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TABLE i

NEWBORNS DETECTED OVER TEN YEARS

test. The etiology remains undefined.
Table 1 summarizes the diagnoses of infants detected by

the Quebec Network over a period of ten years. The incidence of
primary hypothyroidism remains about one in 4,000 births. Fif­
teen percent of these Infants had a gOiter. the majority of these
due to organlfication defects. Twenty-five percent had ectopic
tissue. This IS an estimate since not all the Infants had a thyroid
scan. Cases of secondary (pituitary) and tertiary (hypothalamic)
hypothyrolclsm are rare (1 80.000l, Twenty-five cases of tran­
sient hypothyroidism were detected of which nine (36%) were
induced by antithyroid drugs.

Table 1. Diagnoses in infants detected by the Quebec Network for Genetic
Medicine. Of the 25 cases of transient hypothyroidism. nine were attributed
to placental transfer of propylthiouracil (PTU) administered to hyperthyroid
mothers.
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COMPREHENSIVE TSH-T4 SCREENING PROCEDURE

Figure 3. A comprehensive iSH screening flow chart. The numbers In pa­
rentheses are numbers obtained by the Quebec Network from III slmultll!~

ne~us T4"TSH screening procedure over 12 months. Note that only one
hypothyroid Infant had a TSH value of 25 to 50 IJ.U. whereas 200 had vBlues
greater than 50 fLU; of these. only 22 were hypothyroid.:n

Figure 2. Comprehensive T4"TSH screening flow chart. The numbers are cor­
rected for 100.000 births per year. The cut-off point of 6.7 u.g for T. is a cor­
rected value for each assay expressed as an absolute number for statistical
comprehension and analysis. It corresponds to - 2.1 SO from the geomet­
ric mean of a day assay. When the T4 is lower than 6.7 ,'9 and the TSH greater
than 25 fLU. the Infant is immediately referred for clinical examination and
serum sampling. The diagnosis is confirmed in two thirds of the cases. If the
TSH Is less than 25 fLU. the TBG concentration is measured in the same spot,
and. if low, the Infant is referred for serum sampling to confirm the di­
agnosis. Confirmation again occurs In two thirds of the CllseS. If the TBG
level Is normal and the T4 value is greater than 5 fLg, the infant Is considered
normal. If the T4 value Is less than 5 fLg, another spot is required. If the T4

value Is stili below 5 "",g, the Infant Is referred for further investigation to
check for tertiary or secondary hypothyroidism.
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Methodological Approaches
Both T4" '2 and TSH'J,. filter (paper blood spot) assays were

available by 1976. The North American programs chose to
screen using T4 levels. and measured TSH concentrations only
If T4 values were low: European and Japanese programs chose
to screen for high TSH values. 56 Proponents of primary screen­
ing With T4 and follow-up With TSH determinations contend that
it is more difficult to maintain quality control standards with large
numbers of TSH samples than with comparable numbers of T4

samples. Proponents of the TSH screening point out that infants
with ectopic thyroids may have normal values of T4.'5

The Quebec Network undertook to clarify this issue by
measuring both hormones simultaneously for one year. 16 The re­
sults confirmed that the T4 methodology was simpler to handle
and more precise than the TSH measurements. For example,
the slopes of the standard curves for the TSH assays have
coefficients of variation some threefold greater than those for T4

assays. The number of false-positive results, however, were
similar by both methods. One infant was missed by the T4 and
two by the TSH methods. Of 25 infants with confirmed and
classified primary hypothyroidism, eight had an ectopic gland.
None was missed with the primary T4 approach. The two infants
missed by the TSH approach had normal TSH concentrations
at 3 to 5 days of age but elevated levels at 3 weeks. In these
infants. there appears to be a delay in maturation of feedback
regulation of pituitary TSH secretion.

The screening method employed depends largely on the
experience of the scientist responsible for the screening pro­
gram. Comprehensive combined T4 -TSH and TSH screening
flow charts are described in Figures 2 and 3. However, this au·
thor believes that a well-managed T4 screening program with a
variable cut-off point for TSH measurement has a minimal and
very acceptable level of false·positive results compared to those
obtained by TSH screening (Figure 4). Simultaneous T4 -TSH
measurements would be ideal. but are probably too costly for
the increased yield of hypothyroid infants detected.

2



11$±1:4' (t~·139)
110± 1.0 (94-121)
114:2.2 (82-139)

CentrellO
Nt Mean:5EM Range

115:1.5 (88-133) 31
104:!: 1.2 (64-122) 41
103+2.3 (55-140) 40

Hypothyroid 10
Nt Mean'" SEM Range

45'
n
59

Age
(months)

.p < 0.01.
tN = number of patients.

Table 2. Global quotient &8 aSHslIIed by the Griffith Mental Developmental
Test obtained In a prospective study by the Quebec Netwofk. Although the
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GRIFfiTH MENTAL DEVELOPMENTAL TEST QUOTIENT

Neuropsychological Outcome. Beginning with the report of
Smith et al. 25 we have come to recognize the importance of ini­
tiating treatment within the first three months of life to maximize
the probability of achieving a normal 10. Smith and coworkers
originally reported improved mental prognosis in congenital
hypothyroidism when treatment was started before 7 months of
age. Ten of 22 children treated before that age had an 10 above
90. Raiti and Newns,o,; and Klein et ai" found an even better re­
sult when rnfants were treated before 3 months of age, with 85%
reaching an IQ above 85. Recently. these retrospective results
have been confirmed; mean lOs for Infants detected and treated
early were normal at 3 years of age. The New England Con­
genital Hypothyroidism Collaborative: 8 using a Stanford Binet
score. reported a normal mean and distribution among IQs of 67
infants age 3 to 4 years. In the Quebec study29 (Table 2), evalua­
tion of follow-up was performed by use of the Griffith Mental De·
velopmental Test. At 36 months, the mean IQ of 59 infants in the
hypothyroid group was in the normal range, although significant
differences were found in the hearing, speech, and performance
scales. Nine of the hypothyroid infants (15% of the group) had
las below 85. These results suggest that the severity of the
disease might be an important predictive index of the neuro­
psychological outcome. In the New England study, three out
of tour infants with obvious clinical signs of hypothyroidism had
abnormal IQs later.

monodeiodination of T.1 by the brain. which was demonstrated
recently by Kaplan, <J

Breast Feeding. Breast feeding has been postulated to de­
crease or delay the deleterious effects of congenital hypothy·
roidism. Bode et al'~ reported a case of suspected congenital
hypothyroidism In which clinical signs and biochemical values
appeared only when breast feeding was discontinued. In a retro­
spective study. Tenore et al<~ found that the lOs were higher
for breast-fed than for the formula-fed hypothyroid infants.

In a prospective stUdy, we examined this problem in 12
breast-fed and 33 bottle-fed hypothyroid infants.23 There were
no differences in the number or intensity of the clinical signs be­
tween both groups. in the number and surface of various
ossification centers. or in the serum T4 or T3 concentrations. At 1
year of age, there was no statistical difference in the infants'
psychological evaluation as assessed by the Griffith Mental De­
velopmental Test. From these data. we concluded that breast
feedrng does not protect the hypothyrOid newborn. Mizuta et ai<'
have recently reported that T4 is undetectable in human milk.
The daily excretion of T'3 is less than 1 jJ.g. These authors also
could not find any differences In serum T4. free T4, and T3 values
between breast-fed and bottle-fed babies.
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Figure 4. Numbers of false-positive results over ten years by the Quebec Net­
work for Genetic Medicine. Note the significant improvement since 1979 due
to improved technology.

Follow-up Procedure
The diagnosis of congenital hypothyroIdism should be con­
firmed and treatment Instituted WIthin the first three weeks of life.
At the time of diagnosIs. a thyroId scan and a bone age should
be performed to define bone age and the etiology and severity of
the disease. It has been suggested that circulating thyroglobulin
measurement may eventually replace the thyroid scan as a way
of detecting the presence of thyroid tissue." '. Additional studies
are indicated to settle this issue.
. Biochemical and clinical follow-up should be obtained at

scheduled visits SIX weeks later and subsequently at 3. 6, 12,
18. and 24 months. Infants WIth low T.1 ('.5 J-lg dl) and normal
TSH and thyroXine-binding globulin (TBG) levels should be seen
at 3. 6. and 12 months and yearly afterward. Even though the
incidence of this low T4 syndrome IS very low (1 14.000). approx­
imately 15% of such infants eventually develop secondary or
tertiary hypothyroidism. Follow-up of these infants is recom·
mended (Figure 2).

NUMBERS IC,i OF INFANTS RECALLED USING A T,TSH
APPROACH OVER A TEN YEAR-PERIOD

Treatment
The ultimate goal of these screening programs is the institution
of early and appropriate treatment to ensure normal mental and
physical development. Guyda evaluated treatment on the baSIS
of data collected from infants detected by the Quebec Network.'9
Following two weeks of therapy with an average dose of T4 of
6 ~g/kg/day. the mean T4 concentratlon increased from a base­
line mean of 2.1 ~g/dl to 8 ~g/dl in 33 infants. After four addition­
al weeks of therapy at a mean dosage of 8.0 J-lg/kg/day. T4 ,

triiodothyronine (T3). and TSH serum levels were even closer to
normal. Although most T4 • T3 , and TSH levels became normal
promptly, some infants showed only a small increase of serum
T4 after two weeks of therapy; others became hyperthyroid. In
most infants. the mean TSH values decreased to less than
20 IJ.U/ml after six weeks of therapy, but in some (15%), these
values were not attained until 18 to 24 months of therapy. These
findings are in agreement with the thesis of a higher threshold
for feedback regulation of TSH release by T4 in hypothyroid
"neWboms and Infants compared to hypothyroid adults. These
findings also suggest that during follow-up, the clinician should
rely more on the T4 level than on TSH suppression in assess­
ing the optimal dosage schedule for replacement therapy. The
recommended dosage for oral levothyroxine is approximately
100 jJ.g/m 2 /day. Latriiodothyronine is not recommended as a
substitute therapy because of the preferential uptake and



mean las of the hypothyroid children are still in the normal range at 18 and
36 months. they are significantly lower than the control group, reflecting de­
creased scores in the hearing, speech. and performance scales.

To determine whether severity and or duration of the
.othyrold state might be important factors. we correlated the
~oncentratlon at the time of diagnOSIs as a measure of sever­
ity and bone age as an Indirect biologic indication of the duration
of the disease with the global quotient at 3 years of age. Both
factors showed a significant positive correiation, indicating that
newborns with very iow T<1 levels and retarded bone age at the
time of diagnosis have a higher risk of subsequent abnormal
mental development. Our preliminary data suggest that infants
at risk at 18 months (history of low T4 levels. low bone age, and
low 10) can benefit from speech and occupational treatment and
psychological guidance. Infants so treated showed eVidence of
recuperation by the age of 5 years. These combined results
clearly emphasize that early treatment of congenital
hypothyroidism is highly beneficial and resuits In a mean global
quotient above 100.

Perspectives

Etiology, Autoimmunity, and Congenital Hypothyroidism.
Considerable attention has been devoted to the pOSSIbility that
an autoimmune process In the mother IS transferred passively
via the placenta to the fetus and could result in congenital
hypothyroidism. Several reports in the literature suggest that the
presence of maternal antithyroid antibodies may be associated
with elevated antibody titers in the oHspring. 30

·
34 and with an in­

creased Incidence of congenital hypothyroidism. In one report.
16% of affected infants were found to have positive antithyroid
antibody titers. 32

•

To investigate the possible role of autoimmunity in con­
ital hypothyrOIdism, we measured antimicrosomal antib~dy

titers in pregnant women and found that 14% had POSitive
titers 35

; however, in only one instance of 104 infants with con-
genital hypothyroidism was there a significant titer of anti­
microsomal antibodies. When filter assay T4 values and recall
serum T4 and TSH concentrations in newborn infants with pOSI­
tive antimicrosomal titers were compared with similar measure­
ments in subjects without antibodies. no significant differences
were noted. These data suggest strongly that antithyroid anti­
microsomal antibodies do not play a determinative role in the
pathogenesis of congenital hypothyroidism.

Drexhage and cQworkers36 recently demonstrated an Im­
munoglobulin that blocked the growth-promoting eHect of TSH
in the serum of adult patients with nongoitrous hypothyroidism.
This property was designated thyroid-growth immunoglobulin­
block (TGI·block), and was assayed by measuring the ability of
test IgG to inhibit TSH- mediated DNA synthesis in guinea pig
thyroid slices. It differs from the thyroid- stimulating im­
munoglobulin block, which competitively inhibits TSH- mediated
adenylate cyclase activity in thyroid membranes. 37

The potential role of blocking antibodies in the etiology
of congenital hypothyroidism was confirmed in a report by
Matsuura et al. 38 They reported two c~s(i!sof transient hypo­
thyroidism attributed to the presence in the newborn of im­
munoglobulin, which inhibited TSH binding to thyroid plasma
membranes. Iseki39 recently reported three siblings with the
same syndrome; their mother had nongoitrous autoimmune

•

iditiS. In both cases, the origin of the antibodies was the
er, and the antibodies disappeared with a half-life con­

sistent with that of a maternally derived immunoglobulin. In one

4

infant who died. autopsy showed a normal thyroid gland without
any eVidence of inflammation or fibrosis.

Several features of these case reports are of spe~i~~ in­
terest. Although biochemically and clinically hypothyroid at birth.
none of the infants had a goiter. Thus, the maternal immu­
noglobulins totally inhibited compensatory ,thyroId growth de­
spite hypothyroidism. These Immunoglobulins. therefore. qualify
from a physiologic pOint of view as blocking antibodies.

The demonstration of blocking antithyroid autoantibodies
as the cause of tranSient hypothyroidism raises the possibility
that these antibodies may playa role in the pathogenesis of
sporadic congenital hypothyroidism. In a preliminary study, Van
der Gaag demonstrated TGI-block in 50% of the mothers of
hypothyroid newborns detected by the Quebec Network and in
50% of the hypothyroid babies tested.40 Interestingiy, it was also
present In two mothers and their newborns with transient
hypothyroIdism. These observations point to the potential in­
volvement of autoimmune TGI-block in the pathogenesis of
sporadic congenital hypothyroidism. Detection ot such antibod­
ies in the mother raises the possibility of prenatal diagnOSIs and
treatment of fetuses With congenital hypothyroidism.

Technical Improvements. Enzyme immunoassay methods (T4

and TSH) have been and are being developed that should be
applicable to newborn thyroid screening. These may allow bet­
ter quality control for statistical analysis and for follow-up
purposes. They may help integrate programs that screen for
congenital hypothyroidism with the programs that already exist
for phenylketonuria and other metabolic diseases.
Future Research. The International Organizing CommIttee of
the International Conference on Neonatal ThyroId Screening41

commented on further clinical studies that are needed to assess
the following:
1. The potential usefulness of circulating thyroglobulin con­
centrations as a tool for detecting the presence of thyroid tissue.
If successful, measurements of thyroglobulin could replace the
radioactive thyroid scan.
2. Only limited information has been developed regarding
optimal levels of serum T4. free T4, and T3 concentrations dur­
ing treatment of infants with congenital hypothyroidism. This
information may be of utmost importance in predicting the
future mental development of these infants. Since there is
experimental evidence that neonatal hyperthyroidism may
cause decreased pituitary sensitiVity to the suppressive effects
of T4. appropriate selection of the treatment dose may be impor­
tant in ensuring the development of a normally functioning TSH
control system.

Conclusion
Recent economic studies have conVincingly demonstrated

the cost-effectiveness of a conventional screening program.
Currently, the COSt/benefit ratio in the Quebec Network is one in
ten. The industrialized world may be on the verge of per­
manently eradicating one important cause of mental retardation.
The benefits to the affected indiVidual are Virtually incalculable.
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Before prescribing any drug mentioned in this article, the
maders should consult fun prescribing information.
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