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Glucose-6-phosphate dehydrogenase deficiency in neonatal hyperbilirubinemia
and its relationship with severity of hyperbilirubinemia

Naseem Akhter!, Umme Habiba?, Nazish Mazari3, Sabeen Fatima*, Maliha Asif°>, Yasmeen Batool*

ABSTRACT

Objective: To determine the frequency of Glucose-6-Phosphate dehydrogenase deficiency in neonates with hyperbilirubinemia and
to find the association between level of G6PD deficiency and severity of hyperbilirubinemia.

Study Design: Cross sectional Descriptive study

Place and Duration: Hematology and Pediatrics Departments of Shaikh Zayed Hospital, Lahore from November 1%, 2012 to January
1, 2014.

Methodology: We included 100 neonates with hyperbilirubinemia after excluding the other risk factors. Initially screening for G6PD
deficiency done with qualitative methods and deficient neonates were confirmed with quantitative method. History, examination
and investigations like routine hematological investigations and total and direct bilirubin, Coomb’s test, G6PD qualitative and
guantitative assay were done in all subjects.

Results: Out of 100 neonates 6% were G6PD deficient and in majority jaundice appeared on third day. For G6PD deficient neonates
maternal age was found to be higher (29.83+1.17 years) as compared to that for normal G6PD neonates. Bilirubin was higher with a
mean value of 24.48+7.0 mg/dl and platelets were lower in deficient group with a mean value of 166.33+58.64 x 10%/L.

Conclusion: In newborns presenting with neonatal jaundice, screening for G6PD deficiency should be considered. There is
association between lower enzyme activity and hyperbilirubinemia, and an early recognition followed by treatment to avoid
complications is advisable.
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G6PD deficiency causes a spectrum of diseases including
neonatal hyperbilirubinemia, acute hemolytic and chronic
hemolytic anemia®. While majority of the individuals are
asymptomatic throughout their life, in others it may present as
acute hemolysis secondary to oxidative stress triggered by
drugs, infections or ingestion of fava beans. Other
manifestations of G6PD deficiency include chronic non
spherocytic hemolytic anemia and neonatal jaundice®.
Jaundice usually appears at the same time as or slightly earlier
than physiological jaundice. Mostly it peaks two to three days
after birth'°. Infants with the severe variant of G6PD deficiency
may develop hyperbilirubinemia severe enough to cause
kernicterus™®.
The study was conducted with an objective to determine the
frequency of Glucose-6-Phosphate dehydrogenase deficiency
in neonates with hyperbilirubinemia and to find the
association between level of G6PD deficiency and severity of
hyperbilirubinemia.

METHODOLOGY

This cross sectional descriptive Study was conducted in the
Departments of Hematology and Pediatrics at Shaikh Zayed
Medical Complex, Lahore from November 1%, 2012 to January
1%t, 2014. Our study included 100 neonates born with
gestational age of >35 weeks and admitted in the hospital with
hyperbilirubinemia with a total serum bilirubin > 10 mg/dl. Any
neonate with other possible etiology of hyperbilirubinemia
such as infant of diabetic mother, perinatal infection/sepsis,
gastrointestinal obstruction, prematurity <35 weeks and ABO
incompatibility were excluded from the study. Also excluded
were those who received intensive phototherapy, those who
had signs and symptoms of severe illness, cephalhematoma
and neonates with conjugated hyperbilirubinemia. Female
neonates and neonates presenting after 10 days of birth were
excluded as well. Written informed consent was taken from
parents/guardians. After taking history, 8ml of blood sample
was collected in disposable syringe from the peripheral vein
using aseptic technique by a trained phlebotomist. The sample
was divided; 3ml for complete blood count, reticulocyte count,
peripheral blood smear and G6PD qualitative screening, 1ml
for direct coombs test and blood grouping, 2 ml for total and
direct bilirubin, 2 ml for G6PD quantitative assay.

Data Analysis: All data was entered and analyzed by using
SPSS 20. Quantitative Variables were presented by percentage,
mean and standard deviation. Qualitative variables including
deficiency of G6PD, type of feeding and outcome were
expressed by frequency and percentage. Association of
glucose-6-phosphate dehydrogenase deficiency with bilirubin
and outcome was obtained by using Chi Square likelihood
ratio. Odd ratio with 95% confidence interval was calculated. P
value £0.05 was considered statistically significant.

RESULTS

A total of 100 neonates with hyperbilirubinemia were included
in our study. All neonates were male. The mean age was

5.34+1.58 days (rangel-8 days). Their birth weights ranged
from 1.5 to 3.6 kg with an average birth weight of 2.51+0.46
kilograms. The mean Apgar score at birth was 7.80+0.738
(range, 5-8). The mean maternal age was 28%3.73 vyears
(range, 18-37 years). 51(51.0%) of neonates were fed on
breast milk while 49(49.0%) were fed on formula milk.

The time of appearance of jaundice ranged from zero to 6
days. The mean time for appearance of jaundice was
2.79+0.99 days. Fever was the presenting complaint of only
one (1.0%) neonate. Five (5.0%) came with drowsiness, three
(3.0%) with high pitched cry and two (2.0%) with lethargy.

The means of values of baseline laboratory parameters are
given in Table-l. Here it is important to note that the mean
reticulocyte count for the neonates included in the study was
1.92+0.78 % (range, 0.1-4.1%). The reticulocyte count of
deficient neonates ranges from 0.8% to 3%. So there was no
reticulocytosis that could interfere with screening method, as
reticulocytes have higher enzyme level. (Table-I)

Table-I: Baseline laboratory parameters of neonates (N=100)

Variable Mean Range
Hemoglobin 14.85+2.75 (9.6 —19.5) g/dI
WBC (x10°/L) 10.22+4.31 (2.5-22.9)
Platelet count (x10°/L) 227483 (40 —384)
Hematocrit 43.848.4 (26.3 -56.9)
Mean corpuscular 10145.8 (89— 121)fL
volume
Red cell distribution | 1) o511 06 | (11.0-16.7%)
width
Reticulocyte counts 1.92+0.78% (0.1-4.1%)
Total bilirubin 19.945.26 (10.7 - 36.2) mg/dI
Direct (Conjugated)

+ —
bilirubin 1.83+1.24 | (0.1-5.0) mg/dl

Glucose-6-Phosphate Dehydrogenase of all the neonates
included in the study was evaluated with qualitative assay.
Among these neonates, 6(6.0%) were found to be deficient for
G6PD (Fig-1). Quantitative analysis of G6PD was performed for
the 6 G6PD deficient cases.

B G6PD DEFICIENT
G6PD NORMAL

94%

Fig-1: Status of G6PD in neonates with hyperbilirubinemia
(N=100)
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It was noted that 2(33.33%) of G6PD deficient neonates had
G6PD levels below 1.0, 2(33.33%) neonates had G6PD levels
between 2 and 3, 1(16.67%) neonate had G6PD level between
1.0 and 2.0 and 1(16.67%) neonate had G6PD level above 3.0.
An interesting observation was that the mothers of G6PD
deficient were of higher age (29.83+1.17 years) as compared
to maternal age of normal G6PD neonates (27.91+3.81 years).
The difference was highly significant with a p-value 0.008. The
mean total bilirubin level in G6PD deficient jaundiced neonates
was found to be higher as compared to the mean total
bilirubin level in normal G6PD jaundiced neonates. (p-value
0.027).

Likewise, the mean direct bilirubin level of the G6PD deficient
neonates was higher (p-value 0.036). Mean platelet count was
significantly lower in G6PD deficient group when compared to
platelet count in normal G6PD neonates with p-value 0.052.No
statistically significant difference was found for other
parameters used in the study including birth weight,
Hemoglobin level, WBC count, Hematocrit, MCV, RDW and
Reticulocyte count. (Table-Il)

Table-1l: Comparison of various parameters for the children
with deficient andnormal G-6-P levels (N=100)

Glucose -6- phosphate
dehydrogenase assay P-
Deficient Normal value
Mean SD Mean SD
Birth weight (Kgs) 2.25 0.23 2.53 0.46 | 0.145
Mother Age (years) | 29.83 1.17 | 2791 | 3.81 | 0.008
Hemoglobin(g/dl) 14.07 3.46 | 14.89 | 2.71 | 0.477
White Blood cell
A 2 10.2 4.27 514
counts(x10%/L) 910 | 5231 1029 0-5
Platelet 166.33 | 58.64 | 232.27 | 80.59 | 0.052
count(x10%/L) ' ' ) ' )
Hematocrit (%) 42.20 | 11.50| 43.87 | 8.28 | 0.668
Mean corpuscular | 1,4 o5 | 5 88 | 100.85| 5.93 | 0.939
volume(fL)
Red cell
L s X 12.48 | 0.78 | 12.68 | 1.08 | 0.660
distribution width
Retic count (%) 1.72 | 0.72 | 1.93 | 0.78 | 0.519
Total
24,48 | 7.00 | 19.59 | 5.04 | 0.027
bilirubin(mg/dl)
Direct
2.85 1.66 1.76 1.19 | 0.036
bilirubin(mg/dl)

All the jaundiced neonates included in the study were followed
for the outcome of treatment of their jaundice. Among
neonates with G6PD deficiency, two out of six were recovered
and discharged, two neonates left against medical advice, one
developed sign and symptoms of kernicterus and one neonate
died. Out of 94 neonates with normal G6PD level 90
recovered and were discharged, two developed sign and
symptoms of kernicterus, one expired and one left against
medical advice (Fig-2). It was found that the rate of

development of complications and death were higher in G6PD
deficient neonates as compared to neonates with normal
G6PD levels. The difference was significant with a p value
0.001.
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Fig-2: Outcome of the treatment (N=100)
DISCUSSION

Among the red cell enzymopathies, G6PD deficiency affects
almost 400 million population with global prevalence of 4.9%.
11 There is increased frequency of G6PD in Africa, Asia, the
Mediterranean and the Middle East®. In our study frequency
of G6PD deficiency was found to be 6 % among jaundiced
neonates. There are differences in G6PD deficiency frequency
reported in different studies country wide. Munir et al
reported G6PD deficiency 6.4% in neonates with jaundice, and
these results were in conformation with our study!2. Rehman
et al reported in their study 8.2% of the neonates with
jaundice were G6PD deficient respectively'?. In another study
from Peshawar, Imran et al found that 12%**and 11% by Khan
S et al in different districts of Khyber Pakhtunkhwa'*
respectively. Studies have shown that there is increased
frequency of G6PD deficiency in Pathans as compared to
Punjabis®®. The higher frequency of G6PD deficiency may be
due to high incidence of inter-family marriages,
consanguineous marriages and environmental factors®3.

The international frequency of G6PD deficiency varies a lot in
different areas of world and ethnic differences are also
prominent. The incidence rates have been reported as 8.65% -
16.4% in Iran'®, 0-27 % in India'’, 62% among Kurdish Jews to
as low as 0.1% in Japan and Europe®. The relatively low
frequency seen in our study could be due to the fact that we
included only male neonates in our study whereas majority
other work included both male and female neonates and
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another factor may be the regional variation and
environmental factors.

Our study has also found out that G6PD deficient neonates
have severe hyperbilirubinemia as compared to those with
normal G6PD enzyme level. These results are in conformity
with the international data. A significant correlation between
bilirubin levels and G6PD activity in infants of both sexes with
severe hyperbilirubinemia was reported by Kilicdag et al® and
Paneliya et al.’® Hyperbilirubinemia in deficient infants was
found to be due to gene interaction between G6PD enzyme
and bilirubin conjugating enzyme UGT1A1%,

In our study the hyperbilirubinemia is less likely to be
associated with hemolysis. It is evident from reticulocyte count
and hemoglobin values in our study. In majority of neonates
the reticulocyte count was within normal limit for age. The
other parameter supporting this is hemoglobin level. The
G6PD deficient neonates have hemoglobin level similar to
those neonates with normal G6PD status. Similar results were
described by Isa et al?® and Munir et al.*?

The neonates with G6PD deficiency are at increased risk of
hyperbilirubinemia and kernicterus even in the absence of
other etiological factors?!. Our study has also shown increased
hyperbilirubinemia and kernicterus in G6PD deficient
neonates. The frequency of kernicterus is high among deficient
neonates with hyperbilirubinemia?2. In our study one neonate
in deficient group and two in normal developed the signs of
kernicterus. The frequency among deficient group was 16.66%
and 2.12% in neonates with normal G6PD level. The
comparison between groups is not statistically appropriate
because of the difference in sample size. However our results
are in agreement with other studies.

Studies have shown that the neonates with G6PD deficiency
develop maximal hyperbilirubinemia between third to fifth day
which is not different from that of the physiological jaundice.
In our study most of the patients developed jaundice at 3™ day
of life followed by 30% at 2™ day. In deficient neonates 5 out
of 6 developed jaundice at 3™ day while 6" one developed
jaundice at 2" day of life. The results are in agreement with
the previous studies?.

An interesting observation in our study was that the mothers
of G6PD deficient were of higher age as compared to maternal
age of normal G6PD neonates. However this parameter was
not studies in previous studies. So, further studies are needed
to evaluate the significance of this and to establish its validity.
No statistically significant difference was found for birth
weight, between G6PD deficient and normal G6PD group?*.
Among other parameters used in the study we found that
Mean platelet count was almost significantly lower in G6PD
deficient group as compared to platelet count of normal G6PD
neonates. However this finding does not conform to work of
other researchers. Stadem et al reported in their study that
platelet counts were similar between the two groups?*.

One of the limitations of the study was the small sample size
which is not true representative of the population. Moreover
we excluded the preterm neonates and female neonates, so
frequency may not be a true representative of population. Due
to the fact that the number of G6PD deficient neonates in our

study was low and we did not have predefined controls,
therefore the comparison between the normal and deficient
neonates could not be made. Screening was done with
qualitative methods, so the patient with less severe deficiency
might have been missed. The strengths of our study were that
we effectively excluded the other potential risk factors for
hyperbilirubinemia.

From the study we concluded that G6PD deficiency is not
uncommon in Pakistan. The neonates with G6PD deficiency
develop hyperbilirubinemia more commonly. These neonates
are at increased risk of bilirubin encephalopathy. G6PD
deficiency is not the only cause of hyperbilirubinemia, other
factors are also involved. Lower the enzyme level increased
the risk of complications.

So the threshold for phototherapy and exchange transfusion
should be lower in children with early jaundice and rapidly
increasing jaundice. The injudicious use of antibiotics,
antimalarial and antituberculous drugs is common in Pakistan,
so it is important to identify G6PD deficiency in individuals
who are at risk. This will help to prevent undesirable effects
and at times fatal acute hemolytic episodes. Comprehensive
population studies are needed to know the prevalence and
genetic variants and to devise national guidelines for early
diagnosis and appropriate management.

CONCLUSION

In newborns presenting with neonatal jaundice, screening for
G6PD deficiency should be considered. There is association
between lower enzyme activity and hyperbilirubinemia, and an
early recognition followed by treatment to avoid complications
is advisable.

CONTRIBUTION OF AUTHORS

Akhter N: Designed research methodology, Data collection,
Manuscript writing, Formulation of tables, Statistical analysis

Habiba U: Conceived idea, Statistical analysis, Data
interpretation, Manuscript writing, Critical revision
Mazari N: Data collection, Statistical analysis, Data

interpretation

Fatima S: Data collection, Manuscript writing, Formulation of
tables, Data interpretation.

Asif M: Statistical analysis, Data interpretation, Manuscript
writing.

Batool Y: Statistical analysis, Data interpretation, Manuscript
writing, Critical revision of manuscript.

Disclaimer: None.
Conflict of Interest: None.
Source of Funding: None.

REFERENCES

Almutairi MK, Alsayyid AA, el-Fetoh A, Mohamed N, Alenzi
E, Aziz A. Glucose-6-phosphate dehydrogenase deficiency
(G6PD)(Favism) in Dammam, Eastern Province of Saudi
Arabia. Egypt J Hosp Med. 2018; 70(5):713-717.

240



Naseem Akhter et al

Isra Med J. | Vol 11 - Issue 4 | Jul — Aug 2019

10.

11.

12.

13.

Pinna A, Solinas G, Giancipoli E, Porcu T, Zinellu A,
D'Amico-Ricci G, et al. Glucose-6-Phosphate
Dehydrogenase (G6PD) Deficiency and Late-stage Age-
Related Macular Degeneration. Int J Med Sci. 2019;
16(5):623-629.

Singh K, Singh P, Sagar M, Mehra V, Neki NS. Incidence,
etiological risk factors and outcome of glucose-6
phosphate dehydrogenase deficiency (G6PDD) among
neonates presenting with hyperbilirubinemia in tertiary
care hospital, Punjab. Int J Curr Res Med Sci. 2017;3(3):62-
71.

Akanni EO, Oseni BS, Agbona VO, Tijani BA, Tosan E,
Fakunle EE, et al. Glucose-6-phosphate dehydrogenase
deficiency in blood donors and jaundiced neonates in
Osogbo, Nigeria. )] Med Lab Diagn. 2010; 1(1):1-4.
Noori-Daloii MR, Daneshpajooh M. Molecular basis of
G6PD deficiency: current status and its perspective. Acta
Med Iran. 2008; 46(3):167-182.

Thomas JE, Kang S, Wyatt CJ, Kim FS, Mangelsdorff AD,
Weigel FK. Glucose-6-Phosphate  dehydrogenase
deficiency is associated with cardiovascular disease in US
Military centers. Tex Heart Inst J.2018; 45(3):144-150.
Moiz B. A review of G6PD deficiency in Pakistani
perspective. J Pak Med Assoc. 2013; 63(4):501-503.

Devi AS, Helen R, Vanamala A, Chaithra V, Karuna R.
Screening for G6PD deficiency in blood donor population.
Indian J Hematol Blood Transfus. 2010; 26(3):122-123.
Honar N, Javanmardi H, Saki F, Rezaeefard A, Shahriari M.
Clinical Manifestations of Acute Hemolysis in Children
with Glucose-6-Phosphate Dehydrogenase Deficiency in
Fars Province, Iran. Int J Pediatr. 2018;6(4):7489-7494.
GOmez-Manzo S, Marcial-Quino J, Vanoye-Carlo A,
Serrano-Posada H, Ortega-Cuellar D, Gonzalez-Valdez A, et
al. Glucose-6-phosphate dehydrogenase: update and
analysis of new mutations around the world. Int J Mol Sci.
2016; 17(12):2069.

Contreras N, Alviz A. Human red blood cell polymorphisms
prevalent in Colombian population and its protective role
against malaria. Transfus Clin Biol. 2019; 26(1):60-68.
Munir SS, Tahir NB, Qazi TU. Frequecy of G6pd Deficiency
in Neonatal Hyperbilirubinemia. Gomal J Med Sci. 2014;
12(2):93-96.

Ahmad S, Ahmad |, Khan H, Gul H, Taj AS. Prevalence Of
G6pd Deficiency In School Going Enrolled Children In
District Mardan. J Med Sci. 2017; 25(3):308-312.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Khan S, Mir A, Arif S, Khattak BR, Raziq F. Glucose 6
Phosphate Dehydrogenase (G6pd) Enzyme Deficiency in
Jaundiced Infants In Khyber Pakhtunkhwa. J Med Sci.
2017; 25(2):84-87.

Moiz B, Nasir A, Khan SA, Kherani SA, Qadir M. Neonatal
hyperbilirubinemia in infants with G6PD c. 563C> T
Variant. BMC Pediatr. 2012; 12(1):708.

Iranpour R, Hashemipour M, Talaei SM, Soroshnia M,
Amini A. Newborn screening for glucose-6-phosphate
dehydrogenase deficiency in Isfahan, Iran: a quantitative
assay. J Med Screen. 2008; 15(2):62-64.

Pardhe BD, Joshi M, Pandey R, Sharma PD, Singh J,
Paudyal P. Glucose-6-Phosphate Dehydrogenase
Deficiency And Its Correlation With Serum Bilirubin In
Neonates. World J of Pharm and Pharmaceut Sci.
2015;4(9):937-945.

Kilicdag H, Gokmen Z, Ozkiraz S, Gulcan H, Tarcan A. Is it
accurate to separate glucose-6-phosphate dehydrogenase
activity in neonatal hyperbilirubinemia as deficient and
normal? Pediatr Neonatol. 2014; 55(3):202-207.

Paneliya B, Mario R, Deb S, Gogoi PR. Incidence of G6PD
Deficiency and Its Association with Neonatal Jaundice in
Babies Born at A Tertiary Care Hospital in Meghalaya. Int J
Sci Res. 2016;5(12):70-73

Isa HM, Mohamed MS, Mohamed AM, Abdulla A, Abdulla
F. Neonatal indirect hyperbilirubinemia and glucose-6-
phosphate dehydrogenase deficiency. Korean J. Pediatr.
2017;60(4):106-111

Jangi S, Otterbein L, Robson S. The molecular basis for the
immunomodulatory activities of unconjugated bilirubin.
Int J Biochem Cell Biol. 2013; 45(12):2843-2851.

Khodashenas E, Kalani-Moghaddam F, Araghi 2Z,
Khodaparast M, Yazdani Z. Glucose-6-phosphate
dehydrogenase deficiency and neonatal

hyperbilirubinemia. Iranian Journal of Neonatology IJN.
2015; 6(3):28-31.

Mondal M, Datta AK, Mandal S, Das PK. Study of Glucose-
6-phosphate dehydrogenase deficiency in Neonatal
Jaundice. IOSR J Pharm Biol Sci. 2012;1(5):30-36.

Stadem PS, Hilgers MV, Bengo D, Cusick SE, Ndidde S,
Slusher TM, et al. Markers of oxidative stress in umbilical
cord blood from G6PD deficient African newborns. PLoS
One. 2017; 12(2):e0172980.

241



