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Summary

Objective To study the relationship between maternal thyroid
function at each pregnancy trimester and neonatal screening results.
Background Overt maternal thyroid dysfunction during gesta-
tion is associated with poor neonatal thyroid function. However,
research on the relationship between suboptimal maternal thyroid
function (assessed at three trimesters) and neonatal thyroid screen-
ing outcome is scarce.

Design/Patients Prospective follow-up study during three tri-
mesters of gestation in 886 Dutch Caucasian healthy pregnant
women followed from 12-week gestation until term delivery
(>37 weeks) and their neonates.

Measurements The relation between neonatal data from the
Congenital Hypothyroidism (CH) screening and maternal thyroid
determinants [TSH, FT4 and thyroid peroxidase (TPO)-Ab]
assessed at 12-, 24- and 36-week gestation.

Results Boys have lower screening TT4 levels and their mothers
have higher TSH levels at 24- and 36-week gestation. Higher mater-
nal TSH levels (>97-5th percentile, as defined in 810 women with-
out TPO-AD at 12 weeks) at one or more times during pregnancy
(O.R: 2:26, 95% CI: 1-20-4-29) and lower gestational age (O.R:
1-22, 95% CI: 1:05-1-41) are independently related to lower screen-
ing TT4 levels.

Conclusions Maternal thyroid function during gestation is
related to neonatal TT4 at screening. The finding of both lower
neonatal TT4 levels in boys and higher TSH levels in mothers carry-
ing boys is worthy of further investigation, as both observations
may be meaningfully related.
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Introduction

The foetus is totally dependent on maternal thyroid hormone sup-
ply during the first half of gestation. This dependency decreases
during the second half of gestation when the ongoing maturation
of the foetal hypothalamus-pituitary-thyroid axis (HPT axis)
results in increased foetal T4 production.™?

Evidence on whether poor neonatal thyroid screening results are
dependent on (sub) clinical maternal thyroid dysfunction during
gestation is limited. In iodine deficient areas, some studies found
higher mean cord TSH levels compared with mean maternal TSH
levels during different trimesters of gestation and at delivery.”™
Another study revealed a positive correlation between maternal FT4
and cord r'T3 and between maternal rT3 and cord T3.° A recent study
failed to demonstrate a relation between maternal thyroid function
and neonatal screening results.” Conclusions based on these studies,
however, cannot be definitive as they share a similar shortcoming;
assessments of maternal thyroid function were performed at a
single, variable time point, whilst the effect of maternal thyroid func-
tion on foetal thyroid development might be trimester-specific.®”

This study reports on the neonatal thyroid screening outcome of a
large group of healthy term-born (=37 weeks) neonates (n = 886),
whose healthy mothers were followed at each trimester until deliv-
ery. Primary outcome was the relation between maternal thyroid
function at each trimester and neonatal total T4 (TT4) screening
results, after adjustment for other determinants of screening results.

Methods

Subjects

Over a 2 year period, 1190 of 1507 Dutch Caucasian pregnant
women living in the Eindhoven city area consented to participate
in a follow-up study at their first antenatal control visit at 12-week
gestation. For various reasons (e.g. thyroid medication, overt
hyperthyroidism/hypothyroidism at screening, severe congenital
malformations, hormone induced pregnancy, diabetes-I, missing
data), 56 women were excluded. The remaining 1134 women were
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followed throughout pregnancy. Seventy-two of them delivered
prior to 37-week gestation. Of the remaining 1062 women, 886
(83%) mothers gave written consent to access congenital hypothy-
roidism (CH) screening data.

The Eindhoven area has recently been shown to be iodine
sufficient.'” The Medical Ethical Committee of Méaxima Medical
Centre in Eindhoven/Veldhoven approved the study.

Assessments

Term was assessed in two ways: using the last menstrual period,
and from an ultrasound assessment at the presumed 12-week
gestation point. If there was a discrepancy of more than 7 days
between these two measurements, another ultrasound assessment
was performed within 2 weeks to assess the definite term. Gesta-
tional age was expressed in weeks and days.

Thyroid parameters, free thyroxine (FT4), thyrotropin (TSH)
and auto-antibodies to thyroid peroxidase (TPO-Ab) were assessed
at 12-, 24- and 36-week gestation. TSH was measured using a solid-
phase, two site chemiluminescent enzyme immunometric assay
(IMMULITE Third generation TSH; Diagnostic
Corporation, Los Angeles, CA, USA). The inter-assay coefficients

Products

of variation were 5:0% and 4-4% at concentrations 0-22 and
2:9 mIU/l, respectively. FT4 concentration was also measured by
means of a solid-phase immunometric assay (IMMULITE Free T4;
Diagnostic Products Corporation). The inter-assay coefficients of
variation for this technique were 6:7% and 4-4% at concentrations
of 11-6 and 31-5 pmol/l, respectively. Reference ranges for TSH and
FT4 were: 0-45-4-5 mIU/l and 10-3-25-7 pmol/l, respectively. The
IMMULITE Anti-TPO Ab kit (Diagnostic Products Corporation)
was used for the determination of antibodies against TPO. The
inter-assay coefficients of variation for this analysis were 9% and
9-5% for concentrations of 40 and 526 kU/, respectively. The TPO
assay was standardised in terms of the International Reference
Preparation for TPO MRC 66/387. Women with TPO-Ab concen-
trations higher than 35 IU/ml at 12-week gestation were regarded
as antibody positive. Because TSH and FT4 reference ranges during
gestation do not exist, TSH and FT4 were defined as low and high
using the lowest 2-5th and upper 97-5th percentiles as cut-offs of
women who were TPO-Ab negative at 12-week gestation.

In the Netherlands, neonatal screening on CH is performed by
primarily assessing TT4 in heel-puncture blood samples collected
on filter paper. In the current study (recruiting period: 2003—
2005), TT4 was assessed between the 4th and 6th postpartum day
using filter paper blood spots. The TT4 concentration was
compared with the mean TT4 of all neonates assessed that day in
the screening laboratory. Babies with a TT4 > 0-8 SD below the
daily mean receive a TSH assessment: by definition, this is around
20% of all neonates. The rationale and cost-effectiveness of this
approach has been discussed elsewhere.'!

Statistical analysis

Statistical analysis was performed using the Statistical Package of
Social Science (spss). Kolmogorov—Smirnov tests revealed a
normal distribution for neonatal TT4 values (P = 0-23) but not for
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maternal TSH (P < 0:001) and FT4 (P < 0:05) at all trimesters
during gestation. Therefore, mean (SD) of TT4 was calculated and
median (range) of TSH and FT4. Means (SD) of TT4 of different
subgroups of neonates were compared using ¢-tests, whilst Mann—
Whitney-U tests were used to compare TSH and FT4 levels in
different sub-groups. To evaluate whether neonatal TT4 was
related to different maternal and neonatal parameters, we per-
formed t-tests (two-tailed) and analysis of variance (aANovA).

Subsequently, different cut-offs for maternal TSH and FT4 were
calculated, and chi squares (XZ) were used to test associations with
neonatal TT4. Adjusted odds ratios (95% CI) of low neonatal
screening TT4 (defined as >0-8 SD below the mean of the total
study sample) were analysed using multiple logistic regression anal-
ysis. Confounders for which was adjusted for were: maternal BMI
and age, term at birth, birth weight, neonatal sex, low FT4, high
TSH and elevated TPO-AD titers during gestation, smoking habits
and alcohol use.

Results

In Table 1, the characteristics of 886 pregnant women and their
term-born neonates are shown. In Table 2, thyroid function at each
trimester is shown according to neonatal sex. Women carrying
male foetuses had significantly higher TSH levels at 24- and 36-
week gestation (M-W-U, P =003) compared with mothers
carrying girls, whilst FT4 did not differ. Heel punctures for CH
screening were performed at a mean age of 52 days (SD = 0-56).
As shown in Table 2, mean overall neonatal TT4 at screening was
179 nmol/l (SD = 38 nmol/l). Boys had significantly lower mean
TT4 levels compared with girls (t = 3-1, P = 0-002).

The prevalence of elevated TPO-Ab concentrations decreased
from 76 (8:6%) at 12 weeks to 65 (7-3%) at 24 weeks and to 55
(62%) at 36-week gestation. No differences in the prevalence of
elevated TPO-AD concentrations between mothers carrying boys vs
mothers carrying girls were found (data not shown). Neonates who

Table 1. Sample characteristics of 886 pregnant women and term-born
neonates

Mean (SD) n (%)
Pregnant women

Demographic features
Age (years) 305 (3'5)

Life style habits
Tobacco (mis)use 106 (12)
Alcohol (mis)use 115 (13)
Body mass index 253 (4-4)

Obstetrical features
Primiparity 340 (38)
Miscarriage earlier in life 117 (20)
Previous caesarean section 35 (4)
Term at birth in weeks 39-9 (1-24)

Neonatal outcome
Male sex 464 (52)
Birth weight in grams 3525 (486)
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Table 2. Thyroid function at three trimesters during gestation and heel TT4 values assessed between 3 and 5th postpartum day in 886 women and at term-

born neonates (=37 weeks)

Total n = 886 Median (range) Boys n = 464 Median (range) Girls n = 422 median (range) P M-W-U
Maternal thyroid function
12-week gestation
TSH (mIU/) 1-10 (0-01-5'5) 1-10 (0-01-55) 1-0 (0-05—4-5) 012
FT4 (pmol/l) 160 (10-2-27-2) 161 (10-4-27-2) 159 (10-2-22°1) 0-44
24-week gestation
TSH (mIU/1) 120 (0-03-57) 1:30 (0-03-57) 120 (0-18-41) 0-03
FT4 (pmol/l) 13-8 (8-4-31-3) 13-8 (8-4-31-3) 137 (8:8-18-8) 015
36-week gestation
TSH (mIU/1) 140 (0-07-54) 150 (0-09-5-4) 1-40 (0-07-4-2) 0-03
FT4 (pmol/l) 13-3 (7-7-36) 13-3 (7-7-22+4) 132 (8:2-36)
Mean (SD) Mean (SD) Mean (SD) t-test
Neonatal Heel results
TT4 (nmol/l) 179 (38) 176 (36) 184 (39) 0-002

were born at 37- to 38-week gestation had significantly lower mean
TT4 levels compared with those who were born after 38-week ges-
tation (ANova, F = 56, P < 0-001). Low TT4 was defined as >0-8
SD below the mean of the overall group of 886 neonates:
179 — (0-8 x 38) = 149 nmol/l. There were 189 neonates (21%)
with a TT4 below this level. In Fig. 1, the percentages of children
with low TT4 are shown in relation to gestational age. The percent-
age of children with low TT4 born at 37-week gestation was twice
that of children born at 40 weeks or later (%> (5): 22, P < 0-001).
Because maternal TSH and FT4 reference ranges during gesta-
tion have not yet been agreed upon, TSH and FT4 in this study
were defined as low and high using the lowest 2-5th and upper
97-5th percentiles as cut-offs (i.e. to denote the 5% extremes of the
general population). The cut-offs for each TSH sub-category are
shown in Table 3 with the corresponding mean TT4 and the num-
bers of neonates with low screening TT4 (20-8 SD below the mean).
Mean TT4 was the lowest in the TSH >97-5th percentile at 12- and
36-week gestation. Moreover, the percentage of neonates with low
TT4 was the highest in the group with a TSH >97-5th percentile,
especially at 12 weeks (P = 0-01), and to a lesser degree at 36-week
gestation (P = 0:06). No differences in neonatal TT4 level amongst
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Fig. 1 Percentage of neonates with low TT4 (<0-08 SD below the mean,
<149 nmol/l) at 3-5th postpartum day in relation to term of gestation.

the maternal FT4 percentile groups were found for any of the three
trimesters.

Subsequently, women with a TSH >97-5th percentile at least
once during gestation were designated as the high-normal TSH
group (n = 46, 5%) and women with at least once a FT4 < 2-5th

Table 3. Mean screening TT4 (SD) and numbers (%) of neonates with low
screening TT4 results (=0-8 SD below the mean) according to maternal TSH
cut-off’s at three different trimesters

n with low TT4
(<0-08 SD below
Mean = below

Mean TT4 (SD) 149 nmol/l)
Total n = 886 Total n = 189
12 weeks
TSH < 2-5th percentile, 177 (27) 3/23 = 13%
<0-14 mIU/I
TSH between 2-5th — 97-5th 180 (38) 176/841 = 21%
percentile, 0-14-3-1 mIU/1
TSH > 97-5th percentile, 166 (38) 10/22 = 45%*
>3-1 mIU/1
24 weeks
TSH < 2-5th percentile, 170 (42) 7123 = 30%
<0-39 mIU/I
TSH between 2-5th — 97-5th 180 (38) 175/841 = 21%
percentile, 0-39-2-98 mIU/1
TSH > 97-5th percentile, 171 (35) 7122 = 32%
>2:98 mIU/1
36 weeks
TSH < 2-5th percentile, 172 (35) 6/23 = 26%
<0-41 mIU/1
TSH between 2-5th — 97-5th 180 (38) 174/841 = 21%
percentile, 0-41-3-28 mIU/1
TSH > 97-5th percentile, 164 (39) 9/22 = 41%**

>3-28 mIU/1

*%%(2): 86, P = 0:01; **%%(2): 55, P = 0-06.
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percentile as low-normal FT4 group (n = 56, 6%). The prevalence
of elevated TPO-AD at 12-week gestation was substantially higher
in the high TSH group (n = 17, 37%) compared with the remain-
ing 840 women (n = 60, 7%), xz =48, df = 1, P < 0-001, whilst
this was not the case when comparing the low FT4 group with the
remaining women (14% vs 9%). In the 46 women of the high TSH
group, the prevalence of low FT4 was not significantly different
from the remaining 840 women (9% vs 6%).

In Table 4, adjusted OR’s (95% CI) are shown with low heel TT4
(=0-8 SD below the mean) as the dependent and high-normal
maternal TSH (>97-5th percentile) as the independent variable.
Confounders that were entered into the regression were: maternal
BMI and age, term at birth, birth weight, neonatal sex, low FT4,
high TSH and elevated TPO-Ab titers during gestation, smoking
habits and alcohol use. As can be seen, high-normal maternal TSH
(>97-5th percentile) independently increased the risk of low screen-
ing TT4 (O.R.: 2:26, 95% CI: 1:20—4-29). Also lower term of gesta-
tion independently increased the risk of low screening TT4 (O.R.:
122, 95% CI: 1-05-1-41). Low FT4 (<2-5th percentile) was not
related to neonatal TT4.

Discussion

In the current study, high-normal maternal TSH at one or more
times during pregnancy and lower term of gestation increased the
risk of low screening TT4. Interestingly, not only had boys signifi-
cantly lower screening TT4 levels than girls, mothers carrying boys
were also found to have higher TSH levels at 24 and 36 weeks gesta-
tion compared with mothers carrying girls.

Our results showing a significant relationship between high-nor-
mal maternal TSH during pregnancy and low neonatal TT4 at
screening contrast with those of a recent study in which no rela-
tionship between neonatal thyroid screening results and maternal
thyroid function was found.” This discrepancy between studies
may be attributed to the fact that (a) maternal thyroid function in
the Oken study was assessed only once in the first half of pregnancy
(<22 weeks), and (b) high TSH in the Oken study was defined as

Table 4. Adjusted OR (95% CI) for low screening TT4 (>0-8 SD below
mean, <149 nmol/l) of 886 at term-born neonates (=37 weeks gestation)

O.R. 95% CI
Lower term of gestation 122 1-05-1-41
(=37-week gestation)
Female sex 0-89 0-59-1-16
Age of mother in years 1-01 0-96-1-08
Weight of baby in quartiles 0-87 0-73-1-02
Alcohol use in pregnancy 1-52 0-96-2-42
Smoking during gestation 1-15 0:69-1-91
Maternal FT4 < 2-5th percentile 1-75 0-88-3-25
during gestation
Elevated titers of TPO-Ab during 1-95 0-74-4-02
early gestation
Maternal TSH > 97-5th percentile 2:26 1-20-4-29
during gestation
BMI of mother at 12 weeks’ 0-98 0-94-1-02
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>2-5 mIU/l. Because a possible impact of sub-optimal maternal
thyroid function on foetal thyroid function — and hence on neona-
tal thyroid function — could be trimester-specific, the current study
opted for maternal thyroid function tests in each trimester of preg-
nancy.g’9 Moreover, because maternal TSH and FT4 reference
ranges during gestation have not yet been established, we used a
reference range that is normally used to define the abnormal 5% of
the normal population: <2-5th percentile for the low and >97-5th
percentile for the upper TSH cut-off. Notably, if the upper TSH
cut-off value used by Oken et al. was applied to the current data,
TSH upper reference ranges would have been the 92nd percentile
(trimester 1), 94th percentile (trimester 2) and 90th percentile (tri-
mester 3), and no significant association between high-normal
TSH and low neonatal TT4 would have been found.

Interestingly in a recent study from Japan (where neonatal
screening is TSH-based), high maternal serum TSH in early preg-
nancy was significantly related to higher neonatal TSH levels at
screening.'” However, these findings are difficult to relate to the
general population because the majority of mothers had excessive
iodine intake during gestation and lactation. Similarly, the findings
of other studies investigating the relationship between maternal
thyroid function and neonatal thyroid function may be criticised
for the potential confounding effects of iodine inadequacy, small
sample size and limited thyroid assessment points during gesta-
tion.>™ As such, the inconclusive findings from the few available
studies, intriguing as they are, underline the need for further repli-
cation research with greater methodological rigour.

How can the link between high-normal maternal TSH during
gestation and low neonatal TT4 levels at screening be explained?
During the first half of gestation, foetal thyroid function is totally
dependent on maternal T4 supply. After the onset of foetal thyroid
function, maternal transfer of T4 continues until term and repre-
sents an important proportion of thyroid hormones available to
the foetus®®?, although most of the maternal T4 supply is inacti-
vated by deiodinase 3 (D3) into rT3. There is substantial evidence
showing that inadequate supply of maternal thyroid hormone dur-
ing gestation (as reflected by high maternal TSH) results in lower
foetal T4 and T3 levels.> One third (37%) of the high-normal TSH
women showed elevated TPO-Ab concentrations, reflecting thy-
roid auto-immunity. These women are known to be at risk for
impaired maternal-foetal transfer of FT4."* In the current study,
women in the high-normal TSH group had no lower FT4 levels,
and no differences in neonatal TT4 level amongst the maternal FT4
percentile groups were found for any of the three trimesters. This
may be because of the greater sensitivity of TSH to detect small
changes in the set point of the HPT axis compared with FT4."
Besides, it has been reported that FT4 assessments during gestation
are less reliable than non-pregnancy assessments.'® An alternative
hypothesis for the obtained association between high-normal
maternal TSH during gestation and low neonatal TT4 levels at
screening could be that a sub-sample of pregnant women in our
study may have had increased placental deiodase activity. This
would explain their increased TSH levels to preserve their euthy-
roid state. Increased placental deiodase as such would then be the
likely cause of decreased foetal T4 availability, and hence lower
screening neonatal TT4 levels.
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Possible determinants related to normal TT4 (and TSH) in
healthy term babies such as gestational age and foetal sex (boys)
have been described earlier.””'” ! To our knowledge, this is the first
report describing higher TSH levels in pregnant women carrying a
male foetus. An explanation for this finding is lacking, but one
might speculate that male foetuses have a more active deiodase
activity than female foetuses, given consistent reports that boys
have lower neonatal TT4 (and higher cord TSH) compared with

7,19,21

girls. However, in the current study, amniotic fluid data or
newborn rT3 values to support this hypothesis were not available.
It could also be hypothesised that boys, because of production of
testosterone, have lower TBG levels and therefore have lower TT4
levels. Unfortunately, no TBG values are available. Moreover, the
question whether this finding is clinically relevant remains unre-
solved. It would be interesting to study whether neonatal male TT4
levels are associated with any of the neuro-developmental prob-
lems, such as autism or ADHD, known to preferentially affect
boys. 222

Regarding gestational age, it is well known that foetal synthesis
of both T4 and TSH increases as a function of gestational age,
reflecting ongoing maturation of the HPT axis.'

Several limitations of the study need to be mentioned. First,
iodine excretion data in mothers and neonates were not collected.
It might be argued that increased maternal TSH and lower neonatal
screening TT4 reflect the same underlying mechanism: sub-optimal
iodine intake. Although all participants lived in an iodine-sufficient
area, it is generally questioned whether adequate iodine intake out-
side pregnancy also guarantees sufficient iodine intake to meet the
demands of pregnancy.”® Second, the absence of thyroid cord
blood data did not allow us to examine whether the obtained asso-
ciation between high maternal TSH and low neonatal screening
TT4 was already present in utero. Finally, newborn TBG or rT3
analyses were not performed on neonatal heel-puncture blood
samples. A major strength of the study includes the rather strict
time frame of thyroid hormone assessments at each trimester dur-
ing gestation.

There are two concluding points to emphasise. Firstly, maternal
thyroid function during gestation is related to neonatal TT4 at
screening. Future research should also link TSH-based neonatal
screening results (besides TT4) to maternal thyroid function,
assessed at fixed time points for each trimester of pregnancy. Sec-
ondly, finding both lower neonatal TT4 levels in boys and higher
TSH levels in mothers carrying boys is worthy of further investiga-
tion, as both observations may be meaningfully related.
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