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Abstract

Background: Inborn errors of metabolism (IEM) are disorders caused by genetic mutations of the normal metabolic pathways.
Objectives: The aim of this study was to investigate clinical findings and laboratory tests for IEMs to determine a proper clinical
and laboratorial approach to these disorders.
Methods: This descriptive study involved 180 patients with suspected IEM at the children’s medical center (CHM) in Tehran. The
patients’ information was recorded in special forms, and three levels of examinations were performed. Data were subjected to
frequency, percent, and chi square tests using SPSS version 17.
Results: The study sample included 87 (48.3%) female patients and 93 (51.7%) male patients. The most common (20%) clinical presen-
tation of patients with IEMs was poor feeding or failure to thrive, and the frequency of the condition in children younger than age 1
year was approximately 35%. Eighty percent of patients received a definitive diagnosis by the first and second level of examination.
The most common (17%) disorders were proponic acidemia, methylmalonic acidemia (14%), and urea cycle disorder (14%).
Conclusions: Considering the non-specific primary presentation of IEMs and the importance of clinical diagnosis other than spe-
cific laboratory tests, it is necessary to develop a general guide for an approach to IEM that provides appropriate management for
high-risk families and infants.
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1. Background

Inborn errors of metabolism (IEM) are disorders
caused by genetic mutations which block the normal
metabolism of complex molecules. The number of IEMs
in humans known to be attributed to inherited enzyme
defects in normal metabolic pathways exceeds 500 (1).
IEMs cause different signs and symptoms, such as like
metabolic acidosis, nausea, failure to thrive, and devel-
opmental delays, and physical manifestations, such as
cardiomegaly, skeletal dysplasia, and encephalopathy (2,
3). The age of the manifestation of symptoms varies from
early childhood to adulthood (4). Although each disorder
is rare, the aggregate rate of IEM is significant, at 1 of every
500 births (5). Among children with mental disabilities,
the rate of IEM is approximately 5.75% (6).

The wide spectrum of clinical manifestation of IEMs
and the complexity of the diagnosis challenges clinicians
(7). In many cases, prevention of mortality and neurologic
sequelae depends on early diagnosis and proper treatment
at an early age (8). Recent advances in laboratory meth-
ods, pre-birth screening, and early diagnosis and treat-

ment have significantly reduced the morbidity and mor-
tality rates (9-11). The most common disorders are Wilson’s
disease, glycogen storage disease, mucopolysaccharidosis,
and galactosemia (12).

IEMs are single-gene disorders as a mutation in one
gene blocks some points along the metabolic pathways.
Inheritance of these defects is often autosomal recessive
(13), although other types of inheritance have been docu-
mented (e.g., autosomal dominant, X-related) (14). How-
ever, the prevalence of IEM is higher in countries where the
practice of cousin marriage is common, and children in-
herit 1.4 to 1.8 of parents’ genes (15). In Iran, the rate of
cousin marriage is higher than in other countries, so the
incidence of IEMs might be higher but has not been esti-
mated yet. At the same time, there is no united approach to
IEM, and patients with inappropriate diagnosis are treated
imperfectly. The statistics for inherited metabolic disor-
ders and the long-term potential for them in Iran indicate
the need for more accurate studies on the incidence, com-
mon manifestations, appropriate approach, and ways to
reduce IEMs.
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2. Objectives

The aim of this study was to investigate clinical find-
ings and laboratory tests concerning IEMs to determine a
proper clinical and laboratorial approach to the disorders.

3. Methods

This descriptive study involved patients with sus-
pected IEMs who had not received a definitive diagnosis
and were referred to the children’s medical center (CHM)
in Tehran from 2011 to 2013. The cumulative prevalence of
IEMs in individuals younger than age 20 years is approxi-
mately 40 in 100,000 births (7). The estimated sample size
according to the formula was about 60 patients. To gain
this sample size, the number of suspected patients in the
study should be three times larger, or 180.

The inclusion criteria were cousin marriage; family his-
tory of IEM; history of sudden unknown death in the fam-
ily; history of psychological disorders; seizures; unreason-
able decreases in blood sugar; encephalopathy; protein
intolerance; self-harm behaviors; sepsis without the risk
factor of an infection and severity of symptoms inappro-
priate for the type of infection; dysmorphy and develop-
mental delays; ocular defects, such as cataracts and pig-
mented retinopathy; secondary respiratory distress due to
unknown metabolic acidosis; respiratory alkalosis accom-
panied by neural disorders; hypertrophic cardiomyopa-
thy; repeated vomiting; nausea; malnutrition; failure to
thrive; hypertrophy of the liver and spleen; cirrhosis; liver
failure; obstructive jaundice; kidney stones in children;
urine with an unusual odor; chronic muscular weakness
and pain; ichthyosis; photosensitivity; attacks of lethargy;
changes in consciousness; mental disabilities; irritability;
coma; developmental delays, especially a lack of neuro-
logic or psychologic development in adolescents or chil-
dren older than 5 years; structural anomalies in brain; hy-
potonia and hypertonia; apnea; and laboratory tests for hy-
poglycemia; hyperammonemia; acidosis; increased level
of amino acids and organic acids; and reduced substance
levels in urine.

The exclusion criteria were parents’ refusal, diagno-
sis of non-metabolic disease in primary tests, and lack of
follow-up by parents. The incidence of inherited metabolic
disorders differs by the age at which symptoms (16), so
quota sampling was performed in children younger than
15 years old. Demographic information and laboratory test
results were recorded in special forms.

After selection of patients according to these criteria
and obtaining consent to participate in the study, three lev-
els of examination were performed (17). First-level exam-
inations consisted of clinical examination, genetic coun-

seling to check the family history, drawing the family tree,
and estimating the first level of laboratory tests (Table 1).
Patients diagnosed with any disorder other than IEM were
excluded from the study.

Table 1. Laboratory Examinations in Patients With Suspected IEMs

Level Laboratory Examinations

First level

Complete blood count

Electrolytes and serum uric acid

Anion gap

Arterial blood gases

Blood glucose

Plasma ammonia and arterial blood

Liver function tests

Urine reducing substances

Urine ketones

CSF lactate

Second level

Urinary organic acids

Urinary amino acids

Plasma uric acid

Plasma amino acids

Acyl carnitine profile

Biotinidase assay

CSF amino acid analysis

Third level
Enzyme assay in blood cells or skin fibroblast

DNA mutation assay

The second level of examinations consisted of more ac-
curate, complementary laboratory tests used to diagnose
the exact type of IEM. Finally, diagnoses were verified by
the third level of laboratory tests, which consisted of en-
zymatic and genetic assessment.

Data were analyzed using SPSS version 17. Chi-square
and Fisher exact tests were used to assess qualitative vari-
ables.

All the procedures were performed in accordance with
the ethical standards of the responsible institutional and
national committees on human experimentation and with
the Helsinki Declaration of 1975, as revised in 2000. In-
formed consent for inclusion in the study was obtained
from all patients.

4. Results

The present study involved 180 patients with suspected
IEMs, including 87 (48.3%) female and 93 (51.7%) male pa-
tients. Sixty (33.3%) patients received definite diagnoses of
IEMs. In all, 102 (61.2 %) patients were younger than 1 year
old, and the rest were older. Table 2 shows the descriptive
characteristics of the patients. The most common clinical
manifestations in patients with a verified diagnosis of IEM
were poor feeding or failure to thrive (20%) and lethargy or
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coma (16.7%). Figure 1 shows the frequency of clinical signs
and symptoms of IEMs in this study. Definitive diagnoses
were made in 43 (80%) patients by general tests (first and
second level) and in the rest of patients (20%) by more spe-
cialized tests.

Table 2. Descriptive Statistics of Patients With Suspected IEMs

Characteristics No. (%)

Gender

Female 87 (48.3)

Male 93 (51.7)

Age

< 1 109 (61.2)

1 - 5 51 (28.7)

5 - 10 13 (7.3)

10 - 15 4 (2.2)

> 15 1 (0.6)

Laboratory Tests

First level 63 (37.3)

Second level 88 (52.1)

Third level 18 (10.7)

The clinical manifestations of disorders and the test
results for male and female patients of different ages
were not significantly different. However, in the patients
younger than 1 year old, who were the largest group (50%),
one-third (34.2%) of primary clinical presentations were
poor feeding or failure to thrive. Seizures (14%) and hypo-
tonia or hypertonia (12%) were the second and third most
common clinical presentations. In patients older than 1
year, the most common clinical presentations were skele-
tal malformations and dysmorphic features.

Episodic decompensation, poor feeding or failure to
thrive, splenomegaly and hepatosplenomegaly occurred
more frequently in female patients than male ones. Skele-
tal malformations, dysmorphic features, lethargy or coma,
and abnormal hair and/or dermatitis occurred more fre-
quently in male patients (Figure 2). In this study, the most
prevalent IEMs were propionic acidemia (17%), methyl-
malonic acidemia (14%), and urea cycle disorder (14%). Fig-
ure 3 shows the frequency of the different types of IEM in
this study.

5. Discussion

In the present study, the most common clinical presen-
tation of patients with IEMs was poor feeding or failure to
thrive, which had a frequency of 35% in patients younger

than 1 year old. In 80% of patients, diagnoses were estab-
lished by first- and second-level tests. In this study, the
most common disorders were propionic acidemia, methyl-
malonic acidemia, and urea cycle disorder. Other studies
have also reported propionic acidemia and methylmalonic
acidemia as the most prevalent disorders (18).

During infancy, most IEMs are accompanied by non-
specific symptoms that are not effective in diagnosis, and
an accurate diagnosis can only be obtained by conduct-
ing more specialized laboratory tests. In general, IEMs are
categorized in three groups according to clinical presenta-
tion. The first group includes cases with disturbances in
the catabolism or synthesis of complex molecules. The re-
sulting disorders are progressive, permanent, and not re-
lated to alimentary ingestion.

The second group consists of errors in the interme-
diary metabolism that result in acute and recurrent in-
toxication from the aggregation of blocked toxic metabo-
lites. The common symptoms and signs are dehydration,
metabolic acidosis, vomiting, and lethargy. The clinical
expression is intermittent, and the disorders worsen over
time and are not related to alimentary ingestion.

The third group is energy deficiency diseases that re-
sult from defects in the metabolism of food and the pro-
duction or utilization of energy from food. This group of
disorders has systemic symptoms and signs due to distur-
bances in metabolic pathways, such as energy deficiencies
and the accumulation of toxic metabolites.

IEMs, such as popionic acidemia, methylmalonic
acidemia, and urea cycle disorder, the most common dis-
orders in this study, belong to the second group that can
cause acute, life-threatening symptoms in early infancy.
The disorders are accompanied by protein intolerance, so
they are worsened by breastfeeding. Consequently, the
most important symptoms, especially in younger infants,
are poor feeding and lethargy. This result is confirmed by
other studies (19, 20).

Choudhuri et al found that the predominant symp-
toms and signs of IEMs are poor feeding, failure to thrive,
and feeding intolerance (21). However, in the study by
Jailkhani et al, the most common clinical presentations
were seizures (30%), acidosis, and hypoglycemia (15%) (22).

In this study, 80% of patients were diagnosed by the
first and second group of tests. What is important in the
request for a special test for an IEM diagnosis is the correct
clinical approach and decision by the clinician based on
the symptoms, family history, examination, common lab-
oratory tests, and knowledge of IEMs and their differences
(23). A definitive diagnosis requires specialized enzyme as-
says and the identification of molecular defects, which are
not widely available in clinics. These tests are used when
there is high clinical suspicion of a specific kind of disor-

Iran J Pediatr. 2016; 26(6):e3844. 3

http://ijp.tums.pub


Abbasi F et al.

20

15

10

5

0

Pe
rc

en
t

O
p

ti
c 

Si
gn

 &
 S

ym
p

to
m

A
b

n
or

m
al

 O
d

or

H
yp

ot
on

ia
 o

r
 H

yp
er

to
n

ia

Se
iz

u
re

s

Le
th

ar
g

y 
or

 C
om

a

D
ev

eI
op

m
en

ta
l d

el
ay

,
N

eu
ro

re
gr

es
si

on

H
ep

at
os

p
le

n
om

eg
al

y,
Sp

le
n

om
eg

al
y

A
b

n
or

m
al

 H
ai

r 
an

d
/o

r
D

er
m

 A
ti

ti
s

D
ys

m
or

p
h

ic
 F

ea
tu

re
s,

Sk
el

et
al

 M
al

fo
rm

at
io

n
s

Po
or

 F
ee

d
in

g,
Fa

il
u

re
 to

 T
h

ri
ve

Ep
is

od
ic

D
ec

om
p

en
sa

ti
on

Figure 1. Clinical findings for IEMs
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Figure 2. IEM Clinical Findings by Gender
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Figure 3. Disease type of IEMs

der (24).
Therefore, considering the non-specific primary pre-

sentations and the importance of clinical diagnosis other
than specific laboratory tests, it is necessary to develop a
general guide to approach IEMs that provides appropriate
management for high-risk families and infants.

IEMs represent a wide spectrum of disorders, and their
precise investigation requires more diverse patients. A
larger sample is recommended for future studies.
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