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Chapter 21

Endemic Neonatal, Infantile, and Juvenile Hypothyroidism
in Ubangi, Northern Zaire: Clinical Consequences

and Prevention

dJ. Vanderpas and C.H. Thilly

. Laboratoire d’Analyses Médicales, Hépital Ambroise Paré

7006 Mons, Belgium

m—

B iochemical hypothyroidism (TSH > 50 mU/L)
affects one fourth of the neonates in the
Ubangi area of northern Zaire. Goiter preva-
lence in their mothers is >75%, and the preva-
lence of endemic cretinism varies from 1 to 10%
in various villages (1).

Biochemical infantile and juvenile hypothy-
roidism affects one fourth of the infants (<12

months) and one third of the children (>2 years)"

in the same area (2).

The question arises, then, concerning the ef-
ficiency of iodized oil administration to the preg-
nant mother on the prevention of neonatal, infantile,
and juvenile hypothyroidism in this severe goi-
ter endemia. ‘

From 1973 to 1980, a placebo-controlled, lon-
gitudinal, randomized study was conducted in
this area to assess the safety and the efficiency
of iodized oil administration to the mother dur-
ing pregnancy. Up to now, only the data on the
prevention of neonatal hypothyroidism have been
published (1). In this first part, we analyze the
biochemical follow-up data of the thyroid func-
tion in the children of this study. We focus the
analysis on the effects of jodine supplementa-
tion to the pregnant mother (during the last two
trimesters of pregnancy) on the biochemical pa-
rameters of her newborn, infant, and child.

METHODS

Pregnant women (n = 983) wete recruited at

their first prenatal clinics at Karawa hospital,
Ubangi from February 1973 to March 1980 (Ta-
ble 1). They originated from the city of Karawa
(n = 187) or from the rural villages surrounding
Karawa (n = 796). Iodized oil (1 cc Lipiodol IM,
treated group) or placebo (control group) was
administered to every woman in a randomized
allocation (closed envelopes containing the na-
ture of treatment). At entry in the study, identi-
fication, clinical items (goiter volume in the mother
according to WHO classification, uterine height)
were recorded by a registered nurse (R.N.) and
biological samples of blood and urine were col-
lected from the mother to determine the serum
Ty Ts, and TSH concentrations and the urine
iodine concentrations. For the women recruited
in the study and delivering at Karawa hospital,
the thyroid status of the mother (clinical exami-
nation) and some clinical parameters in the neo-
nates (height, weight, obvious clinical problems)
were recorded; at delivery, a blood sample of
the mother and of the neonate (cord blood) and
a urine sample of the mother were obtained to
perform biological analysis. Follow-up data on
the evolution of the children (mortality, goiter,
cretinism, weight, height) were obtained from
August 1973 to March 1980 during 11 visits at
Karawa and in the villages around Karawa by
six examiners (M.D.).

Biochemical thyroid status was determined

during four visits by serum analysis in two cases
(April 1974 and March 1980) and by collection
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Table 1. Dates of Survey, Number of Women Included in the Longitudinal Karawa Study on Iodized Oil
Supplementation During Pregnancy (Control Group/Treated Group), Number of Biological Samples Collected at
these Different Times, and Number of Psychomotor Tests in the Children of the Study

Recruitment and Follow-Up
at Delivery

Date of Survey Feb. 1973-Mar. 1980

Follow-Up Surveys

Psychomotor tests

Mar.-Apr. 1974 Jan.—Feb. 1979 Jan.~Mar. 1980
Mothers recruited 484/499 118/133 409/412 484/499
Mother’s serum
Prenatal 389/411
Delivery 235/246
Child’s serum
Cord Serum 195/199
<1 year-old 31/35 10/7% 57/66
1-4 year-old 54/58* 54/61
5-7 year-old 34/58° 68/89
Mother’s urine
Prenatal 381/389
Delivery 232/232
. Child’s Urine
<1 year-old 9/4* 40/60
1-4 year-old 43/53* 40/40
5-7 year-old 28/482 63/82
175/218

*Blood sample collected on filter paper.

of blood on filter paper for analysis in the two

other cases (January 1979 and July 1979). To
prevent thyroid hormone measurements at too
short intervals in the same child, the hormonal
data of July 1979 are discarded for this presen-
tation. Urinary samples were obtained during
three visits (January 1979, July 1979, and March
1980). The examiner was unaware of the treat-
ment allocation. Follow-up data were obtained
at least once in 345 children of the treated group
and in 315 children of the control group.

The description of the biochemical methods
used was published previously (3). Concerning
the filter papers, only total T, and TSH were
determined on these samples.

RESULTS

Figure 1 (top) compares the distribution of uri-
nary jodine concentrations in urinary samples
just before treatment in pregnant women in-
cluded in the study (control group: n = 381;
treated group: n = 389). The two groups of
mothers are similar according to the urinary io-
dine excretion, with 65% (500/770) women un-
der the threshold defining a deficiency state (<5
pg/dL) and 25% (193/770) women in a severely
deficient state (<2 pg/dL). At delivery (Figure 1,
bottom), the distribution of iodine concentration
in the control group is not distinguishable from

that observed before treatment with 69% (160/
232) of the women excreting less than 5 pg/dL
iodine in the urine; however, in the treated
group, iodine supplementation involves a de-
crease of this proportion to 8% (19/232).

Figure 2 describes the evolution of urinary io-
dine concentration in infants and children of the
treated and the control group. In the control
group, the mean urinary iodine concentration
was systematically below 5 pg/dL during each
age period, with small, nonsignificant changes
of the mean levels between 1.5 and 3.6 pg/dL.
In the treated group, mean urinary iodine con-
centration was in a normal elevated range dur-
ing the first year (15.5 ng/dL); it decreased under
the threshold of 5 pg/dL during the second year;
and the evolution was similar to that of the
control group after 3 years.

Figure 3 describes the evolution of the preva-
lence of abnormal hormonal values in the con-
trol group and in the treated group of children
during three age periods. In the control group,
the prevalence of elevated TSH (>10 mU/L) re-
mained stable and elevated (0-24 months: 46%,
55/120; 24-36 months: 49%, 19/39) during the
first 3 years. It increased significantly to 59%
(88/150) after 4 years (p < 0.05 vs. children less
than 36 months. In the treated group, during
the first 2 years, the prevalence of elevated TSH
values (5%, 7/138) was markedly lower than in
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Figure 1. Top: distribution of the urinary iodide concentrations before treatment (at entry in the study) in the control mothers
and in the treated mothers. Bottom: distribution of the urinary iodide concentrations in the same mothers at delivery, in the

control mothers, and in the treated mothers.

the control group for the same age period (p <
0.001). During the third year, this prevalence
increased to a level (41%, 19/46) similar to that
observed in the control group, and it increased
significantly after 3 years (71%, 137/193; p <
0.001 vs. treated group less than 36 months) at
a level similar to that attained in the control
group.

Although elevated serum TSH associated with
low serum T, was frequent in the control group
(between 23 and 57% depending on the age
group) and in the treated group after 2 years
(between 28 and 65% depending on the age
group), the serum T; was abnormally low in a
minority of cases (9%, 17/198, in the control

group, 0-84 months and 8%, 9/114 in the treated
group after 36 months).

Table 2. Percentage of Elevated Serum TSH During

Childhood
Cord Serum TSH Child’s Serum TSH > 10mU/L
<20 mU/L 26% (11/43)
=20 mU/L 67% (24/36) RR = 2.6 (1.54.6)

¥ = 13 (p < 0.001)

Data are for 1-7 year-old children according to normat or el-
evated cord serum TSH in the same children. Karawa study,
neonates, and children of the control group, RR, relative
risk; x2, chi-square test.
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Figure 2. Evolution of the urinary jodide concentration in children of treated mothers (geom. mean + 1 SEM) and in children

of control mothers (geom. mean - 1 SEM).

Table 2 compares the frequencies of abnormal
serum hormonal concentrations in children of
the control group (TSH > 10 mU/L) according
to the serum hormonal concentrations at birth.
Neonates with a cord serum TSH = 20 mU/L
have a 2.6-fold greater risk of having an ele-
vated serum TSH during childhood than neo-
nates with a cord serum TSH < 20 mU/L (p <
0.001). It is also notable that 12 of the 36 neo-

nates with elevated TSH recovered a normal se-

rum TSH during childhood (in the absence of
iodine supplementation). Conversely, 11 of the
43 neonates in the control group with a normal
cord serum TSH at birth (TSH < 20 mU/L) de-
veloped infantile or juvenile hypothyroidism at
least at the time of the survey during their first
7 years.

The prevalence of clinically defined cretinism
was relatively low as compared to the preva-
lence of biochemical hypothyroidism. In the treated
group of the longitudinal Karawa study on io-
dized oil supplementation during pregnancy, 345
children were seen at least once during the 11
surveys in the-villages, and nine of them were
clinically classified as cretins (2.6%), with bio-
chemical confirmation of hypothyroidism. A clin-
ical examination was available under the age of

2 years in six cases; only one of them was diag-
nosed as cretin before 2 years. In the control
group of the same study, 314 children were seen
at least once during the 11 surveys in the vil-
lages, and 26 of them were clinically defined as

cretins (8.3%), with biochemical confirmation of .
‘hypothyroidism. A clinical examination was avail-

able under the age of 2 years in 23 cases; 17 of
these 23 cases were already diagnosed as hy-
pothyroid cretins at that age (a manuscript with
a more complete description of these cases of
cretinism is in preparation).

DISCUSSION

The administration of iodized oil (1 cc Lipiodol
IM) to the pregnant woman during the last two
trimesters prevents neonatal and infantile hy-
pothyroidism during the first 2 years of life.
This time course corresponds, grossly, to the
weaning period in Ubangi (2). After 3—4 years,
the prevalence of goiter and of biochemical hy-
pothyroidism (elevated TSH and/or decreased
Ty) in children of the treated group was as ele-
vated as that in children of the control group.
The mean levels of urinary iodine concentra-
tion in neonates and in infants of the treated
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Figure 3. Evolution of the prevalence of elevated serum TSH values in the children of treated mothers and in the children of

control mothers.

group are in an elevated normal range (15 pg/dL
in the first semester), but well below toxicity
(>100 pg/L). This could explain that cases of
neonatal hypothyroidism associated with iodine
overload were not observed in this study. On
the other hand, the relatively short period of
protection of iodine deficiency in the child (2
years) as compared to the longer action of io-
dized oil in the adult (=4 years) could be easily
explained by the fact that, in the child, iodine is
probably transferred via the maternal milk in an
inorganic form, and jodized oil administered to
the adult forms a slowly resorbable deposit.

In the control group, endemic neonatal hy-
pothyroidism is frequently transient, as many
children have recovered normal thyroid function
in the absence of iodine supplementation; on
the other hand, normal thyroid function at birth
does not predict a normal thyroid function dur-
ing childhood. Neonatal, infantile, and juvenile

hypothyroidism affects the child at some stage
of development with variable severity, with vari-
able duration, and with variable time of onset
for the majority of children of Ubangi. The ad-
ministration of iodized oil to the mother protects
the neonate and infant until 2 years; after that

time, the risk of juvenile hypothyroidism is as
great in the treated group as in the control
group.

Only part of biologically hypothyroid children
are classified as cretins. They represent children
affected by long-standing hypothyroidism result-
ing in a characteristic phenotype (intellectual
impairment, stunted growth, retardation of bone
maturation). In the control group, the age of in-
stallation of long-standing hypothyroidism in cre-
tins is also variable, and, if already present during
the first 2 years, it involves irreversible psycho-
motor development. Iodized oil during preg-
nancy certainly prevents the installation of a
long-standing hypothyroidism during the first 2
years, that is, during a critical period of brain
development dependent on the thyroid hormonal
status. It does not prevent long-standing hy-
pothyroidism after weaning, with its character-
istic detrimental effects on statural development;
at least this treatment protects psychomotor de-
velopment (vide infra).

In conclusion, the administration of iodized
oil (1 cc Lipiodol IM) to the mother during the
last two trimesters of pregnancy is safe, and ef-
ficiently protects the thyroid function of the off-
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Table 3. Distribution of Psychomotor Development Scores

Psychomotor Development Score =0.60

9.7% (17/175)
0.5% (1/218)

Control group
Treated group

0.60-0.80 =0.80

17.1% (30/175) 73.1% (128/175)
20.2% (44/218) 79.4% (173/218)
X 2df) = 19.1 (p < 0.001)

Scores in children of mothers treated with iodized oil during pregnancy (treated group) or with placebo (control group). x* (2

df): chi-square test with two degrees of freedom.

spring during the first 2 years. Iodine supplementation
should be repeated after 2 years in the children
to prevent juvenile hypothyroidism.

EFFECTS ON PSYCHOMOTOR
DEVELOPMENT

The period of protection of iodine deficiency in
this protocol has two main characteristics.

L. Iodine supplementation does not cover the
first trimester of pregnancy, a critical period
of prenatal neurological development during
which iodine deficiency may involve the char-
acteristic clinical defects of endemic neurolog-
ical cretinism (4-6);

2. Iodine supplementation covers the first 2 years
of life, a critical period of neurological devel-
opment during which hypothyroidism results
in irreversible intellectual defects.

The question arises, then, whether iodine sup-
plementation during the last two trimesters of
pregnancy is efficient and sufficient to prevent
iodine-deficiency associated intellectual impair-
ment in the children. According to the protocol,
only the defects associated with postnatal hy-
pothyroidism are prevented, and not those as-
sociated with iodine deficiency during the first
or second trimester of fetal life. Which are the
relevant differences between the treated group
and the control group in psychomotor develop-
ment?

Methods

Psychomotor development was assessed during
two of the 11 surveys of the study of Karawa.
During the first survey (November 1975), the
tests of Gesell modified by Brunet-Lezine were
slightly adapted to the cultural environment of
Ubangi by a psychologist (7). During the second
survey (March 1980), these adapted tests were
used by a general practitioner with translation
of the questions in the local language by a nurse.

TS .

In a few words, these tests contain items of lan-
guage development, motor development, adapt-
ability, and sociability for different age groups
from 1 month to 7 years. The tests were per-
formed in 20 min/child. Analysis of the data of
the first survey of psychomotor development
has already been published (7). The global score
of psychomotor development was determined
by dividing the psychomotor development age
with the chronological age (a mean score of 1.0
is expected in a normal population). This section
presents the analysis of the second survey of

- psychomotor development (March 1980).

Results

The effect of iodized oil supplementation to the
prégnant mother on the psychomotor develop-
ment of the child is shown in Figure 4. In the
treated group, the mean psychomotor develop-

- ent score is stable with age, and slightly lower

than the expected mean value for normal (1.0).
In the control group, the trend of the mean
psychomotor development score to decrease with
age is not significant. However, when the four
age classes are regrouped, the mean psychomo-
tor development score is lower in the control
group (0.82 + 0.14, n = 175) than in the treated
group (0.91 + 0.13, n = 218) (r <0.05).

Table 3 shows the proportions of subjects
with a psychomotor development score of <
0.60, > 0.60, < 0.80; and = 0.80. With one ex-
ception (0.5%, 1/218), the low psychomotor de-
velopment scores (=0.60) are observed only in
the control group (9%, 17/175) (control vs. treated:
P < 0.001). Analysis of the individual cases shows
that the unique case of the low psychomotor
development score in the treated group is clini-
cally and biologically (TSH < 10 mU/L; T, > 6
rg/dL) euthyroid. The analysis of the 17 cases
of low psychomotor development scores in the
control group shows that eight cases were hy-
pothyroid clinically and biologically (one of them
being also deaf-mute); nine cases were defined
clinically as euthyroid, and showed a normal bi-
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Table 4. Comparison of Psychomotor Development Scores

Control Group Psychomotor development score of the child
<0.60 0.60-0.90 >0.90
Prenatal maternal serum TSH
<10 mU/L 6% (4/62) 29% (18/62) 65% (40/62)
=10 mU/L 23% (7/30) 27% (8/30) 50% (15/30)
X* (2 df) = 5.57 (p = 0.06)
Treated Group Psychomotor development score of the child
<0.60 0.60-0.90 >0.90
Prenatal maternal serum TSH
<10 mU/L 1% (1/103) 38% (39/103) 61% (63/103)
=10 mU/L 0% (0/13) 38% (5/13) 62% (7/13)

X* (2 df) = 1.23 (ns)

Scores in children of mothers treated with iodized oil during pregnancy (treated group) or with placebo (control group), ac-
cording to the prenatal serum TSH value in the mother before administration of treatment. ¥ (2 df): chi-square test with two

degrees of freedom. NS, not significant.

ology in two cases, altered biology in three cases, group according to the prenatal maternal serum
and no biological data in four cases. This table TSH. In the control group, hypothyroid moth-
shows also that moderate intellectual deficit ers were at greater risk to have a child with a

(psychomotor development between 0.60 and very low psychomotor development score (<0.60).
0.80) was as frequent in the control group (17.1%, Such a detrimental effect of maternal hypothy-
30/175) as in the treated group (20.2%, 44/218) roidism on psychomotor development of the child

(not a statistically significant difference). was prevented by administration of iodized oil.
Table 4 compares the distribution of psycho- Figure 5 shows the individual scores of psy-
motor development scores in the children di- chomotor development in the cretins of the lon-

vided into the control group and in the treated gitudinal Karawa study who were given the

Psychomotor Development Score —@- Treated mothers
1.00 — -0O- Control mothers
.95 — T
e B
. - = s _
.80 — RN 1
e N RN O
B O e —
.85 — 1
—€— mean * sem.
.80 T T I [
0-24 24-48 48-60 60-72
Age (months)

Figure 4. Evolution of the mean psychomotor development score (=1 SEM) in the children of the treated mothers and in the
children of the control mothers.
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‘Figure 5. Individual psychomotor development score values in cretins of mothers treated during pregnancy with iodized oil

and in control mothers.

iodized oil supplementation during pregnancy.
In the control group, 20 scores were determined,
and 14 of them were lower than 0.7. In the
treated group, fewer cretins were diagnosed (vide
supra), and in the 7 cases for whom a psycho-
motor development score was available, it was
>0.7 in every case (chi-square test with Yates
correction: p = 0.006 vs. control group),

Discussion

Psychomotor development depends on a normal
thyroid status of the mother during the first tri-
mester (neuronal proliferation influenced by the
maternal thyroid status) and on a normal thy-
roid status of the fetus at the end of pregnancy
and during the first 2-3 years of postnatal life
[proliferation and differentiation of glial cells (5)].
Clinical sequelae of hypothyroidism during ei-
ther period are irreversible. The psychomotor
development tests (Gesell tests) would detect
the defects associated with first trimester fetal
life (coordination, psychomotricity) as well as
those associated with early postnatal life (gen-
eral intelligence, conceptualization). Because io-
dine supplementation in the present protocol
occurred after the first trimester of pregnancy, a
comparison of psychomotor development in treated
and control groups measures essentially the ef-
fect of jodine deficiency in early postnatal life.
A markedly delayed psychomotor develop-
ment (score < 0.60) was observed mainly in the

. control group (17 cases). Eight of these cases

were diagnosed as hypothyroid cretins (one of
them being a mixed form of hypothyroid and
neurological cretin, as he was deaf-mute). These
eight cases were probably hypothyroid since birth,
and represent the most severe form of hypothy-
roid cretinism. Three cases had an altered biol-
0gy without a diagnosis of cretinism and two
cases were euthyroid. Various possibilities arise: ,
some of them may be mentally retarded for
causes independent of iodine deficiency; some
of them may be transiently hypothyroid around
birth with irreversible intellectual impairment,
but they have recovered a normal thyroid func-
tion later (transient endemic neonatal and infan-
tile hypothyroidism); some of them may be
misclassified as noncretins at a young age, the
full spectrum of cretin phenotype becoming clin-
ically evident at a later age. Inversely, children
classified as cretins were not all severely men-
tally retarded. Peculiarly, in the treated group,
that is, when the child has probably not suf-
fered from hypothyroidism during the first 2
years, the psychomotor development score was
relatively good (>0.7); the diagnosis of cretinism
in these cases was based on evidence of hy-
pothyroidism associated with stunted growth and
physical sequelae of long- standing hypothy-
roidism (typical morphotype). .

In the control group, when the mother is hy-
pothyroid during pregnancy, the child is at greater
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risk to be severely mentally retarded. This asso-

-ciation was not observed in the treated group:
this lack of association of psychomotor develop-
ment in the child with thyroid status of the
mother during pregnancy in the treated group
is a strong argument that neurological defects in
the cretin of Zaire (mainly hypothyroid cretin-
ism) differ from those in the cretin of New
Guinea (neurological cretinism), where iodized
oil is effective in the prevention of neurological
defects only if it is administered very early in
pregnancy (4). Concerning the myxedematous
cretin of Zaire, there is no need to postulate any
other mechanism than thyroid failure to explain
the mental retardation (8).

Nevertheless, the elevated frequency of mod-
erate psychomotor development retardation in
Zaire (between 0.60 and 0.80) suggests that io-
dine deficiency during the first trimester of preg-
nancy has involved moderate irreversible neurological
defects in some subjects not corrected by the
administration of iodized oil during the second
and third trimesters (the frequencies of these
defects are similar in the control and in the
treated group). To confirm this hypothesis, other
types of protocols (administration of iodized oil
at various periods of pregnancy, including the
first trimester) are required. More subtle neuro-
logical examination by more experienced pediat-
ric neurologists should help to discriminate the
neurological defects associated with jodine defi-
ciency during the first trimester of pregnancy
and the early postnatal life and could also con-
tribute to determining the respective effects of
iodine deficiency on neurological development
in pregnancy and in early postnatal life (9).

CASE-CONTROL STUDY:
COMPARISON OF CRETIN AND NON-
CRETIN HYPOTHYROID CHILDREN

Endemic neonatal, infantile, and juvenile hy-
pothyroidism is frequent in Ubangi, affecting
most of the children at some time of develop-
ment. Only a minority of these children are
classified as hypothyroid cretins.

Which criteria differentiate the young hypothyroid
cretins of Ubangi and the many other noncretin
hypothyroid children?

To answer this question, a case-control analy-
sis was conducted in which the following pa-
rameters were compared in hypothyroid cretins,
noncretin hypothyroid children, and normal chil-
dren:

@ the severity of biochemical hypothyroidism;

© the severity of physical growth retardation (height,
bone age); :

@ the severity of psychomotor development re-
tardation;

@ the severity of loss of thyroid functional ca-

pacity.

Another problem arises: in the longitudinal
study of Karawa, the cretins are relatively young
(less than 7 years). Are these young cretins
evolving to the same clinical picture at adult age
as the adult hypothyroid cretins described pre-
viously by other investigators (10,11)? To an-
swer this question, the natural evolution of physical
growth (height, bone age) in young cretins (0-18
years) diagnosed in the eighties is compared to
the items (height, bone age) obtained in adult
cretins by these previous investigators (10,11).

Methods

From the control group of children included in
the longitudinal Karawa study on iodized oil
supplementation in pregnancy, it was possible
to extract data on baseline thyroid function (se-
rum TSH, T, T;), physical development (height),
and psychomotor development in cretins, hy-
pothyroid children, and euthyroid children less
than 7 years (vide infra for the definitions of
cretins, hypothyroid children, and euthyroid chil-
dren). .

To this data base, other data collected by
three examiners from 1978 to 1985 during vari-
ous protocols were added. The subjects were
classified according to the same criteria in cre-
tins, hypothyroid children, and euthyroid chil-
dren. From these data bases, it was possible to
extract data on:

@ baseline thyroid function (serum TSH, T, Tj);

@ thyroid functional capacity (variation of serum
thyroid hormone after iodide supplementation
(20 pg Klkg per os);

® physical development (height);

® bone maturation: radiological age (X-ray of the
wrist and the knee) determined with the ta-
bles of Pyle and Hoerr (12) and with the ta-
bles of Greulich and Pyle (13);

@ psychomotor development determined for the
subjects less than 7 years by Gesell tests mod-
ified by Brunet-Lezine and adapted to rural
Africa by Roger (7).

Cretinism (hypothyroid cretinism or mixed cre-
tinism, hypothyroid cretinism with neurological

.
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Table 5. Distribution of Thyroid Function Hormonal Values

Biology
Euthyroid Hormonal Values Moderately Hypothyroid Severly Hypothyroid
Hormonal Values Hormonal Values
erum = 10 mUTL, erum > 10 mUTL, 4> 5 ug erum = 40 mUTL,
T, =6 pg/dL o Ty <5 pg/dL

r
Serum TSH < 40 mUL, T, <6 pg/dL

16 (6.8%)
260 (44.0%)

Cretins (n = 235)
Noncretin subjects
(n = 591)

182 (77.4%)
175 (29.6%)

37 (15.7%)
156 (26.4%)

Values in three classes (euthyroid; moderately hypothyroid; severely hypothyroid) in subjects clinically classified as cretins or

as noncretin subjects.

defects was defined with clinical and biochemi-
cal criteria (serum Ty = 5 pug/dL and serum TSH
> 40 mU/L). Hypothyroid children were defined
with clinical criteria (classified as noncretin) and
with biochemical criteria (Tg < 5 pg/dL and TSH
= 40 mU/L). Euthyroid children were defined
on clinical criteria (noncretin) and on biochemi-
cal criteria (T, = 6 rg/dL and TSH =< 10 mU/L).
Cretins and noncretin children with intermedi-
ate biological values (T, < 6 pg/dL and TSH <
4O0mULorT,>5 pg/dL and TSH > 10 mU/L)
were excluded from the analysis.

Results

Table 5 shows the distribution of thyroid func-
tion hormonal values (normal, moderately hy-
pothyroid, severely hypothyroid) in cretins and
noncretin subjects. Three quarters (77.4%, 1
235) of the cretins were severely hypothyroid
versus 29.6% (175/591) of the noncrefin subjects
(p < 0.001). Some cretins had no hypothyroidism
at the time of examination (6.8%, 16/235), ver-
sus 44% (260/591) biologically euthyroid values
in the noncretin subjects (r < 0.001).

Table 6 compares the baseline thyroid func-
tion hormonal values, the thyroid function hor-
monal values after administration of iodine, the
physical growth, and the psychomotor develop-
ment in cretins, hypothyroid children, and eu-
thyroid children. By definition, cretins and hypothyroid
children were severely hypothyroid (serum TSH
= 40 mU/L and serum T, =< 5 pg/dL). Mean se-
rum TSH was slightly more elevated in cretins
than in hypothyroid subjects; the mean serum
T; level was lower (r < 0.001) and the propor-
tion of low serum T, concentrations was greater
(p < 0.001) in cretins than in hypothyroid sub-
jects. The response to iodine supplementation
was incomplete in cretins, 74% of them (17/24)
remaining with an elevated TSH (>20 mU/L) 1
- week after jodine administration. The propor-

tion of incomplete response to iodine supple-
mentation was markedly lower in noncretin
hypothyroid subjects (14%, 2/14) (» < 0.001).
The physical development was more delayed in
cretins than in hypothyroid subjects: 58% (86/
149) of the cretins versus 20% (25/123) of the
noncretin hypothyroid subjects were under 80%
of the median reference height for age r <
0.001) and 76% (59/78) of the cretins versus 50%
(23/46) of the noncretin hypothyroid subjects
had a bone age less than half their chronologi-
cal age (bone maturation score < 50%) (p =
0.006). It was also notable that the physical de-
velopment of hypothyroid subjects was delayed
when compared with the euthyroid subjects.
Cretins had a delayed psychomotor develop-
ment as compared to hypothyroid subjects; the
psychomotor development of these last subjects
was similar to that of euthyroid subjects.

From Table 6 it is possible to calculate the
likelihood ratio (LR) of being a cretin versus a
noncretin hypothyroid subject; this LR is a good
index of the discriminant value of a parameter,
For example, the serum T3 value is <120 ng/dL
in 61% of the cretins and in 17% of the noncre-
tin hypothyroid subjects; the LR for serum Ty
(cretin vs, hypothyroid subject) is 3.6 (61 %/17%)
(a subject with a serum T3 < 120 ng/dL had 3.6
times more risk of being a cretin than a noncre-
tin hypothyroid subject). If one calculates the
LR’s for the other variables in cretins versus hy-
pothyroid subjects, in decreasing order of im-
portance:

LR serum TSH > 20 mU/L after KI = 5.3 (74%/
14%)

LR psychomotor development score < 0.80 =
4.2 (72%/17%)

LR basal serum T, < 120 ng/dL = 3.6 (61%/17%)
LR height < 80% median = 2.9 (58%/20%)

. LR bone maturation < 50% = 1.5 (76%/50%).
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Figure 6. Top: relationship of the variation of serum TSH in cretins after iodine supplementation (7 days after 20 ug KI per os
once) with bone age maturation. Bottom: relationship of bone age maturation with psychomotor development in cretins.

Figure 6 (top) presents the relationship, in
cretins, of the thyroid functional capacity (pro-
portional to the variation of serum TSH after KI)
with the bone maturation ratio. The severity of
bone maturation retardation was closely associ-
ated to the severity of thyroid functional capac-
ity involution, as expressed by the low variation
of serum TSH. A significant positive relation-
ship (Figure 6, bottom) was also observed be-
tween bone age and psychomotor development.

To determine whether the cretins examined
in this study were similar to those described
previously by other investigators in Idjwi Island,
Kivu Lake (11) or in Uélé, Northern Zaire (10),
the distribution of heights with age in cretins of
this study was compared to the distribution of
heights in adult cretins previously reported. From
Figure 7, it appears that the extrapolated distri-
bution of adult height in cretins of this study is

superimposed on the distribution of adult height
in cretins of previous studies.

Discussion

The present data compare thyroid function, phys-
ical development, and psychomotor development
in cretins, in biochemically hypothyroid subjects
not classified as cretins, and in clinically and
biochemically euthyroid subjects.

As expected, cretins are more hypothyroid

" (more elevated mean serum TSH concentration,

lower mean serum Tj concentration), have less
thyroid functional capacity (lower decrease of
mean serum TSH after KI administration), have
more physical growth retardation (height, bone
age), and are more mentally retarded than non-
cretin hypothyroid subjects. Within the large
proportion of subjects affected by hypothyroidism,
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Figure 7. Distribution of the height with age in cretins and in normal subjects of Ubangi. The continuous line represents the
Percentile 3 of the height in reference tables, On the right, the distribution of the heights of adult cretins of Idjwi Island, Kivu

Lake (11) and of Uélé, Northern Zaire (10) is plotted.

some children show evident signs of long-stand-
ing hypothyroidism after birth with its clinical
sequelae (mental deficiency, stunted growth).
The main difference between cretins and non-
cretin hypothyroid subjects is then associated
with the variable time of onset and the variable
duration of hypothyroidism in early childhood
(long-standing vs. transient) (Figure 8). As pre-
viously shown (14) and as confirmed in other
endemic areas (15) and in a larger series in Zaire
(16), long-standing hypothyroidism in iodine-
deficient children is associated with a progres-
sive involution of thyroid function. Endemic neonatal,
infantile, and juvenile hypothyroidism involves
a loss of responsiveness to iodine supplementa-
tion, and this initially potentially transient state
becomes irreversible, The involution of thyroid
function explains the mean lower serum T; con-
centration in cretins versus hypothyroid sub-
jects. The clinical features of juvenile hypothyroidism
are not obvious during the early period of hy-
pothyroidism, and it is not surprising that the
growth and psychomotor development in most
noncretin hypothyroid subjects do not differ mark-
edly from those in euthyroid subjects. In con-
trast, most cretins have a height, bone maturation,

and psychomotor development clearly lower than
those in hypothyroid children or in euthyroid
children.

However, the overlap of individual values
between these two groups is great. When the
baseline thyroid function hormonal values are
analyzed, there is no clear cut difference be-
tween cretins and hypothyroid subjects. It is not
possible to define a threshold of serum TSH,
serum Ty, and serum T, that discriminates be-
tween these two groups. Although mean serum
T3 is markedly lower in cretins than in hypothy-
roid subjects, only 61% of the cretins are under
the normal limit (<120 ng/dL); 17% of the hy-
pothyroid subjects also have a serum T; under
this limit. In other words, baseline serum thy-
roid function hormonal values are largely over-
lapping in cretins and in noncretin hypothyroid
subjects. The definition of endemic Cretinism
has an epidemiological usefulness for assessing
the severity of an endemia. However, this clini-
cal definition has poor sensitivity and poor pre-
cision because it does not take into account the
physical and intellectual defects in a large num-
ber of subjects who are transiently hypothyroid.
This clinical definition also lacks specificity be-
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Figure 8. Proposed model of pathogenesis of endemic cretinism. Endemic hypothyroidism may be transient or long- standing.
In the case of transient feto-maternal hypothyroidism occurring during the first trimester of pregnancy, irreversible damage to
the neurological development involves neurological cretinism. In the case of long-standing hypothyroidism, the functional ca-
pacity of the thyroid gland decreases, and hypothyroidism becomes irreversible, even after iodine supplementation (endemic
myxedematous cretinism). If hypothyroidism affects the feto-material unit during early fetal life and persists during childhood,
neurological defects are superimposed on irreversible hypothyroid cretinism (endemic mixed cretinismy).

cause many subjects classified as cretins are not
distinguishable from the rest of the population
when objective measurements are performed.
How can we assume that the young cretins
in this study have the same defects as those de-
scribed previously by other investigators (10,11)?
Are there arguments to suggest that the criteria
to define cretinism in this study were less re-
strictive than in previous studies? In the previ-
ous studies, adult cretins were selected on the
basis of evidence of the complete clinical fea-
tures of endemic myxedematous cretinism. This
kind of selection recruits the cases with the most
severe forms of cretinism. In the present study,
children were examined within a cohort of nor-
mal subjects, and each child was classified as
cretin or noncretin; this kind of selection gives a
more accurate picture of the frequency of cretin-
ism in a population, but the difficulty arises in
classifying accurately the subjects on clinical cri-
teria. Despite the differences in the mode of se-
lection and in the age of cretins, when one
extrapolates the expected distribution of height
in adulthood from the distribution of heights in
young cretins of this study, it is superimposed
on the distribution of adult heights recorded in
previous studies (30 and 21 years ago). This ar-
gument is also valid for bone maturation and
.psychomotor development (17). The cretins of
this study were similarly affected by long-stand-
ing hypothyroidism as those previously described.
In conclusion, the usual clinical definition of

cretinism in the field has no clear-cut criteria,
and this definition includes, in practice, a large
variety of subjects affected by various degrees of
physical and intellectual defects. The full spec-
trum of persistent hypothyroidism, mental defi-
ciency, stunted growth of the typical morphotype
is found in two thirds of the subjects classified
as cretins; the other third is represented, at least
in part, by subjects who have either mental re-
tardation with a normal growth, or a physical
development retardation with a normal intellect.
The overlap is important between cretins and
noncretin hypothyroid subjects, whatever the
criteria used.

SUMMARY

1. Hypothyroidism is very frequent in early life
in severe endemic goiter areas. The variable
period of installation, duration, and severity
of hypothyroidism explains the variable phys-
ical and psychomotor sequelae. Long-stand-
ing endemic neonatal and juvenile hypothyroidism
is associated with a decrease of thyroid func-
tional capacity, evolving through an irrevers-
ible state of hypothyroidism.

2. In a placebo-controlled, longitudinal, random-
ized study, iodized oil administered during
the two last trimesters of pregnancy prevents
hypothyroidism during a critical phase of 2
years. This period corresponds, grossly, to
the weaning period. After 3 years, the sever-
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ity of hypothyroidism in children of treated
mothers is similar to that in children of con-
trol mothers.

. Iodized oil administered during the last two
trimesters of pregnancy drastically reduces
the incidence of severe psychomotor devel-
opment retardation (score < 0.60) (0.5% in
treated group vs. 9% in control group). It
cannot be excluded that the poor psychomo-
tor performances (psychomotor development
score between 0.60 and 0.80) in a significant
proportion of children of the treated group
and of the control group were the result of
feto-maternal hypothyroidism during the first
trimester.

- Only a minority of children with biochemical
hypothyroidism (TSH = 40 mU/L and T, =
pg/dL) were classified as cretins on the basis
of clinical criteria. When compared to noncre-
tin hypothyroid children and to euthyroid
children, cretins had a lower mean serum T
concentration, a decreased responsiveness to
iodine supplementation, a delayed physical
development (height, bone maturation), and
a lower psychomotor development. When com-
pared to euthyroid children, noncretin hy-
pothyroid children had a similar mean serum
T3 concentration, a delayed physical develop-
ment; their thyroid responded normally to
iodine supplementation. N evertheless, no clear-
cut criteria: of thyroid function hormonal pa-
rameters; of responsiveness to jodine
supplementation; of physical development; or
of psychomotor development, discriminates
cretins, noncretin hypothyroid subjects, and
euthyroid subjects. It is likely that most of
the children suffer at some time from hy-
pothyroidism during critical phases of physi-
cal and psychomotor development (endemic
transient neonatal and juvenile hypothyroidism).
If hypothyroidism persists for a long period,
it becomes irreversible as a result of an invo-
lution of thyroid function (endemic long-stand-
ing neonatal and juvenile hypothyroidism leading
to endemic myxedematous (hypothyroid) cre-
tinism.

- lodized oil during the last two trimesters of

pregnancy prevents the most severe cases of

myxedematous cretinism beginning around
birth; it does not prevent hypothyroidism be-
ginning after weaning. It is not excluded that
long-standing juvenile hypothyroidism of late
installation (after weaning) can still be associ-
ated with a progressive loss of thyroid func-
- tional capacity. To prevent juvenile hypothyroidism,

10.

11.

12,

13.

The Damaged Brain of lodine Deficiency

iodine supplementation in children of moth-
ers treated during prégnancy with iodized ojl
should be repeated after 2 years.
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DISCUSSION:CHAPTERS 19-21

Stein 1 wonder if either Dr. Bleichrodt or Dr.
Connolly would comment, particularly in view
of Dr. Bleichrodt's metaanalysis. Has Dr. Blei-
chrodt discovered in his analysis anything be-
side general intelligence quotient that would allow
us to identify specific brain loci?

Looking at the subtests of IQ, has that been
useful in defining the anatomical locations in
the brain? Are there specific subtests that can
help in localizing damage?

Bleichrodt It should be possible to make con-
nections between anatomical locations in the brain
and intellectual aspects measured by specific subtests.

Connolly 1 have misgivings about Dr. Bleichro-
dt's use of metaanalysis because of the enor-
mous variability of the studies included. Different
definitions, measures, and designs were used.
Arguably, they were not all measuring intelli-
gence, and certainly the reliability and validity
of these studies is open to question. A metaanalysis
is only as good as the material that goes into it.

“Escobar How iodine deficient does a population
have to be before abnormalities show up in
psychometric testing of school children? As far
as I know, most studies carried out so far show-
ing decreased mental and motor performance
have been performed in populations with very
severe iodine deficiency, where cretins were born,
or had been reported to be born until recently.
However, it would appear very interesting to
know whether abnormalities would also be found
in populations with a more moderate iodine de-
ficiency. A study performed by Dr. J.A. Munoz
in Teruel, Spain, where the goiter endemia is
moderate (grade II) showed decreased hearing
acuity in the school children with goiter (p <
0.01). I believe some studies in Italy also point
to decreased performance in some tests in school
children from a grade II endemia. Another point
which is not clear is whether performance would

be improved in school children with the intro-
duction of iodine prophylaxis, which might be
the case if part of the damage were caused by
cerebral hypothyroidism during childhood, and
not to uterine damage as in the case of neuro-
logical cretins.

I believe some of the findings reported by Dr.
Mitchell for the CH children who do not com-
ply with treatment when they reach puberty are
quite illuminating in this respect. If I have un-
derstood correctly, as infants their scores started
to become worse when they did not comply
with treatment and had lower serum T, and
higher serum TSH values. Scores again improved
when they complied with treatment and their T,
and TSH test results became normal. This means
that scores obtained during psychometric testing
are sensitive to the thyroid status of the individ-
ual at the moment when they are applied, be-
ing negatively affected by hypothyroidism, and
that they improve when they become euthyroid.
Would this apply also to school children living
in iodine deficient conditions, with decreased
serum T,, even if they did not suffer irrevers-
ible intrauterine damage?

Bleichrodt This is an interesting question. The
separate studies are too small to give a reliable
answer. It might be possible to use the metaan-
alytical method, combining the studies that have
data on physiological aspects as well as on psy-
chological aspects.

DelLong Dr. Bleichrodt, you showed us these
two very nice normal curves. Do your studies
in fact show that the iodine deficient group has
a normal distribution or is that a mathematical
abstraction?

Bleichrodt Indeed, the distributions I showed
were purely theoretical. Yet, the distribution based
on empirical data from Spain did not differ sig-
nificantly from a normal distribution.




