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Alphafetoprotein in screening for
congenital hypothyroidism

R.M. Shawky,’ S. Abd El-Fattah,’ M.E. El-din Azzam,? M.M. Rafik? and A. Osman’
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ABSTRACT This study was conducted on 500 full-term neonates and 25 older patients with congenital
hypothoroidism (CH), newly or previously diagnosed. Alphafetoprotein {AFP) was elevated in two neonales.
it une, persistent elevation of AFP and thyroid atimulating hormone (TSH) with low thyroxine (T} were found
(congenital hypothyroidism). In the other, AFP, TSH and T, levels normalized (transient hypothyroidism).
The mean AFP level in new CH patients was significantly higher than in previously diagnosed patients, and
was higher in CH patients than in controls. Significant relationships were found between AFP and T,, AFP and
TSH, and AFP and age. AFP is a sensilive indicator of thyroid status and can be used as a screening test for
hypothyroidism from the first day of life and in follow-up of CH patients.

L'alphafcetoprotéine dans le dépistage de I'hyperthyroidie congénitale

RESUME Cette étude a été réalisée sur 500 nouveau-nés & terme et 25 patients plus agés atteints
d'hyperthyroidie congénitale, nouvellement ou précédemment diagnostiquée. L'alphafoetoprotéine (AFP)
était &levée chez deux nouveau-nés. Chez un de ces Nouveau-nés, on a lrouvé une élévation de 'AFP et de
I'hormone de libération de la thyréostimuline (TSH) avec une faible thyroxine (T,) (hyperthyroidie
congénitale). Chez l'autre, les niveaux d'AFP, de TSH et de T, s'étasient normalisés {hyperthyroidie
transitoire). Le niveau d'AFP moyen chez les nouveaux patients atteints d'hyperthyrcidie congénitale était
significativement plus élevé que chez les patients pour lesquels le diagnostic avait été posé precédemment,
et il &tait plus élevé chez les patients attoints d’hyperthyroidie congénitale que chez les temains. Lina relatinn
significative a été trouvée entre TAFP et la T,. IAFP et la TSH et I'AFP et T4ge. L'AFP esl un indicateur
sensible du statut thyroidien et peul &tre utilisée comme test de depistage de Ihyperthyroidie dés le premier
jour de la vie et durant le suivi des patients atteints d'hyperthyroidie congénitale.
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Introduction

Alphafetoprotein (AFP) is a single-chain
alpha globulin produced in the yolk sac and
liver of developing fetuses. When the yolk
sac degenerates at 12 weeks post-concep-
tion, AFP is produced exclusively by the fe-
tal liver at an increased rate until 13-14
weeks, then declines gradually towards
term. It is excreted in fetal urine and can be
easily detected in the amniotic fluid after 10
wecks’ gestation. AFP diffuses across fetal
membranes (it may also be transported via
the placental circulation) and is usuaily
found in maternal servm after 12 weeks
(1.

A relationship has been found between
neanatal serum AFP and congenital hy-
pothyroidism (CH). Elevated neonatal se-
rum AFP levels were present in association
with elevated thyroid stimulating hormone
(TSH) levels and/or lowered thyroxine (T,)
levels. These situations may contribute to
the persistence of elevated AFP in the neo-
natal period as a result of increased synthe-
sis or delayed repression of AFP synthesis
in infants with CH [2]. Ben Neriah et al.
suggested an association between CH and
high maternal serum AFP [3]. However,
normal maternal serum AFP has been found
in pregnancies affected by CH [4,5].

We aimed to determine the accuracy of
neonatal serum AFP ievels as a screening
test for CIL. The AFT level was also deter-
mined in selected older patients with hy-
pothyroidism. Correlations between the
serum level of AFP and levels of TSH and
T, were performed to determine the reli-
ability of AFP as a screening test for CH.

Patients and methods

This study was conducled in (wo groups
of childven. Group 1 consisted of 500 clin-
ically apparently normal neonates from the

inpatient ward of the Department of Ob-
stetrics and Gynaecology and the Paediat-
ric outpatient clinic at the University of Ain
Shams. There were 250 males and 250 fe-
males with an age range of 1-25 days and a
mean age + standard deviation of 4.05 *
1.74 days. Exclusion criteria included pre-
maturity, intrauterine growth retardation,
generalized oedema, jaundice, neural tube
defects, hepatomegaly, exomphalos and
infants born of hypertensive or diabetic
mothers.

Group 2 included 25 CH patients (16
males and 9 females) with an age range
from 6 months to 21 years and a mean age
of 7.5 £ 6.5 years. This group was further
subdivided into two groups:
= MNew (11 paticnts: 15 patients (10 males

and 5 females) who were referred to the

Children’s Hospital with clinical signs

and symptoms suggestive of CH.

* Old CH patients: 10 patients (6 males
and 4 females) who had stopped receiv-
ing or were receiving irregular or inade-
gquate doses of replacement therapy
(L-thyroxine).

Ten apparently normal children match-
ed for age and sex were included in the
study as controls.

The patient’s age, sex, address and pes-
tational age (for neonates) were recorded.
Prenatal, natal and postnatal history was
obtained with special emphasis on maternal
discases (thyrotoxicosis or hyperthyreid-
ism), matemnal intake of drugs (especially
antithyroid drugs such as neomercazole)
during pregnancy, and family history of
thyrotoxicosis, hypothyroidism or goitre.
The pedigree was constructed.

A thorough clinical examination was
conducted with special emphasis on signs
of hypothyroidism, such as large protru-
ding tongue, dull apathetic appearance
(these signs are rarely encountered in
neonates with CH), goitre, skull circum-
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ference, anterior and posterior fontanelles,
neural tube defects, hepatomegaly, jaundice
and generalized oedema.

A skeletal survey was carried out for all
CH patients (new and old) to detect radio-
logical features of hypothyroidism and any
skeletal anomalies. Determination of bone
age by X-ray of the left hand and wrist was
also performed.

M-Mode, two-dimensional and Doppler
echocardiography and auditory brain stem
evoked responses (ABR) were performed
on all CH patients (new and old). Abdomi-
pal ultrasound was performed for all CH
paticnts with associated congenital anoma-
lies. :
AFP [6,7], TSH [6] and T, [6] were de-
tcrmined. Samples taken before the third
day of life were used for AFP assay only, to
avoid the effect of TSH surge. Patients
with high AFP on the first day of life were
recatled for assessment of T, and TSH
after the third day of life {8]. Alanine ami-
notransferase (ALT), bilirubin (total and di-
rect), creatinine and creatine kinase (Beck-
man Instruments [ncerporated, California,
United States of America) were also deter-
mined. : ‘

Statistical analysis was performed using
Student f-test, chi-squared test, Mann—
Whitney and Fisher exact P value.

Results

Group 1

The mean AFP of neonates was 1419 +
89.9 ng/mL. There was no statistically sig-
nificant difference between the mean AFP
of males (142.3 + 91.6 ng/mL) and females
{141.6 £ 88.3 ng/mL) (P > 0.05).

The nermal AFP during the first 2
months of life does not exceed 400 ng/mL
(9,10]. The serum AFP levels of two neo-
nates (one male and one female aged 1 and
4 days respectively) exceeded this value,
and further laboratory tests were therefore
performed (Table 1). In the male patient,
the elevation of AFP and TSH with low T,
levels persisted afier the third day of life
(associated with normal ALT, creatinine
and bilirubin) (Table 1). The pedigree of
this patient showed no consanguinity. Clin-
ically the patient was hypoactive and con-
stipated.

Table 1 Laboratory investigations of two neonates with elevated alphafetoprotein (AFF)

Parameter Normal value Male Female
AFP 400 ng/mL 469 431
T, <6 pg/dL 1.2 1.2
TSH < 25mUiL (at 3 days old) 46 24
< 20 mU/L from 4 days onwards [2]
ALT 6-50 UL 28 14
Creatinine 0.3-1 mg/dL 0.3 0.6
Total bilirubin 0.2—1 mg/dL 04 02
Direct bilirubin 0-0.2mg/dL 0.1 0

T, = thyroxine.
TSH = thyroid stimulating hormone.
ALT = alanine aminotransferase.
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In the female patient repetition of labo-
ratory investigations at the age of 7 days
gave normal valucs of AFP, TSH, T, ALT,
creatinine and bilirubin and the patient was
considered to be a case of transient hy-
pothyroidism. Thus, out of 500 neonatcs
screened, one had permanent primary CH.,

Group 2
The clinical presentations of this group are
shown in Figure 1. The commonest was
constipation (52%) and the least common
was delayed closure of fontanelles (4%).
Most patients presented with a combination
of signs and symptoms.
Echocardiography revealed patent duc-
tus arteriosus in a new female patient aged
3 years and predominant ventricular septal
hypertrophy in a new female patient aged |
year. ABR revealed hearing loss in two pa-
tients (bilateral moderate severe hearing
loss in a new male patient aged 7 months,
and left severe hearing loss with right mod-
erately severe hearing loss in a new female

% of cases

patient aged 3 years). The skeletal survey
detected a mean retardation in bone age of
3.09 = 2.61 years, wormian bones in the
skull in 3 patients, thickened skull vault in 2
patients, widened sella turcica in 2 patients,
delayed dentition in 5 patients, open fonta-
nelles in 2 patients, beaked vertebrae in 18
patients, spina bifida in 14 patients, and
epiphyseal affcction in 9 paticnts. Abdomi-
nal sonography did not show any congeni-
tal anomalies in the CH patients studied.

The laboratery results of CH patients
are shown in Table 2. Creatine kinase levels
were high in 3 male patients with Kocher—
Debré-Semelaigne syndrome who present-
ed with pseudohypertrophy, especially in
the calf muscles, associated with muscle
weakness. Two patients were aged 18
years, and one aged 20 years. Their crea-
tine kinase levels were 153, 182 and 176 U/
L {normal level = 5-130 U/L).

Figures 2, 3 and 4 show the correlation
between AFP and age in years, levels of T,
and levels of TSH in patients with CH.

Figure 1 Clinical presentation of patients with congenital hypothyroidism.
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Table 2 Laboratory investigations of patients with congenital hypothroidism

Measurement Range Mean s Normal control
Age (years) 0.5-21 75 6.5

AFP (ng/mL) 166695 366.20 137.4 25-30
T,{ng/dL) 0.1-115 4.35 378 43-12.5
TSH (mUL) 10.9-255 68.6 46.6 02-63
ALT (U/L} 1042 2452 4.35 545
Creatinine (mg/dL, 02-0.8 047 435 0.2-0.4 (infants)

0.3-0.7 (children)
0.6~1.2 (aduli male}
0.5-1.1 {adult female)
Bilirubin {(mg/dL}
Total 0.2-1 0.54 0.22 0.2-1
Direct 002 ¢.096 0.084 002

<The mean AFP level for male patients with congenital hypothroidism (366.8 + 143.4 ngiml) was statistically
nonsignificantly different from that of female patients with congenital hypothroidism (366.8 + 134.4 ngimlL)
(P > 0.05}.

AFP = alphafetoprotein. T, = thyroxine.

TSI = thyroid stimulating hormonao. ALT = alanine aminotrangfarase

s = standard deviation.
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Figure 2 Carralation between alphafetoprotein (AFP) levels
and age in patients with congenital hypothyroidism. AFP
level was significantly inversely related to age (r=—0.83, P<

0.001).
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Figure 3 Correlation between alphafetoprotein (AFP)
and thyroxine (T,) levels in patients with congenital

hypothyroidism. AFP level was significantly
inversely related ta T, leval {r=-0.654, P < 0.001),
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Figure 4 Correlation between alphafetoprotein (AFP)
and thyroid stimulating hormone (TSH) levels in
patients with congenital hypothyroidism. AFP level
was significantly directly related to TSH level {r=
0.49, P < 0.005).
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Discussion

In our study, AFP levels were determined in
500 apparently clinicatly normal fuil-term
neonates. Their mean AFP level (1419 =
89.9 ng/ml.) was within the normal refer-
ence range [/0]. The mean AFP level for
full-term male necnates {142.3 + 91.6 ng/
mL) was statistically nonsignificantly dif-
ferent from full-term females (141 + 88.3
ng/mL) (P > 0.05), which is in agreement
with Willi and Moshang [1/} and Mize
jewski et al. [12]. S
AFP levels higher than the reference
value were associated with low T, and high
TSH in two neonates (a male and a female).
Repetition of the investigation revealed a
persistent elevation of TSH with low T, in
the male (primary CH), while both TSH and
T, normalized in the female (transient
hypothyroidism). Transient hypothyroid-
ism is defined as abnormal rhyroid function
on initial screening which improves on fol-
low-up {13]. Thus, the female neonate was
considered to be a case of transient hy-
pothyroidism, due to the use of iodine as a
disinfectant; the passing of the effect of io-
dine led 1o the correction of the transient
impairment of thyroid function, and nor-
malizatien of TSH, T, and AFP levels.
Thus, primary CII was confirmed in only
one neonate out of the 500 screened.
Immediately after birth, there is a rapid
TSH surge (stimulating T, production) that
peaks at about 30 minutes after labour.
Thereafter, there is a dramatic fall in TSH
up ta ahont 12 hours, followed by a gradual
stabilization at about 48 hours of life [ /4].
CH screening programmes encounter the
problem of early maternal-neonatal post-
partum discharge, whether the initial meth-
od of screening is by TSH and/or T, [/], as
a result of the immediate TSH surge leading
to false-positives (i.e. falsely high TSH) or
false-negatives (falsely high T,). In both

these cases, the AFP level will be normal as
it is elevated only in the presence of high
TSH and iow T, [15].

False-posttive and false-negative cases
are¢ not due to thyroid dysfunction and are
accordingly associated with normal AFP
fevels. Using AFP as the primary method of
screening for CH would allow early coliec-
iion of screening samples. Where samples
show high AFP levels, the age at sample
collection should be rechecked. If it was
tuken within the first 48 hours of birth, it

- cannot be used for TSH and T, estimation

since it will reflect the TSH surge. If the
samplc was taken from the third day of life
onwards, it can be used for TSH and T,
estimation since the postnatal hyperthy-
rotropinaemia will have subsided [76].

The clinical presentations of hypothy-
roidism are numerous. In our group of CH
patients, the following cigns and symptoms
were found in the percentages indicated,
compared-to the percentages found by oth-
ers [/3,17,18]: constipation was found in
52% of our patients versus 14%, dull or
hypothyroid features in 40% versus 4%,
hypoactivity in 32% versus 23%, macro-
glossia in 28% versus 18%, umbilical her-
nia in 24% versus 25%, prolonged neonatal
taundice in 16% versus 46% and hoarse
cry in 12% versus 7%.

Echocardiography performed on CH
patients revealed patent ductus arteriosus in
one new patient and predominant ventricu-
lar septal hypertrophy in another. A study
by Siebner et al. on 943 CH patients found
14 patients with associated cardiac lesions:
ventricular septal defects, patent ductus
arteriosus, pulmonary stenosis, mitral
insufficiency and congenital atrial flutter
[/9]. Both the conditions found by echo-
cardiography in our two patients reversed
after 6 months of L-thyroxine replacement
therapy, which is in agreement with other
authors [20.21].
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Two new CH patients had hearing loss,
and one of them was diagnosed as a case of
Pendred syndrome, which is responsible
for 5% of all cases of congenital deafness
[22]. Abnormally low circulating levels of
thyroid hormones during fetal life and the
first postnatal weeks may impair the devel-
opment of the cochlea and the organ of
Corti leading to sensory neural hypoacusis
in CH [23,24].

Pathological changes at the growth
plate geen in hypothyroidism include a
marked decrease in cartilage cell proli-
feration, producing the radiological mani-
festations of retarded skeletal maturation
[25]. In cases of CH, skull changes may be
evident. Wormian bones were detected in
three older patients, which is in line with
the findings of Caffey and Silverman [26].

Dentition was delayed in two new and
three old patients, again in line with Caffey
and Silverman, who stated that dental de-
velopment in hypothyroidism is delayed, al-
though not to the extent that occurs in
skeletal maturation [26].

Open fontanelles were found in two
new patients (aged 3 vears). Smith and
Popich suggested that a large anterior fon-
tanelle or an open posterior fontanelle of
unexplained origin could be an initial indica-
tor of hypothyroidism [27]. A thickened
skuil vault was detected in one new and an-
other old patient, a feature that has been de-
scribed in cases of hypothyroidism [28].
Widened sella turcica was detected in two
old patients. Vogler and Genant explained
this by rehound hypertrophy and hypemla-
sia of the pituitary gland due to inadequate
feedback from the hypofunctioning thyroid
gland [25]. Beaked vertebrae in the dor-
solumbar region were evident in eight new
and ten old patients, which has been report-
ed in cases of hypothyroidism [29]. Epi-
physeal affection occurred in the form of
epiphyseal dysgenesis {multiple foci of os-

sification) in four new and five old patients,
Epiphyseal centres in the proximal tibia and
distal femur were absent in two patienis
(normally present at birth), indicating dep-
rivation of thyroid hormone during intrau-
terine life [13].

AFP levels were significantly higher in
the second group (CH patients) (366.2 +
137.4 ng/mL) than in controls (P — 0.001}.
The AFP level was also statistically signifi-
cantly higher in new (450.9 + 109.4 ng/
mL) than in old CH patients (239 + 42 2 ng/
mL) (P = 0.001).

In cur study, AFP was significantly in-
versely related to age (r = —0.83,
P < (. 001), with younger patients having
higher AFP levels, and to T, (r = 0.54,
P = 0.001), while it was significantly di-
rectly related to TSH levels (r = 0.49, P <
0.05) in CH patients. These results are in
agreement with several authors [/5,30}.

The physiclogical mechanism by which
serum AFP is elevated in CH has been sug-
gested to be either an increased rate or de-
layed repression ol AFP synthesis by the
liver [15]. Other authors have suggested
that the half-life of AFP is extended in hy-
pothyroid patients [3¢]. They postulate that
low T, Jevels may be responsible for a re-
tarded catabolism of serum AFP in the liver.

Conclusion

The level of AFP protein is a sensitive indi-
cator of thyroid status. AFP estimation
could therefore serve as a reliable screening
test for CH, as it is elevated in cases of low
T, and high TSH. Samples for AFP assess-
ment could be taken in the first day of life,
since AFP is not affected by the TSH surge,
which delays the taking of screening sam-
ples for CH for at least 48 hours. Addition-
ally, AFP is very helpful in confirming the
diagnosis and in the follow-up of therapy in
patients with CH.
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