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Hypothyroidism: Should we screen
all pregnant women?

What are the practical implications of recent studies linking maternal thyroid

deficiency with impaired growth, adverse neurologic outcomes, and fetal death?

merging research indicates that thy-

roid hormones play a key role in fetal

brain development, and asymptomatic
hypothyroidism during pregnancy may have
an adverse effect on fetal growth and neuro-
logic development. Findings published in
the past year call our attention to the impor-
tance of identifying and adequately treating
thyroid-deficient gravidas:
* Maternal free thyroxine (FT4) concentra-
tion below the 10th percentile at 12 weeks is
associated with significant impairment of psy-
chomotor development at ages 1 and 2 years.'
* The average serum thyroid-stimulating hor-
mone (TSH) and FT4 levels of neonates born
to hypothyroid mothers were significantly
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higher than those of controls; birth weight and
head circumference were significantly lower.”

But given the paucity of data on Aow
maternal hypothyroidism affects the offspring,
is universal screening justified? We review the
evidence to date, present the current positions
of 3 organizations, and offer recommenda-
tions for current clinical practice.

Maternal thyroid status
is important throughout gestation
he fetal thyroid gland begins to develop
at 3 weeks’ gestation; it concentrates
iodine and synthesizes thyroid hormone after
10 to 12 weeks.
Prior to this, the mother provides the thy-
roid hormones through placental diffusion
(see “How thyroid needs change during preg-

Medicine, Technion-Israel Institute of Technology, Haifa, Israel. nancy,” page 41). Indeed, thyroid hormones continuen

CLINICAL RECOMMENDATIONS

= In the general population, thyroid function test-
ing—specifically, thyroid-stimulating hormone
(TSH) and free thyroxine (FT4) studies—prior to
conception or in early pregnancy is reasonable,
but the decision should be left to the individual
patient and her physician.

s For women with a personal history of hypothy-
roidism who are taking thyroxine (T4) replacement,
serum TSH should be closely monitored in early
pregnancy. Most of these patients will become
hypothyroid as detected by a rise in TSH unless
the T4 dose is increased in early pregnancy.

= For pregnant women found to be hypothyroid,
close monitoring (4 to 6 week intervals) of TSH
and FT4 throughout pregnancy and careful
adjustment of the thyroid supplementation
dosage are warranted.

= TSH and FT4 testing should be performed
prior to conception and during pregnancy in
women with a family history of thyroid disease,
symptoms of thyroid disease, or an immune
disorder.
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have been detected in human coelomic and
amniotic fluids as early as 8 weeks’ gestation,
before the fetal thyroid starts to function.’
New perspective on role of maternal
thyroid function. It was previously believed
that the mother’s thyroid hormone supply to
the fetus was irrelevant after 10 to 12 weeks.
However, Vulsma et al' demonstrated that
substantial amounts of thyroxine (T4) are
transferred from mother to fetus during late
gestation. They discovered T4 in the cord
blood of fetuses at term who were unable to
synthesize T4 due to organification defects or
thyroid agenesis. The T4 in these cases
(noted at concentrations 25% to 50% of nor-
mal) was obviously of maternal origin.

Thyroid hormones: Important to brain
differentiation and development
n the mammalian embryo, thyroid hor-
mones appear to regulate processes of neu-
ronal proliferation, migration, synaptogenesis
and myelination, though the precise mecha-
nism is not fully understood.

Unlike T4, tritodothyronine (T3, the most
potent thyroid hormone) does not readily pen-
etrate the brain. Indeed, most brain T3 is pro-
duced locally from T4, after which it binds to
nuclear thyroid hormone receptors. These in
turn bind to specific DNA sequences in the
regulatory region of target genes.” A sufficient
level of such receptors has been observed in
the human fetus as early as 9 weeks’ gestation.
Information comes mostly from animal
models, mainly rats. We must thus remain
aware that the transfer of thyroid hormones
from mother to embryo or fetus may differ
between species,’ as may the stages of brain
development before and after birth.

Hypothyroidism during pregnancy
he frequency of thyroid deficiency in preg-
nancy varies from 0.19% in Japan’ to 2.2%

in Belgium® and 2.5% in the United States.”
Hypothyroidism in pregnancy may be due

to preexisting illness or a disease that evolves

during pregnancy; in developed nations, the
most common causes are Hashimoto’s thy-
roiditis, subacute thyroiditis, and surgical or
radioactive ablation of the thyroid gland.

The hypothyroid state may be subclinical
and can remain undiagnosed throughout
pregnancy. The clinical manifestations of
hypothyroidism (fatigue, sensitivity to cold,
muscle irritability, cramps, constipation, pares-
thesia of the distal portion of the extremities,
dry skin, and hair loss) may be masked in ges-
tation as symptoms of pregnancy. Gestational
hypothyroidism can be classified as overt (low
FT4 values and elevated TSH) or subclinical
(normal FT4 values and elevated TSH).

The 1Q scores of children of hypothyroid

women averaged 4 points lower than

those of controls at age 7 to 9 years.

Increased rates of fetal death have also
been associated with subclinical disorder (see
“The importance of adequate supplementa-
tion: 2 case studies,” page 42)."

Monitoring thyroid hormone levels in
hypothyroid women is performed several
times during gestation (every 4 to 6 weeks),
and the dosage of T4 supplementation
adjusted as needed. Mandel et al, who stud-
ied women with primary hypothyroidism,
noted that the replacement dosage had to be
increased by 45% during pregnancy." This
trend was apparent in the first trimester and
persisted throughout gestation.

How does maternal thyroid status
affect fetal brain development?
Data on the impact of maternal hypothy-
roidism on the offspring’s mental devel-
opment come from interventional experi-
mental studies in animals, and, in humans,
from observational studies only.
Animal studies show permanent corti-
cal changes. Hypothyroidism in rats causes
a reduction in brain size of the newborn pups
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How thyroid hormone needs change during pregnancy

hyroid hormone requirement increases during
Tpregnancy in normal women, to provide for the
added maternal and fetal needs. Thyroxine (T4)
requirement also may grow as a result of placental
degradation and increased maternal T4 clearance.”
Thyroid hormone turnover is altered during
pregnancy, mainly in association with:
® |owered iodide availability to the maternal thy-
roid gland,
e increased serum thyroid-binding globulin (TBG)
concentration, and
e increased production of thyroid-stimulating fac-
tors by the placenta.
= Maternal serum inorganic iodide levels decrease dur-
ing pregnancy, possibly due to increased renal clear-
ance of iodide—which stems from increased
glomerular filtration rate, and transplacental transfer
of iodide and iodothyronines.®?*" The reduced circu-
lating concentration of iodide leads to decreased
availability of iodide to the thyroid gland, and results
ina 10% to 20% increase of thyroid volume.? This
iodide loss has no clinical importance where iodine

and a lower total body mass of the embryos."
Lavado-Autric et al” recently reported
that subtle T4 insufficiency in the pregnant
rat disrupts migration of neurons in the fetal
cortex and hippocampus, leading to the pres-
ence of neurons in aberrant locations in the
adult offspring’s brain and “blurring” of cor-
tical layers. These alterations in cortical
cytoarchitecture seem to be permanent, not
simply a reflection of delayed maturation.
Recent human studies point to neuro-
logic impairment. It is well recognized that
severe lodine deficiency during pregnancy may
be associated with impaired psycho-neuro-
intellectual outcome in progeny. However,
since thyroid hormone deficiency can occur in
both mother and fetus, it is difficult to determine
whether any mental retardation is caused by
maternal or fetal hypothyroidism, or both.

intake is sufficient, but may lead to hypothyroidism
and goiter in regions of overt iodine deficiency.
= The increase in the TBG serum concentration in preg-
nancy results from estrogen-induced increased syn-
thesis and reduced hepatic clearance of TBG.

Serum TBG starts to rise after conception and
reaches a plateau at midgestation, leading to an
increase in total T4 and total triiodothyronine (T3) lev-
els. In addition, the placenta produces human chori-
onic gonadotropin (hCG), which has thyroid-stimulat-
ing hormone (TSH)-like bioactivity and stimulates T4
production by the thyroid gland. Placental production
of hCG is maximal during the first trimester.

Thus, total T4 and total T3 levels rise during the
first trimester to a peak in midgestation. However,
only a small amount of these hormones is unbound:
The increase in free T4 during this trimester is mild,
and coincides with a mild transient decrease in TSH
levels that subsequently return to normal.

Most pregnant women are euthyroid by labora-
tory evaluation, and their TSH, free T4, and free T3

levels remain within normal values.

TSH associated with
lower child 1Q scores. Man and Jones" first

= Elevated maternal

suggested in 1969 that mild maternal
hypothyroidism with no iodine deficiency
was associated with lower infant IQ scores.

More recently, Haddow et al” also found
that maternal hypothyroxinemia is associated
with adverse neurologic outcome of the off-
spring. They measured TSH in stored serum
samples collected from 25,216 pregnant
women. The children of 62 women who had
elevated TSH (above the 98th percentile) in
combination with low T4 levels were compared
to 124 children of matched control mothers.

The children of hypothyroid women
performed slightly worse than controls in a
battery of 15 neuropsychological tests at the
age of 7 to 9 years; their full-scale 1Q aver-
aged 4 points lower (P = .06).
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The importance of adequate supplementation: 2 case studies

The following cases underscore the importance of:

e knowledge of maternal thyroid status during peri-
conception,

e thyroid hormone supplementation for subclinical
hypothyroidism, and

e close follow-up and appropriate adjustment of
replacement therapy throughout pregnancy.

Case 1

Elevated TSH discovered

after successive pregnancy losses

A woman suffered 2 consecutive pregnancy losses.
Subsequent work-up revealed subclinical hypothy-
roidism: Her thyroid-stimulating hormone (TSH)
value was moderately elevated and free thyroxine
(FT4) was normal. Thyroid hormone supplementa-
tion was initiated.

Four months later the patient conceived spon-
taneously. Levothyroxine therapy in the prepregnant
dosage was continued. The mother’s general physi-
cian monitored her levels during gestation.

TSH value was normal at 5 weeks but elevat-
ed again at 9 weeks. The dosage of thyroid hor-
mone supplementation was increased and the TSH
value returned to normal—and remained so in all
subsequent studies, every 4 to 6 weeks until labor.

Thyroid supplementation not associated with
improved 1Q. Of the 62 women with overt
disease, only 14 were treated for hypothy-
roidism during pregnancy. The full-scale IQ
score of the children born to untreated
women averaged 7 points lower (P = .005)
than that of matched controls. Interestingly,
there was no significant difference in mean
IQ between the children born to treated and
untreated hypothyroid mothers, suggesting
therapy had no significant protective effect
on 1Q.

However, since the 14 treated mothers
still had high TSH levels, it is possible that

they actually received suboptimal treatment.
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The child was born at 40 weeks' gestation, with
a birth weight of 3,680 g, a head circumference of 36
cm, and normal neonatal thyroid functions. Presently
7 years old, he is healthy and well developed.

Case 2
The perils of unmonitored supplementation
A year after her thyroid function was found to be
normal, a woman became pregnant. At the 5th
gestational week, fatigue and constipation prompt-
ed reexamination of her thyroid function. TSH val-
ues were elevated; FT4 was borderline low.
According to her endocrinologist she was
given levothyroxine 100 ug daily throughout preg-
nancy, but no follow-up was conducted. At 39
weeks' gestation the patient delivered a male new-
born weighing 2,890 g with a head circumference of
33.7 cm. Neonatal thyroid function was:
e at 52 hours of age, TSH = 14.3 plU/mL, FT4 =
37.4 pmol/L;
e at 132 hours of age, TSH = 8.0 plU/mL, FT4 =
31.5 pmol/L.
Spontaneous normalization of the pituitary-thyroid
axis was evident at age 17 days. The child, now 9
years old, displays problems with fine motor coor-
dination and mild learning impairment.

= First trimester hypothyroidism linked to
impaired psychomotor development. A 2003
study by Pop et al' investigated the relation-
ship between maternal hypothyroxinemia in
the first trimester and neurodevelopment of
the offspring. They showed that low maternal
FT4 (below the 10th percentile) with normal
TSH at 12 weeks’ gestation was associated
with significant impairment of the child’s psy-
chomotor development at 1 and 2 years of age.

However, children whose mothers’ FT4
concentrations increased later in pregnancy
(24 and 32 weeks’ gestation) did not demon-
strate significant delay of mental and motor

function at age 1 or 2.
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This study is limited by small numbers in
the subgroups (63 cases and 62 controls at 1
year; 57 cases and 58 controls at 2 years).
Further research is required to evaluate results.
= Alterations in the pituitary-thyroid axis
noted in the early neonatal period. Recently,
we prospectively compared thyroid function in
2 groups of full-term newborns: 259 infants
born to 250 hypothyroid mothers who received
thyroid replacement therapy during pregnan-
cy, and 139 healthy newborns of women who
had at least 2 normal thyroid function tests
during their pregnancy.’” Maternal thyroid
function tests were assessed 2.3 = 0.7 (mean *
standard deviation) times during pregnancy.

The neonates’ average serum TSH and
FT4 levels, measured 25 to 120 hours after
birth, were significantly higher among a sub-
stantial subset of the intervention-group new-
borns (44.4%, P <.001) than among control-
group newborns. Serum FT4 correlated posi-
tively with TSH in controls but not in study
newborns, suggesting autonomous hyperfunc-
tion of the thyroid gland in the latter group.

Birth weight (study, 3,295 *+ 446 g versus
control, 3,454 * 413 g; P <.001) and head
circumference (study, 34.6 £ 1.4 cm versus
control, 35.1 £ 1.0 cm; P <.001) were signif-
icantly lower in the study group.

We assume that the impaired intrauterine
growth and unduly elevated serum TSH and
FT4 values observed in the study newborns
might reflect insufficient hormone replace-
ment of their mothers during pregnancy.

Official guidelines are unclear
Considering the adverse effects that mater-

nal hypothyroidism, even subclinical, can
have on the offspring, the question arises: Is
universal periconceptional screening for thy-
roid dysfunction appropriate? The current
recommendations on this subject are unclear:
The Endocrine Society in 1999 called for a
cost-effective screening program for hypothy-
roidism in all women before conception or in
early pregnancy.'
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The American Association of Clinical
Endocrinologists recommended in 2002
that routine TSH measurement be per-
formed before pregnancy or during the first
trimester in all women."”

The American College of Obstetricians
and Gynecologists, in contrast, stated in
2002 that data are insufficient to warrant rou-
tine screening of asymptomatic pregnant
women; thyroid function tests should be per-
formed only in gravidas with symptoms or a
personal history of thyroid disease."

Why routine screening
is not yet justified
I n view of the findings of adverse events asso-
ciated with maternal hypothyroidism, a uni-

versal screening program appears warranted
for timely initiation of therapy. However, data
on the efficacy of T4 replacement in averting
such effects is insufficient. Thus, it is prema-
ture to implement routine screening for thy-
roid function of all women contemplating
pregnancy or early in gestation.

Well-designed clinical trials are needed to
determine method and timing of testing, pre-
cise diagnostic criteria for maternal hypothy-
roidism, and ways to assure the adequacy and
efficacy of therapy.

A randomized controlled antenatal
screening study” underway in South Wales
aims to recruit 22,000 pregnant women.

Is current treatment inadequate?
hese observations call into question the
adequacy of current therapeutic regimens:

* no significant differences were seen in the

IQ scores of children of untreated and treat-

ed hypothyroid mothers,” and

¢ infants of treated hypothyroid women

demonstrated restricted intrauterine growth

and abnormal neonatal thyroid function.’

Take-home message. Although findings

indicate hypothyroidism during pregnancy

may have an adverse effect on fetal growth and
neurodevelopment, evidence is insufficient to

justify universal screening. Still, what we have
learned to date enables us to formulate a rea-
sonable monitoring and follow-up protocol
(see “Clinical recommendations,” page 33). m

REFERENCES
1. Pop VJ, Brouwers EP, Vader HL, Vulsma T, van Baar AL, de Vijlder JJ. Maternal
hypothyroxinaemia during carly pregnancy and subsequent child development: a
3-year follow-up study. Clin Endocrinol (Oxf). 2003;59:282-288.
2. Blazer S, Morch-Waterman Y, Miller-Lotan R, Tamir A, Hochberg Z. Maternal

hypothyroidism may affect fetal growth and neonatal thyroid function. Obstet

Gynecol. 2003;102:232-241.
3. Contempre B, Jauniaux E, Calvo R, Jurkovic D, Campbell S, de Escobar GM.

Detection of thyroid hormones in human embryonic cavities during the first
trimester of pregnancy. | Clin Endocrinol Metab. 1993;77:1719-1722.

4. Vulsma T, Gons MH, de Vijlder JJ. Maternal-fetal transfer of thyroxine in congen-
ital hypothyroidism due to total organification defect or thyroid agenesis.

N Engl ] Med. 1989;321:13-16.

5. Oppenheimer JH, Schwartz HL. Molecular basis of thyroid hormone-dependent
brain development. Endocr Rev. 1997;18:462-475.

6. Morreale De Escobar G, Obregon MJ, Escobar del Rey E. Is neurodevelopment
related to maternal hypothyroidism or to maternal hypothyroxinemia?
J Clin Endocrinol Metab. 2000;85:3975-3987.

7. Kamijo K, Saito T, Sato M, et al. Transient subclinical hypothyroidism in early
pregnancy. Endocrinol Jpn. 1990;37:397-403.

8. Glinoer D. The regulation of thyroid function in pregnancy: pathways of
endocrine adaptation from physiology to pathology. Endocr Rev. 1997;18:404-433.

9. Utiger RD. Maternal hypothyroidism and fetal development. N Engl ] Med.
1999;341:601-602.

10.  Allan WC, Haddow JE, Palomaki GE, et al. Maternal thyroid deficiency and preg-
nancy complications: implications for population screening. | Med Screen.
2000;7:127-130.

11. Mandel SJ, Larsen PR, Seely EW] Brent GA. Increased need for thyroxine during
pregnancy in women with primary hypothyroidism. N Engl ] Med.
1990;323:91-96.

12. Usenko V, Lepekhin E, Lyzogubov V, Kornilovska I, Ushakova G, Witt M. The

influence of low doses 131I-induced maternal hypothyroidism on the development
of rat embryos. Exp Toxicol Pathol. 1999;51:223-227.

13. Lavado-Autric R, Auso E, Garcia-Velasco JV, et al. Early maternal hypothyroxine-
mia alters histogenesis and cerebral cortex cytoarchitecture of the progeny. J Clin
Invest. 2003;111:1073-1082.

14. Man EB, Jones WS. Thyroid function in human pregnancy. V. Incidence of mater-
nal serum low butanol-extractable iodines and of normal gestational TBG and
TBPA capacities; retardation of 8-month-old infants. Am | Obstet Gynecol.
1969;104:898-908.

15. Haddow JE, Palomaki GE, Allan WC, et al. Maternal thyroid deficiency during
pregnancy and subsequent neuropsychological development of the child. N Engl J
Med. 1999;341:549-555.

16. The Endocrine Society. The Endocrine Socicty issues recommendations in
response to major hypothyroidism study. August 1999. Available at: www.endo-
society.org/pubrelations/pressreleases/archives/1999/hypothyroid.cfm. Accessed
March 26, 2004.

17. AACE Thyroid Task Force. American Association of Clinical Endocrinologists
medical guidelines for clinical practice for the evaluation and treatment of hyper-
thyroidism and hypothyroidism. Endocr Pract. 2002;8:457-469.

18. American College of Obstetricians and Gynecologists. Thyroid disease in preg-
nancy. Clinical management guidelines for obstetrician-gynecologists. ACOG
practice bulletin No. 37. Obstet Gynecol. 2002;100:387-396.

19. Lazarus JH, Wald NJ, Angele C, et al. The controlled antenatal thyroid screening
study (CATS): first observations. Endocrine Abstracts. 2003;5:P262.

20. Brent GA. Maternal thyroid function: interpretation of thyroid function tests in
pregnancy. Clin Obstet Gynecol. 1997;40:3-15.

21. Burrow GN, Fisher DA, Larsen PR. Maternal and fetal thyroid function. N Engl |
Med. 1994;311:1072—1078.

The authors report no financial relationships relevant to this article.

May 2004 - OBG MANAGEMENT 45



