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Abstract

To define the difference in prognosis and the clinical features of transient
neonatal hypothyroidism in infants born to mothers with chronic thyroiditis,
we conducted a nationwide study of this condition. Sixteen mothers with
chronic thyroiditis and twenty-three of their offspring with transient hypothy-
roidism were registered and reported in this paper. Five (group A) of twenty-
two live infants showed physical, mental and/or psychomotor developmental
delay (IQ below 80). No significant difference between TSH-binding inhibitor
immunoglobulin (TBII) or thyroid-stimulation blocking antibody (TSBAb)
activities in groups A and B (normal development) were noted. Moreover,
there was no significant difference in thyroid function in the newborn period,
ages at the start of thyroid medication or the dose and duration of treat-
ment in the two groups. A striking difference observed between the two
groups was the thyroid function of their mothers during pregnancy. In group
A, four mothers were hypothyroid during pregnancy, and another mother
discontinued thyroid medication in the last trimester and her baby was most
delayed at the start of thyroid medication. On the other hand, the mothers
of only two of seventeen live cases in group B had mild hypothyroidism
during pregnancy. There were two sets of siblings whose mother received
inadequate treatment during the first pregnancy and adequate treatment during
the second pregnancy. The psychomotor, physical and mental developmental
delay were observed in their first babies. These findings suggested that
maternal thyroid function during pregnancy might be an important factor in
the prognosis of infants born to mothers with chronic thyroiditis.
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Table 1. Maternal thyroid function
Case No. Thyroid function at diagnosis.
Infant Mother Age T, Ts TSH 123].uptake TBII TSBAb
(Years) (ug/d) (ng/dl) (uU/ml) (% 24hr) (%) (%)
(undiluted serum)
1 M-1 28 3.3 66 104.8 1.2 83.3 91.7
2 M-2 25 1.0> 20 170.0 — 93.9 100.0
3 M-3 27 4.6 57 21.6 — 100.0 74.7
4 M-4 19 — — — 04 97.0 100.0
5 M-5 19 — — — — 93.1 75.9
M=+SD 93.5+5.6 88.5+11.2
6 M-6 30 0.1 *116.7 160.0 — 93.3 —
7 M-7 30 1.0 16 364.0 —_ 98.0 93.3
8 M-4 19 — — — 0.4 93.3 100.0
9 M-8 23 0.4 30 171.0 1.5 e —
10 ” ” ” ” ” ” — —
11 M-9 24 2.3 30 146.0 — 96.0 100.0
12 ” ” ” ” ” —_ ” ”
13 ” ” ” ” ” —_ ” ”
14 ” ” ” ” ” — ” ”
15 M-10 22 0.1 26 *214.2 0.4 90.0 100.0
16 M-11 26 1.3 50 480.0 *30 99.4 100.0
17 ” n ” ” ” ” ” ”
18 M-12 12 — —_ —_ —_ *584.8 —
19 M-13 17 —_ —_ — 2.0 77.2 —
20 M-14 24 1.4 25> 160< —_ *568.0 *6(+)
21 M-15 31 27.0 220 4.9 — 97.3 *6(4)
22 M-16 17 0.8 50 —_ 0.7 86.0 *6(4)
23 M-1 28 3.3 66 104.8 1.2 89.4 100.0
M=+S.D. 92.0+6.4 98.9+7.5
P value N.S N.S.

*] : Triosorb,

*4 : Data for mother are not available, however,
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roiditis, first reported by Sutherland et al.,
(1960), has been established as an impor-
tant disease entity in the newborn period.
Transplacental transfer of thyrosuppressive
factors has been postulated as a cause of
the disease (Goldsmith et al., 1973). Re-
cently TSH-receptor blocking antibody was
defined as one such factor (Matsuura, et
al., 1980). Although similar cases have
been reported (Iseki, et al., 1983 ; Nino-
miya,, et al., 1983; Takasu, et al., 1984 ;
Karlsson, et al., 1984; Ishikura, et al,
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at diagnosis and during pregnancy.
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Thyroid medication and function during pregancy or shortly after delivered infant.

Drugs Dose T, Ts TSH Age at
(ug or mg/day) (ug/d) (ng/dl) (uU/ml) Pregnancy Reference
None 3.3 66 104.8 28 Matsuura (1989)
” 1.0> 20 170.0 25
LT, 40 0.9 10 55.9 27
DT 120-30 5.3 135 45.0 21 Matsuura (1980)
— ?2-0 — — — — Yokota (1985)
2.6+1.8 57.8+49.3 94.9+49.3
DT 60 5.9 *119.0 — 37
L-T, . 100 4.8 110 25.6 32 Inomata (1986)
DT 120 16.2 200 0.3> 33 Matsuura (1980)
L-T, 100 *T— — — 25
14 14 - F— J— 27
L-T, 150 Euthyroid 28 Iseki (1983)
” ” ” 30
” ” " 30
" ” % 32
L-T, 200 9.1 142 0.5 29 Ninomiya (1983)
L-T, 200 Euthyroid 28 Ishihara (1985)
” ” ” 29
L-T, 150  *82.05 — 1.0 28
DC 80 11.3 437 —— 27
L-T, 150 16.9 159 13.2 27 Kanaya (1985)
MMI 5 9.7 120 4.4 30 Mashimo (1985)
L-T, 150 10.2 120 3.8 25 Takasu (1984)
L-Ty 100 11.5 131 1.6 32 Matsuura (1989)
10.6+3.8 177.4 6.2
+101.7 +8.3
P <0.001 P <0.05 P<0.05
2), *5: Data for 50-fold dilution, *6: Refer to original paper, *7: Actual data

were not available, *8: Free T4

1985; Yokota, et al, 1985; Kanaya, et
al., 1985 ; Mashimo, et al., 1985 ; Inomata,
et al., 1986) since then, the clinical features
as well as the prognosis of each case varied
a great deal. Although most infants re-
covered completely, some were physically,
mentally or emotionally retarded in spite
of intensive treatment during the newborn
period (sutherland, et al., 1960 ; Goldsmith,
et al., 1973). It is not clear whether the
difference was due to the nature of TSH-
receptor blocking antibodies in the mother

or to the severity of thyroid suppression
during the fetal and neonatal periods.

We conducted a nationwide study of
this condition to find out which factors
might influence the clinical course of af-
fected infants. Results suggested that
maternal hypothyroidism during pregnancy
might be a cause of the delay in physical,
mental and/or psychomotor development.
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Materials and Methods

Sixteen mothers with chronic thyroiditis and
twenty-three of their offspring with transient
hypothyroidism were the subjects of this study.
Questionaires were sent to the hospitals where
transiently hypothyroid infants born to mothers
with chronic thyroiditis were treated. Using a
standardized form, the following data were
collected ; name, date of birth, gestational week,
birth weight and length, thyroid function during
the newborn period, treatment with thyroid
drugs, physical, psychomotor and mental deve-
lopment of children, thyroid function of mothers
during pregnancy, clinical course of mother’s
thyroiditis and analysis of TSH-receptor anti-
bodies. TBII was assayed by means of a radio-
receptor assay of TSH. TSBAb was assayed
by measuring basal and TSH-induced cyclic
AMP accumulation in the presence or the ab-
sence of test IgG with cultured thyroid adenoma
cells or porcine thyroid cells as targets. Serum
TSH, T, and T3 were determined by radio-
immunoassay with commercially available kits.
The presence of antithyroid antibodies was deter-
mined by the hemagglutination technique with
tanned sheep red cells, for both thyroglobulin
(TGHA) and microsomal antibodies (MCHA),
with commercially available kits (Fujirebio, Inc.,
Tokyo).

Physical development was evaluated by the
standard deviation score of length obtained at
the patient’s last examination. Psychomotor
development was estimated from the age of
walking alone and mental development was
evaluated by means of the development quotient
(DQ) (Enjoji method) or intelligence quotient
(IQ) (Tanaka-Binet). The subjects were divided
into two groups, group A (cases 1l to 5) and
group B (cases 6 to 23), according to the
presence or absence of a delay in their mental
development (IQ below 80).

Statistical analysis : Data were analysed for statis-
tical significance by Student’s #-test or X2 test.

Results

A. Evaluation of mothers (Table 1)

1) Age at diagnosis of hypothyroidism
The average age at diagnosis of hy-
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pothyroidism with chronic thyroiditis was
23.44+54 (M=+S.D.) (range 12-31) years,
and none of the cases had developed hy-
pothyroidism before in puberty.

2) Thyroid function at diagnosis

One of the sixteen cases showed mild
hyperthyroidism at diagnosis and during
pregnancy and was treated with 5 mg of
methyl mercaptoimidazole. The mother
developed hypothyroidism after delivery of
her child (case 21). The remaining fifteen
cases exhibited mild to severe hypothy-
roidism at diagnosis (Table 1). Three cases
had a small goiter at diagnosis or during
pregnancy, but there was no sign of goiter
in the other cases.

3) Anti-thyroid antibodies

MCHA were detected in all cases and
TGHA was positive in eight of the sixteen
mothers (509%).

TBII was determined in fifteen cases
and all patients possessed potent TBII ac-
tivities. TSBAb was determined in twelve
cases and all patients possessed potent
TSBADb activities. TBII as well as TSBADb
activities of group A and group B mothers
were not significantly different (Table 1).

4) Number of offspring and transient hy-
pothyroidism

Out of the total thirty-one children born
to sixteen mothers, twenty-four offspring
were born after the mother had develop-
ed hypothyroidism. Twenty-three out of
twenty-four offspring were diagnosed as
having transient hypothyroidism in the new-
born period. The first child of mother,
M-13, was transiently hypothyroid (case
19) ; while her second baby was normal.
In contrast, another mother (M-1) gave
birth to a child with only mild hypothy-
roidism (Case 1); however her second
child showed severe hypothyroidism (Case
23). Four other mother (M-4, 8, 9, 11)
gave birth to two to four siblings whose
thyroid functions did not differ significantly
from each other.
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B. Evaluation of the children

1) Fetal growth

Cases 12 and 13, identical twins, were
born at 31 weeks’ gestation and one (case
13) died of respiratory distress syndrome
and perforation of the stomach. Case 3
was a small-for-dates infant, and the remain-
ing twenty cases were appropriate-for-dates
infants (Table 2). Birth length and weight
of infants in groups A and B were not
significantly different (cases 12 and 13 were
excluded because prematurity).

2) Epiphysis of the distal femur

Sixteen infants were evaluated for epi-
physis of the distal femur, the size of which
depends on the thyroid function in the
newborn period. It was not visible in X-
ray films of 3 among 4 in Group A or 6
among 13 infants in group B which was
not significantly different (Table 1).

3) Thyroid function in the newborn period

Plasma levels of TSH were elevated in
all cases, but serum T, and T; in four in-
fants (Cases 1, 9, 10, and 15) were within
the normal range and plasma TSH returned
to normal without medication. Eighteen
cases were treated with L-T, or desiccated
thyroid for 5 to 117 months, after which
the treatment was discontinued. Euthy-
roidism was confirmed without medication
in all cases. TBII were determined in
seventeen cases (at 0 to 52 days of age)
and were strongly positive in all infants
(Table 3). TSBADb activity was determined
in four infants and was positive in all cases.

4) Physical development

The S.D. score of height was within-
2 S.D. except in case 12 who was a
premature baby and her psychomotor and
mental development were within the normal
range.

5) Psychomotor and mental development

Age of walking alone was delayed in
Cases 2 to 5 and 22. DQ or IQ was low
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in Cases 1 to 5. DQ and IQ in Cases 6,
14, 16, 17, 18, 20 were not evaluated be-
cause they were too young to evaluate or
it was reported to be within the normal
range for their ages by the physician in
charge judging from the age of walking
alone or speech and psychomotor develop-
ment.
6) Mother’s thyroid function and outcome
of their offspring

Seven mothers (M-1 to 7) were hy-
pothyroid at the time of delivery or in the
post partum period when first examined.
The mothers of Cases 1 and 2 were not
treated at all during the whole pregnancy
period. The mothers of Cases 3 and 4
decided to reduce their doses of thyroid
medication from one third to one fourth
when they noticed their pregnancy out of
fear of side effects in the fetus; therefore,
they were in a hypothyroid state for the
major part of the pregnancy. Thyroid
medication was discontinued during the
last trimester in case 5 and for a month
before delivery in Case 6. Another mother
(M-7) continued taking 100 pg of L-T,
a day throughout the pregnancy, but the
thyroid function at delivery was slightly
low (Table 1). Psychomotor and/or mental
development were delayed in Cases 1 to 5.
Case 5 had sever hyperbililubinemia in
infancy that needed exchange transfusion
and was most delayed in the start of thy-
roid medication. These factors might also
be responsible for mental retardation.
Among seven sibling cases, in two of the
sibling sets, that is Cases 1 and 23, and
Cases 4 and 8, the mothers were once hy-
pothyroid (Cases 1 and 4) and were euthy-
roid (Cases 23 and 8) during pregnancy.
The IQ and DQ of Cases 8 and 23 were
103 and 106 respectively, and their height
was —-0.4 and 0 S.D. at the age of 7 3/12
years and one year, respectively, and was
within the normal range. On the other
hand, the IQ of Cases 1 and 4 was 76 and
70, respectively, and their height was -1.8
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and -1.7 S.D. at the age of 5 6/12 and
9 4/12 years, respectively, and was delayed.

Discussion

Transient neonatal hypothyroidism in
infants born to mothers with chronic thy-
roiditis, especially those with atrophic auto-
immune thyroiditis, was confirmed as an
important disease entity in the newborn
period. It was first reported by Sutherland
et al., (1960), and was recognized in cases
in this paper. There have been at least
three other cases reported in the literature.
(Connors and Styne, 1986; Fort, et al.,
1988 ; Cho, et al., 1988)

The presence of TSH receptor blocking
antibodies, which were detected by radio-
receptor assay of TSH (TBII) and TSBAb
assay have been considered pathogenetic in
this condition. These activities were con-
firmed in the serum of fifteen mothers and
their 17 newborn infants. Clinical features,
such as the severity of hypothyroidism were
not correlated with TBII nor with TSBAb
activities of undiluted sera. However, it
has recently been confirmed that the titers
of mother’s serum determined by diluting
the serum with normal pool serum to
obtain 509 inhibition of labelled TSH
binding to its receptor or 509% inhibition
of TSH-induced cAMP accumulation is cor-
related with the severity of neonatal hypo-
thyroidism and the size of the epiphysis
of the distal femur of the offspring (Matsu-
ura, et al., 1989; Tamaki, et al, 1989).
The mechanisms of thyroid suppression
were suggested to be trapping, as well as
organification defects, in the newborn
period, which was confirmed in in vivo as
well as in in vitro studies (Matsuura, et al.,
1980 ; Takasu, et al., 1984 a, b).

As tot the prognosis for the infants,
physical, psychomotor and/or mental deve-
lopment differed significantly among re-
ported cases. The siblings reported by
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Sutherland, et al., (1960) and Goldsmith,
et al. (1973) were physically, mentally and
emotionally retarded in spite of intensive
treatment given immediately after birth.
The present study revealed delayed psy-
chomotor and/or mental development in
five of the twenty-two live infants studied.
These figures are much larger than those
found in cases of congenital hypothyroidism,
as reported in Japan (Nakajima, et al.,
1985) as well as in other countries
(Glorieux, et al., 1985 ; New England Con-
genital hypothyroidism Collaborative. 1985
llick, er al, 1988 ; Komianov, et al., 1988).
The mechanisms of the delay in psycho-
motor and/or mental development delay
are not clear; but at least four mechanisms
might be speculated. First, the delayed
development might depend on the severity
of thyroid suppression during the fetal
period as well as the degree of hypothy-
roidism during the newborn period. The
second consideration is the period of hy-
pothyroidism and the age at the start of
treatment. The nature of the TSH-receptor
blocking antibodies, and finally, the degree
of maternal hypothyroidism during preg-
nancy might also be important factors.
The mean serum T, level of Cases 2 to 5
at diagnosis was 1.8, 0.1, 0.4, 1.0ug/dl,
respectively, the mean of which was lower
than that of the cases in group B (p<0.05)
(Table 3). However, Case 1 showed only
mildly increased TSH at diagnosis, and the
level returned to normal without medication.
The age at the start of medication was
comparable in groups A and B. TBII as
well as TSBADb activities of mothers in
groups A and B were not significantly dif-
ferent (Table 1). Birth weight and birth
length were also not significantly different
in the groups (Table 2).

Since the titers of TSH-receptor block-
ing activities well correlated with serum T,
levels and the size of the epiphysis of the
distal femur (Matsuura, et al., 1989), it was
speculated that they were not markedly
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different in the mothers of the two groups.

On the other hand, the thyroid function
status of mothers in groups A and B was
quite different. Four mothers in group A
were hypothyroid during throughout pre-
gnancy and another mother was hypothy-
roid during the last trimester. On the
other hand, the mothers of only two of
seventeen live infants in group B had mild
hypothyroidism during pregnancy. The
siblings of Sutherland’s cases were mentally
and emotionally retarded in spite of inten-
sive treatment, including exchange trans-
fusion immediately after birth (Sutherland,
et al., 1960 ; Goldsmith, et al., 1973). The
mother of these siblings had also been
treated inadequately and was severely hy-
pothyroid during the whole pregnancy
period.

Reports of the high incidence of mental
retardation occurring in children whose
mothers suffered from severe endemic goiter
during pregnancy are available (Pharoach,
et al., 1980). But investigations relating
psychomotor and mental development in
children to maternal hypothyroidism are
not well documented. Man et al., (1976)
made an extensive study of the relationship
between the thyroid function of pregnant
women and the outcome of their progeny,
and found that the progeny of hypothyroid
women showed lower psychomotor and
neurological scores.

It is well known that the placenta is
essentially impermeable to the natural
iodothyronines, Ts;, T, and rT; as well as
TSH (Fisher and Klein, 1981). On the
other hand, many animal experiments proved
that the direct transfer of T, from the
maternal system to the fetus does take
place in early pregnancy (Devaskan, et al.,
1986) ; Morreale de Escobar, et al.,, 1985
1987). Judging from the above evidence,
maternal T, might play a vital role in early
fetal neurologenesis before the onset of
fetal thyroid function (Ekins, 1984 ; Morreale
de Escobar, et al., 1987). Transfer of T,
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from the mother to the fetus near term was
also confirmed in rats (Morreale de Escobar,
et al., 1988) as well as in humans (Vulsma,
et at., 1989) and might play an important
role in the development of brain function
when the fetal thyroid function is impaired.
The mothers in groups A were not treated
at all in cases 1 and 2, had their dose of
thyroid medication reduced from the early
phase of pregnancy in cases 3 and 4, and
discontinued medication in the last trimester
as well as being most delayed in the start
of medication in case 5. These might be
the causes of the mental retardation in the
cases in group A. Although the transport
of T, from mother to fetus in man is not
clear, the evidence presented in this report
suggests that the role of thyroid function
in early embryogenesis be given serious re-
consideration.

We wish to thank Prof. S. Matsumoto
for his valuable comments.
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