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Abstract
Background: Metabolic disorders are heterogeneous group of genetic disorders that are responsible for significant
neonatal and infant morbidity and mortality worldwide. In developing countries like Pakistan where infant mortality
is high current population based studies are unable to gauge contribution of metabolic disorders in causing mortality
and morbidity. It is essential to address this gap by a review of available scattered Pakistani data related to metabolic
disorders specifically congenital hypothyroidism and inborn error of metabolism to calculate probable burden of
these disorders.
Main body: Unfortunately currently in Pakistan newborn screening which identifies these illnesses at birth as a
preventive strategy are not available. For current review data was collected through a systematic search of published
articles (including data related to screening in certain subgroups of patients admitted to pediatric/neonatal intensive
care units, patients with developmental delay/mental retardation).
Conclusion: The primary aim of this review was to get an estimate of the disease burden in the Pakistani population
as true prevalence of Congenital Hypothyroidism and Inborn Errors of Metabolism in Pakistan is not available. This
systematic review will help us to identify the rough idea about the scale of problem in Pakistan.
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Background
Metabolic disorders like congenital hypothyroidism (CH)
and inborn errors of metabolism (IEM) are considerable cause of disease and death among children in both
the advance and developing nations of the world with
the prevalence of CH is about 1 per 3000–4000 and IEM
is 1 in 800–2500 births in West [1, 2]. Metabolic disorders are genetically inherited biochemical disorders of
specific enzymes or proteins causing a block in a normal metabolic process of protein, carbohydrate or fat
metabolism. Classification is challenging as it can occur
in every biochemical pathway. Based on pathophysiology, there are three main sub groups of IEM; conditions
that cause intoxication, conditions of energy metabolism
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and conditions of complex molecules [3]. Severity of the
symptoms experienced by affected individuals of IEM
varies relying on the genetic and mutation history [4].
Due to absence of neonatal screening facilities in Pakistan
children born with IEMs are usually diagnosed on the
basis of clinical symptoms including lethargy, poor feeding, apnea or tachypnea, and recurrent vomiting. That
makes it difficult to manage childhood morbidity and
mortality due to these disorders in an effective manner.
Multiple studies in selected scattered groups of Pakistani
patients have confirmed the high prevalence of IEMs is
due to the high rate of inter-marriages and large family
sizes [5]. To classify CH we can use etiological basis of
disease according to which there are two main categories
of these disorders (a) disorders of thyroid gland development (Group of dysembriogenesis or thyroid dysgenesis)
or (b) defects in any of the steps of thyroid hormone synthesis (group of dyshormonogenesis) [6, 7].
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Status of IEM diagnosis and management
in Pakistan
Though some information regarding mental retardation
and new born screening (NBS) for CH in Pakistani population is available since 1987, but a true prevalence of
IEM is yet to be determined [5, 8]. Relative or true incidence of IEM in the population or even among the critically ill newborns through systematic reviews is lacking
as NBS is not available in Pakistan. Mostly IEM is diagnosed either through biochemical tests on specific population mostly pediatric population. Mostly studies have
bias of screening for IEM in high risk patients either in
intensive care of pediatrics or medicine [9].
To determine true prevalence of IEM in Pakistan one
important and ideal strategy needs to be applied, i.e., Prospective data collection from a universal and expanded
screening of a low risk population. Mass spectrometry is
considered to be ideal for screening metabolic IEM but
very few centers in Pakistan are offering these services
either in collaboration with tertiary care hospitals of
Pakistan or abroad for few large cities [5, 10, 11].
Material and methods
The purpose of this study was to learn about the various
forms of metabolic disorders across Pakistani population.
For current review data was collected through a systematic search of published articles on metabolic disorders
including congenital hypothyroidism and inborn error
of metabolism among Pakistani population. Data related
to screening in certain subgroups of patients admitted
to pediatric/neonatal intensive care units, patients with
developmental delay/mental retardation was included.
Studies from Pakistan in which metabolic disorders were
evaluated for the markers, technologies and modalities
to reach the diagnosis were specifically included. Search
was done to find any possible study with published data
considering the overall prevalence of metabolic disorders
in general population of Pakistan. For the current project
unpublished data or data from institutions was not collected at national or individual hospital levels performing
CH and IEM related biochemical or genetic tests locally
or abroad. Studies, in which probability of IEM was not
confirmed by biochemical or molecular testing, were
excluded. Data from all studies included in this review
was summarized to obtain an overall picture of the
selected disease burden from studies based on selected
subgroups (Tables 1, 2) and from studies mentioning
about various forms of IEM (Table 2).
Data related to studies
Based on review of these studies data we were be able to
include total of 19 IEM specific studies 8 with CH and 11
mentioning about various forms of IEM in a single article.
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Out of 19 studies related to IEM five were regarding congenital adrenal hyperplasia (CAH) mainly focusing about
the diagnosis, research and management based findings.
Eight studies were about lysosomal storage disorders,
three were about carbohydrate storage disorders including Galactosemia, Glycogen storage disorders, Fructose
1, 6, Bisphosphate. Two studies specifically mentioning
about organic acidemia and one about disorders of aminoaciduria. Total numbers of patients mentioned in various studies were found to be around 313. Out of which
78 patients with carbohydrate storage disorder, 66 with
lysosomal storage disorder, 47 with organic acidemia and
aminoaciduria and 122 with congenital adrenal hyperplasia. In almost all studies biochemical analysis was
discussed to reach the diagnosis but significant delay in
diagnosis was due to lack of specific diagnostic facilities. Eleven studies specifically mentioned about the use
of genetic test for research purpose. Few basic genetic
based diagnostic tests done in Pakistan like PCR, RFLP.
But sequencing based data mentioned in studies usually obtained from the international labs working in collaboration with academic institutions. None of the study
mentioned regarding the availability or use of advance
forms of management options like gene editing etc.
(Table 1).
8 studies specifically discussed about congenital hypothyroidism. Seven were on biochemical profile of patients
and in one survey tool was designed and implemented to
collect data from 400 multiparous women. Number of
Patients with congenital hypothyroidism tested through
biochemical analysis was 212. None of these studies mentioned about genetic tests use and availability for patients
with CH (Table 2).
In 11 studies disorders were investigated with the aim
to find about various varieties of IEM. Total number of
patients were about 536 including 188 patients from various types of carbohydrate storage disorders like Galactosemia, Glycogen storage disorders, 188 with Lysosomal
storage disorders including Mucopolysaccharidosis. 220
with organic acidemia, 64 with Aminoacid disorder, alkaptnuria, tyriosinemia. 4 were with congenital adrenal
hyperplasia, 7 with FA oxidation and Carnitine defect, 7
with Ketogenesis and ketolytic defect and 19 with various
forms of IEM. Biochemical Analysis was done in all while
genetic analysis was not available in any study (Table 2).

Discusssion
According to this data we can say that access to Screening is primarily available at a cost from private laboratories within Pakistan and abroad [5, 10, 11]. Through
tandem-MS technology we can simultaneously test for
more than 40 disorders. Conventional methods help us to
diagnose common disorders like CH, congenital adrenal
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hyperplasia (CAH) and Galactosemia etc. DNA based
testing is not freely available for screening and diagnosis. Few research institutes in Pakistan are working with
international collaboration and they are offering genetic
tests for few common disorders wherein causal gene is
already known [12–17]. But for a proportion of IEM, the
causal gene or the mutations in various genes remain to
be identified in our ethnic population and thus newborn
screening (NBS) program encompasses a strong research
component as well [5].
In Pakistan earliest reports of IEM have been far and
rare and mostly based on testing newborns with suspicion of IEM or referred to tertiary care centers for intensive care. Some studies included group of subjects who
were tested for intellectual disability (Tables 1, 2) [11]. A
number of studies from different centers and universities
in Pakistan have considered the Pakistani population in
the last 15 years for biochemical and genetic analysis and
have diagnosed congenital hypothyroidism (CH), condential adrena hyperplasia (CAH), carbohydrate storage
disorders, lysosomal storage disorders and organic acidemias (Tables 1, 2). These disorders have been tested at
a number of centers, and samples mostly collected from
intensive care departments, pediatric units and from
hematology units of tertiary care hospitals in Pakistan
including Karachi, Lahore, Islamabad, Peshawar and
Faisalabad. Mostly patients referred to these centers for
diagnosis and better management [5, 12–15] (Tables 1,
2). It is apparent from the data compiled and presented
that there is a need for establishing/identifying reliable
labs for biochemical testing and genetic confirmation and
taken together, warrant formulation of a standard protocol for testing and follow up of IEM positive cases in the
country.
In summary, the present findings suggest that expanded
NBS for all treatable and untreatable IEM is carried out at
a very few centers in the country; NBS for common treatable conditions namely CH and few organic academia
are being carried out in a limited number of hospitals at
a few places such as Islamabad, Karachi and Faisalabad
in pediatric cohorts with index of suspicion of IEM [5, 8,
10, 11]. Patients are tested on referral at several hospitals/
private testing labs in the country; but epidemiological
data for all the testable or untreatable IEM in Pakistan
are not yet available.

Conclusion:
Keeping the genetic landscape of the Pakistani population (for example diversity) combined with socio-cultural
practices (for example consanguinity), the need to carry
out systematic prospective expanded screening for IEM
in each of the Pakistani province to identify the prevalent disorders is imminent. Finally, ongoing and future

Page 9 of 10

prospective studies in Pakistan will be useful with moderate sample size in the country which will provide the
much needed epidemiological data for this large group
of genetic disorders. In future we must try to overcome
challenges of IEM in our country including new born
screening (NBS). Findings from these studies from different regions of Pakistan will help Pakistan’s health policy
makers to mandate universal and expanded NBS in different provinces in the country.
Abbreviations
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hypothyroidism; CAH: Congenital adrenal hyperplasia.
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