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We investigated the incidence of seventeen inherited metabolic and endocrine disorders in 
the Eastern and Jawf Provinces of Saudi Arabia as part of the Saudi National Newborn 
Screening Program. A retrospective study was conducted between 1st January 2013 and 
31st July 2017; all newborns from 20 MOH hospitals in Eastern and (North-western) 
Jawf Provinces were screened during the study period. Heel prick dry blood spot samples 
were obtained from all newborns for biochemical and immunoassay testing. Results were 
compared with other regional, national, and international studies. The total number 
of newborn babies screened was 199143, of which 264 were positive. This represents an 
incidence of 1:754.3 live births. The most frequently detected were very long chain acyl-CoA 
dehydrogenase deficiency (62 cases out of 199143, incidence 1:3211) followed by congenital 
hypothyroidism (59 out of 199143, incidence 1:3375) and congenital adrenal hyperplasia (25 
out of 199143, incidence 1:7965), phenylketonuria (18 out of 199143, incidence 1:11063), and 
the least common was beta-ketothiolase deficiency (0 out of 199143, incidence 0).

Conclusion: The incidence of these seventeen inherited metabolic and endocrine disorders 
in Eastern and Jawf Provinces is amongst the very highest in the world, attributable to 
high rates of consanguineous marriage. The incidence of VLCAD is especially high and 
largely restricted to the Alsherarat tribe in Jawf Province. Of all the towns in Eastern and 
Jawf Provinces Al-Ahsa has the highest incidence of these inherited disorders. Comparison 
with other national studies uncovered geographical differences in the incidence of certain 
inherited metabolic disorders.
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Introduction
The aim of Newborn Screening (NBS) is the early 
detection and treatment of clinically important disorders 
such as Inborn Errors of Metabolism (IEM) in order to 

minimize morbidity and mortality in early childhood. 
In recent times, with the development of electrospray 
Tandem Mass Spectrometry (TMS), it has become possible 
to use a single test to screen for a wide range of rare but 
clinically significant disorders that have not been screened 
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for previously [1]. Requiring only a few drops of blood 
from the newborn, TMS allows for rapid simultaneous 
analysis and detection of a broad variety of metabolic 
diseases including amino acid, organic acid and fatty 
acid defects, in addition to endocrine disorders and even 
hemoglobinopathies [1-3].

The Saudi National Newborn Screening Program 
(NNBS)4 was launched in August 2005 by the Saudi 
Ministry of Health (MOH) with its main objective to 
assess the incidence of the seventeen most common IEM 
and inherited endocrine disorders nationwide (Tables 1 
and 2 and Figure 1). 

The NNBS Program is organized in three phases. As 
part of phase 2 of the NNBS, data on newborn screening 
for these seventeen disorders are being obtained for the 
Eastern Province of Saudi Arabia. Newborn screening data 
obtained in the eastern and (north-western) Jawf provinces 
between January 2013 and July 2017 are presented and 
discussed in this paper. 

Methods
Data on newborn screening collected between 1 January, 
2013 and 31 July, 2017 were retrospectively analyzed.  

The 17 disorders screened (as decided by the NNBS 
committee, Tables 1 and 2 and Figure 1) were: 

the Aminoacidopathies Phenylketonuria (PKU), 
Argininosuccinate Lyase Deficiency (ASL), Maple 
Syrup Urine Disease (MSUD) and Citrullinemia (CIT); 
The Organic Acid Disorders Propionic Acidemia 
(PA), Methylmalonic Acidemia (MMA), Glutaric 
Academia Type 1 (GA-1), Isovaleric Academia (IVA) 
and 3-Methylcrotonyl-CoA Carboxylase Deficiency (3-
MCC); The fatty acid oxidation defect disorders Medium-
Chain acyl-CoA Dehydrogenase Deficiency (MCAD) and 
Very Long Chain acyl-CoA Dehydrogenase Deficiency 
(VLCAD); The ketogenesis and ketolysis defects 
3-Hydroxy-3-Methylglutaryl-CoA Lyase Deficiency 
(HMG) and Beta-Ketothiolase Deficiency (BKT); The 
Carbohydrate Disorder Galactosemia (GALT); The 
endocrine disorders Congenital Hypothyroidism (CH) and 
Congenital Adrenal Hyperplasia (CAH); and a vitamin 
responsive disorder Biotinidase Deficiency (BTD). These 
disorders can be divided into inherited endocrine disorders 
(CH and CAH) and inherited metabolic disorders (all the 
others).  

All newborns from 20 MOH hospitals in Eastern and 
(North-western) Jawf (also spelt Jouf) Provinces were 
screened during the study period (and this practice 
continues to the present day). For each neonate a blood 
sample was collected by heel prick as a dried blood 
spot (DBS) on filter paper 24 h-5 days after birth, and 

Disorder Marker Number of Positive 
Cases % Positive Cases

Amino Acid Disorders
PKU

MSUD
Citrullinemia

ASL

Phe, Phe/Tyr ratio
Leu/Ileu,Valine

Citrulline
Citrulline, ASA

18
14
12
3

6.8
5.3
4.5
1.1

Organic Acids Disorders

3-MCC
MMA

PA
IVA
GA-I
HMG
BKT

C5OH
C3
C3
C5

C5DC, C5DC/C5OH, C5DC/C8
C5OH, C6DC
C5:1, C5OH

15
9
5
8
8

1
0

5.6
3.4
1.8
3.0
3.0

0.3
0

Fatty Acid Oxidation Disorders
MCAD
VLCAD

C6, C8, C10
C14, C14:1, C14:2, C14:1/C16 ratio

2
62

0.75
23.4

Congenital Hypothyroidism
TSH, T4 59 22.3

Congenital Adrenal Hyperplasia
17 hydroxy progesterone 25 9.4

GALT
GALT enzyme 14 5.3

Biotidinase Deficiency
Biotidinase enzyme 9 3.4

Table 1. Frequencies of inherited metabolic and endocrine disorders in the study group (2013-2017) and markers tested 
for each disorder
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Cut-off levels for each analyte tested were established 
using population data and data obtained from retrospective 
samples with proven disorders (Table 3).

Organic acids and amino acids were measured by MS/
MS and reconfirmed by MS/MS or amino acid analyzer 
or gas chromatography (urine samples). GSP was used 
for measuring biotidinase enzyme and GALT enzyme and 
reconfirmed by GSP. 

Any abnormal result required confirmation by testing 
of a repeat DBS sample for that neonate and further 
confirmation by urine analysis. A second abnormal result 
(on the retest) was then regarded as sufficient evidence 
of a “positive” case. For positive cases the result was 
immediately communicated by Whatsapp, telephone 
and fax to the referring hospital so that any management 
measures could be started urgently.

Results
During the period 1 January, 2013-31 July, 2017 the total 
number of newborn babies screened was 199143, of which 
264 were positive. This represents an incidence of 1:754.3 
and cumulative incidence of 132.5 per 100,000 live births.

Tables 1 and 2 and Figure 1 show the frequency and 
incidence of each of the 17 screened disorders studied.

Out of the 17 disorders screened the most frequently 
detected were very long chain acyl-CoA dehydrogenase 
deficiency, VLCAD (62 cases out of 199143, incidence 
1:3211) followed by congenital hypothyroidism, CH (59 
out of 199143, incidence 1:3375) and congenital adrenal 
hyperplasia, CAH (25 out of 199143, incidence 1:7965). 
With the exception of the inherited metabolic disorder 
VLCAD, the inherited endocrine disorders as a group 
(CH and CAH) were the most frequently detected. Of the 
remaining disorders phenylketonuria (PKU) was the most 

analyzed by tandem mass spectrometry (API 3200 
LC/MS/MS system by AB Sciex) and flurometric 
immunoassay (2021 Genetic screening processor – GSP 
–by PerkinElmer). 

A PerkinElmer 226 collection device was used to collect 
and transport blood specimens (DBS) to the laboratory. 
NHS guidelines were followed for heel prick sampling, 
and blood spots were collected on PerkinElmer 226 
filter paper cards in accordance with the manufacturer’s 
instructions. The sample collection card for each test 
subject was filled out with pertinent demographic details 
for neonate and mother, i.e., name, d.o.b. ID numbers. 

No. Disease No. of positive 
cases Incidence

1 VLCAD 62 1:3211
2 CH 59 1:3375
3 CAH 25 1:7965
4 PKU 18 1:11063
5 3-MCC 15 1:13276
6 GALT 14 1:14224
7 MSUD 14 1:14224
8 CIT 12 1:16595
9 MMA 9 1:22127
10 BTD 9 1:22127
11 IVA 8 1:24892
12 GA-1 8 1:24892
13 PA 5 1:39828
14 ASL 3 1:66381
15 MCAD 2 1:99571
16 HMG 1 1:199143
17 BKT 0 0

Total 264 1:754

Table 2. Incidence of each screened disorder

Figure 1. Number of positive cases of screened disorders

MSUD: Maple Syrup Urine Disease; PKU: Phenylketonuria; ASL: Arginisuccinate Lyase Deficiency; CIT: 
Citrullinemia; HMG: 3-Hydroxy 3-Methylglutaryl-Co Alyase Deficiency; BKT: Beta-Ketothiolase Deficiency; MMA: 
Methylmalonic Academia; PA: Propionic Academia; IVA: Isovaleric Academia; GA-1: Glutaric Academia Type-1; 
3MCC: 3-Methylcrotonyl-CoA Carboxylase Deficiency; MCAD: Medium-Chain acyl-CoA Dehydrogenase deficiency; 
VLCAD: Very Long-Chain Acyl-CoA Dehydrogenase Deficiency; CH: Congenital Hypothyroidism; CAH: Congenital 
Adrenal Hyperplasia; GALT: Galactosemia; BTD: Biotidinase Deficiency
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frequent (18 out of 199143, incidence 1:11063), and the 
least common was beta-ketothiolase deficiency, BKT (0 
out of 199143, incidence 0), all the other disorders being 
intermediate in frequency between these.

Table 4 shows a comparison of the current study findings 
with other similar regional and international studies. A 
study from Riyadh, Saudi Arabia, in 2017 [4] investigated 
16 disorders, all of which were also covered in our 
current study, our seventeenth disorder being VLCAD. 
In their study with sample size 775,000 they found an 
overall incidence of their screened 16 inherited disorders 
of 1:1443, cumulative incidence 95.8/100,000, the most 
frequently detected disorders being CH and CAH with 
incidences of 1:7175 and 1:7908, respectively. PA was 
their most common inherited metabolic disorder with 
an incidence of 1:14090. Another study from Riyadh in 
2016 looked at samples from 110601 neonates in which 
14 inherited disorders investigated were common to 
our current study [5]. They did not include the inherited 
endocrine disorders CH and CAH in their study, but 
theirs was the only report–other than our own–that 
investigated the incidence of VLCAD. They found an 
overall incidence of their screened disorders of 1:1813, 
cumulative incidence 55.1/100,000, the most frequently 

detected disorders being PKU and PA with an incidence of 
1:12289 each. They found VLCAD to have an incidence 
of 1:36867 (while the VLCAD incidence in our study was 
1:3211). Data from two other studies from the Eastern 
Province of Saudi Arabia, both examining smaller sample 
sizes than our own, are also shown in Table 4 [6,7]. The 
Saudi Aramco study reported in 2010 looked at samples 
from 165530 neonates in which 12 inherited disorders 
investigated were common to our current study [6]. They 
did not include the inherited endocrine disorders CH and 
CAH. The overall incidence of their screened disorders 
was 1:2095, cumulative incidence 47.7/100,000, the most 
frequently detected disorders being PKU and GALT with 
an incidence of 1:10345 each. The study from Al Ahsa 
reported in 2011 looked at samples from 37168 neonates 
in which 11 inherited disorders investigated were common 
to our current study including CH and CAH [7]. The 
overall incidence of their screened disorders was 1:701.2, 
cumulative incidence 142.6/100,000, the most frequently 
detected disorder being 3-MCC with an incidence of 
1:2859 followed by CH and biotinidase deficiency (BTD) 
each with an incidence of 1:3097. Data of two studies 
from outside Saudi Arabia (British Columbia, Canada and 
Oman) are also shown in Table 4 [8,9]. The Joshi et al. 
[9] study reported in 2002 looked at samples from 127500 
neonates in which 9 inherited disorders investigated 
were common to our current study. They did not include 
the inherited endocrine disorders CH and CAH. The 
overall incidence of their screened disorders was 1:6071, 
cumulative incidence 16.7/100,000, the most frequently 
detected disorder being PPA with an incidence of 1:31875 
followed by PKU, ASL, CIT and HMG each with an 
incidence of 1:42500. The Canadian study reported in 
2000 looked at samples from 1142912 neonates in which 
12 inherited disorders investigated were common to our 
current study [10]. They did not include the inherited 
endocrine disorders CH and CAH. The overall incidence of 
their screened disorders was 1:5218, cumulative incidence 
19.1/100,000, the most frequently detected disorder being 
PKU with an incidence of 1:13289 followed by GALT 
with an incidence of 1:71432. 

Table 5 shows the geographic distribution of the positive 
cases. Cases of the three commonest disorders in our 
study- VLCAD, CH, CAH – were from both Eastern 
and Jawf Provinces, while all cases of PKU were from 
Eastern province. Fifty-three of the 59 cases of CH were 
from Eastern Province (Al Ahsa 3, Dammam 11, Hafer 6, 
Qatif 3, Jobail 3) and 6 CH cases were from Jawf Province 
(Sakakah 4, Dumat Al-Jandal 2). Twenty-four of the 25 
cases of CAH were from Eastern Province (Al Ahsa 9, 
Dammam 7, Hafer 7, Qatif 1) and 1 CAH case was from 
Jawf Province (Sakakah). All 18 cases of PKU were from 
Eastern Province (Dammam 10, Qatif 5, Al Ahsa 2, Hafer 
1). Fifty-one of the 62 cases of VLCAD were from Northern 
Jawf Province (Tabargal 32, Dumat Al-Jandal 15, Sakakah 
4) and 11 VLCAD cases were from Eastern Province 
(Dammam 5, Khafji 2, Qaif 1, Al-Ahsa 1, Hafer 1, Jubail 1).

Method Analyte Cut-off for repeat 
sample ≥

kkkMSMS
Aminoacids

Phe
Phe:Tyr

Val
Leu,IsoLeu

Leu:Ala
Leu:Phe

Cit
Cit:Arg

ASA

150
2

300
290
1.28

5
85
15
0.6

Acylcarnitines C5OH
C5:1
C3

C3:C2
C3:C16

C5
C5:C2
C5:C3
C5DC

C6
C8
C10

C8:C10
C14

C14:1
C14:1C16

0.8
0.5
7

0.2
2

1.5
0.05
0.7
0.8
0.5
0.35
0.37

3
1:1
0.75
0.25

GSP
(Genetic Screening 

Processor)

17-OH
TSH

GALT
BTD

55
20
3.4
39.4

Table 3. Cut-off values per volume of whole blood
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Program Current 
study
Saudi 

Arabia 
(Eastern & 

Jawf) 

Saudi 
Arabia 

(Central & 
Western 

[6])
 

Saudi 
Arabia 

(Central [7])

Saudi 
Aramco
Saudi 

Arabia 
(Eastern [8])

British 
Colombia

Canada [10]

Al Ahsa 
Saudi 

Arabia 
(Eastern 

[9])

Oman [11]

Study Years 2013-2017 2005-2012 2003-2016 1983-2008 1969-1996 2006-2009 1998-2006
Population 199143 775000 110601 165530 1142912 37168 127500

No. of Positive 
Cases 

264 743 61 79 219 53 21

General Incidence 13:34.3 0.76597222 1.30069444 1.49652778 3.66527778 12:41.2 4.25763889
Cumulative 
Incidence 

Rate/100000 LB

132.5 95.8 55.1 47.7 19.1 142.6 16.7

Aminoacidopathy
PKU 1:11063 (18) 1:14245 1:12289 (9) 1:10345 (16) 1:13289 (86) 1:37168 (1) 1:42500 (3)

 MSUD 1:14224 (14) 1:15816 1:22120 (5) 1:13794 (12) 1:571456 (2) Not 
screened

1:127500 
(1)

Urea Cycle Disorders
ASL 1:66381 (3) 1:16847 1:13825 (8) 1:27588 (6) 1:380970 (3) Not 

screened
1:42500 (3)

 CIT 1:16595 (12) 1:17222 1:27650 (4) 1:27588 (6) 1:380970 (3) 1:37168 (1) 1:42500 (3)
Organic Acids Disorders

HMG 1:199143 (1) 1:55357 Not screened Not screened Not screened Not 
screened

1:42500 (3)

BKT 0 1:193750 1:110601 (1) Not screened 1:571456 (2) Not 
screened

Not 
screened

3MCC 1:13276 (15) 1:16847 1:36867 (3) 1:55176 (3) Not screened 1:2859 (13) Not 
screened

 GA-Type I 1:24892 (8) 1:32291 1:36867 (3) 1:55176 (3) 1:380970 (3) 1:37168 (1) Not 
screened

PA 1:39828 (5) 1:14090 1:12289 (9) 1:27588 (6) 1:380970 (3) 1:37168 (1) 1:31875 (4)
MMA 1:22127 (9) 1:15500 1:15800 (7) 0 1:571456 (2) 1:18586 (2) 1:127500 

(1)
 IVA 1:24892 (8) 1:29807 1:110601 (1) 1:27588 (6) 1:571456 (2) Not 

screened
1:127500 

(1)
FA Disorders

MCAD 1:99571 (2) 1:23484 1:110601 (1) 1:82765 (2) 1:571456 (2) 1:7433 (5) Not 
screened

VLCAD 1:3211 (62) Not screened 1:36867 (3) Not screened Not screened Not 
screened

Not 
screened

Congenital 
Hypothyroidism

1:3375 (59) 5.02430556 Not screened Not screened Not screened 1:3097 (12) Not 
screened

Congenital Adrenal 
Hyperplasia

1:7965 (25) 5.53333333 Not screened Not screened Not screened 1:12389 (3) Not 
screened

GALT 1:14224 (14) 1:14245 1:27650 (4) 1:10345 (16) 1:71432 (16) 1:18584 (2) 1:63750 (2)
Biotidinase 
deficiency

1:22127 (9) 1:21527 1:36867 (3) 1;55176 (3) 1:228582 (5) 1:3097 (12) Not 
screened

Table 4. Comparison of the frequency of inherited metabolic and endocrine disorders with other retrospective population 
based studies
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In terms of the geographical distribution of these inherited 
disorders as a group, the town/city with the highest number 
of cases was Al-Ahsa (88/264) followed by Dammam 
(72/264) and Tabargal (33/264).

Discussion
This study provides the largest set of results for the 
incidence of inherited metabolic and endocrine disorders 
in the Eastern and North-western Jawf Provinces of Saudi 
Arabia (199143 new-borns screened). Retrospective 
analysis of the results from all newborns from 20 MOH 
hospitals in Eastern and Jawf Provinces during the period 
1 January 2013 to 31 July 2017 was carried out. The 
screening of this cohort formed part of phase 2 of The 
Saudi National Newborn Screening Program (NNBS), a 
program launched in August 2005 and expected in three 
phases to cover the entire Kingdom of Saudi Arabia. The 
largest region is Eastern Province covering an area of 
approximately 673 000 sq. km (Figure 2). The population 
of Saudi Arabia is about 31 million with a growth rate of 
3% and live births are estimated at 569 000 neonates per 
year [10,11].

The current study examined data from 199143 neonates. 
The general incidence of inherited metabolic and endocrine 
disorders was 1:754.3 and the most frequently detected 
disorders were VLCAD, CH, CAH and PKU.

Other similar studies from the eastern province of Saudi 
Arabia include the Saudi Aramco study (165530 newborns 
screened) and the Al-Ahsa study (37168 newborns 
screened) [6,7]. The current study investigated a higher 
number of newborns (1,99,143) than either of these two 

studies, our cohort numbers being significantly higher 
than the Al-Ahsa study and higher but comparable to the 
Saudi Aramco study.

Comparison of data from the seven studies shown in Table 
4 demonstrates that the incidence of inherited metabolic 
and endocrine disorders is significantly higher in Saudi 
Arabia than other parts of the world (regional and wider 
international). Furthermore, within Saudi Arabia, there 
appears to be a geographical difference in the incidence of 
these disorders with higher incidences seen in the Eastern 
and Northern-western Jawf Provinces (current study and 
Al Ahsa study in particular) compared to Central and 
Western Provinces (two studies from Riyadh) [4,5]: The 
approximate incidence of 1:700 in Eastern and Northern 
Jawf Provinces as revealed by the current study and the 
Al Ahsa study is significantly higher than the incidence 
of 1:1043 for Central and Western Provinces [4,7]. In 
comparison with data from countries outside the Gulf and 
Middle East, our data shows that the incidence of these 
disorders in Eastern and Jawf Provinces of Saudi Arabia 
(1:754) is considerably higher than Canada (1:5218), 
Australia (1:4500) and USA (1:1792) [8,12,13]. In 
comparison with other Gulf countries our figures are again 
significantly higher than Oman (1:6071), Qatar (1:1327) 
and UAE (1:1047) [9,14,15].

From these data it can be concluded that the incidence 
of inherited metabolic and endocrine disorders in Saudi 
Arabia and in particular the Eastern and North-western 
Jawf Provinces of Saudi Arabia is among the highest in 
the world (as compared with published data from other 
countries). 

# Diseases

Eastern Provence
(Region)

AlJawf Provence
(Region) Total

Dammam Qatif Al 
Ahsa

Qarea 
alolya Kufji Hafr

albaten Jubail Sakakah Dumat Al-
Jandal Tabargal

1 MSUD 3 1 10 14
2 PKU 10 5 2 1 18
3 ASL 1 1 1 3
4 CIT 4 1 5 2 12
5 HMG 1 1
6 BKT -
7 MMA 8 1 9
8 PA 4 1 5
9 IVA 6 1 1 8

10 GA 3 5 8
11 MCC 2 13 15
12 MCAD 2 2
13 VLCAD 5 1 1 2 1 1 4 15 32 62
14 CH 11 3 30 6 3 4 2 59
15 CAH 7 1 9 7 1 25
16 GALT 4 1 3 1 1 3 1 14
17 BTD 1 6 1 1 9

Total 72 14 88 1 2 18 4 13 19 33 264

Table 5. Geographic distribution of positive cases
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The reason for this can be attributed in large part to 
consanguineous marriages between relatives as close as 
first cousins. Consanguineous marriages are common in 
Saudi society and are estimated at 51 to 56% of which 
around 30% are between first cousins [16-18]. As a 
result of these high rates of consanguinity there is a high 
prevalence of autosomal recessive genetic disorders in 
Saudi Arabia including IEMs. 

Explaining the high rates of consanguinity in Saudi 
Arabia is the fact that Saudi Society is and has historically 
always been divided on the lines of tribes and clans. 
As a consequence of this there is a strong tendency for 
marriages to occur between same tribe/same clan members 
hence concentrating abnormal alleles in multiple small 
cohorts of the population and increasing the incidence of 
inherited/genetic disorders. 

As borne out by our data there is a clear and significant 
difference between the incidence of these inherited 
disorders within Saudi Arabia, with a greater incidence in 
Eastern and North-western Jawf Provinces compared to 
other provinces notably Central and Western Provinces. 
We propose that this can be explained by two main 
reasons: a. increased consanguinity as a result of even 
greater and complex tribal divisions leading to higher 
levels of concentration/pooling of abnormal alleles in 
even more small cohorts of the population than in the rest 
of Saudi Arabia; b. greater religious diversity in Eastern 
Province compared to the rest of Saudi Arabia. Saudi 
Arabia is mostly a society of Sunni Muslims, as many 
as 97% of Saudi citizens are Sunni [19]. The remaining 
3% of Saudi citizens belong to the minority Shia (Shiite) 
sect. However, in Eastern province the proportion of Shia 
is much higher around 24%, and in some areas such as 
Al Ahsa and Qatif Shia Muslims are in the majority [19]. 
This in turn provides an additional tier to consanguinity in 
the Eastern Province, as marriages will not only be within 
tribes but also within religious sects leading to higher 
levels of concentration/pooling of abnormal alleles in even 
more small cohorts of the population than in the rest of 

Saudi Arabia which has a larger Sunni majority (and less 
diversity of religion). Sunni-Shia mixed marriages are rare. 
Based on this within Eastern Province one would expect 
to see higher incidences of inherited genetic disorders in 
towns/areas with significant Shia populations and this is 
indeed the case, especially in Al Ahsa the single town with 
the largest number of positive cases (88/264, 33%).

The Oman data are very interesting. Oman, even though it 
is a geographical neighbor of Saudi Arabia and like Saudi 
Arabia is an Arab country, has a much lower incidence 
of IEMs. In part, this can be attributed to lower levels of 
consanguinity in Oman compared to Saudi Arabia. While 
the proportion of consanguineous marriages among Saudis 
is as high as 56% the figure for Omanis is around 30% and 
even then most are between relatives more distant than 
second cousins [20]. There is also greater ethnic diversity 
among the Omani population as a result of immigration 
from mainly South Asia over the past five centuries. 
Mixed marriages between people of Arab and Indian and 
mixed ethnicities have taken place as a matter of routine 
for centuries, thereby diluting the pool of abnormal alleles 
and consequently reducing the incidence of inherited/
genetic disorders.

Examination of Table 4 reveals patterns in relation to the 
most commonly detected disorders in the different regions 
and countries described. If VLCAD is excluded from the 
analysis for the time being (the special case of VLCAD is 
discussed below), the most common inherited metabolic/
endocrine disorders in Saudi Arabia (in all provinces 
investigated) are the inherited endocrine disorders CH and 
CAH. The most common inherited metabolic disorders 
in Central and Western Provinces of Saudi Arabia are 
propionic acidemia (PA) and PKU, while in Eastern and 
Jawf Provinces they are PKU, galactosemia (GALT) 
and 3-Methylcrotonyl-CoA Carboxylase Deficiency (3-
MCC). These data therefore illustrate another interesting 
difference between Central/Western provinces of Saudi 
Arabia on the one hand and eastern/northern provinces on 
the other hand in that PA appear to be relatively common 

Figure 2. Map showing eastern province
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in Central/Western Saudi Arabia and relatively uncommon 
in Eastern/Northern Saudi Arabia. Furthermore, 3-MCC 
is relatively common in Eastern Province and relatively 
uncommon in Central/Western provinces. Indeed, 
within Eastern Province cases of 3-MCC appear to be 
concentrated in Al Ahsa (13 of the 15 cases of 3-MCC in 
our study were from Al Ahsa, Table 5) and 3-MCC was the 
most frequently detected inherited metabolic/endocrine 
disorder in the Al Ahsa study, even more common than 
CH and CAH [7].

VLCAD was the most frequently detected disorder in 
our study covering Eastern and Jawf Provinces, even 
more common than each of CH and CAH. It was also the 
only disorder which was more commonly encountered in 
Jawf province than Eastern Province, and mostly in the 
Jawf towns of Tubarjal (near the Jordanian border) and 
Dumah Al Jandal. The only other study that reported 
VLCAD incidence was the one from King Abdul-Aziz 
Medical City, Riyadh, Saudi Arabia, which reported an 
incidence of VLCAD in Central/Western Provinces of 
1:36867 compared to our much higher VLCAD incidence 
for Eastern/Jawf provinces of 1:3211. In terms of Jawf 
Province alone the incidence of VLCAD is 1:439. The 
incidence of VLCAD in Jawf Province in particular is 
very high, and must be one of, if not, the highest in the 
world. Comparison incidence figures for VLCAD in the 
USA are approximately 1:40 000 [21]. In Jawf VLCAD is 
mostly prevalent within the Alsherarat tribe which carries 
a high frequency of the abnormal gene for VLCAD [22]. 
The Alsherarat tribe is mostly localized to certain parts of 
Jawf Province, and this explains the very low incidence of 
the disorder in other parts of Saudi Arabia [22-25].

Conclusion and Recommendation
In order to reduce the incidence of these disorders that cause 
significant morbidity the rates of consanguinity must be 
significantly reduced. Pre-marital screening must continue 
and the introduction of high-school carrier testing for the 
most common genetic disorders should be considered. 

VLCAD incidence in Jawf is the highest in Saudi Arabia 
and one of the highest in the world. Further studies are 
required and planned to determine the frequency of the 
abnormal allele in the Alsherarat tribe and in the Saudi 
population as a whole.

Compliance with Ethical Statement
Screening of newborn babies for these 17 disorders is an 
obligatory requirement set by the Saudi MOH, without 
which a birth certificate cannot be issued to the parents. 
Therefore, as our study required analysis of data from 
MOH sanctioned routine procedures we were not required 
to obtain informed consent or ethics approval.
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