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INTRODUCTION 

The third world countries spend 30-40% of their total 

health budget on drugs, some of which are useless and 

expensive and double their expenditure every 4 years, 

while, GNP (gross national product) doubles only every 

16 years.
15

 That’s
 
why now the individual concerns for 

potency or cost of treatment, and even more precisely, 

efficacy or safety of a drug is being rationalized as 

overall risk-benefit ratio on individual level or cost-

affectivity analysis on the mass scale. 

In today’s scenario, irrational prescribing has become a 

global phenomenon
20

 to estimate which, pharmaco-

epidemiology is the study of the use and effects / side 

effects of drugs in large numbers of people with the 

purpose of supporting the rational and cost-effective use 

of drugs in the population, thereby improving health 

outcomes.
30

 The basis of pharmacoepidemiological 

variations can be exogenous like ecological, cultural, 

food pattern and life style or endogenous like immunity, 

inborn errors and congenital anomalies. Concerning 

endogenous problems, incidence and prevalence tend to 

be used interchangeably.
29

 

Most endogenous differences are finally located in 

genetic make-up (e.g. iatrogenic hemolysis finally being 

traced to G6PD deficiency). Concerning drug elimination 

(metabolism as well as excretion), genetic polymorphism 

is widely known.
21

 These individually inherited 

differences in drug metabolism such as acetylator status 

(e.g. sulfonamides and sulfones which require 

acetylation) play a significant role in determining 

whether a drug will be hemolytic in G6PD deficient 

person.
2
 Racial difference in the incidence of iatrogenic 

hemolysis was established as early as 1952.
9
 Thus G6PD 

deficiency is known since 5 decades.
4
 Presently >0.4 

billion people in the world, i.e. 7.5% of the total human 

population, show this deficiency.
17

 

The enzyme G6PD is also known as NADP
+
 

oxidoreductase, (international code EC 1.1.1.49).
6
 

Normal G6PD activity is inversely proportional to RBC’s 

age index. Thus hemolytic susceptibility is directly 

proportional to the RBC aging as G6PD also has a half-

life. Contextually RBCs are classified as nascent 

(reticulocytes), recent (<10 day), juvenile (10-30 days), 

mature (30-60 days), aged (60-90 days) and senescent (> 

100 days) - also denoted by age index I to VI. The 
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deleterious effect is not immediate and is initially 

nullified by the little amount of glutathione already 

available till the total capacity of antioxidant mechanism 

is used up. 

When G6PD deficiency is relatively mild (as in the class 

III G6PDA-), the hemolytic anemia is self-limited because 

only the older RBCs are destroyed and young RBCs/ 

reticulocytes have normal or near normal enzyme 

activity
2
 to protect themselves from oxidative stress. Thus 

hemolysis starts 2-3 days after the administration of the 

oxidant drug. Young RBCs/ reticulocytes, which are 

normally <3% of total RBC count, have normal or near 

normal enzyme activity
2
 and their compensatory excess 

after recent hemolysis can interfere with the screening 

results. By the same token, this belated start of hemolysis 

is self-limiting within a week even if the drug is 

continued further and hemoglobin level returns back to 

normal by 3
rd

 - 4
th

 week as compensatory production of 

new reticulocyte cells which are now far more than 

original “<3%”  and would not be as much deficient in 

G6PD. If the G6PD variant is highly defective, even the 

slightest oxidative stress, as seen in the routine life, is 

enough to precipitate hemolysis in such case withdrawal 

of the drug is necessary. In patients with severely 

deficient forms (e.g. Mediterranean variant), hemolysis 

continues as long as the administration of drug continues 

because even the younger RBCs are deficient enough.
2
 

Hemolytic anemia after administration of the antimalarial 

drug
 

primaquine (also known as plasmoquine and 

plasmochin) was reported
 
as early as 1926.

3
 A long list of 

drugs thought to cause hemolysis evolved with time. A 

list of unsafe drugs is given in the Table 1. 

Table 1: Drugs and chemicals that should be avoided 

by persons with G6PD deficiency.
2
 

Acetanilid 

Furazolidone 

(Furoxone) 

Isobutyl nitrite 

Methylene Blue 

Nalidixic acid 

(NegGram) 

Naphthalene 

Niridazole 

(Ambilhar) 

Nitrofurantoin 

(Furadantin) 

 

Phenazopyridine 

(Pyridium) 

Phenylhydrazine 

Primaquine 

Sulfacetamide 

Sulfamethoxazole 

(Gantanol) 

Sulfanilamide 

Sulfapyridine 

Thiazolesulfone 

Toluidine blue 

Trinitrotoluene (TNT) 

Urate oxidase 36z 

Concurrently, ethanol increases the generation of reactive 

oxygen
 

species in the tissues and its acute intake 

decreases reduced
 

glutathione levels in plasma and 

erythrocytes.
12

 Additionally, the ethanol metabolite 

acetaldehyde inside of the erythrocyte has
 
the ability to 

generate free radical species and to cause deleterious
 

effects on erythrocytes.
27

 

Ethanol, though a reducing agent itself, requiring own 

oxidation into acetaldehyde, acid and finally CO2 and 

H2O - is a highly potent
 
inhibitor of erythrocyte G6PD 

enzyme activity in vitro.
6
 Similar many more drugs 

increasing oxidative stress or inducing hemolysis by 

another mechanism may add up to hemolytic propensity 

in G6PD deficient people. While potentially problematic 

oxidizing drugs furazolidone and nalidixic acid have been 

deleted from NML-2003 (National Medicine List of 

India, 2003) onwards; methylene blue, nitrofurantoin, 

primaquine, sulphacetamide, sulphamethoxazole etc 

cause hemolysis in people with G6PD deficiency 
31

 and 

still continue in NML-2011 (17
th

 and the latest edition of 

our National Medicine List).
16

 

Plasma level of sulfonamides and sulfones (and thereby 

severity of hemolysis in G6PD deficiency too) varies also 

with the person’s capacity of metabolic acetylation of the 

drug. Only a minority of Indian population (<1/3
rd

) is 

known to be fast acetylator.
23 

Thus a slow acetylator with 

moderate hemolytic tendency can exhibit clinical/ 

laboratory severity as much as fast acetylator with severe 

hemolytic tendency. Thus, among G6PD deficient 

patients taking sulfonamides or sulfones, slow acetylators 

are more prone to the hemolysis.
28

 Worth special mention 

are dapsone (an antileprotic sulfone) and another extreme 

of clandestine use of amyl nitrite for aphrodisiac 

purposes
25

 inflicting similar hemolysis. But dapsone is 

never taken OTC (and all the cases of oxidative stress 

induced hemolysis should be considered essentially 

iatrogenic). 

Dapsone is a deleterious oxidant drug given during 

already excess free radical stress of leprosy.
11

 In normal 

persons, dapsone reduces hemoglobin level by 2 gm % 

and even in long term therapy, in which anemia and 

G6PD level is partially compensated by reticulocytosis, 

hemoglobin remains 1 mg % less.
8
 That’s why dapsone is 

contraindicated in G6PD deficiency.
13

 But yet any 

national (like NRLEP) or international (like WHO) body 

have no clear cut recommendation for screening of G6PD 

before starting dapsone regime. Neither there is any 

precaution concerning dapsone considered categorically 

for G6PD deficiency. Concerning isoniazid, a first line 

drug against any type of tuberculosis, can be equally 

problematic if G6PD deficiency is not recognized 

beforehand and a hemolysis would be more unethical as 

isoniazid doesn’t enjoy the monopoly in tuberculosis 

treatment as does dapsone in leprosy. 

In cases of India, pyridoxine has not be labeled as a 

‘mandatory’ supplement to isoniazid and any neuropathic 

complain rather prompts the screening of the patient for 

his or her acetylator status.
22

 The same logic is also 

applicable for over-the-counter (OTC) oxidative drugs, 

which are inherently supposed to be safe enough. 

However, most drugs, whether officially permitted or not, 

are available in India as OTC and the problem is 

multiplied many times. Contextually relevant is the plan 

of the Indian government to sell the OTC drugs through 
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post offices in remote rural areas of some selected states 

like Andhra Pradesh, Maharashtra and Uttarakhand.
26

 In 

such a setting, government machinery might also be a 

part of the serious morbid outcome due to different G6PD 

deficiency pattern. To rule out such a situation in our 

locality, this study planned to trace the pattern of G6PD 

deficiency as well as oxidizing drugs in patients attending 

C U Shah Medical College (CUSMC) Hospital. 

The present study aimed at screening of the patients 

visiting the C U Shah Medical College (CUSMC) 

Hospital, Surendranagar to determine the community-

wise prevalence of G6PD (Glucose-6-Phosphate-

Dehydrogenase) deficiency among them and to analyze 

and evaluate the risks and the consequences of such 

incidence of G6PD deficiency combined with the use of 

oxidizing drugs in the area. 

METHODS 

Gold standard for measurement of G6PD is the 

fluorescent spot method. The International Committee for 

Standardization in Hematology
 

has recommended the 

fluorescent spot test as a screening test
 

for G-6-PD 

deficiency 
10

 – 100% sensitivity and 98% specificity.
14

 

Crayman’s hemoglobin colorimetric kit (item no 700540) 

based on fluorescent technique was used. Blood from 

already collected sample in official EDTA vial of the 

hospital was centrifuged at 1000 X g for 10 minutes at 

4°C. 

After removing top plasma and buffy coat, sedimented 

erythrocytes were diluted 1:1 v/v with phosphate buffered 

saline (pH 7.4). Ice placed erythrocytes were sonicated 

for lysis. Lysate was further diluted 1:20 with assay 

buffer for assaying. The test was carried out at setting of 

excitation wavelength 535 nm and emission wavelength 

590 nm. G6PD activity <5 / min/gm Hb was labeled as 

G6PD deficient (Crayman, 2012). The test can rarely 

yield false negative (no G6PD deficit) in reticulocytosis 

(as after recent hemolysis) and false positive in severely 

anemic persons (less count of RBC or amount of Hb).
7
  

Exclusion criteria 

1. History of recent hemolysis (incidence of smoky 

black urine within past 15 days) - compensatory 

transient reticulocytosis can cause higher than usual 

level of G6PD in these patients giving false negative 

results. Leukocytes and platelets also have G6PD but 

due to their negligible count (< 11 x 10
9
/ L and < 5 x 

10
11

/ L respectively) compared to RBCs (6 x 10
12

/ L) 

– they don’t effect the reading significantly. 

2. Anemia at the time of the study – Subjects with 

hemoglobin level <10 gm/dL were excluded as their 

uncompensated inclusion in the study yields 

erroneous results. 10 gm/dL of hemoglobin, which 

also expressed as 10 gm/100 ml or 10 gm%, is 

standardized as the indicators of marked anemia 

while hemoglobin level between 10 to 11 gm% 

indicates only early anemia
18, 24

 were included safely 

in the study. 

Study sample 

Anticoagulated (EDTA added) blood was taken from the 

remnant sample of the patients – sample was collected for 

some other investigation and no patient was contacted 

specially for blood sample collection. Thus though the 

patients were not affected invasively specially for this 

study, a permission from institutional ethical committee 

was taken and patient proper consent for related interview 

was obtained in each case. The patients’ personal history 

(current Hb, recent hemoglobinuria) and demographic 

data (age, sex, community) were recorded. As highly 

inbred populations (e.g. maritally isolated/ orthodox 

society) have more prevalence of genetic anomalies 
1
, this 

study has also enlisted the subjects community-wise. 

As the concept of castes isn’t coherent socio-legally and 

there is no unequivocal universally accepted definition of 

a caste
5
, samples are classified into communities “as 

orally proclaimed by the subjects”. Many patients visiting 

the hospital get themselves simultaneously registered for 

different departments (without official cross-reference) 

but present to laboratory as one entity. In such cases 

billing number of the laboratory was found to be more 

unambiguously identifying the subjects. That’s why 

billing numbers were used for patients’ identification. 

Sampling 

As per national prevalence of G6PD deficiency (2.5%, 

prevalence rate= 0.025) reported earlier
31

, with 95% 

confidence interval and permitted error of  0.05, the 

estimated sample size is 94 for binomial distribution (as 

G6PD status is noted only as normal or below normal). 

But permitting a biological variation, more samples were 

taken. 

Post hoc analysis of 10 G6PD deficient cases out of 150 

(i.e. 6.6 %) indicates that for a binomially distributed 

data, the sample of 150 was near about required (with 

95% confidence interval, prevalence rate 0.066 and 

permitted error of  0.05, the estimated sample size is 

154).
19

 

RESULTS 

After ruling out as per exclusion criteria, the consecutive 

150 subjects were distributed in 15 communities as per 

Table 2 and Figure 1. Genderwise, males (being 

heterozygous for the x-linked character of G6PD status) 

were expected ly more (1.5 times, 6 male cases compared 

to 4 female) prone as shown in Figure 2. 

Hemoglobin levels in the normal and G6PD deficient 

males were found to be 12.286 ( = 0.84) and 11.716 ( 

= 0.96) respectively as shown in Table 3 and Figure 3. 

Hemoglobin levels in the normal and G6PD deficient 
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females were found to be 10.523 ( = 0.39) and 10.6 ( = 

0.28) respectively as shown in the same Table 3 and 

Figure 3. 

 

Table 2: Community-wise distribution of visitors to the laboratory and incidence of G6PD deficiency in them. 

Community 

 

G6PD  

+ IVE (x) 

 G6PD  

– IVE (y) 

n = x +y 

 
y/n (%) 

n /N as % 

(N=150) 

Bharvad 16 0 16 ………. 10.6667 

Brahmin  04 0 4 ………. 02.6667 

Darbar 14 0 14 ………. 09.3333 

Harijan 19 7 26 26.923076 17.3333 

Jain  04 0 4 ………. 02.6667 

Khatri  02 0 2 ………. 01.3333 

Koli 22 0 22 ………. 14.6667 

Lohana 9 1 10 10.000000 06.6667 

Luhar 03 0 3 ………. 02.0000 

Muslim  14 0 14 ………. 09.3333 

Patel 08 0 8 ………. 05.3333 

Rabari  14 2 16 12.500000 10.6667 

Satwara 05 0 5 ………. 03.3333 

Sindhi  02 0 2 ………. 01.3333 

Suthar 04 0 4 ………. 02.6667 

 

Figure 1: Incidence of G6PD Deficiency in the visitors of CUSMC hospital, Surendranagar. 
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Table 3: Distribution of gender, G6PD status, age and Hb level. 

( = standard deviation) 

Mean  

Values 

Normal 

Male (78) 
G6PD  

Male (6) 
Normal Female (62) 

G6PD  

Female (4) 

Hb (gm/dL) 
12.286 

( = 0.84) 

11.716 

( = 0.96) 

10.523 

( = 0.39) 

10.6 

( = 0.28) 

Age  
36.744 

( =21.03) 

36 

( = 21.70) 

34.113 

( = 18.21) 

32.75 

( = 19.87) 

 

 

 

Figure 2: Gender-wise distribution of G6PD 

deficiency. 

 

Figure 3: Gender-wise distribution of Hb in normal & 

G6PD deficient population. 

Mean age of the normal and G6PD deficient males were 

found to be 36.744 (= 21.03) years and 36 (= 21.70) 

years while mean age of the normal and G6PD deficient 

females were found to be 34.113 (= 18.21) years and 

32.75 (= 19.87) as shown in Table 3 and Figure 4. 

In the tested 150 samples, Harijans are found to have 

maximum G6PD negative status – 3 females and 4 males 

(total 7) out of 26 i.e. 27%. Other communities screened 

lower for G6PD are Rabari (1 male and 1 female out of 

16 i.e. 12.50%) and Lohana (1 male out of 10 i.e. 10%). 

Thus out of 150, 78 males and 62 females were normal 

while 6 males and 4 females were G6PD deficient. 

 

Figure 4: Age-wise distribution of G6PD Deficiency in 

the studied population. 

 

Figure 5: Sale pattern of the drugs inducing hemolysis 

in the G6PD deficient patients at the institutional 

pharmacy store, C U Shah Medical College and 

Hospital Surendranagar. 

Pharmacy: Out of the potentially dangerous drugs 

enlisted in Table 1, only 6 drugs were traced in the 

monthly sale of 98,872 pieces (tablets/ capsules/ 

ampoules) as shown in Table 4 and Figure 5. The 6 drugs 

are dapsone (1650), primaquine (138), furazolidone 

(114), sulfacetamide (112), nalidixic acid (109), 

sulfamethoxazole (73) – number of pieces of drugs sold 

in the given month shown in the following parentheses. 
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Table 4: One month sale of the drugs inducing 

hemolysis in the G6PD deficient patients at the 

institutional pharmacy store, C U Shah Medical 

College Hospital, Surendranagar. 

Sr. No. Drug Pieces  

1 Dapsone 1650 

2 Primaquine  138 

3 Furazolidone  114 

4 Sulfacetamide  112 

5 Nalidixic acid 109 

6 Sulfamethoxazole  73 

DISCUSSION 

Harijans form the largest hospital visitor group i.e. >1/6 

(26 out of 150) and also screen for the highest incidence – 

7 deficient in G6PD activity. Other than Harijan, Rabari 

and Lohana – none of the 12 remaining communities 

yielded any G6PD deficient case. Bharvad (16), Darbar 

(14) and Koli (22), if taken together, form more than one 

third (34.66%) of the sample but exhibit no G6PD 

deficiency. 

Over-representation of Harijan community might be a 

reason that the whole sample has higher incidence of 

G6PD deficiency – 10 out of 150 i.e. 6.66% – compared 

to recent national incidence rate of 2.5% 
31

. To the 

contrary, under represented other communities might be 

not being that free from G6PD deficiency as elicited here. 

As per the sale from the institutional pharmacy store in 

the last month (October, 2008), these all oxidizing OTC 

drugs are scarcely prescribed (2096 out of a total of 

98,872 pieces 2196 only i.e. < 2.22%). Among widely 

used oxidizing drugs dangerous for G6PD deficient 

patients, dapsone (1650) is the most common. 

Primaquine (138), Sulfacetamide (112) and Nalidixic acid 

(109) are the next three widest used drugs. Furazolidone 

is sold in combination with loperamide, norfloxacin or 

tinidazole. Sulfamethoxazole is sold in combination with 

trimethoprim (generic name cotrimoxazole). 

Furazolidone (114) and Sulfamethoxazole (73) are limited 

to combinations with other drugs. Such combination can 

affect the oxidizing potential of the two drugs. Except 

dapsone, which is still least substituted by newer 

alternatives, the reason of the limited use of these 

potentially hazardous drugs might be awareness about 

better or newer alternatives. Pharmaceutical promotions 

of newer entities can be an additional factor. 

Yet, seeing 6.66% rate of G6PD deficiency in the present 

study, the total supply of 2196 pieces of these drugs 

(which could be substituted by alternatives) per month 

can induce (2196 x 6.66% =) 146 incidences a month i.e. 

around 5 hemolysis a day by the most. A real figure of 

hemolysis could to be different - reasons behind might be  

a) The prevalent mode of administration of the 

oxidizing drug. For example, sulfacetamide supply 

from the institutional pharmacy store is limited to 

eye/ear drops – hardly absorbed systemically enough 

to induce hemolysis.  

b) Some initial doses of oxidizing drug can be tackled 

even by the little glutathione available in G6PD 

deficient population. Contrarily, additional oxidizing 

stress (like other disease or drug) or hemolytic 

propensity (like alcoholism
6
) can increase the 

morbidity. 

CONCLUSION 

The incidence of G6PD deficiency in the present study is 

6.66% (10 out of 150). In the tested 150 samples, Harijans 

are found to be maximally G6PD deficient – 3 females 

and 4 males (total 7) out of 26 (i.e. 27%). Other 

communities screened negative for G6PD are Rabari (1 

male out of 7 males and 1 female out of 9 females) and 

Lohana (1 male out of 2 males – out of 8 females, none 

was screened negative). 

Most common visitors of the hospital are from the Harijan 

community (26) followed by Koli (22), Bharvad (16), 

Rabari (16), Darbar (14), Muslim (14), Lohana (10), Patel 

(08), Satwara (05), Suthar (04), Brahmin (04), Jain (04), 

Luhar (03), Khatri (02) and Sindhi (02). Age or 

hemoglobin level is not significantly different among 

normal and G6PD deficient persons (within one standard 

deviation). 

While applying oxidizing drugs in a person of Harijan 

community (prevalence 7 out of total 26, i.e. 27%), extra 

caution is required, esp. if a person if otherwise 

vulnerable (e.g. alcoholic). For other less represented 

communities, larger stratified sampling is required. 
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