research 

Centre Visit

DNA

Questionnaires

Cognitive

assessments

Additional Tests

DNA

Questionnaires

Cognitive

assessments

DNA

Questionnaires
Data Collected

Figure 1 CATS II recruitment process.
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and composite scores that represent intellectual

functioning across specific cognitive domains: Verbal

Comprehension (VC); Perceptual Reasoning (PR);

Working Memory (WM); and Processing Speed (PS).

The IQs generated from these areas equally contribute

to the Full Scale (FS) IQ.

2. Developmental NEuroPSYchological Assessment-

Second Edition (NEPSY). Possible delays in long

term memory (LTM), WM and fine-motor skills are

investigated by sub-tests from the NEPSY [39]: List

Memory and List Memory Delayed (combined

score) (LTM), Memory for Designs (WM), Memory

for Designs Delayed (LTM), Fingertip Tapping

(motor) and Narrative Memory (WM).

If the participants opt to attend the research centre,

the child is assessed in a clinical environment. If partici-

pants select to be seen at their homes, a table and a

quiet room with minimal distractions are requested. The

tests are administered in a set order with standardised

verbal instructions given to each child. The WISC is ad-

ministered first, followed by the NEPSY.

The WISC raw scores are calculated by hand; an auto-

mated WISC scorer software is then used to calculate the

scaled and composite scores and generate a report for

the parents. This details the composite scores, percentile

ranks and classifications (e.g. average, high average etc.) of

the FSIQ, VCIQ, PRIQ, WMIQ and the PSIQ. If the partici-

pants have any questions regarding their child’s results, they

are able to directly contact the examiner (a psychologist)

who completed the assessments.

There is only one examiner on the project to increase

reliability. Training was completed for cognitive test ad-

ministration. A randomly selected 10% of the completed

assessments are double scored to ensure reliability. Means

are reviewed fortnightly to ensure no scaled or composite

scores are well above or below the average which may in-

dicate skewed testing. There is also an ongoing evaluation

of age and gender distribution between normal GTF and

the SGTF groups.

Statistical analysis

The main statistical analysis will be executed according

to the CATS II analysis plan. The data will be analysed

using STATA version 12. Dataset accuracy will be scruti-

nised using histograms and cross tabulations to identify

any outliers and errors in the data set. Implausible values

(>4 SD from the mean) will be considered as outliers

and will be recoded as ‘missing’. Descriptive statistics

will be presented as means, SD, medians and lower and

upper quartiles. All variables will be standardized; ana-

lyses will therefore be presented as per SD, for linear

regression analysis. Odds ratios will be assessed for FSIQ

thresholds.

Primarily, a univariable analysis will be commenced

followed by subsequent multivariate analyses to adjust

for key potential confounders relating to schooling and

social class. Logistic regression will be used to identify

if untreated SGTF offspring have increased odds of an

FSIQ < 85 compared to treated SGTF offspring. Children

of normal GTF mothers will be included in a secondary

analysis to assess the odds of an FSIQ <85 by maternal

thyroid status; with an interaction term for treatment sta-

tus to enable us to see if treatment reduces the risk of low

FSIQ.

The following four models of analysis will be used to

explore the data;

a. Model 1; Crude

b. Model 2; adjusted for child sex

c. Model 3; adjusted for model 2 and age of mothers at

birth of offspring and whether the child was

breastfed.

d. Model 4; adjusted for model 3 and schooling (Welsh

or English school attended) and socioeconomic

background.

The primary analysis for the study is assessing the

odds of FSIQ below 85 in children of mothers who had

SGTF compared to children of mothers with normal

GTF, calculated by a logistic regression. An interaction

term will be included for treatment vs. no treatment.

This outcome will therefore utilise our entire CATS II

cohort and is similar to CATS I in that it also investi-

gates FSIQ 1 SD from the mean.

Secondary analysis outcomes specific to the cognitive

data collection will investigate multiple aspects. Firstly, we

will explore whether children from the untreated SGTF

groups have an increased odds of a VCIQ <85 and if their

LTM and motor coordination is significantly lower than

offspring from mothers with treated SGTF. Secondly, we

will investigate if there is evidence of non-proportional

odds of a lower FSIQ in children of treated compared to

untreated SGTF mothers’ using likelihood ratio tests on

generalized ordered logistic thresholds to assess if the data

best fits a proportional or non-proportional model. Fur-

thermore, by applying data from our offspring of normal

GTF mothers, we can explore the odds of this group hav-

ing a higher FSIQ than children of treated SGTF mothers;

this will include a non-inferiority analysis. Likewise, by

comparing the normal GTF to the untreated SGTF data,

we can investigate whether maternal TSH predicts FSIQ.

Additionally, we can investigate whether maternal TSH

and poor DIO2 (a gene involved in activating T4 to T3) in

the offspring predicts FSIQ; this gene will be genotyped in

CATS’ children using standard protocols. This final

secondary analysis will use data from the normal GTF

and untreated SGTF groups and from this we could
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consider whether a treatment would reduce the risk of

having lower FSIQ.

Final investigations of the cognitive data will take the

form of a sensitivity analysis. CATS I and CATS II VCIQ,

PRIQ and FSIQs can all be compared; which will assist

identifying whether there is any bias found in CATS II in

relation to those participants recruited to CATS I. The

WISC utilises scaled scores to calculate IQs, and the

NEPSY also reports scaled scores. Therefore compari-

sons between the WISC WM scores can be compared

to the NESPY WM scores. Finally, an imperative sensi-

tivity analysis will look at the extent to which offspring

of mothers whom had normal GTF represent a normal

population i.e. IQs at a mean of 100 and NEPSY scaled

scores at a mean of 10 for each subtest.

Discussion

The aim of this paper is to describe the study protocol

of the cognitive aspects of the CATS II research project.

By conducting this study, we hope to better understand

the impact of maternal hypothyroidism and whether treat-

ment for such should be sought. We will add to the wider

literature for SGTF and contribute to knowledge in clin-

ical, epidemiology and psychology fields. The current re-

search is, to the authors’ knowledge, the largest of its kind

in the world to have a treated compared to untreated

model of SGTF at this age group; it has the potential to

have a significant impact in the UK and may be policy

changing; universal screening for SGTF may be the out-

come based on the study recommendations. If treatment

for SGTF is found to have an impact on FSIQ, it is our

aim to revisit these children to repeat assessments at

age ≥14 years. CATS II recruits when the children are

aged between 7–10 years; one of these reasons being

that IQ discrepancies of offspring of normal GTF and

hypothyroid mothers during pregnancy, were identified

in children aged 7 [14]. A further reason for assessing

children at this age is related to our further investiga-

tions for CATS II; specifically the bone mineral density

measurements, these should be taken before the con-

founding factors of puberty occur.

The key strength of this study is assessing the offspring

at a second time point during their lives. We are not aware

of any other studies in this field that have completed this.

By being flexible in our outcome measurements for the

participants, we are able to maximise recruitment. A fur-

ther strength is the volume of data collected; bone density,

DNA samples, child behavioural questionnaires are just

some of the data the participants will provide. The main

challenge of this study will be the recruitment targets and

the rate of attrition. A biased sample in the normal GTF

group may present itself; individuals better equipped to

aid the study, for example with free time will more readily

volunteer. This bias may only present in the normal GTF

group, as those from the SGTF groups took part more

recently (when the child was aged 3.2) and are more

likely to remember their participation.

In summary, CATS II is a follow-on study from a large

RCT collecting a wealth of data with the primary aim of

investigating FSIQ of offspring born to mothers who had

SGTF compared to those with mothers who had normal

GTF. Regardless of outcome, the results will have an effect

of how an underactive thyroid during pregnancy is per-

ceived, and more importantly, whether it is imperative to

treat or not.

Abbreviations

CATS: Controlled antenatal thyroid screening; SH: Subclinical hypothyroidism;

TSH: Thyroid stimulating hormone; T4: Free thyroxine; T3: Free tri-

iodothyronine; GSH: Gestational subclinical hypothyroidism; IQ: Intelligence

quotient; RCT: Randomised controlled trial; SGTF: Suboptimal gestational

thyroid function; SD: Standard deviation; WISC: Wechsler intelligence scale

for children-fourth edition UK; VC: Verbal comprehension; PR: Perceptual

reasoning; WM: Working memory; PS: Processing speed; FS: Full scale;

NEPSY: Developmental neuropsychological assessment-second edition;

LTM: Long term memory.

Competing interests

The authors declare that they have no competing interests.

Authors’ contributions

All authors contributed to the design of the study protocol. CH wrote the

final manuscript with guidance from SC, ML and PNT. All authors read and

approved the final manuscript.

Acknowledgments

The authors are extremely grateful to the children, parents and families who

have participated in the study. We would like to thank Terese Morley and all

those at the Clinical Research Facility at the Heath Hospital in Cardiff, for

kindly allowing us to use their services during the data collection period.

Thanks to Julie Evans, Julie Pell and Sophie Fuller for their dedicated support.

The authors would also like to acknowledge Action Medical Research for

funding this part of the study, and The Charles Wolfson Trust for funding the

additional aspects of the study.

Author details
1Thyroid Research Group, Institute of Molecular and Experimental Medicine,

School of Medicine, Cardiff University, Cardiff CF14 4XN, UK. 2Department for

Paediatric Psychology, St. David’s Children’s Centre, Cardiff, UK.

Received: 22 October 2014 Accepted: 8 December 2014

Published: 12 December 2014

References

1. Cooper D: Subclinical hypothyroidism. Thyroid Res Pract 2013, 10(4):9.

2. Wilson S, Parle JV, Roberts LM, Roalfe AK, Hobbs FD, Clark P, Sheppard MC,

Gammage MD, Pattison HM, Franklyn JA, Team Birmingham Elderly Thyroid

Study: Prevalence of subclinical thyroid dysfunction and its relation to

socioeconomic deprivation in the elderly: a community-based cross-

sectional survey. J Clin Endocrinol Metab 2006, 91(12):4809–4816.

3. Owen PJ, Lazarus JH: The treatment of post-partum thyroid disease.

J Endocrinol Invest 2003, 26(4):290–291.

4. Stagnaro-Green A, Abalovich M, Alexander E, Azizi F, Mestman J, Negro R,

Nixon A, Pearce EN, Soldin OP, Sullivan S, Wiersinga W: Guidelines of the

American Thyroid Association for the diagnosis and management of

thyroid disease during pregnancy and postpartum. Thyroid 2011,

21(10):1081–1125.

5. Krassas GE, Poppe K, Glinoer D: Thyroid Function and Human

Reproductive Health. Endocr Rev 2010, 31(5):702–755.

6. Canaris GJ, Manowitz NR, Mayor G, Ridgway EC: The Colorado thyroid

disease prevalence study. Arch Intern Med 2000, 160(4):526–534.

Hales et al. BMC Endocrine Disorders 2014, 14:95 Page 5 of 6

http://www.biomedcentral.com/1472-6823/14/95



7. Moreno-Reyes R, Glinoer D, Van Oyen H, Vandevijvere S: High prevalence

of thyroid disorders in pregnant women in a mildly iodine-deficient

country: a population-based study. J Clin Endocrinol Metab 2013,

98(9):3694–3701.

8. Blatt AJ, Nakamoto JM, Kaufman HW: National status of testing for

hypothyroidism during pregnancy and postpartum. J Clin Endocrinol

Metab 2012, 97(3):777–784.

9. Vanderpump MP, Lazarus JH, Smyth PP, Laurberg P, Holder RL, Boelaert K,

Franklyn JA: Iodine status of UK schoolgirls: a cross-sectional survey.

Lancet 2011, 377(9782):2007–2012.

10. Vermiglio F, Lo Presti V, Castagna M, Violi M, Moleti M, Finocchiaro M,

Mattina F, Artemisia A, Trimarchi F: Increased risk of maternal thyroid

failure with pregnancy progression in an iodine deficient area with

major iodine deficiency disorders. Thyroid 1999, 9(1):19–24.

11. Bath SC, Steer CD, Golding J, Emmett P, Rayman MP: Effect of inadequate

iodine status in UK pregnant women on cognitive outcomes in their

children: results from the Avon Longitudinal Study of Parents and

Children (ALSPAC). Lancet 2013, 382(9889):331–337.

12. Bougma K, Aboud FE, Harding KB, Marquis GS: Iodine and mental

development of children 5 years old and under: a systematic review and

meta-analysis. Nutrients 2013, 5(4):1384–1416.

13. Hynes KL, Otahal P, Hay I, Burgess JR: Mild iodine deficiency during

pregnancy is associated with reduced educational outcomes in the

offspring: 9-year follow-up of the gestational iodine cohort. J Clin

Endocrinol Metab 2013, 98(5):1954–1962.

14. Haddow JE, Palomaki GE, Allan WC, Williams JR, Knight GJ, Gagnon J, O’Heir CE,

Mitchell ML, Hermos RJ, Waisbren SE, Faix JD, Klein RZ: Maternal thyroid

deficiency during pregnancy and subsequent neuropsychological

development of the child. N Engl J Med 1999, 341(8):549–555.

15. Li Y, Shan Z, Teng W, Yu X, Li Y, Fan C, Teng X, Guo R, Wang H, Li J, Chen Y,

Wang W, Chawinga M, Zhang L, Yang L, Zhao Y, Hua T: Abnormalities of

maternal thyroid function during pregnancy affect neuropsychological

development of their children at 25–30 months. Clin Endocrinol (Oxf )

2010, 72(6):825–829.

16. Williams F, Watson J, Ogston S, Hume R, Willatts P, Visser T, G. Scottish

Preterm Thyroid: Mild maternal thyroid dysfunction at delivery of infants

born </=34 weeks and neurodevelopmental outcome at 5.5 years. J Clin

Endocrinol Metab 2012, 97(6):1977–1985.

17. Smit BJ, Kok JH, Vulsma T, Briët JM, Boer K, Wiersinga WM: Neurologic

development of the newborn and young child in relation to maternal

thyroid function. Acta Paediatr 2000, 89(3):291–295.

18. Pop VJ, Kuijpens JL, van Baar AL, Verkerk G, van Son MM, de Vijlder JJ,

Vulsma T, Wiersinga WM, Drexhage HA, Vader HL: Low maternal free

thyroxine concentrations during early pregnancy are associated with

impaired psychomotor development in infancy. Clin Endocrinol (Oxf ) 1999,

50(2):149–155.

19. Gottfredson LS: Intelligence: is it the epidemiologists’ elusive

“fundamental cause” of social class inequalities in health?

J Pers Soc Psychol 2004, 86(1):174.

20. Hogan R: In defense of personality measurement: New wine for old

whiners. Hum Perform 2005, 18(4):331–341.

21. Jensen AR: The g factor: The science of mental ability. Westport, CT: Praeger;

1998.

22. Judge TA, Colbert AE, Ilies R: Intelligence and leadership: a quantitative

review and test of theoretical propositions. J Appl Psychol 2004, 89(3):542.

23. Neisser U, Boodoo G, Bouchard TJ Jr, Boykin AW, Brody N, Ceci SJ, Halpern DF,

Loehlin JC, Perloff R, Sternberg RJ: Intelligence: knowns and unknowns.

Am Psychol 1996, 51(2):77.

24. Roberts BW, Kuncel NR, Shiner R, Caspi A, Goldberg LR: The power of

personality: The comparative validity of personality traits, socioeconomic

status, and cognitive ability for predicting important life outcomes.

Perspect Psychol Sci 2007, 2(4):313–345.

25. Sternberg RJ, Grigorenko E, Bundy DA: The predictive value of IQ.

Merrill-Palmer Q 2001, 47(1):1–41.

26. de Escobar GM, Obregon MJ, del Rey FE: Maternal thyroid hormones early

in pregnancy and fetal brain development. Best Pract Res Clin Endocrinol

Metab 2004, 18(2):225–248.

27. Ghassabian A, El Marroun H, Peeters R, Jaddoe VW, Hofman A, Verhulst FC,

Tiemeier H, White T: Downstream effects of maternal hypothyroxinemia

in early pregnancy: Nonverbal IQ and brain morphology in school age

children. J Clin Endocrinol Metabol 2014, 99(7):2383–2390.

28. Klein R, Sargent J, Larsen P, Waisbren S, Haddow J, Mitchell M: Relation of

severity of maternal hypothyroidism to cognitive development of

offspring. J Med Screen 2001, 8(1):18–20.

29. Henrichs J, Bongers-Schokking JJ, Schenk JJ, Ghassabian A, Schmidt HG,

Visser TJ, Hooijkaas H, de Muinck Keizer-Schrama SM, Hofman A, Jaddoe VV:

Maternal thyroid function during early pregnancy and cognitive functioning

in early childhood: the generation R study. J Clin Endocrinol Metabol 2010,

95(9):4227–4234.

30. Ghassabian A, Bongers-Schokking JJ, de Rijke YB, van Mil N, Jaddoe VW,

de Muinck Keizer-Schrama SM, Hooijkaas H, Hofman A, Visser W, Roman GC:

Maternal thyroid autoimmunity during pregnancy and the risk of attention

deficit/hyperactivity problems in children: the Generation R Study. Thyroid

2012, 22(2):178–186.

31. Finken MJ, van Eijsden M, Loomans EM, Vrijkotte TG, Rotteveel J: Maternal

hypothyroxinemia in early pregnancy predicts reduced performance in

reaction time tests in 5-to 6-year-old offspring. J Clin Endocrinol Metabol

2013, 98(4):1417–1426.

32. Oken E, Braverman LE, Platek D, Mitchell ML, Lee SL, Pearce EN: Neonatal

thyroxine, maternal thyroid function, and child cognition. J Clin

Endocrinol Metab 2009, 94(2):497–503.

33. Williams FL, Watson J, Ogston SA, Visser TJ, Hume R, Willatts P: Maternal

and umbilical cord levels of T4, FT4, TSH, TPOAb, and TgAb in term

infants and neurodevelopmental outcome at 5.5 years. J Clin Endocrinol

Metab 2013, 98(2):829–838.

34. Thung SF, Funai EF, Grobman WA: The cost-effectiveness of universal

screening in pregnancy for subclinical hypothyroidism. Am J Obstet

Gynecol 2009, 200(3):267 e1–267.e7.

35. Morreale de Escobar G, Jesús Obregón M, Escobar del Rey F: Is

Neuropsychological Development Related to Maternal Hypothyroidism

or to Maternal Hypothyroxinemia? J Clin Endocrinol Metabol 2000,

85(11):3975–3987.

36. Lazarus JH, Bestwick JP, Channon S, Paradice R, Maina A, Rees R, Chiusano E,

John R, Guaraldo V, George LM, Perona M, Dall’ Amico D, Parkes AB,

Joomun M, Wald NJ: Antenatal thyroid screening and childhood

cognitive function. N Engl J Med 2012, 366(6):493–501.

37. Mackintosh N: IQ and human intelligence. Oxford: Oxford University Press; 2011.

38. Wechsler D: Wechsler intelligence scale for children–Fourth Edition (WISC-IV).

San Antonio, TX: The Psychological Corporation; 2003.

39. Brooks BL, Sherman EM, Strauss E: NEPSY-II: A developmental

neuropsychological assessment. Child Neuropsychol 2009, 16(1):80–101.

doi:10.1186/1472-6823-14-95
Cite this article as: Hales et al.: The second wave of the Controlled
Antenatal Thyroid Screening (CATS II) study: the cognitive assessment
protocol. BMC Endocrine Disorders 2014 14:95.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Hales et al. BMC Endocrine Disorders 2014, 14:95 Page 6 of 6

http://www.biomedcentral.com/1472-6823/14/95


	Abstract
	Background
	Methods/Design
	Discussion

	Background
	Methods
	Eligibility
	Sample size justification
	Recruitment
	Cognitive measures and procedure
	Statistical analysis

	Discussion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

