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Does G6PD deficiency protect against cancer?
A critical review
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From the Istituto di Medicina del Lavoro, Universita' di Cagliari, Italy

SUMMARY Previous observations on the lower mortality for cancer experienced in populations with
a higher frequency ofG6PD deficiency support biochemical studies on the role ofG6PD during cell
proliferation. The general agreement among experimental studies prevented a deeper analysis of the
sources ofwhat has been called "epidemiological evidence of the protective role ofG6PD deficiency
against cancer". This review analyses the methods and findings in those papers, stressing their
limitations and emphasising that no final conclusions can be drawn from them. Preliminary results of
ongoing epidemiological studies ofG6PD deficiency and cancer are presented, although they do not
prove or disprove the hypothesis that G6PD deficiency protects against cancer.

Glucose-6-phosphate dehydrogenase (G6PD)
deficiency is an hereditary condition transmitted by a
sex-linked gene with intermediate dominance in
females. It is fairly frequent among Mediterranean
populations, and its consequences were known more

than 2000 years ago: Herodotus recorded that
Egyptian priests were not allowed to eat broad beans
(Viciafaba) because of the occurrence of symptoms
which we now attribute to haemolytic crises.
Pythagoras, according to historians, chose to be
captured by enemies rather than try to escape through
a broad bean field.
Even though haemolytic anaemia is the only known

disease occurring in G6PD deficient subjects, G6PD
deficiency has been demonstrated in other tissues as
well. '7 The particular position of G6PD in the
metabolic pathway leading to nucleic acid synthesis
supported the hypothesis that its deficiency interferes
with normal cell function and replication 8 9 and leads
to a protective effect against the development of
cancer.
A first impulse to study the relation between G6PD

deficiency and the incidence of cancer came from the
observation of the geographical variability of both
factors, sometimes inversely related.9 In the years
1968-72, a few papers were published all supporting
the hypothesis of a lower cancer incidence in G6PD
deficient subjects. We examine the methods and
findings ofthese papers, which were thought to supply
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epidemiological evidence of a lower cancer incidence
in G6PD deficient subjects.

Review of the literature
About 20 years ago, Beaconsfield et al., utilising
official records from the World Health Organization
and the Ministry of Health of Israel, reported
standardised mortality rates for four tumours
(stomach, kidney, colon, pancreas) in Occidental and
Oriental Jews;9 in all cases, and more clearly in males,
the incidence of cancer was higher in Occidental than
in Oriental Jews (table 1). The estimate of the
frequency of G6PD deficiency in the different ethnic
groups living in Israel was indirectly obtained from a
previous study on the frequency of glutathione
stability in those populations.'0 The stability of
glutathione (GSH) inside the red cells is strictly

Table I Cancer ratesfor selected sites, standardisedfor sex
and age, per 10-5 Israeli Jewish immigrants aged 65 and over
(from Beaconsfield et al.)

Tumour site Occidental Jews Oriental Jews
Men Women Men Women

Stomach 258-0 157-0 120 2 90 9
Colon 70-2 54-4 22-0 31-6
Pancreas 48-3 27-6 24-0 316
Kidney 35-6 20-7 10 0 7-4
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dependent on the availability of a sufficient G6PD
activity, of which it was considered as an approximate
estimate. Thus males with unstable GSH were thought
of as always being G6PD deficient; on the other hand,
the same condition in females co-existed with various

degrees of enzyme activity. Table 2 shows only data
for males; extreme variability in the frequency of
unstable GSH (= G6PD deficiency) is evident among
the ethnic groups within the 'Oriental Jews' category.
Unfortunately, it was impossible to single out the
mortality rates for cancer in these groups, but the
difference observed in the official records seemed to be
sufficient to suggest that G6PD deficiency may have
been involved in protecting Oriental Jews against
cancer, bearing in mind that:
(a) the discrepancy in the rate ofmalignancies between
the two Israeli population groups was far greater than
would seem to be justified on the sole basis of G6PD
deficiency percentages established for these
populations;
(b) the rough subdivision of compared groups, and
particularly the heterogeneity of the Oriental Jew
category, did not allow Beaconsfield to exclude other
criteria, including environmental and hereditary
factors;
(c) the limit inherent in retrospective studies becomes
much more evident as far as this topic is concerned
because, he wrote, "in a person with G6PD deficiency,
the level of the enzyme becomes normal or even

elevated, consequent to severe injury or during
neoplastic changes." Thus he suggested the possibility
of a misclassification of G6PD activity due to the
neoplastic disease.
Finally, Beaconsfield indicated the necessity of
carrying out longitudinal investigations to obtain
sufficient evidence about the pattern and significance
of the relation between G6PD deficiency and the
malignant process.

Three years later, following Beaconsfield's
hypothesis, Sulis and Spano published a paper
reporting their case-record of palate tumours; G6PD
deficient subjects accounted for 7% of the total
number of cases (11/140), whereas they estimated at
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about 13-15% the frequency of the same condition in
the whole Sardinian male population." 12 These
authors also reported that most cases were smokers "a
fogu a intru" (Sardinian term describing the particular
method of smoking cigars with the lighted side inside
the mouth); four out of eight G6PD deficient cases

with more advanced lesions and treated only with
radiotherapy still survived six to seven years after
diagnosis and were apparently cured, thus suggesting
that there is less malignancy in the evolution of cancer
in G6PD deficient subjects.

Before any treatment was given, the authors
ascertained the presence of G6PD activity in the
neoplastic tissue of three of the four cases previously
mentioned. It was at a lower level than in neoplastic
tissue of individuals with normal G6PD activity in red
cells, and they used this finding to support their
hypothesis of a lower malignancy in neoplastic lesions
ofG6PD deficient subjects. The following facts should
be noted:

The authors did not describe the study as an

epidemiological one.

2 For comparison, the authors chose data on the
frequency of G6PD deficiency in the Sardinian
population published by Siniscalco et al in 1961.12
They studied a random sample of 2459 school boys in
19 Sardinian villages, 339 of whom (13 8%) were

found to be G6PD deficient. But, what is most
important, the range of variation among the villages
examined was 3-35%, very well related to past
malarial frequency and, inversely, to altitude. The
same characteristics of geographical distribution were
then confirmed by other studies.'3
3 The practice of smoking with the lighted end of the
cigar inside the mouth was particularly prevalent
among the shepherds of Central Sardinia; cancer of
the oral cavity and pharynx (including palate cancer)
is more frequent there than in the rest of the region. 14
This area is geographically mountainous and in the
past was practically free of malaria. Thus, as

demonstrated by all population studies of G6PD
deficiency in Sardinia, the local frequency of the
enzyme deficiency is lower than in the rest of the

Table 2 Frequency ofGSH instability (associated with G6PD deficiency in random samples ofmales from different population
groups (from Szeinberg et al.))

Unstable GSH MortalitY rates for
Population group No of males examined No % cancer (all ti'pes)t

Ashkenazi* 203 - - 195.0 x 10 5
Not AshkenaziF 174 18 10 4 1280 x l0o

Subgroups: Iraq 72 15 208
Yemen 42 2 4 8
North Africa 24 1 41
Others 36 - -

Ashkenazi are Westem Jews; Not Ashkenazi are Eastern Jews (including also Spanish, Portuguese, Moroccan, Turkish, and Iraqui groups)
t Mortality rates for cancer are adjusted for age (over 15 years) not sex.
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region. It is possible then that a bias affected the study
of Sulis and Spano: the risk of palate cancer may be
related not to normal G6PD activity, but rather to the
particular method ofsmoking cigars, which happened
to be very common in that same area where G6PD
deficiency is rare.

In a further paper, Sulis reported a case-record of
320 males affected by cancer (all types), resident in the
area near Cagliari, 13% of whom were G6PD
deficient,15 while 25-35% ofthe total male population
in the same area were G6PD deficient. Some further
considerations are as follows:
1 A control group is again lacking.
2 The reported frequency of G6PD deficiency in the
cases of cancer is very close to the mean frequency of
G6PD deficiency in the Sardinian male
population.12 13 16

3 Up to the 1970s the "area of Cagliari" received
immigrants from the whole island; thus it is more
important to know, before comparing them, where the
people affected by cancer were born rather than where
they were residing.
4 In the same paper, a lower cancer prevalence is
reported for Sardinia than for both northern Italy and
the rest of Europe.15 We must recall that the
standardised mortality rate for cancer (all types) in the
Sardinian male population ranged from 12-8 to
14 x 10-4 in the period 1970-79, still lower than for
North and Central Italy but almost always higher than
for the remaining regions of Southern Italy where
G6PD deficiency is practically unknown.'6 17
As further support for this suggestive hypothesis,

another paper appeared in which Naik and Anderson
reported their study on erythrocyte G6PD deficiency
in 241 Negro patients (66 males and 175 males)
affected by cancer and compared them with 266 Negro
male blood donors and 142 females attending planned
parenthood and maternity clinics.'8
The different prevalence among the female sex in the

two groups compared does not allow any inference
without a stratification by sex. Actually it is known
that because of the particular genetic transmission of
the character, G6PD deficiency is much more frequent
everywhere in males than in females; so, having a

higher percentage offemales among cases and ofmales
among controls means that cases will be less frequently
G6PD deficient, as Naik and Anderson reported in
1970.'9 Dividing the same cases and controls
according to sex, no significant difference was found
between males; on analysing the data statistically,
again with the chi-square test according to the Mantel-
Haenszel procedure,20 even the reported significance
of the difference in the female sex disappeared (table
3).

Furthermore, another study by Long et aP2' did not
reveal a significant negative relation between G6PD

Table 3 Frequency of G6PD deficiency in Negro cancer
patients and controls

Group Total No. G6PD deficient

Cases Male 66 3 (4-5%)*
Female 175 1 (06%)t

Controls Male 266 25 (9-4%)*
Female 130 5 (3-8%)

x2= 1-8; OR= 046; OR,OR= 0-15, 1-41
tx2=2-6; OR=0-14; OR,OR=0-0l, 1-54
(from Naik and Anderson)
OR,OR=95% confidence limits.

deficiency and cancer; we analysed their data again
according to the case-control method (table 4). G6PD
deficient subjects showed a significant positive risk for
varicose veins, congenital anomalies, and cataract,
and a negative risk for coronary artery disease. No
relation existed between malignancies and G6PD
deficiency; the statistical power was too small to
demonstrate the negative risk found for carcinoma in
G6PD deficient subjects. Unfortunately, no list of
tissues or organs affected by carcinoma was given, nor
were the types of cancer included in the malignancies
indicated.

Conclusions

Even though there is no clearcut evidence ofa negative
association between G6PD deficiency and the
incidence of cancer, the authors who studied these
topics gave a great impulse to further investigations of
the epidemiology of G6PD and associated diseases.

In recent years, different authors have discovered a
relation between G6PD enzymatic activity, cell
proliferation, and cancer. Schwartz et al have
repeatedly shown that G6PD inhibition by
dehydroepiandrosterone (DHEA) protects against the
growth ofchemically induced tumours and is also able
to block cell division and proliferation.24-26
On the other hand, it was shown that the inhibition

of tumour induction may be due to the failure of

Table 4 Odds ratio for some diseases in G6PD deficient
Negro male patients (Further analysis of data from Long et
al.)

Disease OR X2 OR OR

Coronary artery disease 0-48 4-56 0-24 0-94
Hypertension 1-49 2-74 0-93 2-39
Varicose veins 3 71 1402 1-88 7 34
Congenital anomalies 3 03 6-77 1 32 6-96
Carcinoma 037 2-79 0-12 1 18
Malignancy (all types) 0-95 0-02 0-46 1-94
Cataract 201 514 1 10 3-66
Inguinal hernia 1-53 2 40 0 90 2 61

OR,OR= 95% confidence limits
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Table 5 Comparison ofheight and weight ofG6PD deficient
andnormal subjects (workers admitted to the same hospitalfor
occupational diseases)

Height Weight
G6PD No. (cm) (kg)

Deficient 30 163-0 ±6-63 69-1 + 9-45
Normal 62 16487 i 5-73* 70 9± 13-85t

t= -2-31 p<O05
tt= -3 35 p<001
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male population of 24 Sardinian towns, whose G6PD
deficiency frequencies were almost continuously
distributed (figure). The simple correlation coefficient
calculated was statistically significant, but both the
large variability of SMRs and the non random
selection of samples examined did not allow any
conclusion to be drawn.'3

Beaconsfield's indication of the need for a
longitudinal study for the purpose of ascertaining a
possible protective role of G6PD deficiency against
cancer still remains to be satisfied.

G6PD deficient cells to metabolise chemicals to the
ultimate form that is able to induce cancer.27
A positive correlation has repeatedly been reported

between DNA synthesis and G6PD activity,
suggesting that the hexose-monophosphate shunt may
be limiting for cell proliferation by not providing
enough nicotinamide-adenine-dinucleotide-phosphate
(NADPH) for the synthesis of cholesterol and its
intermediate metabolites, which are known to be
necessary for initiating DNA sythesis.28-31
No epidemiological evidence, as we have previously

stated, can be obtained from the existing literature,
starting from the early 1960s when epidemiological
methods were not yet so refined. Our first approach
was to check whether in normal subjects it would be
possible to find a relation between physiological
growth and G6PD deficiency; both height and weight
were found to be lower in G6PD deficient subjects
than in normal individuals, even though the difference
was not as great as we expected, considering that the
G6PD deficiency greatly restricted normal cell
proliferation and growth (table 5).
The next step was a geographical correlation of the

frequency of G6PD deficiency and standardised
mortality rates for cancer (all types), using data for the
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Linear regression between frequency ofG6PD deficiency and
standardised mortality rate for cancer (all types) in the male
populations of 24 Sardinian towns: r= - 0-418, p< 005.
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