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Pesticide exposure as a risk factor for 
lymphoproliferative disorders in adults
E.A. Salem,1 M.M. Hegazy 2 and E.A. El Khouley 3

ABSTRACT In view of the widespread use of pesticides in Egypt and the increasing incidence of leukaemia and 
lymphoma we aimed to assess pesticide exposure and other selected variables as risk factors for lymphoproliferative 
disorders (leukaemia and non-Hodgkin lymphoma). In a hospital-based, retrospective, case–control study in 2011–
2012, adult cases of lymphoproliferative disorders (n = 130) were recruited from outpatient clinics in Menoufia, 
Egypt, while controls (n = 130) were age- and sex-matched fracture patients. Family history of cancer, exposure to 
X-rays, smoking and use of hair dyes were not risk factors for lymphoproliferative disorders in univariate analysis. 
History of exposure to pesticides and HCV infection were significant risk factors for lymphoproliferative disorders 
in multivariate analysis (OR = 2.24; 95% CI: 1.22–4.11 and OR = 2.67; 95% CI: 1.50–4.80 respectively). The risk was 
significant for cases of non-Hodgkin lymphoma but not chronic lymphocytic leukaemia.

1Department of Public Health and Community Medicine; 2Department of Forensic Medicine and Clinical Toxicology; 3Department of Clinical 
Oncology; Faculty of Medicine, University of Menoufiya, Menoufiya, Egypt (Correspondence to E.A. Salem: dr_eman53@yahoo.com).

Received: 07/03/13; accepted: 23/02/14

ض لمبيدات الهوام باعتبارها عوامل اختطار لاضطرابات التكاثر اللمفاوي لدى البالغين التعرُّ
إيمان سالم، مفرح حجازي، إيناس الخولي

الخلاصــة: في ضــوء الاســتعمال الواســع النطــاق لمبيــدات الهــوام في مــر، ومــع ازدياد معــدلات ابيضــاض الــدم واللمفومــا، اســتهدف الباحثون 
ــاض  ــاوي )الابيض ــر اللمف ــات التكاث ــاة لاضطراب ــار منتق ــل اختط ــا عوام ــة باعتباره ــرات متنوع ــع متغ ــوام م ــدات اله ــرض لمبي ــم التع تقيي
ــي 2012-2011،  ــواهد في عام ــالات والش ــفى للح ــى المستش ــز ع ــتعادية ترتك ــة اس ــون دراس ــرى الباحث ــة(، وأج ــا اللاهودجكيني واللمفوم
ــة، مــر، مــع 130  ــة في المنوفي ــادات الخارجي ــر اللمفــاوي ممــن يراجعــون العي ــات التكاث ــن باضطراب ــة مــن البالغــن المصاب شــملت 130 حال
مــن الشــواهد مــن المــرضى الآخريــن الذيــن يُماثلــون الحــالات مــن حيــث الجنــس والعمــر. واتضــح للباحثــن أن كلًا مــن الســوابق الأسريــة 
ض للأشــعة الســينية، والتدخــن، واســتخدام أصبغــة الشــعر ليســت مــن عوامــل اختطــار الإصابــة باضطرابــات  للإصابــة بالسرطــان، والتعــرُّ
ض لمبيــدات الهــوام والعــدوى بفــروس الالتهــاب الكبــدي  التكاثــر اللمفــاوي، وذلــك وفــق التحليــل الوحيــد المتغايــرات. أمــا ســوابق التعــرُّ
سي فكانــت مــن عوامــل الاختطــار المهمّــة التــي يُعتــدّ بهــا إحصائيــاً لاضطرابــات التكاثــر اللمفــاوي وفــق التحليــل المتعــدد المتغايــرات )معــدل 
الأرجحيــة 2.24، بفاصلــة ثقــة 95 % مــع تــراوُح النتائــج بــن 1.22 و4.11 بالنســبة للتعــرض لمبيــدات الهــوام ومعــدل الأرجحيــة 2.67 بفاصلــة 
ــا  ــد به ــة يعت ــار ذا أهمي ــدي سي(. وكان الاختط ــاب الكب ــروس الالته ــدوى بف ــبة للع ــن 1.50 و4.80 بالنس ــج ب ــراوُح النتائ ــع تـ ــة 95 % م ثق

ــاً بالنســبة للمفومــا اللاهودجكينيــة، ولكنــه ليــس كذلــك بالنســبة للابيضــاض اللمفــاوي المزمــن. إحصائي

Exposition aux pesticides en tant que facteur de risque des maladies lymphoprolifératives chez l'adulte

RÉSUMÉ Étant donné l'utilisation largement répandue des pesticides en Égypte et l'incidence croissante de la 
leucémie et du lymphome, nous avons tenté d'évaluer l'exposition aux pesticides et d'autres variables sélectionnées 
en tant que facteurs de risque des maladies lymphoprolifératives (leucémie et lymphome non-hodgkinien). Dans 
une étude cas-témoins rétrospective menée en milieu hospitalier en 2011–2012, des adultes atteints de maladies 
lymphoprolifératives (n = 130) ont été recrutés dans des services de consultations externes à Menoufia (Égypte), 
tandis que les témoins appariés pour l'âge et le sexe (n = 130) recrutés souffraient de fractures. Des antécédents 
familiaux de cancer, d'exposition aux rayons-X, de consommation de tabac et d'utilisation de teintures capillaires 
ne constituaient pas des facteurs de risque des maladies lymphoprolifératives selon une analyse univariée. Des 
antécédents d'exposition aux pesticides et d'infection par le virus de l'hépatite C étaient des facteurs de risque 
importants de certaines maladies lymphoprolifératives à l'analyse multivariée (OR = 2,24 ; IC à 95 % : 1,22–4,11 et  
OR = 2,67 ; IC à 95 % : 1,50–4,80 respectivement). Le risque était significatif pour les cas de lymphome non-
hodgkinien mais non significatif pour la leucémie lymphocytaire chronique.
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Introduction

Lymphoproliferative disorders are a 
heterogeneous group of malignant 
clonal proliferations of lymphocytes. 
They include disorders of B-, T- and 
NK-cell lineages all of which are further 
classified as distinct entities including 
chronic lymphocytic leukaemia (CLL), 
non-Hodgkin lymphoma (NHL), 
Hodgkin lymphoma, Waldenström 
macroglobulinaemia and multiple my-
eloma (1). NHL is a heterogeneous 
group of over 20 different B- and T-
cell neoplasms affecting the immune/
lymphatic system and arising primarily 
in the lymph nodes (2). Egypt has one 
of the highest incidence of lymphoma in 
the world, mainly NHL, which is higher 
than even the United States of America 
(USA) (2,3) as well as other developed 
nations, where Hodgkin lymphoma are 
more common. In Egypt, NHL is the 
second most common cancer in adults, 
and lymphoma is the most common 
cancer in children (4).

The reasons for the increase in NHL 
are largely unexplained. A known pre-
disposing factor that is strongly associ-
ated with NHL is immunosuppression 
(5). Several other risk factors have been 
identified, including exposure to infec-
tious agents and chemical toxins (6,7). 
Pesticides, which are widely used in 
agriculture, comprise a wide variety of 
chemicals mainly used to control dam-
age to plants from insects (insecticides), 
mould (fungicides) and weeds (her-
bicides). In Egypt, several pesticides 
including organophosphate, carbamate 
and pyrethroid insecticides, fungicides 
and herbicides are commonly used to 
increase agricultural productivity (8). 
Organophosphate pesticides represent 
more than 80% of the total insecticides 
used in Egypt (9). While many pesti-
cides are carcinogenic in animals and 
can act through several mechanisms 
to cause cancer in animals, their role 
in human carcinogenesis remains has 
not been fully clarified (10). A signifi-
cant association between NHL and 

agricultural use of organophosphate 
and carbamate pesticides has been re-
ported in studies from the USA (11), 
Israel (12) and Australia (13). Consid-
ering the widespread use of pesticides 
in Egypt, together with an increasing 
incidence of leukaemia and lymphoma, 
it is important to investigate whether 
there is an association between pesti-
cide exposure and lymphoproliferative 
disorders or not.

This study aimed to assess pesti-
cide exposure as a risk factor for lym-
phoproliferative disorders (leukaemia 
and NHL) in adults and to study the 
possible role of other risk factors for 
leukaemia and NHL in adults, including 
hepatitis C virus (HCV) infection, fam-
ily history of cancer, smoking, exposure 
to X-rays and use of hair dyes.

Methods

This was a hospital-based, retrospective, 
case–control study carried out from 1 
April 2011 to 31 October 2012. The 
study was limited to adults as the epide-
miology of childhood lymphoprolifera-
tive disorders differs markedly from that 
of adults regarding specific causes such 
as post-transplantation conditions or 
specific infections such as Epstein-Barr 
virus (14).

Subjects
Patients
Cases of lymphoproliferative disorders 
(n = 130) were recruited during the pe-
riod of the study from patients attending 
outpatient clinics at the department of 
oncology, Menoufia University Hospi-
tal. The Hospital is a tertiary care centre 
for Menoufia Governorate, Egypt and 
these clinics provide outpatient care 
regarding diagnosis and follow up for 
patients with a variety of malignan-
cies of varying acuity levels. Patients 
included in this study were over the 
age of 18 years; 85% of those who were 
approached consented to participate in 
the study. They were diagnosed as CLL 

or NHL after a clear diagnosis which 
was validated by the clinical oncologist 
mainly with the help of the surgeons 
(for biopsy taking), pathologist (for bi-
opsy reading and immuophenotyping), 
clinical pathologist (for laboratory data) 
and radiodiagnosis physician (for imag-
ing). To avoid immunosuppression in 
these patients all cases were selected 
before initiation of chemotherapy. The 
studied cases included 23 cases of CLL 
and 107 cases of NHL.

Diagnostic criteria
The diagnosis of CLL was based on 
the following (15): blood count (for 
presence of lymphocytosis, i.e. median 
values 30–50 × 109 of lymphocytes/L) 
; bone marrow biopsy (bone marrow 
is usually hypercellular but can be 
normocellular; the most characteristic 
feature is the presence of at least 30% 
mature-appearing lymphocytes); im-
munophenotyping (more than 95% of 
all cases of CLL have a B-cell pheno-
type with monoclonality by light-chain 
restriction); and cytogenetic and mo-
lecular findings (a number of recurrent 
cytogenetic abnormalities have been 
identified in CLL).

Diagnostic evaluation of patients 
with NHL included the following (15): 
history-taking (night sweats, weight 
loss, fever; neurologic, musculoskeletal 
or gastrointestinal symptoms); physi-
cal examination (lymphadenopathy; 
pericardial rub, pleural effusion, breast 
masses; hepatosplenomegaly, bowel 
obstruction, renal mass, and testicular or 
ovarian mass; spinal cord compression); 
biopsy of peripheral lymphadenopa-
thy (excisional biopsy); computerized 
tomography scan of the neck, chest, 
abdomen and pelvis (to detect enlarged 
lymph nodes and hepatosplenomegaly 
and for initial staging and assessment 
of treatment response); bilateral bone 
marrow aspirate and biopsy (trephine 
biopsy should always be carried out if a 
diagnosis of lymphoma is suspected); 
complete blood count (peripheral 
blood lymphocytosis with circulating 
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•	 History of exposure to various envi-
ronmental risk factors, e.g. smoking, 
X-rays, malaria infection, hair dyes.

Serological analysis
Blood samples were taken from par-
ticipants and serological analysis was 
carried out for anti-HVC antibodies 
in serum. Anti-HCV was detected by 
3rd-generation enzyme-linked immu-
nosorbent assay (ELISA) (Innotest kit, 
Innogenetics). This qualitatively deter-
mines the presence of antibodies to 4 
recombinant HCV proteins in serum. 
The test was done at the laboratory of 
the National Liver Institute.

Statistical analysis
The results were collected, tabulated and 
statistically analysed using SPSS statis-
tical package, version 11. The data are 
presented as descriptive statistics and 
the chi-squared test was done to study 
the association between qualitative vari-
ables, with Fisher exact test done when 
more than 25% of the cells contained an 
expected count < 5. A stepwise logistic re-
gression analysis was done to determine 
the adjusted odds ratio (OR) and 95% 
confidence interval (CI) for the different 
risk factors and malignancy. P value < 0.05 
was considered statistically significant.

Results

Background data
The mean age of patients with lym-
phoproliferative disorders was 46.9 
years, and for those with NHL the 
mean age was 47.5 years. There were 
more males than females among 
the cases (59.2% versus 40.8%) and 
a high proportion lived in rural areas 
(60.8%). One-third worked as farmers 
(32.3%). Table 1 shows that there were 
no statistically significant differences 
between patients with lymphoprolif-
erative disorders and controls regarding 
age, sex, residence, level of education 
and occupation (P > 0.05). Most of the 
females among the cases and controls 
were housewives.

malignant cells is common in low-grade 
lymphoma); general chemistry panel 
(including determination of lactate 
dehydrogenase level, which is manda-
tory); HBV and HCV panels (espe-
cially in patients anticipated to receive 
monoclonal antibody therapy and/or 
chemotherapy); and HIV testing (for 
association).

Controls
An equal number of adult controls (n 
= 130) were recruited, matched to the 
cases according to age and sex. The cri-
teria for selection were being physically 
and mentally capable of participating 
and free from cancer and lymphad-
enopathy on clinical examination. They 
were sampled from among all patients 
of the department of orthopaedics, Me-
noufia University Hospital who were 
arriving with fractures after accidents; 
88% of the eligible controls who were 
contacted agreed to participate in the 
study. They would be representative of 
the source population of the cases by 
region, since both the oncology and or-
thopaedic departments of the hospital 
serve patients from the same area. On 
the other hand, the risk of exposure to 
pesticides and to fractures are very likely 
to be independent. 

Verbal informed consent was ob-
tained from all participants in the study. 
Ethical approval to perform the study 
was obtained from the ethics committee 
in the Faculty of Medicine, University of 
Menoufia and the management board 
of the hospital.

Data collection
All cases and controls were given a ques-
tionnaire and serological analysis.

Questionnaire
Questionnaires have been used success-
fully to assess chronic pesticide exposure 
among farmers, farm workers and the 
general population, as long-lived bio-
logical markers are not available (16). 
A predesigned questionnaire was pre-
pared and validated by the researchers 

and was pilot tested on 15 patients and 
15 controls (out of the participants) at 
the Hospital to test reliability. Modi-
fications were made according to the 
results obtained. The questionnaire 
was administered to all participants in a 
face-to-face interview that lasted 20–30 
minutes. The interview was conducted 
at the hospital by the researchers and 
2 well-trained nurses from the hospital 
who were blind to the study groups. In 
order to avoid recall bias that occurred 
after diagnosis of the cases and to allow 
a minimum latency period, a period of 1 
year before the reference date (date of 
diagnosis) for both cases and controls 
was used as the duration of recorded 
exposure.
The questionnaire included the follow-
ing items:

•	 Sociodemographic data (age, sex, 
residence, marital status, level of edu-
cation, and occupation). Occupation 
was defined as ever held the occupa-
tion if respondents worked for at least 
1 year in that occupation.

•	 Family history of malignancies in any 
first-degree relatives, if it could be ac-
curately recalled by the participants.

•	 History of exposure to pesticides 
(yes/no): types of pesticides (to as-
sist participants in recalling the pesti-
cides used, a list of the most common 
brand names was provided); dura-
tion of exposure to pesticides; appli-
cation method used most often; and 
use of protective equipment. In this 
study, the term pesticide referred pri-
marily to herbicides, insecticides and 
fungicides, which are the commonest 
types used in Egypt. The duration of 
pesticide use was categorized into 2 
groups based on the median years of 
exposure among subjects who used 
insecticides (≤ 5 and > 5 years). In-
formation on habits such as changing 
clothes before entering the house, 
smoking and eating during applica-
tion of pesticides and accidents (e.g. 
accidental poisoning) were recorded. 
Non-occupational use of pesticides 
(home, garden) was also included.
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Risk factors for all 
lymphoproliferative disorders

A history of exposure to pesticides was 
reported by 38.5% of patients with lym-
phoproliferative disorders compared 
with 26.2% of controls and this was a 
significant difference (χ2 = 4.50, P < 
0.05). Of those exposed to pesticides, 
significantly more of the cases of lym-
phoproliferative disorders had a long 
duration of exposure (> 5 years) than 
the controls (86.0% versus 64.7%) (χ2 = 
4.10, P < 0.05) (Table 2). No statistically 
significant differences were found be-
tween patients with lymphoproliferative 
disorders and controls regarding types 
of pesticide exposure, the main crops 
sprayed, use of protective measures, 
and history of regular use of household 
insecticides (P > 0.05) (Table 2).

Regarding other risk factors, infec-
tion with HCV was significantly associ-
ated with lymphoproliferative disorders 

(39.2% of cases versus 21.5% of con-
trols) (χ2 = 9.62, P < 0.01). None of the 
other studied variables—family history 
of cancer, exposure to X-rays, smoking 
and use of hair dyes—were found to 
be risk factors for lymphoproliferative 
disorders (P > 0.05) (Table 3).

History of exposure to pesticides 
and HCV infection were still signifi-
cantly associated with lymphoprolifera-
tive disorders after adjustment for age, 
sex and residence (OR = 2.24; 95% 
CI: 1.22–4.11 and OR = 2.67; 95% CI: 
1.50–4.80 respectively) (Table 4).

Risk factors for non-Hodgkin 
lymphoma
Similar results were found when analys-
ing the cases of NHL separately. A sig-
nificant association was shown between 
NHL and a history of exposure to 
pesticides (41.1% of cases versus 26.2% 
of controls) (χ2 = 5.95, P < 0.05) and be-
tween NHL and HCV infection (40.2% 

of cases versus 21.5% of controls) (χ2 = 
9.73, P < 0.01) (Table 5). These associa-
tions were retained after adjustment for 
age, sex and residence (OR = 2.46; 95% 
CI: 1.31–6.63) for exposure to pesticides 
and (OR = 2.78; 95% CI: 1.51–5.14 for 
HCV infection) (Table 6).

Risk factors for leukaemia
No significant association was found 
with history of exposure to pesticides 
nor with HCV infection when analysing 
the cases of CLL separately (P > 0.05) 
(Table 7). Also, neither family history of 
cancer nor history of smoking were risk 
factors for CLL (P > 0.05).

Discussion

The etiology of NHL and leukaemia is 
still largely unknown, but exposure to 
chemicals, in particular pesticides, has 
been suggested to be a risk factor (17).

Table 1 Sociodemographic data of the studied patients with lymphoproliferative disorders (LPD) and controls

Sociodemographic data LPD cases
(n = 130)

Controls
(n = 130)

Total
(n = 260)

Test of 
significance

P-value

Age (years)

Mean (SD) 46.9 (10.9) 48.3 (9.8) 47.6 (10.3) t = 1.11 > 0.05

Range 23–74 26–71 23–74

No. % No. % No. %

Sex

Male 77 59.2 81 62.3 158 60.8 > 0.05

Female 53 40.8 49 37.7 102 39.2

Residence

Urban 51 39.2 46 35.4 97 37.3 χ2 = 0.41 > 0.05

Rural 79 60.8 84 64.6 163 62.7

Marital status

Never married 14 10.8 11 8.5 25 9.6 χ2 = 0.39 > 0.05

Ever married 116 89.2 119 91.5 224 86.2

Education level

Illiterate 44 33.8 42 32.3 86 33.1

Primary education 43 33.1 45 34.6 88 33.8 χ2 = 1.22 > 0.05

Secondary education 32 24.6 36 27.7 68 26.2

University and above 11 8.5 7 5.4 18 6.9

Occupation

Farmer 42 32.3 29 22.3 71 27.3 χ2 = 3.27 > 0.05

Non-farmer 88 67.7 101 77.7 189 72.7

SD = standard deviation.
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The mean age of patients with 
lymphoproliferative disorders in the 
present study was 46.9 years (47.5 
years among NHL patients). These 
results are similar to observations in 
previous studies of NHL in Egypt 
(18,19) and in Turkey (20). The 
male: female ratio in lymphoprolifera-
tive disorder cases was 1.45:1 (1.43:1 
among NHL patients). This male 
predominance could be explained 
by men’s greater exposure to the en-
vironmental risk factors at work. The 
reported male:female ratio among 
NHL cases varies around the world, 
but is consistently greater than 1. In 
the USA, it is approximately (1.6:1) 
and in some countries it is greater than 
2:1 (19).

Residence in rural areas was pre-
dominant among the cases (60.8%). 
This could be explained by the fact 
that the department of oncology at 
Menoufia University Hospital serves 
mainly patients coming from the 
Delta region of Elyot, which has more 
rural than urban areas. This contrast 
with a previous study conducted at the 

National Cancer Institute in Cairo, 
the capital city of Egypt (18), as cases 
were mainly coming from Cairo, Giza, 
and Alexandria Governorates, which 
have more urban than rural areas.

In the present study, farmers 
showed a higher risk of lymphopro-
liferative disorders compared with 
all other occupations (32.3% of lym-
phoproliferative disorder cases were 
farmers versus 22.3% of controls), 
although the difference did not reach 
statistical significance. Attention has 
focused on farmers in studies of ma-
lignant lymphoma because they ex-
perience certain exposures, including 
exposure to zoonoses, pesticides and 
other chemicals such as fertilizers and 
solvents (21). Our finding was con-
sistent with similar studies in Spain 
(22), France (23) and Sweden (24).

Exposure to pesticides in this 
study was significantly associated with 
lymphoproliferative disorders in the 
multivariate analysis. This risk was 
increased with duration of exposure 
to pesticides > 5 years. A significant 

association was reported for NHL 
patients in univariate and multivariate 
analysis (OR = 2.46). The mechanism 
of pesticide-induced carcinogenicity is 
still unclear. It has been suggested that 
alteration of immune function (25) or 
genetic factors (6,26) may be respon-
sible for the carcinogenesis associ-
ated with exposure to some pesticides. 
Also in Egypt, Loffredo et al. found 
that cases of NHL showed a signifi-
cantly higher frequency of exposure 
to organophosphate insecticides than 
did controls (OR = 2.5) (27). Similar 
results were also obtained in a study in 
the Islamic Republic of Iran in which 
the authors concluded that persons 
with exposure to any pesticide had 
increased risk of NHL than controls 
(OR = 3.9) (10). However, another 
large study In the USA of pesticide 
exposure did not find any association 
between organophosphate use and 
NHL (28). It may be that different 
organophosphate pesticides have dif-
ferent effects, but unfortunately we 
had did not have sufficient numbers 
of subjects to analyse specific types 

Table 2 Distribution of patients with lymphoproliferative disorders (LPD) and controls regarding history of exposure to 
pesticides

Risk factor LPD cases
(n = 130)

Controls
(n = 130)

χ2 P-value

No. % No. %

History of exposure to pesticides

Yes 50 38.5 34 26.2 4.50
< 0.05

No 80 61.5 96 73.8

If yes:

Duration of exposure to pesticides (years) (n = 50) (n = 34)

≤ 5 7 14.0 12 35.3 4.10 < 0.05

> 5 43 86.0 22 64.7

Used protective measures

Always 2 4.0 2 5.9

Sometimes 3 6.0 4 11.8 1.09 > 0.05

Never 45 90.0 28 82.4

Type of pesticide

Crop insecticide 29 58.0 22 62.9 2.27 > 0.05

Herbicide 10 20.0 6 17.2

Fungicide 7 14.0 2 5.7

Home pesticide 4 8.0 4 14.3
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of organophosphates. Another study, 
in Sweden, found no significant as-
sociations between NHL and either 
organochlorine or organophosphate 
insecticides (29).

No significant association was ob-
served in this study between the CLL 
and history of exposure to pesticides 
in agriculture. This could be due to the 
small number of leukaemia patients 
in the sample (n = 23). A study con-
ducted in Greece found an association 
of pesticide exposure with leukaemia 
(OR= 2.14) (30). Similar results were 
obtained from 6 European countries, 
which found that the risk of CLL was 

elevated among those ever exposed 
to inorganic (OR = 1.6) and organic 
pesticides (OR = 1.5). CLL risk was 
highest amongst those ever exposed 
to organophosphates (OR = 2.7) (31).

In our study, infection with HCV 
was associated with an increased risk 
of developing lymphoproliferative 
disorders in multivariate analysis, after 
adjustment for age, sex, residence and 
history of exposure to pesticides (OR 
= 2.67). Also, HCV was found to be a 
risk factor for NHL in the multivariate 
analysis (OR = 2.78). However, no 
significant association was found be-
tween HCV infection and CLL, which 

again could be due to the small num-
ber of leukaemia patients.

A significant association between 
HCV infection and NHL was pre-
viously observed in Egypt (18) and 
in British Columbia, Canada (32). 
This association had been hypoth-
esized to be due to the persistence of 
chronic HCV in lymphocytes along 
with the involvement of genetic and 
environmental factors (33). Possible 
mechanisms for malignant transfor-
mation include clonal proliferation 
of B-cells, inhibition of apoptotic cell 
death or both (34). Polymorphisms in 
the oxidative stress regulatory enzyme 
genes GPX1 and MPO may influence 
NHL risk in HCV-infected Egyptian 
patients (35).

In contrast, other studies, con-
ducted in France (36), Canada (37) 
and India (38,39), found no or weak 
association between HCV infection 
and subtypes of NHL. These studies 
were limited by small sample sizes and 

Table 3 Distribution of patients with lymphoproliferative disorders (LPD) and controls regarding the studied risk factors

Studied risk factor LPD cases
(n = 130)

Controls
(n = 130)

χ2 P-value

No. % No. %

Anti-HCV

+ve 51 39.2 28 21.5 9.62 < 0.01

–ve 79 60.8 102 78.5

Family history of cancer (in 1st-degree 
relatives)

Yes 32 24.6 21 16.2 2.87 > 0.05

No 98 75.4 109 83.8

Type of relatives’ cancer

Lymphoheamapoietic malignancies 5 3.8 1 0.8 > 0.05

Other 27 20.8 20 15.4 0.60

History of exposure to X-rays

Yes 42 32.3 50 38.5 1.07 > 0.05

No 88 67.7 80 61.5

History of smoking

Yes 51 39.2 44 33.8 0.81 > 0.05

No 79 60.8 86 66.2

History of using hair dyes

Yes 12 9.2 9 6.9 0.47 > 0.05

No 118 90.8 121 93.1

HCV = hepatitis C virus.

Table 4 Logistic regression model for the most relevant risk factors for 
lymphoproliferative disorders

Studied risk factor ORa (95% CI) P-value

History of exposure to pesticides 2.24 (1.22–4.11) < 0.05

HCV infection 2.67 (1.50–4.80) < 0.01
aAdjusted for age, sex and residence. Variables included in logistic regression were exposure to pesticides and 
HCV infection. 
HCV = hepatitis C virus; OR = odds ratio; CI = confidence interval.
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hence lacked adequate power, or had 
study populations with a low preva-
lence of HCV carriage, and hence have 
only been able to identify a weak as-
sociation. It is also possible that there 
may be a geographical variations in 
the association, with co-factors such 
as geographical differences in viral 
genotype, population genetics or en-
vironmental factors underlying the 
differences between studies.

In our study, we observed that the 
risk of having lymphoproliferative 
disorders was greater with HCV infec-
tion (OR = 2.67) than with pesticides 
exposure (OR= 2.24). This might be 
explained by the high prevalence of 
HCV infection in Egypt. The Egypt 
Demographic and Health Survey 2008 
concluded that Egypt has the highest 
prevalence of HCV in the world, esti-
mated nationally at 14.7% (40).

In this study, family history of can-
cer in a first-degree relative and type of 
relatives' cancer showed no significant 
association with lymphoproliferative 
disorders. This could be because the 

information on family history was self-
reported and may therefore be inaccu-
rate. This result disagrees with studies 
in Italy (41) and the USA (42), which 
reported a significant association be-
tween lymphoproliferative disorders 
and family history of malignancies in 
first-degree relatives (OR = 1.6 and 2.2 
respectively).

A history of smoking was not found 
to be risk factor for lymphoprolifera-
tive disorders in our study. Similar re-
sults have been reported in the United 
Kingdom (43) and the USA (44). In 
contrast to our results, a significant 
association between tobacco smoke 
and lymphoid neoplasms has been 
reported in Italy (45) and the USA 
(46), but these studies were unable to 
show a dose–response relationship, 
leaving limited support for a causal 
association.

In the present study, no signifi-
cant association was found between 
lymphoproliferative disorders and his-
tory of using hair dyes. In contrast, a 
study conducted in Europe found a 

Table 5 Distribution of patients with non-Hodgkin lymphoma (NHL) and controls regarding history of exposure to pesticides 
in agriculture and their seroprevalence of anti-HCV

Risk factor NHL cases
(n = 107)

Controls
(n = 130)

χ2 P-value

No. % No. %

History of exposure to pesticides in 
agriculture

Yes 44 41.1 34 26.2 5.95 < 0.05

No 63 58.9 96 73.8

Anti-HCV

+ve 43 40.2 28 21.5 9.73 < 0.01

ve 64 59.8 102 78.5

HCV = hepatitis C virus.

significant association between the use 
of hair dyes and lymphoid neoplasms 
(OR = 1.19), as hair dye formulations 
have long been known to contain mu-
tagenic chemicals (47). This difference 
in the results between the studies could 
be explained by the fact that 60.8% of 
our patients were resident in rural areas 
where the frequent use of hair dyes is 
not a common practice.

This study also showed no signifi-
cant association between lymphopro-
liferative disorders and history of 
exposure to X-rays, which could be due 
to the fact that exposure to X-rays is 
mainly a risk factor for leukaemia, and 
cases of CLL accounted only about 
one-fifth of our total sample (23/130). 
A similar finding was reported in the 
USA (48).

One of the limitations of the cur-
rent study was that pesticide exposure 
was self-reported by the participants 
and this might bias the results. Also, the 
small sample size of CLL cases might 
lead to inaccurate results regarding risk 
factors for leukaemia. Case–control 
studies are prone to bias, especially 
selection, recall and inter-interviewer 
bias, even though measures were taken 
to minimize this, as described earlier. A 
final limitation of our study was the use 
of simple regression analysis instead of 
conditional regression analysis. How-
ever, we kept the stratum sizes large to 
minimize this effect.

Table 6 Logistic regression model for the most relevant risk factors for non-
Hodgkin lymphoma

Risk factor ORa (95% CI) P-value

Exposure to pesticides in agriculture 2.46 (1.31–6.63) < 0.01

HCV infection 2.78 (1.51–5.14) < 0.01
aAdjusted for age, sex and residence. Variables included in logistic regression were HCV and history of exposure 
to pesticides. 
HCV = hepatitis C virus; OR = odds ratio; CI = confidence interval.
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Table 7 Distribution of patients with chronic lymphocytic leukaemia (CLL) and controls regarding history of exposure to 
pesticides in agriculture and their seroprevalence of anti-HCV

Risk factor CLL cases
(n = 23)

Controls
(n = 130)

χ2 P-value

No. % No. %

History of exposure to pesticides

Yes 6 26.1 34 26.2 0.00 > 0.05

No 17 73.9 96 73.8

Anti-HCV

+ve 8 34.8 28 21.5 1.91 > 0.05

–ve 15 65.2 102 78.5

HCV = hepatitis C virus.

In conclusion, pesticide exposure 
and HCV infection were found to 
be risk factors for lymphoprolifera-
tive disorders, including NHL but not 
leukaemia, in adults. This risk was 

greatest when the duration of expo-
sure to pesticides was greater than 5 
years. More research on a large scale 
is needed, integrating various types of 
studies, such as surveillance for type 

pesticide product use, development 
and application of new biomarkers 
for pesticide exposure and subtypes 
of NHL.
Competing interests: None declared.
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