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ABSTRACT

BACKGROUND
Children born to women with low thyroid hormone levels have been reported to have
decreased cognitive function.

METHODS

We conducted a randomized trial in which pregnant women at a gestation of 15 weeks
6 days or less provided blood samples for measurement of thyrotropin and free thy-
roxine (T,). Women were assigned to a screening group (in which measurements were
obtained immediately) or a control group (in which serum was stored and measure-
ments were obtained shortly after delivery). Thyrotropin levels above the 97.5th per-
centile, free T, levels below the 2.5th percentile, or both were considered a positive
screening result. Women with positive findings in the screening group were assigned
to 150 ug of levothyroxine per day. The primary outcome was IQ at 3 years of age
in children of women with positive results, as measured by psychologists who were
unaware of the group assignments.

RESULTS

0f 21,846 women who provided blood samples (at a median gestational age of 12 weeks
3 days), 390 women in the screening group and 404 in the control group tested posi-
tive. The median gestational age at the start of levothyroxine treatment was 13 weeks
3 days; treatment was adjusted as needed to achieve a target thyrotropin level of 0.1 to
1.0 mIU per liter. Among the children of women with positive results, the mean IQ
scores were 99.2 and 100.0 in the screening and control groups, respectively (differ-
ence, 0.8; 95% confidence interval [CI], -1.1 to 2.6; P=0.40 by intention-to-treat
analysis); the proportions of children with an IQ of less than 85 were 12.1% in the
screening group and 14.1% in the control group (difference, 2.1 percentage points;
95% CI, —2.6 to 6.7; P=0.39). An on-treatment analysis showed similar results.

CONCLUSIONS
Antenatal screening (at a median gestational age of 12 weeks 3 days) and maternal
treatment for hypothyroidism did not result in improved cognitive function in children
at 3 years of age. (Funded by the Wellcome Trust UK and Compagnia di San Paulo,
Turin; Current Controlled Trials number, ISRCTN46178175.)
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CTIVE SECRETION OF THYROID HOR-
monein the fetus does not start until about
18 to 20 weeks’ gestation.! Studies in ani-
mals suggest that until fetal hormone secretion
begins, the fetus is dependent on circulating free
thyroxine (T,) in the mother for growth and de-
velopment, including central nervous system mat-
uration.* Iodine is essential for free T, synthesis,
and in iodine-deficient populations, an increase in
cognitive performance has been observed after
iodine supplementation before pregnancy.?*
High levels of thyrotropin in women during
pregnancy have been associated with impaired
cognitive development in their offspring. This
finding suggests that antenatal screening and
treatment of thyroid deficiency may be worth-
while.5 We conducted a randomized, controlled
trial to assess the effects on cognitive function at
3 years of age in the offspring of women who un-
derwent thyroid screening in early pregnancy and
received treatment if they had a high thyrotropin
level, a low free T, level, or both.

METHODS

STUDY PARTICIPANTS

We invited pregnant women to participate at their
first antenatal hospital visit. The women were re-
cruited from 10 centers in the United Kingdom and
1 center in Italy. Exclusion criteria were an age of
less than 18 years, a gestational age of more than
15 weeks 6 days, twin pregnancies, and known thy-
roid disease. Approval of the study was obtained
from research ethics committees in the United
Kingdom and Italy, and all participants provided
written informed consent.

STUDY PROCEDURES

Blood samples were sent to the laboratory at the
University Hospital of Wales, Cardift, or to Ospe-
dale Sant’Anna, Turin, Italy, for measurement of
thyrotropin and free T, levels. On receipt of sam-
ples, women were randomly assigned with the
use of a computer-generated block design to the
screening or control group.

Serum samples from the screening group were
immediately assayed for levels of free T, and thy-
rotropin (see below). Serum samples from women
in the control group, stored at —40°C, were assayed
for levels of free T, and thyrotropin after delivery.
Women were classified as positive if the serum

thyrotropin concentration was above the 97.5th
percentile, the serum free T, concentration was
below the 2.5th percentile, or both. Cutoff values
for serum levels of free T, (the 2.5th percentile) and
thyrotropin (the 97.5th percentile) were periodically
adjusted according to assay results obtained during
the study.

Patients in the screening group who had posi-
tive results were treated with levothyroxine (recom-
mended starting dose, 150 ug per day). Levels of
thyrotropin and free T, were checked 6 weeks after
the start of levothyroxine therapy and at 30 weeks’
gestation, with adjustment of the dose as nec-
essary. The target thyrotropin level was 0.1 to
1.0 mIU per liter. Women in the screening and
control groups who had positive test results re-
ceived standard routine care and were advised to
visit their family physician after delivery to deter-
mine whether levothyroxine therapy should be
continued or initiated, respectively.

In the United Kingdom, levels of serum thyro-
tropin and free T, were measured with the use of
immunochemiluminescence (ADVIA Centaur, Sie-
mens Healthcare Diagnostics). The 95% range of
thyrotropin levels was 0.15 to 3.65 mIU per liter,
and the 95% range of free T, levels was 8.4 to
14.6 pmol per liter (0.65 to 1.13 ng per deciliter).
In Turin, levels of serum thyrotropin and free T,
were measured with the use of an immunofluo-
rescence method (AutoDELFIA, PerkinElmer Life
and Analytical Sciences). The 95% ranges of thyro-
tropin and free T, were 0.11 to 3.50 mIU per liter
and 7.15 to 11.34 pg per milliliter, respectively.

The first author vouches for the accuracy and
completeness of the reported data and the fidelity
of the report to the study protocol, which is avail-
able with the full text of this article at NEJM.org.

OUTCOMES AND ASSESSMENTS
The primary outcome was the IQ, at 3 years of age,
of children of the women who tested positive. IQ
was assessed with the use of the Wechsler Pre-
school and Primary Scale of Intelligence, third edi-
tion (2003) (Psychological Corporation) by psychol-
ogists who visited the children’s home and who
were unaware of the group assignments.
Aspects of child behavior that might affect the
evaluation of IQ were assessed with the use of the
Child Behavior Checklist (CBCL) 2000 (Achenbach
System of Empirically Based Assessment, Univer-
sity of Vermont) and the Behavior Rating Inventory
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of Executive Function, preschool version (Brief-P),
2003 (Psychological Assessment Resources). Infor-
mation relating to parental education and mater-
nal psychological status (assessed with the use of
the Beck Depression Inventory II [Psychological
Corporation]) was also collected.

IQ assessments were performed by two psy-
chologists in the United Kingdom and one in Tu-
rin. To allow for between-psychologist differences
in the assessments, the mean IQ score for the con-
trols was set at 100 for each psychologist. For ex-
ample, if the mean IQ score in the control group
was 105 for a particular psychologist, all IQ scores
assessed by that psychologist were reduced by
5 points. An analysis based on z scores (the ob-
served IQ minus the mean, divided by the standard
deviation according to psychologist) was also per-
formed.

STATISTICAL ANALYSIS
Baseline characteristics of women with positive
findings (a high thyrotropin level, a low free T,
level, or both) in the screening and control groups
were compared with the use of t-tests for continu-
ous variables with a Gaussian distribution and
the Wilcoxon rank-sum test for those with a non-
Gaussian distribution. The chi-square test was used
for categorical variables.

The primary analysis was performed according
to the intention-to-treat principle. A t-test was used
to compare standardized IQ test results of the
children between the screening and control groups,
and the chi-square test was used to compare the
proportion of children with an IQ of less than
85 (the coprimary outcome). To assess a possible
trend, we estimated the relative risk of standard-
ized IQ values (and standardized verbal and per-
formance components) of less than 75, 80, 85, 90,
95, and 100 among children in the screening
group as compared with those in the control
group. A post hoc, on-treatment analysis of IQ
scores was also performed, which included the
children of women in whom thyrotropin levels
decreased by at least 10% and free T, levels in-
creased by at least 10% from the first blood
sample obtained (at approximately 12 weeks’
gestation) to the sample obtained 6 weeks after
the initiation of levothyroxine therapy.

The study protocol specified recruitment of
22,000 women with singleton pregnancies, with
440 of the 11,000 women in each study group

N ENGL ) MED 366;6
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having positive screening results (a high thyro-
tropin level, a low free T, level, or both). Among
the women with positive results, 22 of the children
in the screening group (5%) were expected to have
an IQ of 85 or less, as compared with 66 children
in the control group (15%). This expectation was
based on the results of a study by Haddow et al.,>
in which women with a high thyrotropin level were
three times as likely to have children with an IQ
that was less than or equal to 85 as women with
normal thyrotropin levels during pregnancy. With
an expected 10% loss to follow-up, the power to
detect such a difference in child IQ between the
screening and control groups is greater than 95%
at the 5% significance level (two-sided test).

RESULTS

RANDOMIZATION AND BASELINE MEASUREMENTS
As shown in Figure 1, a total of 21,846 women were
recruited and underwent randomization (16,346
women from 10 centers in the United Kingdom and
5500 from 1 center in Italy); 10,924 women were
assigned to the screening group and 10,922 were
assigned to the control group. The proportions of
women classified as having positive screening re-
sults were 4.6% in the screening group and 5.0% in
the control group. Similar proportions were classi-
fied as having positive results on the basis of a high
thyrotropin level or a low free T, level. About 5% of
women classified as having positive screening re-
sults had both a high thyrotropin level and a low
free T, level. Levothyroxine therapy was started in
the screening group at a median gestation of 13
weeks 3 days. Psychological testing was complet-
ed in 78.2% of the children of women who tested
positive in the screening group and in 73.3% of the
children of women who tested positive in the con-
trol group.

Table 1 shows characteristics of the women
with positive test results and their children in the
screening (treated) and control groups. The groups
were similar with respect to baseline characteris-
tics and socioeconomic characteristics, with the
exception that thyrotropin levels were higher in the
screening group than in the control group among
the women in the United Kingdom.

There were no significant differences between
the screening and control groups with respect to
gestational age at delivery (median, 40.1 and 40.2
weeks, respectively; P=0.10), rates of preterm birth
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21,846 Women were recruited
and underwent randomization

10,924 Were assigned to screening group
at approximately 12 wk of gestation
(serum assay within approximately 1 wk)

499 (4.6%) Tested positive
242 Had low free T,
232 Had high thyrotropin
25 Had low free T, and
high thyrotropin

10,425 Tested negative

499 (4.6%) Were prescribed
levothyroxine at approximately
13 wk of gestation

90 Were lost to follow-up
19 Declined child testing

390 (78.2%) of children
completed psychological
testing at 3 yr of age

10,922 Were assigned to the control group
at approximately 12 wk of gestation
(serum assay after delivery)

10,915 Had stored serum assay
after delivery

551 (5.0%) Tested positive
257 Had low free T,
264 Had high thyrotropin
30 Had low free T, and
high thyrotropin

10,364 Tested negative

106 Were lost to follow-up
41 Declined child testing

404 (73.3%) of children
completed psychological
testing at 3 yr of age

Figure 1. Randomization and Follow-up of the Study Participants.

(<37 weeks’ gestation, 5.6% and 7.9%; P=0.20),
and birth weight (mean, 3.5 kg and 3.3 kg;
P=0.15). Table 1 in the Supplementary Appendix
(available at NEJM.org) shows the numbers of
women with positive screening results (and the
numbers enrolled) according to center.

COGNITIVE FUNCTION
Table 2 shows the outcome based on an intention-
to-treat analysis. The mean standardized IQ in chil-
dren at 3 years of age in the control group was
100.0 (by definition), and in the screening group

it was 99.2 (P=0.40). The proportions of children
with an IQ of less than 85 were 12.1% in the screen-
ing group and 14.1% in the control group (P=0.39).
An analysis adjusting for initial thyrotropin mea-
surements (log-transformed) did not show a sig-
nificant association between thyrotropin and IQ
and yielded results that were not materially differ-
ent. Table 2 in the Supplementary Appendix shows
the observed, nonstandardized IQ scores accord-
ing to randomization group and psychologist.
We also performed an analysis based on
z scores (the observed IQ score minus the mean,
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divided by the standard deviation according to
psychologist) and found no significant difference
between groups with respect to the mean IQ
z score or the proportion of children with an
IQ z score of less than —1 (Table 3 in the Supple-
mentary Appendix). There were likewise no sig-
nificant between-group differences in the results
of other psychological assessments (CBCL and
Brief-P scores) (Table 2). One woman in each of
the screening and control groups was classified
as having mild depression according to the Beck
Depression Inventory II and was referred to her
community health nurse; the children of these
women were included in all analyses.

Figure 2 shows the relative risk of an IQ below
various specified scores (75, 80, 85, 90, 95, and
100), for the verbal and performance components
and for the full-scale IQ, in the screening group
as compared with the control group. The relative
risks were not significant for any of the specified
cutoff scores, and there was no significant trend
according to cutoff score (for details, see Table 4 in
the Supplementary Appendix).

Among women who received levothyroxine, the
thyrotropin level decreased, on average, by a factor
of about 10 from baseline to 20 weeks’ gestation,
and the free T, level increased by about 35% (for
changes in thyrotropin and free T, levels over time,
see Fig. 1, and Table 5 in the Supplementary Ap-
pendix).

A total of 79.0% of women in the screening
group were found to have complied with treat-
ment. Figure 3 shows the results of the on-treat-
ment analysis. As in the intention-to-treat analy-
sis, the relative risks of an IQ below each cutoff
score were not significant (for details, see Table
6 in the Supplementary Appendix).

The average dose of levothyroxine at the start
of treatment was 147 ug (most women received
150 ug), and 85% percent of women continued
to receive their starting dose after their checkup
6 weeks after screening. In 10% of women, the
dose was lowered, in most cases to 125 ug, be-
cause of a very low thyrotropin level, a high free
T, level, or minor side effects (palpitations); in
5% of women, the dose was increased, in most
cases to 175 ug, because the target thyrotropin
level was not reached.

Post hoc analyses were performed in the follow-
ing subgroups: women with positive screening re-
sults according to thyrotropin level only, women
with positive screening results according to free

Table 1. Characteristics of Women with Positive Screening Results and Their
Children Who Completed Psychological Testing.*

Screening Group  Control Group
Characteristic (N=390) (N=404)

Gestational age at screening
(weeks, days)

Median 12,3 12,3

Interquartile range 11,6-13,6 11,6-13,5
Thyrotropin (mlU/liter)

United Kingdomz:

Median 3.8 3.2

Interquartile range 1.5-4.7 1.2-4.2
Turin

Median 31 2.4

Interquartile range 1.3-4.0 1.3-39

Free T,

United Kingdom (pmol/liter)

Median 111 11.2
Interquartile range 10.5-13.3 10.5-13.2
Turin (pg/ml)
Median 7.4 7.4
Interquartile range 7.1-8.6 7.2-8.3
Maternal smokers (%) 17 14
Maternal weight (kg)
Median 68 67
Interquartile range 59-78 59-80

Age when mother left full-time
education (%) 9

<l6yr 34 33
17-18 yr 27 26
=19 yr 39 41

Age when father left full-time
education (%)9

<l6yr 51 42

17-18 yr 18 23

=19yr 31 35
Maternal age at delivery (yr) 30+5.4 31+5.3
Paternal age at delivery (yr)q 32£5.9 33£6.3
Male children (%) 55 51
Age at psychological testing (yr)

Median 3.2 3.2

Interquartile range 3.2-33 3.2-33

* Plus—minus values are means =SD. In the screening group, the women were
assigned to treatment with levothyroxine. To convert the values for free thy-
roxine (T,) from picomoles per liter to nanograms per deciliter, divide by 12.87.

i Values for thyrotropin and free T, levels are provided separately for the United
Kingdom and Turin because different assays were used (ADVIA Centaur in the
United Kingdom and AutoDELFIA in Turin, ltaly).

I The difference between the screening and control groups was significant

(P=0.009); there were no other significant differences.

9 Data shown are for the United Kingdom only (parents in Turin were not asked

about educational status or age at delivery).
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Table 2. Standardized Full-Scale Child IQ and Scores on the Child Behavior Checklist (CBCL) and the Behavior Rating
Inventory of Executive Function, Preschool Version (Brief-P), According to Study Group.*
Screening Group  Control Group Difference (95% ClI)

Test (N=390) (N=404) (Control Group —Screening Group)| P Value
o

Mean 99.2+13.3 100.0+13.3 0.8 (-1.1to0 2.6) 0.40

<85 (% of children) 12.1 14.1 2.1 (-2.6t06.7) 0.39
CBCL T scorex:

Mean 44.4+12.4 45.1+13.6 0.7 (-1.2to0 2.5) 0.49
Brief-P T scoref

Median 40 40 0 0.59

Interquartile range 47-55 47-55

* Plus—minus values are means +SD. The full-scale child 1Q test was standardized so that for each psychologist, the
mean score among the children in the control group whom they tested was 100. In the screening group, the women

were assigned to treatment with levothyroxine.

=)

For percentages of children with an 1Q below 85, the absolute (percentage-point) differences are shown.
For the CBCL, a T score above the 98th percentile is indicative of a clinically significant problem.
For the Brief-P, a T score above 65 is indicative of a clinically significant problem.

T, level only, women with positive screening results
according to both thyrotropin and free T, levels,
women who began to receive treatment before
14 weeks’ gestation, women who began to receive
treatment at 14 weeks’ gestation or later, women
in whom the target thyrotropin level was achieved
6 weeks after screening, and women in whom the
target thyrotropin level was achieved at 30 weeks’
gestation. There were no significant differences
in IQ scores between the screening and control
groups in these subgroups, and no significant in-
teractions were found (Table 7 in the Supplemen-
tary Appendix).

DISCUSSION

We found no significant difference in IQ scores
between 3-year-old children born to women who
were randomly assigned to the screening group at
about 12 weeks’ gestation and treated for reduced
thyroid function before 20 weeks’ gestation (medi-
an, 13 weeks 3 days) and children born to women
with reduced thyroid function who were randomly
assigned to the control group. There were also no
significant between-group differences in analyses
limited to the women who adhered to treatment.

Although our trial showed no benefit, prior
observational studies have shown associations
between low maternal thyroid hormone levels in
pregnancy and impaired cognitive development
in children. A study in 1971 described impaired

intellectual development in children born to wom-
en with non-iodine-deficient hypothyroidism dur-
ing pregnancy.® A subsequent study showed an
1Q level of less than 85 in 19% of the children of
women with a high thyrotropin level, as compared
with 5% of the children of euthyroid women in the
control group (P=0.005).5 Decreased neurologic
development at 2 years of age in children born to
women with subclinical hypothyroidism during
pregnancy as compared with women who were
euthyroid during pregnancy was later reported in
a Dutch study” and in a study from China.?

These observational studies may have been sub-
ject to confounding. In our trial, randomization
effectively avoided this problem. Indeed, baseline
characteristics were similar in the screening and
control groups, with one exception: the median
thyrotropin level in women recruited in the Unit-
ed Kingdom was slightly higher in the screening
group than in the control group (3.8 mIU vs.
3.2 mIU per liter). This difference may have arisen
from the periodic adjustments to the 97.5th per-
centile value used to define a positive result
(adjustments that were made to obtain an overall
2.5% positive rate for thyrotropin as defined by
the 97.5th percentile). This difference is unlikely
to have biased our results, given that it was small
and that an analysis adjusted for thyrotropin
levels yielded similar results.

There may be more specific cognitive impair-
ments associated with maternal hypothyroidism
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A Standardized Full-Scale IQ
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Figure 2. Relative Risk of an IQ Score below Specified
Cutoff Scores in the Screening Group as Compared
with the Control Group, According to the Intention-
to-Treat Analysis.

1 bars indicate 95% confidence intervals.

that we did not assess. A low free T, level (without
an increased level of thyrotropin) has been associ-
ated with psychomotor deficit in infancy® and at
the age of 2 to 3 years,° as well as with delays in
the development of expressive language.'* Other
studies have shown a decrement of orientation!?
(the ability to attend to visual and auditory stim-
uli and overall alertness), vision abnormalities,*3
and behavioral changes* in children born to
women with hypothyroidism in pregnancy. The

Figure 3. Relative Risk of an 1Q Score below Specified
Cutoff Scores in the Screening Group as Compared
with the Control Group, According to the On-Treatment
Analysis.

A total of 308 women (79%) were found to have com-
plied with treatment (i.e., they had a decrease of at
least 10% in the thyrotropin level and an increase of
at least 10% in the free thyroxine level). I bars indicate
95% confidence intervals.

neurodevelopmental effects of maternal hypothy-
roidism may be specific to certain neural systems.
For example, defects in memory, visual attention,
and processing have been described in the children
of women with untreated low free T, levels during
pregnancy.® In our study, the Brief-P subscore for
memory did not differ significantly between the
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children in the screening group and those in the
control group. Detailed assessment of visuospa-
tial development was not performed.

A possible explanation for the negative results
of our study is that screening was performed and
levothyroxine therapy initiated too late in gesta-
tion to have a major influence on brain develop-
ment (up to 20 weeks’ gestation; median, 13 weeks
3 days). The timing of screening in our study was
chosen because it is at this time that routine ante-
natal care in hospitals is initiated in the majority
of women. However, in post hoc analyses, we like-
wise did not find a benefit of screening and treat-
ment in the subgroup of women who started treat-
ment earlier, although it should be acknowledged
that our trial was not powered for this assessment.
It is also possible that IQ assessment at 3 years
of age is insensitive to the effects of maternal
levothyroxine treatment; in the study by Haddow
et al.,> which showed an association between hy-
pothyroidism in women and a lower IQ in their
children, psychological testing was performed at
7 years. Additional randomized trials are needed to
determine whether earlier antenatal screening or
later childhood cognitive assessment could show a
benefit of thyroxine replacement in pregnancy. An
ongoing randomized trial is assessing the effect
of screening and treatment on IQ at 5 years of age
in the children of women with elevated thyrotropin
or reduced free T, levels in blood samples provided
between 8 and 20 weeks’ gestation.t®

A limitation of our study is that about 24% of
the women were lost to follow-up. Most of these
women could not be contacted, with similar pro-
portions in the screening and control groups, but
19 women from the screening group and 41 from
the control group declined to have their child as-
sessed. A sensitivity analysis indicated that the
higher rate of declined assessment in the control

group than in the screening group is extremely
unlikely to explain our results. Twelve percent of
the children of women in the screening group had
an IQ of less than 85. If this percentage was the
same among the children of women in the screen-
ing group who declined testing, at least 44% of
the children of women in the control group who
declined testing would have to have had an IQ of
less than 85 for the difference between the screen-
ing and control groups to be significant.

In our study, most of the women with positive
screening results had a positive result based on
just one of the two thyroid tests performed (free
T, or thyrotropin); only 5% of women had both a
high thyrotropin level and a low free T, level. Post
hoc analyses revealed no significant differences
between the screening and control groups in any
of these subgroups, including the subgroup with
both elevated thyrotropin and reduced free T, lev-
els; however, conclusions regarding these findings
are limited by the small numbers of women and
the post hoc nature of the analyses.

Current guidelines do not recommend routine
antenatal screening for hypothyroidism in preg-
nancy.'” Our study provides support for these
guidelines, since we found no benefit of routine
screening for maternal hypothyroidism at about
12 to 13 weeks’ gestation in the prevention of im-
paired childhood cognitive function.
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