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Abstract

Neonatal screening for congenital hypothyroidism (CH) was
initiated in the West Bank in 1990. The aim of this study was to
establish a base line data regarding CH incidence, and to determine
possible risk factors.

This study show that the screening program system faced many
inherited obstacles regarding sampling as well as handling of
specimens, and also in the follow up of results and communicating
results to concerned people. From October 1998 to May 2000, there
were 85,149 live births. Around (69,957) neonates were screened
using a primary measurement of TSH in capillary blood, using dried
blood spots obtained by aheel prick. All samples were assayed by
immunoassay method.  Thirty-two cases were diagnosed as
suspected permanent CH (incidence, 1:2186.15). This incidence 1s
notably higher than reported in most other countries. The etiology of
this high incidence is unknown, however, it seems to be of a
multifactorial form.  Although our result point that parental
consanguinity may play a significant part on the frequency of CH in
our population, environmental -factors can not be excluded. Recall
rate was found to be (0.78%). The incidence of transitory
hypothyroidism remarkably high (i: 418.9). About 1496 % of
infants screened were with raised TSH level of 5 pIU/ml. Thus,
neonatal screening seems to be highly affected by iodine deficiency
leading to increased recall rates, transient and permanent cases of
CH.

Although our screening program have benefited patients and
families to some extent, it seems that it does not reached it’s main

objectives which are; early detection and therapy.
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Screening and confirmatory thyroid function results revealed
moderate to severe abnormalities, with unfortunate delay in
screening (89 days), diagnosis (143 days) and treatment (152 days).
Observations on severity of disease symptoms, growth and
development problems were significantly correlated with delay in
therapy. This fact supports the view that a comprehensive program
has to be initiated. Thus, it seems reasonable to strive for early
detection and management for effective prognosis. To achieve this
goal, cooperation between all primary health care providers, to the

infant from conception to birth, is definitely needed.
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Chapter I
INTRODUCTION



1.1 Development and physiology of the thyroid system

Thyroid gland system consists of the thyroid gland and two
specialized brain centers known as the hypothalamus and the
pituitary gland (see figure 1). Tt forms and almost becomes mature

during intrauterine fetal growth.

Bupenir g Hyoid

; . gland
Hynthianus "

Pitudtary glami-”

Figure 1. Thyroid gland system

Early in the first trimester, thyroid gland develops from
endoderm of the pharyngeal duct. It descends to the anterior neck
through a process of “ differential migration”, where half of the
gland lies on each lobe of the trachea and unite to each other by an
isthmus. This development is associated with the growth and
development of the hypothalamus and pituitary gland. Through the
second and the third trimesters, the fetal hypothalamic-pituitary-
thyroid axis gradually mature o

Thyroid gland produces a set of hormones (see figure 2) that are
vital in regulating the metabolism, growth and development of the

fetus. They also play an important role in the growth of the CNS
during fetal and childhood period.
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Figure 2. Chemical structures of Thyroxine (T4) and Truodothyromne (T3)

Thyroid hormones are released under the influence of a thyroid-
stimulating hormone (TSH) by a sensitive proteolytic process.
Thyroxine is synthesized in the thyroid gland by a complex process
involving the transport and oxidation of inorganic iodide, iodination
of tyrosine (organification), and coupling of iodinated tyrosine
residues within thyroglobulin.

Thyroxine (T4) binds to plasma thyroxine-binding globulin
(TBG), where as tri-iodothyronine (T3) binds to both TBG and
albumin. A smail proportion is free (0.03% and 0.3% of free T4 and
freeT3, respectively) representing the metabolically active parts @,

Near full-term, fetal serum T3 levels increase moderately, with
a further increase in T4-to-T3 conversion in newborn. Immediately
after birth, there is a marked normal TSH surge, which reach the
peaks between half and hour of life. TSH levels return to baseline by
48-72 hours of life. T4 is relatively low at birth, slowly increases to
peak at 24 to 36 hours, and then slowly declines over weeks to
months 4.

During the first and possibly the beginning of the second
trimester of pregnancy, the human fetus is entirely dependent on the
mother for it’s thyroid hormone supply. Transfer of the maternal
iodothyronines may take place either across the placenta or through

151

the amniotic fluid swallowed by the fetus Under normal
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circumstances, only small and limited amounts of maternal thyroid

1671 The limited maternal supply is

hormones cross the placenta
insufficient to compensate for most cases of severe congenital
hypothyroidism (CH).

Other compensatory protective mechanisms are also involved in
preventing brain damage in CH infants. An increased type II
deiodinase activity in the fetal brain can maintain almost normal

brain T3 levels despite low T4 concentration.

1. 2 Regulation of the thyroid hormones

Thyroid hormones are regulated by the interaction between the
hypothalamus, pituitary, and thyroid gland. Thyroid function is
essentially controlled by thyroid stimulating hormone (TSH), which
is produced by the pituitary gland. The hypothalamus produces
thyrotropin releasing hormone (TRH), which sets the base level of
TSH production by the pituitary. The amounts of thyroid hormone
T3 and T4 in the body are then balanced through a feedback
mechanism. The pituitary constantly measures the amount of thyroid
hormone in the body. If the level is too low, the hypothalamus
secretes  thyrotropin-releasing hormone (TRH), which in turn
stimulates the pituitary to release TSH. The TSH directs the thyroid

gland to produce more hormones until normal levels are reached.
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1. 3 Congenital hypothyroidism

Hypothyroidism is a condition in which the thyroid gland does
not make sufficient thyroid hormone to meet the body’s requirement
“under active thyroid gland”. Congenital hypothyroidism is defined
as hypothyroidism present in utero and persisting thereafter B Ttis
one of the most common diseases in pediatric endocrinology B-10 1
is also considered as one of the most common preventable causes of

mental retardation if treated early P 1%

1. 3.1 Incidence of CH

Although the incidence of CH has been shown to vary among
different parts of the world as shown in the table (1), it occurs n
1:3000 to 1:4000 newborns worldwide ' ' 16l The incidence of

16-20]  The possibility of seasonal

(21}

CH varies with ethnic origin
variation in the incidence of CH also has been shown
Most screening programs also report female preponderance,

however, the significant of this sex ratio is unknown (17, 18]
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Table 1. Worldwide Incidence of CH

Country i ‘Period . Births, Total Incidence, Mean References
Furope : 1985-19‘)0 ii448,826 . .1:3’8(.)1 .16
s ©1988-1990 12.429,086 1:4,119 16
Canada L 1986-1988 1.126,778 1:3,884 16
Cuba 1987-1991 667.681 1:2,328 16
Australia . 1985-1990 487,154 1:3,331 16
New Zeatand ' 1987-1990 231,045 1:4,496 16
Japam - b 1990 1.218,535 1:3.856 16
Mexico* 1990-1991 30,429 1:1,480 16
Argentina* muent)s Aiires) 1985-1990 48,479 1:4,407 16
Brazil* (Porto Algero) . 1987-1991 106,001 1:4,429 16
Israel © e 15851990 - 1:3,153 16
Saudi_,&ﬁbin(Najrau)I 1990 30810 1:1400 19
Kuwait i 19811987 - 1:3476 20
Oman 19911995 36,000 1:2200 21
Taiwan © 1988-1990 991,132 1:5,788 B!

Represent a pilot study

1. 3. 2 Etiology
1. 3. 2.1 Permanent CH
The permanent types of CH can be separated into the following:

A. Thvroidal abnormalities (primary hypothyroidism):

Including thyroid dysgenesis (TD), which generated as a result of
agenesis (absent gland), hypoplasia (severely reduced in size), or an

ectopic (mostly small and sub-lingual) thyroid gland. It 1s the most

common etiology of CH accounting for about 85% of cases {13.14.26,

2, The pathogenesis is largely unknown B.-11 -~ Agenesis is the

most severe form of TD and usually result in the lowest levels of

z, 8 14]

thyroid hormone at birth Most cases of TD occur

sporadically although, it can be a heritable ',
Thyroid dyshormonogenisis represent another form of permanent
of thyroid abnormalities as a result of in-borne errors of T4-

biosynthesis, accounting for 10-15% of the cases of CH 11-14.27. 28]
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A number of different defects have been characterized and include:
1) decreased TSH responsiveness, 2) failure to concentrate iodide, 3)
defective organo-fication of iodide, 4) defective thyroglobulin (TG)
synthesis or transport and 5) abnormal iodotyrosine deiodinase
activity. All the inborn errors are autosomal recessive except for
defects in thyroid hormone receptors (which are autosomal
[10,11,14]

dominant)

B. Extra thvroidal abnormalities

This includes the central (hypothalamic or pituitary) hypothyroidism.
It is a rare disorder with an incidence rate that varies from 1:25,000
to 1:100,000 among newborn 4} and accounts for about 5% of the
CH cases. Recently, it has been revealed that central CH can lead to

severe symptoms during the neonatal period %"

1. 3. 2. 2 Temporary or transient '_H

Temporary or transient CH represents a condition that closely
resembles mild hypothyroidism that can be detected at screening but
disappear subsequently within a few days or weeks, either
spontaneously or after a short period of therapy. No definitive data
exist regarding its true incidence 1251,

It can be classified into two categories:

Transient hypothyroxinemia:

This condition is common in premature infants and represents a
transient state of hypothalamic (or tertiary) hypothyroidism. Itis
characterized by low total and free T4 concentrations with normal
TSH levels.

Transient hypothyroidism and hyperthyrotropinemia:
This picture represents transient state of hypothyroidism

principally due to iodine deficiency, occasionally to iodine overload
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rare except in Europe (1:200 - 1:8000) resulting in abnormal thyroid
function tests recovered in two to several weeks and the risk is
increased with pre-maturity. Cases also have been reported as a
result of prenatal or postnatal exposure to excess iodine B1-37]
Intrauterine exposure to anti-thyroid medication, given to pregnant
women with Graves’ disease, and transplacental passage of maternal

TSH receptor blocking antibodies may result in this condition B8l

1. 4 lodine deficiency disorders

Iodine is an essential micronutrient for thyroid function,
necessary for the normal growth, development and functioning for
the brain and body. Without a proper diet of iodine, the human body
is susceptible to a number of problems identified as iodine deficiency
disorders (IDD). lodine deficiency disorder (IDD) is a serious global
public health problem. It is the single most common cause of
preventable mental retardation and brain damage 13% 401 1 ack of
iodine in the diet is the main cause of IDD.

An estimated 1.6 billion people worldwide are threatened by
iodine deficiency, representing nearly 30% of the world’s population.
Neonates and young infants constitute the target population for the
effects of iodine deficiency. lodine deficiency depends on the
geophysical properties of the land, and therefore can affect rich and
poor countries alike. Different regions appeared to be of various
degrees of iodine deficiency including South East Asia, Hong Kong,
Belgium P,

Neighboring countries, Jordan and Lebanon, who have similar
geographical characteristics, have conducted surveys that indicate the
IDD does indeed constitute a public health problem. IDD is also
appeared to be a severe public health problem in Upper Egypt 41,
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appeared to be a severe public health problem in Upper Egypt (1],

Transient neonatal hypothyroidism is frequently observed in 1odine-
deficient areas in different parts of the world. Border line elevated
neonatal serum TSH concentration frequently occur in newborns in
iodine deficient areas and result in a higher recalling rate at the
screening for CH B. 361

Neonates exhibit elevated serum TSH more frequently than

adults for a similar degree of iodine deficiency 1?1,

1. 5 Clinical signs and symptoms

Symptoms of infants with CH may appear as early as 1-3 weeks
or as late as4-12 months. Initially, newborns with hypothyroidism
present with hypothermia and cool skin, peripheral edema,
abdominal distention and a posterior fontanel (> 5 mm 1in diameter),
poor feeding and have prolonged jaundice (>3 days). During the first
4 weeks signs and symptoms include failure to thrive, respiratory
difficulties, lethargy, decreased activity and constipation. Later on,
during the third month of age, the picture appears more classical with
myxedema, umbilical hernia, hypotonia, dry yellowish pale skin,

1L43] * 1n general, the

hoarseness, loud breathing and constipation
extent of the clinical findings depends on the etiology, severity, and
duration of the hypothyroidism. Infants with severe intra-uterine

hypothyroidism tend to be the most symptomatic at birth.
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1. 6 Newborn screening

Newborn screening is a preventive public health procedure that
should be available to all neonates. It is a population based public
health program applying preventive medicine in defined regions to
reduce newborn morbidity and mortality from certain biochemical
and genetic disorders at pre-symptomatic stage. Screening tests are
designed to rapidly and inexpensively evaluate a large number of
specimens, which are usually in the form of dried blood spots, in
specifically designed filter paper blotters.

Over 300 gene disorders can be traced to specific biochemical
defects referred to as in-born-errors of metabolism, and many of
these disorders result in mental retardation. Because many disorders
are extremely rare and screening all newborn is expensive, mass
screening is currently being justified for only a few disorders.

Screening for congenital hypothyroidism was the third test
implemented in an effort to prevent mental retardation as well as
developmental disabilities during infancy. The first screening
programs for this disease began in April 1974 in Quebec 44

Currently, CH screening test is widely used as it allows earlier
diagnosis and effective treatment. Approximately, 24 millions

infants are screened worldwide, with 6,000-t0-8,000 cases detected

each year.

1. 6. 1 Newborn screening for CH in Palestine

Prior to the introduction of CH screening program in Palestine,
many cases were commonly delayed, which resulted in brain,
physical growth disabilities and other defects. A nationwide
screening program in the West Bank was launched in June 1990. It

was operated as part of the neonatal screening program in Israel in
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the central CH laboratory at the Chaim Sheba Medical Center, Tel-
Hashomer until 1995, At the beginning of 1997, the Palestinian
Ministry of Health started re-conducting CH and phenylketonuria

screening program independently.

Table 2. Estimated % of coverage for CH screened in the West Bank from
1990-1997

9% Coverage
25.05
27.00
31.00
35.00
50.00
60.00
No screening
70.00

1. 6. 2 Socioeconomic impact

Newborn screening for congenital hypothyroidism entails
substantial costs, some of which are inherent in the screening
process. All abnormal test results trigger diagnostic and some times
therapeutic cascades, with their associated economic costs. The
costs for newborn screening for congenital hypothyroidism in the
West Bank range from 1.5 US$ for normal case to 7.8 US$ for all
inclusive program including follow-up confirmatory testing of
repeated samples. In a developing country like Palestine, the
question would be is newborn screening for CH is cost beneficial?
Does the condition occur frequently enough to be a public health
concern? The following reasons may justify that:
- Clinical and chemical indicators for IDD revealed that IDD
problem is mild inthe West Bank and Gaza Strip and ts considered
to a public health problem 361,
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- Consequences due to the lack of proper diagnosis and treatment.
- The combination of neonatal screening program for CH and PKU
disorders, same Guthrie cards, is expected to dramatically reduce
cost risks because both screening use the same infra structure.
Beside the above facts, examination of blood-spotted filter paper for
TSH concentration in the screening for CH is inexpensive, simple,
and provides quick results.

The optimal coverage is 100,000 newborns/year and the number
should not be less than 40,000 newborns/year to meat the economic
and epidemiological need of population screening and to favor cost

benefit ratio 7!,

1. 7 Screening methodology

It is the objective of screening programs to detet infants with
CH. Different screening strategies have evolved to d.:tect them. The
CH is a twofold screening process. Some centers have measured
only T4, others only TSH, while still others have measure both
hormones, either in all specimens or on a selective basis.

There are arguments in favor and against using either hormone

- : , 12, 48-50
as the preliminary screening 19, 12, 48-50]

1. 7.1 T4 and sequential TSH measurement
Most North American programs use a T4-TSH laboratory
approach, i.e., an initial filter paper blood spot T4 with a TSH

measurement in specimens with low T4 values.
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1. 7. 2 TSH and sequential T4 measurement
The majority of laboratory in Europe, Japan, Australia and part
of North America are screening with primary TSH measurement

supplemented by T4 determination in cases of high TSH values.

Table 3. Advantages and disadvantages of using thyroxine or thyrotropine
hormone as a primary test for CH

 Assay - Advantages
Detect overl primary Poor specificity (high recall
= hypothvroidism. rates).
T4-_TSH. | 2- Detect secondary-tertiary (1/30,000 2- Poor sensitivity (in patients
SR - 1/100,000). with ectopic glands.
"} 3- Hyperthyroxincmia.
1- Betier in early detection of overt Will miss:
and subclinial primary 1- Secondary-tertiary
hypothyroidism. hypothyroidism missed.
. 2- Sensitive index for carly detection 2- Primary hypothyroidism
- R of transitory hypothyroidism. with delayed TSH surge.
TSH -T4 | 3. Good index for iodine supply of 3. Hypothyroidism duc to
: _ the population. * anomalies in T4-bindings
&- Higher specificity. globulin deficiency.
3- Better sensitivity. 4- Hyperthyroxinemia.

« Data collected from [9, 12, 37, 48-50}]

e The World Health Organization (WHO), United Nations International Children’s
Emergency Fund (UICFF), and the International Council for Control of Iodine Deficiency
Disorders (ICCIDD) included neonatal TSH as one of the indicators for assessing IDD and
their control [33].

Both types of screening (T4, TSH) may miss a small number of
affected infants (1,

Approximately 10% of programs in US collect two routine
screening specimens, (for example, the first at age 2 to 5 days and a
second at age 2 to 6 weeks ofage). Results from these programs
show that about 10% of infants are detected only as a result of the

collection of the second specimen '],
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1. 7.7 Follow-up

It is recommended that all newborns should have primary care
providers designated before discharge to ensure prompt and
appropriate follow-up of newborn screening results.

CH infants and children should be foliow-up, including clinical
examination, evaluation of growth including bone maturation,
determination of serum total and free T4 and T3 and TSH, as well as
an evaluation of psychomotor and intellectual development to be
performed at regular intervals. In the developing countries,
especially in the distant rural areas, follow-up and re-screening may
be difficult in infants and may take time and add to the delay of fast

treatment and managing.

1. 8 Imaging

Thyroid scintigraphy with 99m Tc-pertechnetate (TcPT) or
radioactive iodine (**I) is a useful assistant diagnostic procedure that
allows the best evaluation of the cause of the syndrome at the
neonatal age. It allows establishing a firm and final diagnosis of the
cause of hypothyroidism P2,

Thyroid scintigraphy with TcPT is used in clinical practice for
evaluating the anatomy and the function of the thyroid gland in
adults and children. Thyroid sonography is useful in demonstrating

enlarged or absent glands.
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1.9 Treatment

The main objective of early substitutive therapy is to prevent
mental retardation. Every effort should be made to initiate therapy
within the first days of life. Early diagnosis and treatment are highly
effective, limits the duration of hypothyroidism, and it will decreases
it’s postnatal impact on cerebral development 15,531

Treatment for CH is available which are relatively simple,
cheap, and extremely efficient, and the benefit-cost ratio of screening
for CH is very elevated. L-thyroxine is the treatment of choice 12 34

The goals of treatment are to raise the serum T4 into the normal
range as rapidly as possible, so as to minimize exposure of the
neonatal brain to further hypothyroidism.

The duration of neonatal hypothyroidism that occur between
delivery and the achievement of euthyroidism with therapy depends
on both the ages at starting treatment and the initial dose of L-T4 16,
81 1t is important to select the proper starting dose of Levothyroxine,
which should be adjusted according to the weight of the neonate.

The adequate L-thyroxine dosage for the initial treatment of
infants with CH is a subject of controversy. In the United States,
higher doses (10-15pg/kg, per day) have used to treat CH than in
Europe, and has been associated with a shorter time to achieve
euthyroidism and an improvement in intelligence quotient (IQ) when
tested at the age of 7 years 26531 " The response of CH infants to the
same dose of T4 is extremely variable, and careful biochemical and
clinical monitoring is required during the initial phase of therapy.

It is recommended when adding treatment to maintain the
serum T4 concentrations in the upper limit of normal serum values B
14, 48 The American Academy of Pediatrics recommended to

monitor frequently serum T4 or free T4 and TSH during the first
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three years of life to ensure optimal therapy and after a change in a
dose and any time there is a concern about treatment compliance 12
Early TSH normalization should be the aim.  Several
publications have reported that, a raised plasma TSH is relatively
common in children receiving treatment thyroxine for CH,
particularly in early infancy, regardless the severity of

3691 Plasma thyroxine must be maintained in the

hypothyroidism
upper normal range to suppress TSH. Children with more severe
hypothyroidism needed higher doses of thyroxine to keep TSH
within the normal range 57,

At an early age, an optimal amount of thyroid hormones to the
brain is the most important therapeutic aim. It 1s equally important
to avoid overtreatment, which may result in some disturbances in

children with CH (%1460

1. 9 Prevention

Mental retardation in CH is prevented only when the diagnosis
is made very early, ideally during the first days of life, with the help

of fast and efficient screening.
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1. 10 Outcomes of screening

Early diagnosis of CH in young infant depending on the clinical
signs and symptoms is not easy because of the rarity and the lack of
specificity of these clinical signs and symptoms within the first

00 1L 81 84 that only 5% are diagnosed by physical

[13, 14, 51]

weeks of life
examination after birth

Prior the advent of screening, diagnosis was usually delayed in
the majority of infants resulted in poor neurodevelopmental outlook.
Early treatment (before 3 months old) led to normal intelligence
quotient (IQ) values in 85% of the neonates, where as delayed
treatment was associated with subnormal IQ in more than 80% of the
affected neonates ™%,

With the advent of screening program based on filter paper
methodology, the frequency of reported CH increased, and thyroid
hormone replacement and normal mental development in most
children has been achieved. Consequently, congenital
hypothyroidism as a major cause of mental retardation has much
reduced.

There is an inverse relationship between the age at which
treatment is started and the intellectual quotation outcome of children

2. 8, 14, 44, S Farly treatment with L-thyroxine has probably reduced

but failed to fully eliminate neurological impairment or damage 18, 58-

611

Several risk factors for the eventual mental outcome
development in early treated CH, despite systematic neonatal
screening were reported in many studies. These include; 1-
pretreatment serum T4 concentration, 2- neonatal skeletal
maturation, 3- aetiology of CH, 4- age at which treatment is started,

5- starting dose of L-T4, 6- adequacy of substitution treatment in the
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first 2 years of life and even afterwards, and 7- socio-economic class

of the family 2, 6,7, 60, 61]
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Aims of the study

Newborn screening for PKU was introduced in the West Bank
of Palestine, since 1989, and was followed by CH in 1990. Until
recently, no large-scale study neither on CH incidence nor its impact
among the entire population. This was mainly due to several factors
generated from the prevailing political situation of the area.
Moreover, the only study in this respect was a preliminary report by
Prof. Dr. Joseph Sack, in which a relatively high incidence was
reported in the region. As a member of the working staff at the
central laboratory, I was encouraged to look further to the problem
aiming to:
1. Determining the incidence of congenital hypothyroidism, through
the newbomn screening program in the West Bank.
2. Conducting an appropriate follow-up and management for
affected newborn with congenital hypothyroidism.
3. Assessing the extent and severity of CH in the West Bank,
through measurements of n-TSH in the capillary and sera blood
samples.
4. Determining the distribution of CH (permanent and transitory) in
the West Bank in the different districts.
5. Searching for associated risk factors in connection with

congenital hypothyroidism.

A long term purpose:
Try to delineate our future national policy on neonatal screening

for congenital hypothyroidism.
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Methodology
2. 1 Newborn screening program in the West Bank .
In the (284) maternal and child health centers located in nine
different regional centers throughout West Bank, and whenever
possible, a heel prick blood samples collected, on dry filter papers,
from each newborn infants on the 4-7 days postpartum. For those
who released within the first day or borne at home, blood samples
usually collected during their first visit to the maternal and child
heaith centers, as they are usually referred for BCG vaccine during
the 1% week. Blood samples were obtained in collaboration with the
ongoing PKU screening program. The collected samples were then
sent to regional clinics, which then arranged the transfer to a
centrallv located public health laboratory in the city of Ramallah as

shown in figure 3.

l Maternity Howpital |
I

Samphag of Ty - " Rezommended
dricd bl pois l L‘;'- Nimong chimcs
+ I District Health Departmenl ] +
,L -

Preventive Medicine Departmenl
(AMALLAIY .

Ramallah Central Public Health
Laboratory
{ SCAEEMNING TEST )

Figure (3). The adopted system for newborn screening in the West Bank
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2. 2 Screened population

A total of 69,957 newborns were screened for CH during
October 1998 through May 2000. Thyroid stimulating hormone
(TSH) was determined quantitatively on specific filter paper by
immunoradiometric assay (IRMA) using diagnostic product
corporation (DPC) neonatal-TSH (Los Angeles, USA). The cutoff
point used as criteria for recalling the infants under suspicion of CH
is 40 pIU/ml of whole blood according to the manufacturer
instructions.

When TSH concentrations were > 40 uIU/m], the same samples
were re-tested again in the following day and were considered as
suspected of having CH. Samples with readings of 40 or more
uIU/ml were then reported to the Preventive Medicine Department
who in turn reported them to the maternal care centers where a
second sample is usually obtained for a second test. For those with
persistent readings above 40 pIU/ml, further confirmatory test 1S
conducted through arrangements with the health care centers.

TSH levels ranging between 20 and 40 pIU/ml were considered
at risk for CH, as recommended by the American Academy of
Pediatrics, and were re-tested. Those with persistent levels above 40
ulU/ml were considered as suspected cases of having CH as shown

in figure 4.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



1S00 SS9y JO BIUsD - Ueplor Jo AlsiBAIUN JO AkeiqiT - PaARSSY SIUDIY |1V

_ CAPILLARY BLOGD SAMPLES ON FILTER PAPER

| TSE <20 pitsmi

Narnal

Repeat Capillory Sample o
Y

_
v v

“ ESIE - 30l vl

TSH~ 460 sl Uil

Sippectid U
T 1180

v v

(&1 Normd

Nocinal

Fuollow-up

TSH > 40 plUimi

Repeal Test In the Follawing Day

T

v

TSH > 30 pitliml TSH < 40 pIUtml

Figure (4). Flow chart for neonatal screening tests for the detection of CH

in the West Bank
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2.3 Neonatal TSH procedure (IRMA Assay)

IRMA is a two-site immunoradiometric assay utilizes a solid
phase coupled monoclonal antibody and a second radiolabeled
polyclonal antibody phase.

Blood sample spots were incubated simultancously with the
radiolabeled antibody in solution. During this incubation, TSH-
antigen binds to the immobilized antibody while, at the same time,
the radiolabeled antibody reacts with the same antigen complex.
The tube was then decanted and washed, and the radioactivity of the
labeled antibody bound to the antigen on the solid phase 1s measured
(as a count per minute, CPM) using gamma counter. Calibrators of
known TSH concentration were run concurrently with the samples
being assayed and a standard curve is constructed. TSH

concentratior was then calculated using the standard curve.

2. 4 Neonatal T4 procedure

Is a solid-phase radioimmunoassay where 1251 Jabeled T4
competes for a fixed time with T4 in the patient sample (the native
antigen) for sites on T4-specific antibody immobilized to the wall of
a polypropylene tube.  After the completion of the required
incubation period, the tube is aspirated or decanted. The activity of
the radiolabel present in the precipitate is then counted for one
minute in a gamma counter. The radioactivity in the antibody-bound
fraction is inversely proportional to the native antigen concentration.
The amount of T4 in the patient sample is then determined by

comparing the counts to a standard curve.
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2.5 Evaluation of the newhorn screening program

Evaluation of the screening program was one of the aims of this
study. To achieve this aim, information regarding age at the time of
specimen collection, age at the time of Guthrie test performance and
the place of residence were collected, 960 randomly chosen infants
from all districts, from the records of the central laboratory.

The coverage rate was calculated based upon the numbers of
live births by each region during the period of study (Ministry of
Interior, Department of Civil Affairs) and compared with the

numbers of screened newborns.

2. 6 The incidence of permanent CH (PCH) in the West Bank
The incidence of CH was determined by dividing the numbers
of suspected affected cases by the total number of the screened cards

during the period of the study.

2.7 Study cases

All infants with elevated filter paper-TSH (FP-TSH) (> 40
uIU/ml) at birth and with elevated confirmatory testing were
recalled as suspected permanent CH cases. The initial number of
cases was 32, of which only 28 were welling to participate in this
study. Demographic data and details of clinical state, diagnostic
investigations, treatment, pregnancy, neonatal history, and family
back ground were collected in a specially designed questionnaire.
Forty-eight infants, born in the same area, matching approximately
the birth date intervals with patients, were selected as acontrol
group.

Data were collected from subjects with parents permission and

after the approval by the Ministry of Health / Primary Health Care.
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2. 8 Transitory hypothyroidism

Demographic and clinical data concerning all transitory
hypothyroidism cases were obtained either retrospectively or
prospectively. Confirmatory FP-TSH measurement and T4 tests
were performed blindly in an independent laboratory.

All the governmental hospitals in the West Bank were visited
and the concerned persons were interviewed regarding the routine

use of iodine-containing antiseptics in obstetrics and neonatology.

2. 9 Statistical analysis
Collected data were analyzed using SPSS (Statistical Package

for Social Sciences). Data analysis procedures included both

descriptive and inferential statistics.
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3.1 Newborn screening program for CH in the West Bank

3. 1.1 Coverage rate

Data presented in Table 4 shows the coverage rate of newborn
infants screened among the various districts of the West Bank —
Palestine (from October 1998 to May 2000). The coverage rates
ranged between 58.8% to 94.4%. The following percentages 85.8,
78.4, 74.9, 75.9, 82.1, 58.8, 72.2 and 94.4 were observed in Jenin,
(Tulkarm and  Salfeet), Qalgilia, Nablus, Ramallah, Jericho,
Bethlehem and Hebron, respectively. During the period of the
study, a total of 85,149 live infants were born of which 69957 were

screened. The overall screening coverage rate was 82.15 %.

Table 4. Coverage rate of newborn infants screened among districts during
the period of study

- From October 1998 — ZMay 200(}

- St Negof infards screened -0
T : 11399
Tulkarm and Salfect - 10217 8015
g:-QanxIxa e 3944 2954
. Nablus 14546 11049
Ramanah : i 12616 10364
Jericho R 2078 1223
fﬁBethIehem b 8675 6264
;fHebron SRS 19799 18689
: o Total oo 85149 oo i 69957 | aie
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A network of approximately (284) primary health care centers
located throughout the various districts and provides several services
including collection of blood samples for Guthric test.
The distribution of these centers is shown in table 5. A positive
correlation between the coverage rates and the number of heath care
centers was observed. This correlation is statically significant
(P=0.012, r=0.714) with the exclusion of Jericho district as shown 1n
table 5.

Table 5. Screening coverage rate of live births in correlation with the

Districts

~Jenin - 44
Tulkarm and 35
Salfeet .

Qalgilia S 13
“Nablus 31
‘Ramallah 35
Jericho T 12
‘Bethlehem - 15
‘Hebron . 99
ot 284

3. 1. 2 Recall rate

Table 6 represents the recall rate in various districts. All
infants (545) with capillary blood TSH level > 20 ulU/ml were
recalled for retesting. The overall recall rate was 0.78 %. Capiliary
blood TSH levels ranged between 20- 40 pIU/ml were represented
by 346 (63.6%) of the recalled infants while of the rest of the
recalled infants 198 (36.4 %) were with TSH levels > 40 pIU/ml.
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Slight variations in the recall rates were observed between the
various districts (0.45 — 0.76), however, Jenin district showed the

highest recall rate (2.03).

Table 6. The recall rate for infants in the various districts during the study

Tulkarm .0 17 8 25 045
Qalgilia 8 8 16 0.54
Nablus ... 34 26 60 0.54
‘Salfeet 9 10 19 0.76
Ramallah 32 15 47 0.45
Jericho 4 3 7 0.57
Bethleheni 29 17 46 0.73
. Hebron =t 50 42 92 0.49
Total=* | = 346 . 198 544 L o080

3. 1. 3 Sample collection and testing

Data presented in table 7 shows that the mean age of infants at
filter-paper blood samples, in the adopted screening program in the
West Bank, were 13.04 days. On the other hand, the mean age at
which the test done was 54.19 days.  The percentages of 0.0%,
0.52%, 11.8% and 87.6% représent the performance of Guthrie test
at age groups (1-7, 8-15, 16-30, >30 days), respectively. This
reflects an elapsed interval between collecting samples and the
screening tests. About 11% of FP-blood samples were obtained on
the age of more than one month. It also shows that the majority of
the performed tests were carried out at a very late state.

Variations in the time of specimen collection and the newborn-
screening test performance were observed between the studied
regions (ranged from 9.52, 40.00 days in Jenin to 19.35, 68.00 days

in Hebron, respectively). There was no statistically significant
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correlation between age at specimen collection and the number of

primary health care centers among regions.

Table 7. Age of infants (days) at specimen collection and performance of
Guthrie test

L specit

|:§?rlct ;.cdll;eéiion
Sl : 21 Mean  (Ramge)
Jenin. 12501 952 (10-60.00) | - 1 26 08
Tulkarm 9100} 1001 (20-3900) | - - 18 82
Qalgilia 90 | 1031 (20-7400) | - - 9 31
Nablus .99 ! 1444 (20-6500) | - - 18 31
Salfeet . 82 11287 (20-4000) | - . 6 76
‘Ramallah 104 ] 1595 (20-80.00) | - - 3 101
Jericho + 115°] 1231 (20-3900) | - 1 17 97
‘Bethlehem - - 103 | 1061 (10-1280) | - 3 9 91
“Hebron 142 | 1935 (1.0-1240){ - - 3 134
| Total 960 | 1304 020 | - (Gop qime - @new

The mean age at the time of blood specimen collected was
relatively better in camps than in urban and rural areas. Analysis of
variance test (ANOVA) indicate that residency has no effect on the
time at which specimen collected, which indicate that there are other

local specific factors that could play a role in the delay.

Table 8. Mean age (in days) among infants at specimen collection according
to place of residence
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3. 2 Incidence of CH in West Bank

The screening disclosed (198) newborns that were imitially
diagnosed as having CH. However, only 32 cases were confirmed to
be as suspected permanent CH cases. Based on the numbers of live
births screened during the period of the study, the overall incidence
rate of suspected permanent CH among the tested population in the
West Bank was 1: 2186.15 (32: 69957) as shown in table 9.
The highest incidence rate was observed in Salfeet district followed
by Jenin and Qalgilia, while relatively low incidence was observed
in Tulkarem and Ramallah districts. Fifty percent of the cases came
from the districts of Jenin and Hebron (28.1% and 21.9,
respectively).

All of the cases were with elevated filter paper TSH values >

40 pIU/ml on follow-up.

Table 9 the incidence rate of PCH among the different districts in the West

Bank (October 1998 to May 2000)

No. of mfa_n' G N(_:u_;%iof suspected
i ‘neonates with PCH.
11399 9 1:1266.55 28.1
5521 0 - -
_ 2954 2 1:1477.00 6.3
iENablus 11049 5 1:2209.80 15.6
~Salfeet . 2494 3 1:831.33 9.4
:E‘Ramaliah 10364 3 1:3454.66 9.4
ifJencho g 1223 0 - -
Be 6264 3 1:2088.00 94
18689 7 1:2669.85 219
89957 . T3y e 13218645 1000
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3.3 Follow up of suspected permanent CH cases
Small percentage of the suspected cases was excluded (4 out of
32) and this was due to the fact that some were lost on follow-up or

refused to participate.

3. 3. 1 Demographic characteristics of CH cases

Data presented in table 10 shows that 82.1% of studied cases
were living in rural regions, while the rest of cases 17.9% were

living in urban areas.

Table 10. Number of suspected PCH cases according to place of residence

sce of Livin

= Urban

Roural -]
i Total R

Data presented in table 11 shows that (18) 66.6% of the study
cases were infants of consanguineous mating, (12) 44.4% of which
had been resulted from first cousins. Test of consanguinity, for the
effect of consanguinity on PCH, indicates a statistically significant

correlation P = 0.0233 (data not shown).

Table 11. Association between consanguinity and the occurrence of CH

(12) 44.4

(6) 222
(9)33.3
(211000

pomu Total o o
* 1 missing case
+ Source: Palestinian Central Burean of Statistics. The demographic survey in the West Bank,
2000, table 22; page 88.
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3. 3.2 Laboratory findings of CH cases

Table 12 summarizes the thyroidal functional abnormalities
observed among PCH suspected infants. The mean filter paper TSH
value was 359.24 pulU/m! (range 31 to 898.0 ulU/ml). More than
two third of cases showed a marked elevation on both FP-TSH (>
200 IU/ml) and confirmatory serum test (= 100 pIU/ml).

Subject 17, had initially capillary blood TSH value within the
intermediate zone (31 pIU/ml). However, the recall value showed a
marked increase in TSH level (204 pIU/ml). His serum TSH and
T4 values were with abnormal ranges during the first few weeks of
life.

Of the hypothyroid infants, the ratio of females to males was

16:16 (1:1).
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Table 12 Imtnl and follow-up thyrmd functlon of mfants w1th CH

- Newbhorn ;.
S i Conﬁrmamr\ Serum
-:-Subjcct o Sex b lFilter Papert o oo SEL
: v L Total ]4 . Free-T4
. (<40 pIU/ml ) C(0.47—S.01pIUml)  (4.50-12.00 ppidl)  (0.7- 2.0 pgid])

. M 403.5 100.00 00 -

M 240.0 More than 100 - 540

M - More than 100 - 200

- F 538.4 More than 100 - 460

. F 62.5 34 32 -
T 898.0 More than 100 - 330
F 2313 More than 100 G0 -
F 200.0 More than 100 - 600
F 44 8 20.00 - 560

M 3142 More than 100 2.30 -
F 860.0 More than 100 1.00 -
F 880.0 More than 100 .90 -
F 180.0 More than 100 - 400
F 650.0 More than 100 .50 -
M 459 15.00 - 600
F 395.0 190.00 - A00
M 31.0 300.00 - 400 -
M 443 i 22.40 - 600 216
M 320.0 More than 100 - - 146
M 323.0 130.00 - .008 58
F 548.0 More than 100 - 560 167
M 539.0 More than 100 - 400 87
F 420.0 More than 100 - 450 136
M 460.9 More than 150 - 300 : 179
M 3739 More than 150 - .070 97
M 78.5 50.00 - 600 185
F 3735 More than 100 1.11 - 52
M 295.0 418.00 - 330 74
F 5350 More than 150 - .100 68
M 107 65 - 400 -
F 692.5 100 - - -
M 46.2 493 - - -

*F-Mratio = L1 (16:16)
tMedian = 323.00 ulU/ml Min, value =31 plU/ml Max. value = 898.0 plU/m!
Mean value = 359.24 ulU/ml Standard deviation = 253.178
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3. 3. 3 Clinical findings of CH

Table 13 lists the clinical findings noted by mothers at cases
first examination.  Prolonged jaundice, inactivity, constipation,
sleepiness, and edema were the most striking features could be noted
by mothers as well as by physician. Three (10.7%) out of 28
neonates diagnosed by screening did not revealed any clinical signs
suggestive of hypothyroidism.

There was statistically significant correlation between the
number of symptoms per each case and both Guthrie TSH value
(direct correlation with P value = 0.042, r=0.247), and serum free-
T4 (inverse correlation with P value = 0.02, r = -0.372), indicating
that such symptoms were directly related to intensity of the
hormonal deficiency.  Significant direct correlation was also
observed between the number of symptoms with the age when
diagnosis done (P value = 0.048, r=0.327).

Table 13 Clinical features of CH first noted by mothers among the 27*
study cases '

3,'Inact1v1ty g 17 63.0
:;Prolonged Jaundl 17 63.0
“Sleepinéss . .. 16 593
" Decrease Crymg 12 44 4
~Edema - : 16 593
ﬁfEniarged Tongue -~ 13 48.1
‘Feeding | Difficulty - 11 40.7
‘Hoarse Cry . 6 222
i QConsttpatlon 17 63.0
~Mottled Skin- == 11 40.7
" Umbilical Hem:a o 6 222
“"Abdominal Distention 10 37.0

* ] missing case
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Data presented in table 14 represent the mean number of
symptoms per case. Analysis of variance (ANOVA) test indicate a
significant P value (P= 0.000) between the difference means of both

study and control cases.

Table 14. The overall mean number of symptoms appeared post-nataly per
infant for the study and control cases

Cases (n = 28) Controls (n = 48)

Mean number of symptoms per infant 4.84 0,757

3. 3. 4 Growth and development

To evaluate physical development of the cases, growth
percentile charts (WHO) were used. The study included 23 subjects
out of a total of 32 suspected cases. Out of this group, 11 subjects
(47.82%) were with retarded growth (under weight, short stature or
both). Data presented in table 15 showed that 5 (21.7%) of the study
cases were with short stature, 2 (8.69%) were underweight and 4
(17.39%) were with under weight and height at time of evaluation.
All 11 cases seem to suffer from delayed speech and 5 cases were
reported to have teeth deformation and or delayed walk (data not

shown).

Table 15. Physical problems among suspected PCH cases based upon
WHO criteria

Tables 16 a-c shows the physical criteria among treated PCH
subjects. The data clearly shows that these cases were within the

acceptable range with respect to both height and weight percentiles
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especially for those who had early treatment. It is worth noting that
the majority of the previously mentioned subjects (11), with growth
retardation, were among those who started late treatment (3 months
or more). In addition most of them have TSH levels above 200
ufU/ml as shown in table 16c.

Statistically significant indirect correlation was observed
between age at which treatment started with height (= 0.021, r= -
0.426) and with weight (P= 0.034, r= - 0.386) percentiles. No
statistically significant correlation observed with respect to Guthrie-
TSH values.

Table 16 a._Association between age at treatment and helght percent:les

ieas1y) s 12

SRS BRI T o month “month U month . R
3rd percentlle o - 1 6 2
>34 o™ percennle Sl 1 3 -
> 10“‘ it percennlc _ } N };@; - 2 1 -
> 355" percentile. .o - 2 2 .
>50‘“perccnule o - 2 1 -
Total - - i KRR 8 13 2

Table 16 b. Association between age at treatment and weight percentiles

: . "‘:T;ﬁi‘dn'th
sB’dpercennle . S 6 6
>3%- 10“‘ percenule - 2 2 S
4 :'_ | o - 3 - 7
50 percénhlc e e - 1 ) 4
>50 percenule : i - - 1 - 1
T Tewl % 323
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Table 16 c. Association between age at treatment, TSH values and growth
crlterm welght and height

Gutﬁi‘i'e"-TSII value
*

538.4 ‘
898 261
200 334
10 314.2 130
2. 880 j 176
14 650 425
S21 548 167
220 539 87
BRERE v ICE e 460.9 179
L8 e 373.9 97

* Was not done at that time

Data presented in table 17 shows that 53.6 % of PCH cases (28)
came from families with previous history of thyroid problems.
The mean birth weight for this group was 3.511Kg.  This value is
slightly higher than that of the controls. All were delivered from
normal full term pregnancies. The mean gestation time was 40.21
(ranged from 38 to 42 weeks) without any reported perina‘al
problems. Gestational age was similar to that of the controls. None
of the cases were reported to have any congenital anomalies other
than hypothyroidism.

None of the mothers was reported to be on propylthiouracil or

iodine medication during pregnancy.

Table 17. Clinical and historical findings among study cases

Meai of Birth weight fox.

* Data adopted from Palesuman Cemral Burwu of Statistics. The demographic survey in the
West Bank, 1998. The number of controls was 2350 infants.
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3. 3. 5 Health services for CH cases
3. 3. 5.1 Identification of cases

Out of the 28 suspected infants with permanent CH, (24) 85.7%
were identified through the screening program and the rest (4)
14.3% cases were clinically identified. The majority of the cases (=
92.8%) were first identified at age above one-month (with a mean

time 89.22 days), as shown in table 18.

Table‘ 18 Age in m nths at first identification of the study cases (n—28)

Age at whlch Cases First Identified’:

SOOI R e U 153 3412 >12
Routlne Screenmg S 13.5%)  17(60. 7%) 6(21.4) - ©24(85.7%)
Clmlcal xdennﬁcauon 1{3.5%a) 1(3.5%) 1(3.5%) 1(3.3%) ;:4(14.3%)

TTotal . | 2(70%) 18(642%) : 7(24.9%)  1(3.5%) | 28(100%) °
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3. 3. 5.2 Diagnosis and treatment

Data presented in table 19 shows that all PCH cases were
diagnosed after 1 month (with amean time of 143.18 days). This
clearly indicates an elapsed interval between the screening test and
the diagnostic investigations. The infants’ average age at the
starting date of treatment was 152.22 days. In all infants treatment
was delayed until after the fourth week of age. Delayed treatment
beyond 3 months of age was observed among (62.9 %) of the cases.
Thyroid scan was not performed on any of the study cases, thus no

classification of cases was done.

Table 19. Age of sub ect at the time of dlagnosw and treatment

Age ‘'of subject
tarted taking L T

G (menth)
T3 e 9% 167 - | 0G7.0%) -
>3-12 5 T ; 15 (55.5%) - 15 (55.5%)
>12 . i - LG7%)  10.7%) | 2 (-,.43.;@
-~ Total _ U o @3a%) | 17 (629%)  1G.1%) | 27+ (100%)

* | missing case
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3. 4 Suspected cases of transitory hypothyroidism

In addition to the suspected permanent cases with CH (32),
another 167 cases with capillary neonatal TSH value above 40
nIU/m! were detected. First repeat examination of these additional
cases was performed at an age range between 30 and 90 days and
this was mainly due to recall difficulties. At recall, all 167 cases
showed normal capillary TSH levels, thus, the observed elevated
TSH levels (hyperthyrotropinemia) were transient. Duration of
hypothyroidism among this group is undetermined, however, it
seems to be short based on the results of the second sampling. None
of the cases among this group reveal any of the symptoms or signs

of hypothyroidism as recalled by their physicians.

3. 4. 1 Incidence of transitory hypothyroidism

Data presented in table 20 shows the incidence rates of
transitory hypothyroidism in the various districts. ~ The overall
incidence of was 1:418.9 births with a percentage of approximately
(0.24%,). Incidence rates seems to show a marked variation
between the various districts and highest was found in the district of
Jenin (around 1:190).

When comparing the incidence rate of transitory
hypothyroidism among regions with the recall rate (table 6), a

statistically significant correlation (P= 0.001) was observed.
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Table 20. Incidence rate of transitory hypothyroidism among the different

districts

 Distriers g I Percentage
Jenin 60 1:189.98 35.9
“Tulkarm 8 1:690.12 4.8
“Qalgilia 6 1:415.66 3.6
“Nablus 22 1:502.22 13.2
Salfeet 7 1:356.28 42
‘Ramallah 12 1:863.66 7.2
Jericho 3 1:407.66 1.8
‘Bethlehem 14 1:447.42 8.4
“Hebron 35 1:533.97 21.0
: . Total 167 0. 1:418.90 ¢ 100

3. 4. 2. Demographic characteristics of transitory hypothyroidism

Cases

Data presented

in table 21 shows the association between

transitory hypothyroidism and place of living. As in the suspected

permanent CH, the majority of transitory cases (79.0%) were found

among those living in rural areas.

Table 21. Association between trahsitory hypothyroidism and the place of

residence
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3. 4.3 Laboratory findings among transitory hypothyroidism
cases

Data presented in table 22-a shows the laboratory biochemical
results among transitory hypothyroidism cases. The overall mean
TSH value was 75.67ulU/ml, while the overall mean T4 value was
7.2%9ug/dl. The cases were split between either high TSH with T4
value below normal range (65.5%) indicating transient
hypothyroidism and high TSH value with sub-normal T4 value of
(34.5%) indicating transient hyperthyrotropinemia. A severe state
was observed, table 22-b, among eight cases (4.8%) as indicated
from their high TSH (range 80.3 - 616.8 uIU/ml) and low total T4
(range 0.0 - 3.2 pg/dl) profiles.

There was a statistically significant correlation between age at
specimen collection and both capillary screening TSH and total T4
values (P = 0.000 and P = 0.008 respectively). o

547646

Table 22 a. Results of newborn screening for suspected transitory
h_ypothyroid_ism according to regions

(40.0 - 430.0) .
Tulkarm (40.6 - 98.00) 6.66 (3.2-10.9)
‘Qalgilia (44.0 - 91.70) 8.96 (7.2-12.3)
(40.4 - 430.0) 6.45 (1.5-9.0)

;QNab}us L .
' 66.47 (40.5-121.8) - -
7110  (42.0-12L.0) - -
5470 (442 -66.90) 10.5 (10.5)
6855  (45.6-164.7)

(0.0-12.6) |

8748  (40.0-616.8) 6.87 (1.7-13.0)

7567 . {(40.0-616.8) | 129 - - {0.0-13.0)

T Oﬁ]y 111 samples were analyzed for the total T4 test
- Test was not performed
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Table 22 b. Guthrie-TSH and T4 results for the severe suspected

16

transntory hvpothyrondlsm cases

Tlme ofspeclmen collccted TRy A
; (days) - 5 TSH (uIUfml ).
1. 16 430 )

2 10 209.5 3.1
3. 12 160 3.2
4. 20 1111 5.0
5" 22 616.8 2.0
6 16 872 3.0
T 41 165 1.5
8 24 430 1.3
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3. 4. 4 Further evidence on transitory hypothyroidism

Transitory hypothyroidism further confirmed wusing the
calculated frequency of neonatal TSH > 5 plU/ml. Table 23
represents the calculated TSH values among newborn in the various
districts. In comparison with data on the incidence of transitory
hypothyroidism presented in table 20, data presented in table 23
shows a statistically significant correlation (P value = 0.024)
between the two sets of results (transitory and TSH > 5 plU/ml).
This is clear from the findings among the cases in all studied
districts. Jenin district has the highest frequency of TSH values
above 5 pulU/m! as was the case for transitory hypothyroidism in
table 20. Findings on recall rates presented in table 6 also provide

evidence in support of this association (P = 0.000).

" able 23. Frequency of neonatal with TSH values > 5 pIt/ml in whole
blood according to districts

e ——— Frequency of TSH > § plU/ml wh

~Jenin
“Tulkarm .. 5,521
Qulgifia 2054
- Nablus
- Salfeet .0 2494
“Ramallah = 10,364 "
~Jericho ;223 -
~Bethlehem
-Hebron

ofal
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Discussion

Screening program

The current study represents a base line data on the status of CH
among Palestinian newborn of the West Bank. Newborn screening
program has been conducted since 1990, in the whole districts of the
West Bank, to facilitate detection of children with CH. The strategy
employed in our country has been illustrated in figure (3). In the
West Bank, it is estimated that about 50 thousand infants are born
each year and although the screening for CH ongoing with PKU in
Palestine is mandatory and free of cost, the coverage rate was and
still relatively at low levels (see table 1and 5). Out of an estimated
85,149 infants born in the West Bank during the study period (from
October 1998 to May 2000), only 69,957 infants were screened.
Thus, representing a coverage rate of about 82.15% (see table 4).
The coverage rates of 98 - 99% or above was reported for live births

(17, 62 631 A possible explanation for the

in developed countries
observed low coverage could be due to the followings: prevailing
political situation; home - deliveries; inadequate primary health care
centers and poor awareness on the importance of screening program.
With the exclusion of Jericho, as a local specific problem,
statistically significant correlation (P=0.012) was found between the
availability of health care centers and the coverage rate among the
various districts as shown in table 5. A good number (10%) of
infants are still delivered at home, by midwives, and this would
definitely reflected on the coverage rate. One thus can conclude that
with increasing the number of primary health care centers and

dissemination of information on the benefits of the screening

program are most likely to improve the coverage rate.
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Although, it is highly desirable by the American Academy of
Pediatrics, that filter paper heel blood to be taken between 2 and 6
days of age 121 none of the screened newborns in our study was
sampled at thattime. The estimated mean time of 13.04 days, after
birth, was observed in our study (see table 7). A clear delay in blood
sample collection is evident from the findings of 11.1% of the
samples were collected at the age of one month. Data presented in
table 8 revealed that place of residence has a slight effect on the time
of specimen collection as no significant differences were observed
among the inhabitance of urban, rural and camp population. Delay
in specimen collection could be attributed to home deliveries; poor
health education and awareness of both the public and health care
providers regarding the importance of early specimen collection for
effective screening and others such low quality of collection and
handling of specimens. An evidence which support above
assumptions is that Ramallah district still shows a delay in the
sampling time even though the central public health laboratory is
located in it’s vicinity, see table 7.

Our findings in this respect show an estimated high percentage
- (87.6%) of infants screened by the age of > 1 month. The mean time
of age at screening was 54.19 days. The elapsed interval between
sample collection and screening tests could be mainly due to mailing
time and availability of test kits and both factors are influenced by
the prevailing political situation.

The findings of an overall recall rate of 0.78 %, based on a cut-
off point of TSH (> 20 pIU/ml), is higher than the usual estimation
with the primary TSH approach (<0.1%) [12.13.371 * Oyr recall rate
(0.28%) of neonates based on a cut-off point of a capillary TSH of
40 pIU/ml was similar to that reported by Delange B7 A much
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higher recall rate of (2.3%) was reported by Yordan et al, [64]

lodine deficiency was reported as a major factor contributing to such
high recall rate 71,
Suspected permanent CH cases

The screening disclosed 198 newborns that were initially
diagnosed as having CH however, 32 of them were suspected to
have permanent CH. In our study, the incidence was estimated by
identifying all living positive cases that were confirmed by serum
test during the period from October 1998 to May 2000. The overall
incidence rate of 1:2186.15 was found (see table 9). This finding is
comparable to that reported among the infants of Najran province in
Saudi Arabia and Oman and among infants of Northern Israel 1. 21,
651 1t is also in good accordance with the preliminary reported
incidence, in our area, by Sack et al, 1661 However, the observed
overall incidence is higher than that reported from industrialized
countries including Israel (6. 621

In general, around 85% of CH cases were sporadic due to

thyroid dysgenisis and only 10-15% of cases was reported to result
from thyroid hormone dyshormonogenisis 0L 1427 Oyr study
revealed that parental consanguincous marriages are fairly high
(66.6%), and might account for the observed increased incidence of
CH among the Palestinian population. A positive correlation
(P=0.0233) was observed between consanguineous marriages, first
cousins, and CH in comparison with affected cases among total
unrelated populétion (see table 11). In addition, the finding of a high
incidence of autosomal recessive inherited disease (PKU) in the
West Bank ™ is further evidence in support of our previous
assumption regarding CH incidence and consanguinity. Therefore,

dys-hormonogenisis, a recessively transmitted autosomal trait, could
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contribute to this high incidence in our area. They result from
inheritable enzymatic deficiencies in the secretion and synthesis of

[1.14.27] " Fyrthermore, 53.6% of our subjects came

thyroid hormones
from families with a previous history of thyroid disorders, as shown
in table 17, thus confirming a hereditary role. The findings of J.

21 on dyshormonogenisis among Arab population in

Sack et al.,
Israel, in association with a high rate of consanguinity, is another
supporting evidence in this respect. A high incidence CH in
association with dyshormonogenisis was also reported among Asian
population " "

Although, hereditary seems to play a role in occurrence of CH,
other factors can not be ruled out such as environmental factors.
lodine is essential for the normal development of the fetus to prevent
CH. There is also 2 close link between the iodine contents of water
and soil, and the duily iodine intake, especially in rural areas, where
people are less exposed to food from external sources ** ! Thus,
nutritional iodine deficiency could be another factor contributing to
the observed high incidence of CH in the West Bank.

In general we can concluded that internal factors (including
thyroid dysgenisis, dyshormonogenisis) and/or environmental
external factors are accused in the observed high incidence of CH in
the West Bank.

Geographic distribution of the disease is of high importance
for health care administrators in order to plan for the personnel and
services necessary to cover for follow-up of affected individuals. It
also helps in determining where to locate regional specialized care

centers for such cases. The distribution of disease cases among the

various districts was; 28.1% in Jenin; 21.9% in Hebron; 15.6% in
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Nablus; 9.4% in (Salfeet; Ramallah; and Bethlehem) and 6.3% in
Qalqilia district, (see table 9).

A clear difference in the incidence of CH was observed among
the different districts of the West Bank. These differences may
affected by the small number of infants screened in each region or
may represent an actual difference inherent in each district.
The incidence of CH was notably high (1:12606) in Jenin district.
The reason behind the finding of high incidence in Jenin district as
an example 1s not clear, however, data on high consanguineous rate
in this district (Palestinian Central Bureau of Statistics) may partially
explain this observation.

High percentages 82.1% of CH affected cases were derived
from rural society where consanguineous marriages are a spreading
phenomenon, see table 10. This finding is consistent with PKU
disease distribution *!!. Furthermore, the previously proposal role of
iodine insufficiency could contribute to this high incidence in rural

arcas.

Biochemical and clinical findings of the study cases

Newborn screening and confirmatory thyroid function results
revealed moderate to severe abnormalities in most of cases (see table
12). Severity of CH in our study cases was assessed from the first
quantitative FP-TSH measurement and after both serum TSH and T4
confirmation. The mean FP-TSH value was clearly high (359.24
uIU/ml) with a mean time of specimen collection (42.37) days.
More than two third of cases had a marked elevation on FP-TSH (=
200 pIU/ml) as well as on confirmatory serum test (= 100 pIU/ml).
These high values could be attributed, in one part, to the severity of

the disease and on the other, to the delay of screening and diagnosis.
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All studied cases (32) were with elevated serum TSH and were
below the normal range of either total T4 or free-T4 and accordingly
they were suspected to have primary CH based on the recommended
AAP values " ¥ All cases were considered to be of suspected
permanent hypothyroidism until they proven otherwise, on later
time, as confirmatory permanence of thyroid disease have to be re-

1291 Unfortunately, thyroid scan

evaluated at the age of three years
is not available and hence, the etiology remained undiagnosed and
the types of CH were not categorized in all patients at the evaluation.
This point deserves further investigation.

The finding of one case (case number 17, see table 12) with an
initial FP-TSH value in the intermediate zone (20 — 40 p IU/ml) who
developed hypothyroidism on a later date represents a delay raise in
the TSH. Suggestion was stated that the cause of such case may be
immaturity of the hypothalamic-pituitary-thyroid axis or abnormality
of pituitary-thyroid feedback regulation 12, 61, 63, 671 Although,
considerations the importance of the intermediate zone may increase
the number of recall rates, it may allow diagnosis of some new cases

of hypothyroidism with various defects 1681,

Most studies report a female preponderance for CH 7152524,
our study revealed an evenly split of CH cases between males and
females. This contradictory is most likely to be affected by the small
number of the study cases.

1t is note worthy, that all study cases were products of normal
term pregnancies with normal average weight (see table 17).

Though, most of infants with CH appear normal at birth, and
that many clinical signs and symptoms are non-specific for

2, 10-12, 43)

congenital hypothyroid infants , most of our cases as

revealed from the questionnaire had overt and several of these
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features. The most prevalent clinical features were prolonged
jaundice (63%), inactivity (63%), constipation (63%), sleepiness
(59.3%), and edema (59.3%), as shown in table 13. Out of 28 cases
that participated on follow up, symptoms suggestive of
hypothyroidism were observed among 25 children. The number of
features per infant noted varied from (0-11) with an average of 4.84
signs.

A statistically significant differences (P= 0.000) were observed
between hypothyroid cases and the control group (48 normal health
infants) for the mean number of clinical features, (see table 14).
The appearance and persistence of such symptoms in parallel with
abnormal TSH screening result, could be used as an indicator for the
presence of hypothyroidism, and thus provoke an immediate and
comprehensive thyroid tests to be initiated. The frequency of
symptoms and signs of hypothyroidism among our cases study were
higher than that reported in Israel B7  Findings on frequency of
signs and symptoms in our study could be, in part, due to the
following possibilities:

1- Severity of the disease” among our cases as revealed from
their thyroid function test profile (more than two-third of cases was
with FP-TSH value (> 200 pIU/ml). A strong association between
severity and number of symptoms per infants was observed (P =
0.042).

2- Delay in diagnosis, where signs and symptoms are
incrementally appeared (P = 0.02).

3- Disease onset, which varies depending on disease etiology
and can appear as early as the third trimester to some time after
birth.

4- Human errors of judgments (overestimation by mothers).
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Out of 28 positive cases, (24) 85.7% were first identified
through the screening program, however, the remaining (4) 14.3%
were identified clinically after they were presented with symptoms
before the abnormal screening became known. It is important to
point out that FP-blood samples for some of these 4 cases arrived at
the central laboratory very late and others were due to inter-
laboratory delay. Such findings emphasize the importance of
biochemical screening in early detection and diagnosis of
hypothyroid infants. On the other hand, most of the study cases
(92.8%) were first identified at age above one month. The mean age
at the time of screening were (89.22) days, thus, representing an
unfortunate delay in screening (see table 18).

All study cases were diagnosed after one month of age with a
mean time of (143.18) days, see table 19. This unjustified delay
resulted from incapacity in the retrieval and follow-up of subjects
with abnormal screening results in one side and to internal limitation
of the screening program policy in dealing with the positive results.

Hormone therapy was administered in almost all cases.
The average age for initiation of treatment was (21.74) weeks. This
indicates a clear delay in treatment compared to reports from various
screening programs where implementation of hormone therapy
instituted as early as 20 days [6. 17,56, 64.691 " 1) Israel, initial studies
reported a treatment age of 4.8 weeks 12 which was dropped into
(14) days nowadays (personal communication). Unsatisfied delay in
our screening program related to sample collection, handiing,
transportation, analysis, reporting, and follow-up contributes to
needless delay in diagnosis and treatment of a newborn with
hypothyroidism. Every effort should be made to initiate therapy
within the first days of life, and that substitution therapy for CH
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respect are in good correlation with previous reports where infancy
and childhood growth is a thyroid dependant process and the onset
of growth is in part related to the age of treatment started 148, 61]
Also linear growth is supposed to become thyroid dependant
postnatal " 2l and a delay in treatment was reported as a risk factor
in relation to longitudinal growth 7,

Thus, one can conclude that the observed reverse outcomes on
growth were mainly the results of treatment delay and in part by the
degree of severity.

Available data regarding pretreatment L-T4 dose is limited.
Thus, further detailed study on treatment quality and it’s impact on
the health and development of CH is essential at this stage.

Our findings on teeth development and walk delay (5 out of 11
with either height or weight problems) provide further evidence on
the reverse outcomes due to the delay in treatment. It is important to
note that we found three CH cases with late diagnosis and lack of
proper regular treatment represented with severe growth and
development, there cases were below the minimal range for growth
(height and weight).  Thus reflecting the importance of early
diagnosis and treatment on the health and development of permanent
CH cases. Varous studies have shown that CH may be associated
speech delay that may be worsened with the delay of therapy 168, 73],
All cases with either weight or height problems had speech delay as
complained by their mothers. Five of these cases who started
treatment above three months had teeth deformation and walk delay.

There is a prevailing view that CH is associated with an

increase prevalence of non-thyroidal congenital abnormalities (% 7+

7). The prevalence rate of congenital malformations varied among

{741

different studies In contrast, none of our study cases was
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represented with any extra thyroidal anomalies. This could be due to
the small number of the sample in one hand or on the other hand due
to the fact that such infants are usually undergone special treatment
in hospitals and thus escaped follow-up.

Transient hypothyroidism

In addition to the previously found permanent CH cases, our
findings on transient hypothyroidism rate seems fairly high (1:
418.9) as shown in table 20. It also seems to be common among full
term infants. Such rate is consistent with reports from Europe
(1:200-1:8000) 2,

All studied (167) transitory hypothyroidism cases showed
normal values with respect to both capillary-TSH and/or T4 were
normal, at the time of recall examination, with an estimated mean
time of (75.57) days. Around sixty five percent of the cases were
with high TSH values and with a T4 value below the normal range.
On the other hand, around thirty four percent cases were with high
TSH values and with a sub-normal T4 value, suggesting short-term
of the transient hypothyroidism or transient hyperthyrotopenemia
respectively (see table 22.a).

Relatively marked regional differences in the incidence of
transitory hypothyroidism were observed. While the incidence in
Ramallah was low, it was higher in Jenin, Salfeet and Qalqilia (see
table 20).

Todine deficiency, postnatal exposure to excess iodine, drug-
induced fetal hypothyroidism and delay at which the first heel pricks
blood is obtained were some of the possible explanations for the
occurrence of high transitory hypothyroiisiam rate.

Todine deficiency or excess seems to influence the frequency

transient hypothyroidism 18] Transient hypothyroidism, with raised
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TSH levels, secondary to the use of iodine containing solutions
(povidone iodine) has been observed " *. Routine skin cleansing
with iodine for infants is not a common practice in our health system
(obstetrics and neonatology) as revealed from most of the visited
hospitals during the study work. Thus, one can concluded that
transitory hypothyroidism is not a common sequel of routine skin
cleansing with iodine. |

On the other hand, the finding of overall transient
hyperthyrotropinemia with a raised TSH level of (5 nIU/ml) among
14.96 % of the studied infants, not associated with low birth weight
and low gestational age.  Based on WHO criteria, such condition

(81 " This finding is in

corresponds to mild iodine deficiency
agreement with the previously reported median urinary iodine
content of 9.48ug/dl among the Palestinian school-aged children of
the West Bank M The frequency of regional neonatal-TSH (> 5
uIU/ml, whole blood) as revealed in table (23) indicate mildto
moderate iodine deficiency disorders. Thus, nutritional iodine
deficiencies are more likely to play a major role in the occurrence of
transitory hypothyroidism in our districts. Further evidenced in this
respect can be deduced from the finding on rural population where
the majority of transitory cases (79.0%) found (see table 21). In
Europe, transient hypothyroidism and transient
hyperthyrotropinemia in the neonate ®) frequently accompany a mild
degree of iodine deficiency.

In our study, recall rates for suspicion of congenital
hypothyroidism (0.78%) correlates well with the findings on
transitory hypothyroidism among the various districts (P=0.000).
This provides further evidence in support of our previous

assumption on the role of iodine deficiency.
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The role of goiterogenic agents of food substances has been
implemented ™. Bacterial and chemical pollution of water supplies
could be one of the reasons for iodine deficiency. Our study implies
that the etiology of IDD could be due to gotterogenic factors in the
diet or environment other than iodine deficiency. This evidence
came from the fact that districts like Jenin and Salfeet which has
been proposed to be of a normal estimation of iodine deficiency by

146,631 was found to be with a high incidence rate of

previous studies
transitory hypothyroidism (see table 20).  Furthermore, these
districts show high recall rates and the raised TSH level of (> 5
pIU/ml) occurred in 24.12% and 15.03% of infants, respectively
(see tables 6 and 25). Our results together with previous reports on
iodine deficiency indicate that other environmental factors seems to
be involved in the occurrence of transitory hypothyrotdism in this
district and the situation might be applicable to other districts.
Further investigations are required to clarify this point.

Mothers with sub-clinical auto-immune thyroid disease or
previously treated for Graves’ disease, their infants are more prone
to fetal and neonatal transient hypothyroidism "1, None of the
mothers of the infants involved was reported to be on
propylthiouracil or iodine medication during pregnancy.

Delay in sample collection of Guthrie cards inherited in our
program system could add a further complication for the occurrence
of high frequencies of transitory hypothyroidism cases [12-14]

Study by Calciura et al., showed that hypothyroidism at birth,
even short-term transitory, can adversely affect long-term
intellectual development . Thyroid insufficiency in mothers, at
least in areas of endemic goiter, is a reliable indicator of increased

(18]

risk of CH in newborn The fetus and the newborn are more
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sensitive than adults to reduced environmental iodine supply
34354278 The hypersensitivity of the neonates to the effects of
iodine deficiency is explained by their limited intrathyroidal 1odine
pool, which requires increased TSH stimulation and a fast turnover
rate in order to maintain normal secretion of thyroid hormones 78],

It is important to note that screening programs do not simply
consider transient hypothyvroidism, especially for those with high
FP-TSH, as an end point of diagnosis, however, they are aware of
the fact that such situations may reflect a severe condition. In our
study, 8 of 167 transitory hypothyroidism were represented with
severe form, as revealed from their TSH and T4 results, a situation
may necessitate reinstitution of L- thyroxine at early stage (see table
22 a and b). In general, the issue is that benefit of levothyroxine
treatment outweighs the risks of having a child with abnormal
function of the central nervous system 731,

The finding of statistically significant correlation between age
at specimen collection and both capillary screening TSH and total
T4 values (P= 0.000 and P = 0.008, respectively) among these
patients in particular (see table 22 b), indicate the immediate need

for medical intervention.
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Recommendations and Concluding Remarks

1 An effective mechanism should be established at all facilities
levels to strengthen the coverage rate and this can be achieved
through increasing primary health care centers and 1ncrease
awareness of people towards screening tests and their advantages.

2. Specially designed programs are required to health care providers
and public with special emphasis on the importance of early blood
specimen collection not later than7 days of life, as recommended
by the American Academy of Pediatrics (AAP).

3 1t would seem reasonable to strive for an appropriate follow up
and management for effective prognosis.

4. A thorough maternal and family history in conjugation with
clinical signs and symptoms of hypothyroidism, biochemical tests,
for every suspected neonate, should be used to rapidly establish the

diagnosis.

5 Due to the various complications in treatment and follow up of
affected cas-s, it is essential to establish a specialized CH referral

center in the region.

6. Further follow up studies are needed to determine intellectual
quotient of affected cases.

7. Scintigraphy of the thyroid in all recalled infants should be
implemented in order to establish a firm and final diagnosis of the

cause of hypothyroidism.

8. Comprehensive studies on birth defects that associated with CH
are stiil needed.

9 Routine monitoring of thyroid hormone during pregnancy for
women with affected children.

10. Genetic counseling is of utmost importance to alert mothers, of
the high risk of recurrence and to ensure prompt evaluation of all
subsequent offsprings.
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- QUESTIONNAIRE -

EARLY DETECTION OF CONGENITAL HYPOTHYROIDISM
IN PALESTINE '

Infant’'s Name

Case No.

ADDRESS

Place of living

Telephone No.

Father's Nam

Level of education :a. None [J b, Hig!

Occupation

Guzthrie Card No.:

3 ¢. Camp a

e

¢ High diploma (3 d. University studies [J

Mother's Name :

Level of educa

Occupation

Ethnic Group

%

tion :a None (J b. High school (7« High'diploma 0 4 University studies (J

a. Yes [ type) : . b. No. )

Consanguinity

- None. a

- Muslim a
- Christian 0 - First cousins. O
- Second cousins. )
- Distant cousins. 0
E-2000 1
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