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Background:
Glucose-6-phosphate dehydrogenase (G-6-PD) deficiency is the most common known human
enzymopathy, inherited as an X-linked recessive disorder that primarily affects males. Most people with
G6PD deficiency are asymptomatic, while others manifest with neonatal jaundice and hemolytic anemia
which are usually triggered by an exogenous agent.
Objective:
To determine the prevalence and geographic distribution of glucose-6-phosphatase deficiency in
Pangasinan through newborn screening.
Methods:
This is a retrospective descriptive study of the G6PD deficiency cases in Pangasinan. Records of
newborn screening results of twelve key hospitals in March 2008 were included. The demographic data
such as the town address, sex, date of birth and date of sample collection was noted. The outcome variables include the number of G6PD deficiency cases in Pangasinan, the number of male and female cases
and the G6PD enzyme levels. Descriptive statistics was used and mean values were compared using the
Student’s t-test and statistical package SPSS 13.0 for Windows.
Results:
A total of 4,823 newborn screening results were reviewed and 300 cases were positive for G6PD
deficiency. However, only 246 cases were deemed evaluable. Fifty-four cases were excluded because of
incomplete data. The prevalence rate of G6PD deficiency in Pangasinan is 6.2%. comparable to the
prevalence rate of the disease in the Philippines. Central Pangasinan has the majority of cases with 74%
cases. The prevalence among male infants is 3.59%, similar to the incidence among male Filipinos which
is 3.9%. The male: female ratio of the disease in Pangasinan is 2.4:1.
Conclusion:
Pangasinan has a prevalence rate of G6PD deficiency that is comparable within the Philippines
and the worldwide prevalence of the disease. G6PD screening is recommended in the newborn period
to diagnose the disease and if positive, screening of all members of the family should be done.
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hemolytic rate at baseline are significant independ-

Introduction
Glucose-6-phosphate dehydrogenase (G-6PD) deficiency is the most common known human
enzymopathy. Inherited as an X-linked recessive

ent risk factors for abnormally high cerebral vasculopathy in patients with sickle cell anemia.
G6PD deficiency is most common in Africa,

disorder that primarily affects men, G-6-PD defi- Southeast Asia, Middle East and some areas of the
ciency affects approximately 400 million people Mediterranean, with prevalence rates ranging from
worldwide.
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It is also fully expressed in homozy- 5%-25%. G6PD deficiency is thought to occur in

gous females and variably expressed in heterozy- approximately 50% of Kurdish males, 30% of Sargous males. Most people with G6PD deficiency are dinia males, and 13% of Saudi males. It occurs in
asymptomatic while others manifest with neonatal less than 1% of North Americans, but in 11-14% of
7
jaundice and hemolytic anemia which are usually African-American males. In the Philippines, earlier

studies on G6PD deficiency have shown prevalence

triggered by an exogenous agent.
G6PD deficiency has been shown to confer
protection against severe, life-threatening malaria .
2

Other studies have been done to show that

G6PD also affects other diseases. One such study
by Chao YC et al.3 demonstrates higher infection of
monocytes in G6PD patients with the dengue virus,
which may be important in increasing epidemiological transmission and perhaps with the potential to
develop more severe cases pathogenetically.

A

study by Iranpour R et al 4 studied the prevalence
of G6PD deficiency in relation to neonatal jaundice.
Although only a small percentage of the subjects in

rates of 4.5% to 25.7% 8, mirroring the worldwide
prevalence rate. In fact, Segel cited the Filipinos as
one of the ethnic groups with a significant incidence of the disease and should be tested for the
defect.9 A local study by Dubongco10 showed the
incidence of G6PD deficiency at St. Luke’s Medical
Center as 2.09%. Another local study by Padilla,
Silao, Taku, Kaoru,and Masafumi (2003)8 reveals an
incidence of the disease among male Filipinos at
3.9%. The World Health Organization recommends
screening all newborns in populations with a prevalence of 3 to 5 percent or more in males.11

the study had G6PD deficiency, all deficient neo- Greece is one of the Mediterranean countries cited
nates have no evidence of other factors known to with a high prevalence rate of G6PD deficiency.
cause hyperbilirubinemia. Early detection of the Northern Greece has a much higher prevalence
deficiency was recommended to reduce the risk of rate compared with the general Greek popula12
13
severe hyperbilirubinemia and exchange transfu- tion. Another study by Joško showed a higher

sion. A study by Bernaudin, et al

5

showed that prevalence of G6PD deficiency in Komiza, a town in

G6PD deficiency, absence of alpha-thalassemia and Dalmatia which is south of Croatia than the

general population of the region.

gender.

The Philippines, being one of the Southeast Significance of the Study
Asian countries with a high prevalence rate of

The five heritable conditions included in the

G6PD deficiency, is a fertile ground for studies re- Newborn Screening Program are G6PD Deficiency,
lated to G6PD. One such area of study is to deter- Congenital Hypothyroidism, Phenylketonuria, Gamine if there is a geographical distribution of G6PD lactosemia and Congenital Adrenal Hyperplasia.
within the country, similar to the ones conducted The importance of detecting these five disorders
in Greece and Croatia. Free newborn screening are was recognized when their prevalence in the Philipavailable in certain rural health units in the Philip- pines were established. Eventually, a law was
pines. 15 However, no study has been made to doc- passed to implement the newborn screening sysument the prevalence rate of G6PD in Pangasinan. tem.
Republic Act No. 9288 or The Newborn
The Newborn Screening Center in the National In- Screening Act of 2004 14 was enacted to institutionstitutes of Health, Manila definitely has all the data alize a national newborn screening system that is
from all over the country but a particular study comprehensive, integrative and sustainable, with
aimed specifically at documenting and comparing the objective of ensuring that every newborn has
the prevalence rates of G6PD deficiency in the access to newborn screening for certain heritable
different regions has not been made.

conditions that can result in mental retardation,

Objectives:

serious health complications or death if left unde-

General Objective:
To document the prevalence rate of G6PD
deficiency by newborn screening in Pangasinan
Specific Objectives:

tected and untreated. G6PD deficiency is the most
common human enzyme deficiency in the world.
Knowledge of its prevalence in the province can
help attain local awareness, align and allocate
health resources for its prevention and treatment.

1. To determine the number of G6PD deficiency
cases in Pangasinan by newborn screening.

Glossary

2. To determine the prevalence of G6PD Deficien- Glucose-6-phosphate dehydrogenase(G6PD) - a
cy on the basis of:
A. geographical distribution in Pangasinan
B. gender distribution and ratio

cytosolic enzyme in the pentose phosphate pathway , a metabolic pathway that supplies reducing
energy to cells (such as erythrocytes) by maintaining the level of the co-enzyme nicotinamide ade-

3. To compare the G6PD enzyme levels based on

nine dinucleotide phosphate (NADPH)

Glucose-6-phosphate

dehydrogenase

deficiency Limitations of The Study

(G6PD Deficiency)- an X-linked recessive hereditary

The study results were limited to the data

disease characterized by abnormally low levels of gathered from the twelve hospitals which were
glucose-6-phosphate dehydrogenase (abbreviated chosen because of the availability of the newborn
G6PD or G6PDH), especially important in red blood screening test as part of their services. Moreover,
cell metabolism. Individuals with the disease may majority of the hospitals were taken from Dagupan
exhibit nonimmune hemolytic anemia in response City where newborn screening is commonly availato a number of causes, most commonly infection or ble. Another limitation of the study was the numexposure to certain medications or chemicals.
ber of inclusive years from which the results were
taken, which was of 5 years. An initial review of the
results was done and it was noted that starting SepMaterials and Methods

tember 2004, the G6PD enzyme levels were included in the results. Prior to that, only the words

This is a retrospective descriptive study of
the G6PD deficiency cases in Pangasinan.

“NORMAL” and “DEFICIENT” appear on the results.

Twelve

key hospitals in Pangasinan were included in the
study. Only the results of samples collected from Results
September 2004 to March 2008 were included.

A total of 4,823 newborn screening test re-

The newborn screening results were manually tal- sults were reviewed. There were only 246 cases
lied and the G6PD deficiency positive cases were deemed evaluable out of 300 due to incomplete
entered into the study. G6PD enzyme levels were data entry for fifty-four cases. The prevalence rate
noted as well as demographic data such as the of G6PD deficiency in Pangasinan computed was
town address, sex, date of birth and date of sample 6.2%.This is within the range of the national prevacollection. The outcome variables include the num- lence rate of the disease.
ber of G6PD deficiency cases in Pangasinan, the
Figure 1 shows that Central Pangasinan has
number of male and female cases and the G6PD
the majority of cases as compared to Western and
enzyme levels.
Eastern Pangasinan with 74% cases coming from
Descriptive statistics was used. Mean values this area of the province.
were compared using the Student’s t-test with data
analysis using the statistical package SPSS 13.0 for
Windows.

Figure 1. Distribution of Cases Among the 3 Major Areas in Pangasinan
When subdivided into the province’s six districts (Appendix II), the fourth district has the
most number of cases (Figure 2).
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Figure 2: G6PD Deficiency Distribution Among The 6 Provincial Districts
Dagupan City, which is part of both the fourth district and central Pangasinan, has the highest
number of G6PD deficient infants representing 25.20 % of the cases which may be due to accessibility of
the hospitals and test availability.
The prevalence among male infants is 3.59%, similar to the incidence among male Filipinos which
is 3.9%. Male: female ratio of the disease in Pangasinan is 2.4:1 as shown in the figure below.

Table1. Distribution of cases with G6PD based on

of the country and to the members of the popula-

gender

tion of Mediterranean descent. It is known that

Gender

No. of Cases

Percentage

Africa and the Mediterranean basin are high-risk

Male

173

70.3

areas for the infectious disease malaria. Studies

Female

73

29.70

have shown evidence that the parasite that causes

The mean G6PD deficient enzyme levels by this disease does not survive well in G6PD-deficient
newborn screening in the male and female infants cells. So the deficiency may have developed as a
were found to be 1.0254±0.30716 units/gram Hb & protection against malaria.
1.2247±0.32136 units/gram Hb respectively.
Table 2. Mean Enzyme Levels of G6PD According
to Sex
Number of
SEX

Male
Female

G6PD deficient infants
173
73

G6PD Enzyme Level

Pangasinan has a prevalence rate near the
lower limit of the range of the country’s reported
values. This suggests on the basis of epidemiologic
relations that that malaria is not prevalent in the
province and the nil chance of any Mediterranean

Mean

Standard

1.0254
1.2247

0.30716
0.32136

genetic racial relationship of the people. The different towns and cities in Central Pangasinan are urbanized and have greater accessibility to hospitals
with newborn screening services. This does not

Discussion
The distribution of G6PD deficiency varies
significantly among different geographic regions
and different population groups. The prevalence of
the disease is high in Asia.6 The Philippines is one
of the countries in Southeast Asia that has a high
prevalence of the disease.
The Philippines has been reported to have a
prevalence rate of G6PD Deficiency of 4.5% to
25.7%8, reflective of the worldwide prevalence
rate. The wide range indicates that the different
regions of the country may have significant differences in prevalence rate. The differences could be
due to the endemicity of malaria in certain regions

preclude the people of probably being more aware
of new ways to safeguard their health thus the
availment. Clustering of the cases in Central Pangasinan may be due accessibility, availability, and
greater knowledge on screening services.
The study also shows a higher geographical
prevalence of G6PD deficiency in Dagupan City
which is the province’s chief commercial area. This
result confirms that the people in the city avail of
the newborn screening test but it may not necessarily reflect an accurate geographical prevalence
because a significant number of infants from other
towns of the province were not screened for G6PD
deficiency.

G6PD deficiency is a recessive sex-linked cient females that are missed during neonatal
trait thus males are predominantly affected. Males screening.

19

The screening test done in the said

have only one copy of the G6PD gene, but females study used a cut-off of 2.1 units/gm Hb. The newhave two copies. Recessive genes are masked in born screening test of the National Institutes of
the presence of a gene that encodes normal G6PD. Health employs a cut off of 8.4 units/g Hb, well
Accordingly, females with one copy of the gene for above the value recommended by the study which
G6PD deficiency are usually normal, while males is 6.4 units/g Hb.
with one copy have the trait. Being an X-linked disorder, the disease would generally be thought to
affect only males. However, some carrier females
have been reported to show symptoms due to

Conclusion
Pangasinan has a prevalence rate of G6PD

lyonization which is a random inactivation of an X- deficiency that is comparable with the worldwide
chromosome in certain cells creating a population prevalence of the disease. G6PD screening is recof G6PD deficient erythrocytes coexisting with nor- ommended in the newborn period to diagnose the
mal cells.16 A study by Iranpour et al revealed a disease and if positive, screening of all members of
3.2% incidence of the disease in Iranian newborns, the family should be done. Males are more affectwith a male: female ratio of 5.5:1. 17 The ed than females but the male:female ratio in the
male:female ratio in Pangasinan is 2.4:1 showing a province shows that Pangasinense females have a
higher prevalence among Pangasinense female in- greater tendency to have the disease than females.
fants in contrast to Iranian female newborns.
The mean enzyme levels of both male and

It is recommended to look into the next prevalence
rate studies based on 2009 – 2013 data.

female cases are classified as severe enzyme deficiency levels (<2.92 U/gHb).18 However, the en- Corresponding Author:
zyme levels gathered in this study are from the
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newborn screening. The results of confirmatory
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deficiency levels by newborn screening increases
the possibility of a G6PD deficient patient by confirmatory test. A preliminary study done by Reclos
et al. showed a high percentage of partially defi-
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