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Abstract
Background: The causality of lymphohaematopoietic cancers (LHC) is multifactorial and studies investigating the
association between chemical exposure and LHC have produced variable results. The aim of this study was to
investigate the relationships between exposure to pesticides and LHC in an agricultural region of Greece.
Methods: A structured questionnaire was employed in a hospital-based case control study to gather information
on demographics, occupation, exposure to pesticides, agricultural practices, family and medical history and
smoking. To control for confounders, backward conditional and multinomial logistic regression analyses were used.
To assess the dose-response relationship between exposure and disease, the chi-square test for trend was used.
Results: Three hundred and fifty-four (354) histologically confirmed LHC cases diagnosed from 2004 to 2006 and
455 sex- and age-matched controls were included in the study. Pesticide exposure was associated with total LHC
cases (OR 1.46, 95% CI 1.05-2.04), myelodysplastic syndrome (MDS) (OR 1.87, 95% CI 1.00-3.51) and leukaemia (OR
2.14, 95% CI 1.09-4.20). A dose-response pattern was observed for total LHC cases (P = 0.004), MDS (P = 0.024) and
leukaemia (P = 0.002). Pesticide exposure was independently associated with total LHC cases (OR 1.41, 95% CI 1.00
- 2.00) and leukaemia (OR 2.05, 95% CI 1.02-4.12) after controlling for age, smoking and family history (cancers, LHC
and immunological disorders). Smoking during application of pesticides was strongly associated with total LHC
cases (OR 3.29, 95% CI 1.81-5.98), MDS (OR 3.67, 95% CI 1.18-12.11), leukaemia (OR 10.15, 95% CI 2.15-65.69) and
lymphoma (OR 2.72, 95% CI 1.02-8.00). This association was even stronger for total LHC cases (OR 18.18, 95% CI
2.38-381.17) when eating simultaneously with pesticide application.
Conclusions: Lymphohaematopoietic cancers were associated with pesticide exposure after controlling for
confounders. Smoking and eating during pesticide application were identified as modifying factors increasing the
risk for LHC. The poor pesticide work practices identified during this study underline the need for educational
campaigns for farmers.

Background
The causality of the various types of lymphohaematopoietic cancers (LHC) is multifactorial and includes physical, chemical and biological agents, for example
radiation, solvents, viruses etc. In addition, there are a
number of agents that are suspected causes of LHC
[1,2].
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Several studies have suggested that occupational exposure is associated with LHC. In particular, farming has
been associated with non-Hodgkin lymphoma (NHL),
chronic myeloid leukaemia, multiple myeloma, and
Hodgkin’s disease (HD) [3-7]. Animal breeding, including poultry rearing, has been associated with almost all
types of lymphatic cancers: low grade NHL, chronic
lymphoid leukaemia, and acute myeloid leukaemia
[8-10]. Chemical and woodworking industries were
found to increase the incidence of HD whereas solvent
exposure, especially chlorinated hydrocarbons, was
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found to be associated with malignant lymphoma [11].
Specific chromosomal translocations of NHL in farmers,
such as 14q32 among fumigant appliers and 18q21
among herbicide appliers were observed in some studies
[12-14]. Finally, in several studies various chemicals/pesticides were found to be associated with LHC. Phenoxy
herbicides (especially 2,4 D [2,4-dichlorophenoxy acetic
acid]), chlordane termiticides, mothballs, dicamba-containing herbicides, mecoprop, aldrin and fungicides were
related to NHL [15,16]. Carbamates and phosphates
were associated with chronic lymphoid leukaemia and
NHL [17]. Non-arsenic pesticides were related to lymphoma [18]. Triazol fungicides and urea herbicides have
been associated with HD and insecticides, fungicides
and herbicides with multiple myeloma [19].
Pesticides, which are widely used in agriculture, comprise a wide variety of chemicals mainly used to control
damage to plants from insects (insecticides), mold (fungicides) and weeds (herbicides).
The aim of this study was to investigate the relationships between exposure to pesticide and LHC in the
region of Thessaly (central Greece), which has a substantial agricultural labour force. The study investigated
application procedures as well as the use of personal
protective equipment (PPE) in farming and quantified
exposure using detailed questionnaires administered to
patients and controls from two hospitals in the Thessaly
region.

Methods
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plasmacell disease (PcD) were collected from the medical records of the two hospitals within a two-years period. The FAB (French American British) and REAL
(Revised European-American Lymphoma) classifications
were used, since both were used by the attending physicians during the study period.
During the data collection period, 35 cases died before
entering the study. There were also new cases enrolled
(16), and a number (102) of cases could not be identified due to data missing from the medical records
(incorrect address or phone number etc). Out of the
476 available prevalent cases, 354 agreed to participate
in the study and completed the questionnaire (response
rate 74.36%). Moreover, 325 cases provided blood samples for further studies.
Controls

The control group comprised subjects from the same
hospitals who were admitted for acute conditions such
as orthopaedic, eye, ear, nose, throat or surgical diagnoses and acute cardiac conditions. Some subjects were
also recruited from the internal medicine and blood
donor departments. All of them were self-declared cancer-free patients. Cases were divided into groups with
age ranges of 5 years (e.g. 60-64, 65-69 etc) and were
matched according to age and sex.
Almost all controls who were asked to participate
completed the questionnaire (response rate 93.2%), and
408 out of 455 provided blood samples for further
studies.

Study setting

A case control study of LHC was designed and conducted in two regional hospitals of Larissa (Thessaly,
Greece) from October 2003 to October 2006. Thessaly
is one of the thirteen regions in the central eastern part
of continental Greece, comprising the prefectures of
Larissa, Karditsa, Trikala and Magnesia. The total area
is 14,036 square kilometers (Km 2 ), which represents
10.6% of the area of the entire country. According to
the last census conducted in 2001 by the General Secretariat of the National Statistical Service of Greece
(ESYE), the population of the region was approximately
740,000 inhabitants, which represents 7% of the total
population of the country [20]. The population break
down is 44% urban, 16% semi-urban and 40% rural.
Thessaly ranks second among the agricultural producing
regions of Greece (after Central Macedonia) and contributes 14.2% of the total primary sector produce of the
country.
Cases

Five hundred and ninety-seven (597) histologically confirmed cases of myeloproliferative disorder (MPD), myelodysplastic syndrome (MDS), leukaemia, lymphoma and

Questionnaire

To ascertain information from both cases and controls a
structured questionnaire was developed and pre-tested
(see Additional file 1).
The questionnaire included six different sections: 1)
demographics, 2) residence, 3) occupation, 4) exposure
and agricultural practices, 5) family history and 6) habits
and medical history. The demographic section included
the hospital where treatment was obtained, level of education and type of insurance. The residence section
included full address, chronological residential changes
with duration of stay and residential level (urban, suburban or rural). The assignment of the residential level
and the coding of the residence were performed using
lists from the Ministry of Internal Affairs of Greece. In
the occupational section, detailed information on previous employment and other activities were reported.
Subjects who reported at least one year of work in
farming were asked to complete the part of the questionnaire on pesticide exposure. The information collected included type of crop, duration of farming,
surface area of the farm, characteristics of the adjacent
farm and crop infestations. The participants were asked
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to provide commercial names of pesticide products,
number of applications per year, total years of use and
type of application (spraying, during planting and usage
of treated seeds). To provide help to the participants in
recalling the pesticides used, a list of the most common
brand names was provided. Moreover, questions were
included regarding adherence to application guidelines
and familiarity with caution signs/first aid help. The
type and purpose of the use of PPE (e.g. uniforms,
masks, boots etc) the use of equipment machinery, the
frequency of consulting experts, aspects of product
handling (e.g. location of storage) and the existence of
an integrated farm system were also investigated. In
addition, information on certain habits such as changing
clothes before entering the house, smoking, eating and
accidents (e.g. accidental poisoning), was also collected.
Finally, details of work with animals and pet ownership
were considered.
In the family history section, all types of cancers, LHC
and immunological disorders as well as the family proximity (first, second and third degree relatives) were
recorded. Among the immunological disorders rheumatoid arthritis, Sjögren’s syndrome, systemic lupus erythematosus, inflammatory bowel diseases, sarcoidosis,
psoriasis and atopic conditions were included.
Categories for smoking habit and alcohol consumption
according to the Centers for Diseases Control and Prevention (CDC) 2002 classifications were adopted [21].
Information regarding the subject’s medical history
included other cancers, cardiovascular disorders, respiratory diseases, immunological disorders, inflammatory
diseases, endocrine disorders, diabetes mellitus and
other metabolic disorders.
The questionnaire was pilot tested among both cases
and controls aged 27 to 73 years and modifications were
made according to the results obtained. The time
needed to fill the questionnaire was reasonable with the
only delay at the section regarding the specific pesticides
used. The interviews were conducted by a trained occupational physician and the date of diagnosis was used as
a reference date for both cases and controls.
Due to changes in pesticide exposure over time, an
expert (phytopathologist) evaluated each questionnaire and
the data collected regarding pesticide exposure and handling practices, as well as commercial names of pesticides
and types of application. All active ingredients were
grouped according to the target pest into three major categories: 1) insecticides (organophosphates, carbamates,
organochlorines, pyrethroids, avermectins etc), 2) fungicides (inorganic composition e.g. sulfur, disulfide carbamates, benzo-imidazolic composition etc) and 3) herbicides
(phenoxy acids, urea products, triazines, bipyridine, nitroanilines etc). According to the chemical composition, the
active ingredients were grouped into another three
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categories: 1) carbamates (carbaryl, propoxur, mancozeb,
maneb, thiram, ziram etc), 2) organophosphates (monocrotophos, dimethoate, methamidophos, parathion, chlorpyrifos, methidathion, phosmet etc) and 3) organochlorines
(dicofol, dieldrin, heptachlor, endrin, endosulfan etc) [22].
A new variable was developed for total pesticide exposure (residential, environmental and occupational) for all
subjects, in order to classify them in the “Low/No”,
“Medium” or “High” category. Participants who had
never worked in the agricultural sector as their main or
secondary occupation and declared urban or suburban
residences were classified in the “Low/No” exposure
category. For the “Medium” and “High” exposure categories the following equation for total pesticide exposure
was developed: number of treatments per year multiplied by total lifetime years of use multiplied by area
cultivated (Km2). To classify participants in the “Medium” or “High” exposure category, a cutoff point of
60,000 y·Km2 was set, which is approximately the mean
value for total pesticide exposure (59,900 y·Km2). Moreover for participants close to the cut-off value, the following exposure modifying factors were taken into
consideration before final categorization in the “Medium” or “High” category: 1) application of pesticides by
the person, which possibly enhanced exposure, was considered to be the major exposure modifying factor and,
for this reason, the value obtained from the above equation was multiplied by the factor 1.3 2) the type of
equipment used during application, which possibly
reduced exposure, was considered the second most
important exposure modifying factor and, for this reason, the value obtained from the above equation was
multiplied by 0.8 3) the use of PPE was considered of
minor importance in our assessment for the classification of participants into the “Medium” or “High” exposure category given the improper use of PPE and, in this
case, the value obtained from the above equation was
multiplied by 0.9.
In order to avoid reporting exposure that occurred
after LHC diagnosis and to allow a minimum latency
period, the period preceding one year before the reference date for both cases and controls was used for
recorded exposure.
Statistical analysis

Standard statistical procedures were carried out using
the epidemiological software Epi-info (version 3.4.3.)
and the Statistical Package for Social Sciences (SPSS)
(version 15.0). Data were validated for completeness
before statistical analysis was performed. Descriptive
analysis was conducted for each variable including frequencies, ranges, means ± SD, median values and interquartile ranges (IQR) for both cases and controls. The
chi-square or Fisher exact test was used to analyze
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qualitative data, whereas the student t-test or MannWhitney test was used for quantitative data. Total pesticide exposure and smoking habit as well as smoking
and eating during farming were made categorical (yes/
no) variables. Agricultural occupations were grouped
together (farmer, pesticide applier, seasonal farm worker,
animal breeder) and compared to the group of other
occupations (e.g. teacher, trader, public servant, unemployed etc.) Backward conditional logistic regression
analysis was used to control for confounders and to
identify independent risk factors. Exposure to pesticides
was an independent categorical variable. Each histological group and the group comprising all LHC cases were
analyzed separately. To assess the dose-response relationship between exposure and disease, the chi square
test for trend was used. Moreover, age, sex, smoking
and family history (all types of cancer, LHC and immunological disorders) were included as confounders.
Afterwards, a multinomial logistic regression (polytomous regression) model was used to evaluate whether
the risk factors differ across the histological groups and
the total LHC group [23]. In this model LHC was the
dependent variable, and pesticide exposure was the
independent categorical variable. Smoking during application, age and sex were confounders. All control subjects were included in the statistical analysis of each
histological group. The analysis was conducted separately for the five histological groups (Group 1: MPD,
Group 2: MDS, Group 3: leukaemia, Group 4: lymphoma and Group 5: PcD) and for all the LCH cases.
Differences were considered statistically significant when
the two-sided p value was ≤ 0.05.
Ethics

The study was approved by the University of Thessaly
Scientific Committee which is responsible for ethics.
The Institutional Scientific Committee of both hospitals
approved access to patients’ files and allowed interviews.
The participants provided informed verbal consent and
no monetary incentives for participation were offered.

Results
Overall, 354 cases (69 MPD, 78 MDS, 74 leukaemia, 75
lymphoma, and 58 PcD) and 455 controls (81 orthopaedics, 84 otolaryngology, 64 ophthalmology, 93 surgery,
42 cardiology, 59 internal medicine and 32 blood
donors) were collected. In Table 1 the characteristics of
the study population, including sex, agricultural occupation, pesticide exposure and smoking habit, are presented. The median age of both cases and controls was
70 years (IQR 62-76).
As shown in Table 2 univariate analysis revealed statistically significant associations between exposure to
pesticides and all cases of LHC (OR 1.46, 95% CI 1.05 -
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Table 1 Description of the study population
Cases
Sex

Controls

Male

188

53.10%

238

Female

166

46.90%

217

47.70%

Agricultural occupation

Yes

185

52.25%

212

46.60%

No

169

47.75%

243

53.40%

Pesticide exposure

Yes

282

79.66%

331

72.74%

Low/No

72

20.34%

124

27.26%

Smoking

Yes

148

41.80%

205

45.05%

No

206
354

58.20%

250
455

54.95%

Total

52.30%

2.04), MDS (OR 1.87, 95% CI 1.00-3.51) and leukaemia
(OR 2.14, 95% CI 1.09 - 4.20). A dose-response effect
was observed for almost all histological groups and was
statistically significant for all cases of LHC (P = 0.004),
MDS (P = 0.024) and leukaemia (P = 0.002).
Leukaemia (OR 1.68, 95% CI 1.02-2.76) and MDS (OR
1.73, 95% CI 1.06-2.83) were associated with agricultural
occupation when compared to other occupations as
described in Table 3.
There were no statistically significant differences
between the three pesticide categories according to target pest (insecticides, fungicides and herbicides) and the
three chemical categories (carbamates, organophosphates and organochlorines) with respect to the histological groups or the total LHC cases (data not shown).
Two notable findings regarding the type of application
were found (Table 4). The first was the positive association of seed treatment with MDS (OR 5.06, 95% CI
1.53-16.75) and the second was the negative/protective
association of spraying with MPD (OR 0.34, 95% CI
0.13-0.95) and MDS (OR 0.33, 95% CI 0.13-0.81) for the
participants who manage to recall in details the pesticide
products used and type of application for each.
Regarding the various agricultural practices (Table 5),
failure to change clothes after work was statistically significantly associated with LHC (OR 1.51, 95% CI 1.00-2.29).
Furthermore, the lack of proper ventilation of the pesticide
storage location was identified as a possible risk factor
related to total LHC cases (OR 3.60, 95% CI 1.77-7.31).
No association was found between the various types of
crops cultivated (cereal crops, combinable crops, tree
fruits, legume vegetables, and decorative plants) and
total LHC cases.
The most consistent results involved the smoking
habit. As shown in Table 6 smoking (current and former smokers) during pesticide application was significantly associated with cases of LHC (OR 3.29, 95% CI
1.81-5.98), MDS (OR 3.67, 95% CI 1.18-12.11), leukaemia (OR 10.15, 95% CI 2.15-65.69) and lymphoma (OR
2.72, 95% CI 1.02-8.00).
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Table 2 Univariate analysis of overall previous pesticide exposure among LHC cases and controls
Exposure
Status

Controls

LHC Cases

MPD

MDS

Leukaemia

Lymphoma

PcD

Low/No (Ref)

124
(27.2%)

72
(20.3%)

18
(26.1%)

13
(16.7%)

11
(14.9%)

20
(26.7%)

10
(17.2%)

Medium

140
(30.8%)

99
(28.0%)

15
(21.7%)

23
(29.5%)

18
(24.2%)

24
(32.0%)

19
(32.8%)

High

191
(42.0%)

183
(51.7%)

36
(52.2%)

42
(53.8%)

45
(60.9%)

31
(41.3%)

29
(50.0%)

OR
Medium vs Low/No
(95% CI)

Ref

1.22
(0.81-1.83)

0.74
(0.35-1.73)

1.57
(0.72-3.43)

1.45
(0.62-3.43)

1.06
(0.54-2.12)

1.68
(0.71-4.05)

OR
High vs Low/No
(95% CI)

Ref

1.65
(1.14-2.39)

1.37
(0.71-2.68)

2.10
(1.04-4.30)

2.66
(1.27-5.68)

1.01
(0.62-2.23)

1.88
(0.84-4.30)

OR
Exposed vs Non exposed
(Medium and High vs Low/No)
(95% CI)

Ref

1.46*
(1.05-2.04)

1.06
(0.59-1.88)

1.87*
(1.00-3.51)

2.14*
(1.09-4.20)

1.03
(0.59-1.79)

1.79
(0.88-3.66)

* P value ≤0.05.

For all LHC cases, eating during application was a
very common habit when compared to controls (OR
2.16, 95% CI 1.09-4.47). The habit of smoking and eating at the same time during application had a statistically significant association with total LHC cases (OR
18.18, 95% CI 2.38-381.17).
Using logistic regression analysis, pesticide exposure
was found to be independently associated with all cases
of LHC (OR 1.41, 95% CI 1.00-2.00) and leukaemia (OR
2.05, 95% CI 1.02-4.12) after controlling for the following confounders: age, sex, smoking and first-degree
family history of all types of cancer, family history of
LHC and family history of immunological disorders.
The results remained almost the same for polytomous
regression analysis (Table 7).

Discussion
Our study found statistically significant associations
between exposure to pesticides and all cases of LHC
and leukaemia, after controlling for confounding factors;
furthermore, a dose-response effect was also seen for
LHC cases, MDS and leukaemia. Although it was not
possible to estimate the risk of the specific occupations,
due to the low number of participants, it was determined that agricultural occupations were associated
with MDS and leukaemia. These results are consistent

with previous studies of farmers, which revealed an
elevated risk for LHC [3-7]. It is known that farmers
apply agricultural chemicals, including pesticides and
many of them are known or suspected human carcinogens [24-27].
The study explored the impact of the type of pesticide
application on the development of LHC. Spraying was
found to be negatively associated with MPD and MDS,
whereas seed treatment was found to be associated with
MDS. The number of cases and controls who managed
to recall in detail the pesticide products used and the
type of application for each one was small compared to
the number of participants who in general declared
exposure to pesticides. This could be explained by the
fact that most of them made use of pesticides many
years earlier. Moreover, many subjects were illiterate,
especially the women, and the brand names of many
products were in English, which made them much difficult to recall. During seed treatment, chemical or biological substances are applied to seeds or vegetative
propagation materials to control disease organisms,
insects or other pests. Today, most seeds (including
corn, wheat and cotton) that have a seed coat surrounding an embryo are treated with pesticide before planting.
In Greece this type of formulation was introduced over
the last 15-20 years. This is particularly important for

Table 3 Logistic regression analysis of occupational status and LHC cases and histological groups
Controls

LHC
Cases

MPD

MDS

Leukaemia

Lymphoma

PcD

Agricultural occupation

212

185

36

47

44

31

27

Other occupations
OR

243
Ref

169
1.25

33
1.25

31
1.73*

30
1.68*

44
0.80

31
0.99

0.95-1.65

0.75-2.07

1.06-2.83

1.02-2.76

0.49-1.32

0.57-1.72

95% CI
*Pvalue ≤0.05.
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Table 4 Type of pesticide application for each
histological group compared to healthy controls
Spraying
n

OR

During
planting
95%
CI

n

OR

Seed investment
95%
CI

n

OR

95% CI

LHC cases

123 0.40* 0.220.74

20 1.87 0.874.07

18 3.01* 1.197.77

MPD

22

0.34
*

0.130.95

5

2.64 0.768.8

3

2.65

0.52-12

MDS

29

0.33
*

0.130.81

4

1.47 0.385.16

7

5.06
*

1.5316.75

Leukaemia 33

0.46

0.181.10

4

1.39 0.364.88

5

3.23

0.8611.71

Lymphoma 25

0.52

0.181.58

5

2.54 0.738.43

1

0.65

0.135.35

PcD

14

0.75

0.222.80

2

1.02 0.005.12

2

1.84

0-10.16

Controls

177 Ref

8

Ref

14 Ref

*Pvalue ≤0.05.

the study given that the majority of the cultivated areas
of Thessaly are corn and cotton farms. Usually, for cotton farms, the number of applications per year is not
high, but the quantities of plant protection products
used are larger than among other types of crops. Farmers may be exposed during transportation and through
manual equipment filling which is a practice associated
with high exposure. In addition, farmers are often unaware that seeds are treated with pesticides or, even if
they are aware, the pesticides are not visible, thus
Table 5 Agricultural practices of total LHC cases
compared to healthy controls
Agricultural practice

OR

95% CI

Compliance with product labels
Familiarity with caution signs

0.85
1.05

0.56-1.28
0.66-1.65

Familiarity with first aid help

1.22

0.34-4.26

Vicinity of first aid station

0.75

0.47-1.19

Self application of pesticides

1.14

0.82-1.60

Use of PPE

1.10

0.74-1.63

Use of PPE during preparation

0.72

0.44-1.16

Use of PPE during application

0.86

0.53-1.38

Use of PPE after application
Use of PPE during cleaning of equipment

0.62
1.52

0.27-1.42
0.52-4.42

Use of equipment

1.11

0.80-1.55

Not changing clothes after work

1.51*

1.00-2.29

Accidental poisoning

0.89

0.51-1.86
0.56-1.28

Expert’s advice

0.86

Buying excessive quantity of product

1.16

0.79-1.72

Appropriate handling of eluants

5.66

0.33-96.89

Separate storage
No proper ventilation

0.35
3.60*

0.92-1.19
1.77-7.31

Animal breeding

1.23

0.92-1.62

*P value ≤0.05.

farmers usually underestimate the chemical exposure. In
comparing the various types of pesticide application, it
is presumed that during spraying most protective measures were adopted. The handling of treated seeds without gloves in combination with the results regarding
eating during pesticide application could give a further
explanation of the study findings. Another hypothesis is
that chemicals used during spraying are less toxic than
those used in the other types of application. We are
now conducting a further study to investigate the effects
on pesticide appliers of the type of exposure (spraying
or treated seeds) using biomonitoring (metabolites,
DNA damage and enzymatic polymorphisms in urine
and blood samples).
Pesticide exposure is complicated because many pesticides are mutagenic, teratogenic or carcinogenic whereas
others are not, and their formulations are complex and
confidential proprietary information. In addition, there
are many possible routes of exposure including ingestion, dermal, inhalation and ocular. Pesticides have
diverse chemical and biological modes of action and, in
addition, their formulations may contain emulsifiers,
carriers and dispersants, as well as a variety of agents
that are used to formulate liquids, powders and mists.
In this respect, it must be noted that extrapolation and
generalization of the results is difficult due to the different pesticide formulations used and the complex combinations applied, depending on the region, crop, season,
etc. Furthermore, farmers generally mix different pesticide chemicals and information on the particular
adverse effects of a defined compound is not enough to
adequately evaluate the real genotoxic risk related to
complex mixtures [28]. Due to the low numbers of
exposed subjects in some subtype categories, definite
conclusions could not be drawn for specific chemicals.
Pesticides are typically purchased in a concentrated
form and must be diluted prior to application. The
diluted material is then transferred to application containers. This mixing and loading process provides
opportunities for greater pesticide exposure due to contact with contaminated surfaces, splashes and spills. Pesticides used in recent years are chemically different from
those used in the past and are handled under better
hygienic conditions.
One important result from this study is that smoking
and eating during pesticide application was associated
with the total LHC cases. In all the relevant associations
found, the odds ratios were quite high and suggested a
possible association between smoking and eating during
pesticide application and the diseases under investigation (OR from 2 to 10). Moreover, when eating and
smoking were reportedly carried out simultaneously
during pesticide application an even higher risk was
documented (OR 18) for all LCH. Previous studies

Kokouva et al. BMC Public Health 2011, 11:5
http://www.biomedcentral.com/1471-2458/11/5

Page 7 of 9

Table 6 Logistic regression analysis of smoking during application of pesticides, LHC cases and histological groups
Smoking during application

Non-smoking during application

OR

95% CI

LHC Cases

75
(55.6%)

22
(27.5%)

3.29*

1.81-5.98

MPD

10
(14.28%)

5
(7.93%)

1.93

0.56-6.98

MDS

19
(24.05%)

5
(7.93%)

3.67*

1.18-12.11

Leukaemia

21
(25.92%)

2
(3.33%)

10.15*

2.15-65.69

Lymphoma

17
(20.07%)

6
(9.37%)

2.72*

1.02-8.00

PcD

8
(11.76%)

4
(6.45%)

1.93

0.49-8.14

Controls

60

58

Ref

Ref

*P value ≤0.05.

demonstrated various results regarding smoking habit
and farming or pesticide exposure. Smoking was found
to be a weak risk factor for developing leukaemia but it
was more important for women [29,30]. Regarding the
development of multiple myeloma, farming was found
to be a risk factor, but smoking habit was not found to
be statistically significant factor [31]. In a cohort of individuals exposed to pesticides, mortality from leukaemia
and smoking related diseases were high [32]. To our
knowledge there has been no research investigating
smoking during pesticide application and its association
with LHC. It is possible that smoking and eating during
pesticide application may increase exposure to pesticides
via ingestion and/or dermal absorption. Another interesting hypothesis is that simultaneous smoking and pesticide application may produce a synergistic effect.
The present study has several limitations. There may
be a selection bias since the study was hospital-based. In
order to control this source of bias, diseases known to
be related to agricultural exposure, were excluded during the selection of controls. In addition, there was no
incentive for participation and the participants were not
aware of the aim of the study. Another possible limitation of the study is related to the collection of prevalent
cases. A study based on the collection of incident cases
would have possibly provided more valid results,
although it must be noted that there is no cancer

registry in Greece and this is an obstacle for epidemiological studies. Cases with a relatively recent date of diagnosis were enrolled and we made the assumption that
patients with these kinds of diseases usually enter the
hospital when recently diagnosed for the first follow-up
and treatment. It was very unlikely that cases with a
very short or a very long survival period or in complete
remission would be identified. Moreover, the diseases
included in the study are not very common in Greece.
However, we assume that the process of selecting cases
did not influence our results substantially.
Cases could be considered representative of the total
population of patients with LHC in the region, whereas
controls could not be considered representative of the
healthy population since they were chosen from the
same hospitals as cases. In addition, controls could also
be considered as matched to cases with regards to residence and other environmental factors, since the hospitals have a given catchment area. It is possible that
misclassification of disease status may have occurred for
the control group. Cases were histologically confirmed
but controls were not examined histologically for the
absence of LHC and were admitted as declared. However, the probability that the control group included
subjects with LHC is very low because of the low incidence of these cases in the general population. The different response rates of cases and controls can be

Table 7 Pesticide exposure adjusted for age, smoking and family history by the use of two different statistical
methods
OR
(95%CI)

LHC Cases

MPD

MDS

Leukaemia

Lymphoma

PcD

Logistic Regression

1.41*
(1.00-2.00)

1.07
(0.57-1.98)

1.44
(0.74-2.79)

2.05*
(1.02-4.12)

1.43
(0.77-2.64)

1.48
(0.70-3.12)

Polytomous Regression

1.42*
(1.00-2.00)

1.05
(0.57-1.93)

1.51
(0.78-2.89)

2.04*
(1.02-4.08)

1.42
(0.77-2.61)

1.45
(0.67-3.03)

*P value ≤0.05.
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explained by the physical and emotional states of the
cases. Some of them were undergoing chemotherapy;
others were in the acute or the final phase of the disease. With respect to the various conditions, participation was not insisted upon and, according to the
protocol of the study, help from a familiar person or
hospital assistant was not allowed. Although there was
no laboratory confirmation of exposure status, the
exposure assessment in this study could be considered
an improvement over other similar research studies.
Whereas previous studies on pesticide exposure were
limited to qualitative exposure measurements, this
study attempted to quantify cumulative lifetime exposure by incorporating measures of duration and intensity of exposure to specific pesticides. This approach
made it possible to reveal a dose-response relationship
between pesticide exposure and LHC. Observational
bias could have occurred since the interviewer was not
blinded and the status of the participant (case or control) was known to the interviewer. Recall bias could
also have occurred, especially among LHC cases. In
comparison to controls, they may have made an extra
effort to recall possible risk factors for their disease
and described more intense exposure. On the other
hand, controls may have paid less attention to the
questions of the researcher and the possible exposure
risks. To minimize this problem for both cases and
controls, a list of the most common commercial names
of pesticides was provided during the interview, including the target pesticide classification. Concerning protective measures, there is no certainty that subjects
who reported use of PPE used the appropriate measures for each phase of the procedure. Cases could be
more likely to declare no use of PPE.
Smoking per se is an independent risk factor for
developing leukaemia and, for this reason, it was
included in the logistic regression model as a confounder. However, the results would have been better if we
had obtained data on pack-years for smoking. The small
number of participants explains the very broad 95% CI
for smoking habit during pesticide application.

Conclusions
The causality of LHC is multifactorial. In this study,
LHC and especially leukaemia were associated with pesticide exposure after controlling for confounders. Moreover, a dose-response effect was observed. Smoking and
eating during pesticide application were identified as
factors that were associated with increased risk for LHC.
Further studies and confirmatory results are needed in
order to establish a causal association between exposure
to pesticides and LHC.
Several poor work practices for handling pesticides
were reported by the study participants. Training and
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educational campaigns focusing on appropriate use of
pesticides should be encouraged.

Additional material
Additional file 1: Case control study questionnaire on
lymphohaematopoietic cancers. The structured questionnaire used for
both cases and controls. It includes the following sections: 1)
demographics, 2) residence, 3) occupation, 4) exposure and agricultural
practices, 5) family history and 6) habits and medical history.
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cancers; MDS: myelodysplastic syndrome; MPD: myeloproliferative disorder;
NHL: non Hodgkin lymphoma; OR: odds ratio; PcD: plasmacell disease; PPE:
personal protective equipment; SD: standard deviation
Acknowledgements
We thank all the patients who participated in the study, Byron Diamantas for
his contribution in the evaluation of the data regarding pesticide exposure,
and Despoina Kyriakou for helping with the collection of cases.
Author details
1
Department of Hygiene and Epidemiology, Medical Faculty, University of
Thessaly, Larissa, Greece. 2Department of Neurology, Medical Faculty,
University of Thessaly, Larissa, Greece. 3Department of Haematology and
Blood Donors, General Hospital of Larissa, Larissa, Greece.
Authors’ contributions
CH is guarantor. CH and MK had a role in conception and design. MK and
NP collected participants. MK performed the interviews. NB conducted the
statistical analysis. CH, MK, GR and GMH interpreted data. All authors took
part in drafting the article or revising it for critically important intellectual
content and all gave final approval of the version to be published.
Competing interests
The authors declare that they have no competing interests.
Received: 7 April 2010 Accepted: 4 January 2011
Published: 4 January 2011
References
1. Grulich AE, Vajdic CM: The epidemiology of non-Hodgkin lymphoma.
Pathology 2005, 37(Suppl 6):409-19.
2. Storm SS, Gu Y, Gruschkus SK, Pierce SA, Estey EH: Risk factors of
myelodysplastic syndromes: a case-control study. Leukemia 2005,
19(Suppl 11):1912-8.
3. Descatha A, Jenabian A, Conso F, Ameille J: Occupational exposures and
haematological malignancies: overview on human recent data. Cancer
Causes Control 2005, 16(Suppl 8):939-53.
4. Mester B, Nieters A, Deeg E, Elsner G, Becker N, Seidler A: Occupation and
malignant lymphoma: a population based case control study in
Germany. Occup Environ Med 2006, 63:17-26.
5. Merhi M, Raynal H, Cahuzac E, Vinson F, Cravedi JP, Gamet-Payrastre L:
Occupational exposure to pesticides and risk of hematopoietic cancers:
meta-analysis of case-control studies. Cancer Causes Control 2007,
18(Suppl 10):1209-26.
6. Van Maele-Fabry G, Duhayon S, Lison D: A systematic review of myeloid
leukemias and occupational pesticide exposure. Cancer Causes Control
2007, 18(Suppl 5):457-78.
7. Lope V, Perez-Gomez B, Aragones N, Lopez-Abente G, Gustavsson P,
Plato N, Zock JP, Pollan M: Occupation, exposure to chemicals, sensitizing
agents, and risk of multiple myeloma in Sweden. Cancer Epidemiol
Biomarkers Prev 2008, 17(Suppl 11):3123-7.
8. Svec MA, Ward MH, Dosemeci M, Checkoway H, De Roos AJ: Risk of
lymphatic or haematopoietic cancer mortality with occupational
exposure to animals or the public. Occup Environ Med 2005, 62:726-35.

Kokouva et al. BMC Public Health 2011, 11:5
http://www.biomedcentral.com/1471-2458/11/5

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

Baris D, Silverman DT, Brown LM, Swanson GM, Hayes RB, Schwartz AG,
Liff JM, Schoenberg JB, Pottern LM, Greenberg RS, Stewart PA: Occupation,
pesticide exposure and risk of multiple myeloma. Scand J Work Environ
Health 2004, 30(Suppl 3):215-22.
Fritschi L, Johnson KC, Kliewer EV, Fry R, Canadian Cancer Registries
Epidemiology Research Group: Animal-related occupations and the risk of
leukemia, myeloma, and non-Hodgkin’s lymphoma in Canada. Cancer
Causes Control 2002, 13(Suppl 6):563-71.
Seidler A, Mohner M, Berger J, Mester B, Deeg E, Elsner G, Nieters A,
Becker N: Solvent exposure and malignant lymphoma: a populationbased case-control study in Germany. J Occup Med Toxicol 2007, 2:2.
Chiu BC, Dave BJ, Blair A, Gapstur SM, Zahm SH, Weisenburger DD:
Agricultural pesticide use and risk of t(14;18)-defined subtypes of nonHodgkin lymphoma. Blood 2006, 108(Suppl 4):1363-9.
Roulland S, Lebailly P, Lecluse Y, Briand M, Pottier D, Gauduchon P:
Characterization of the t(14;18) BCL2-IGH translocation in farmers
occupationally exposed to pesticides. Cancer Res 2004, 64:2264-69.
Agopian J, Navarro JM, Gac AC, Lecluse Y, Briand M, Grenot P,
Gauduchon P, Ruminy P, Lebailly P, Nadel B, Roulland S: Agricultural
pesticide exposure and the molecular connection to lymphomagenesis.
J Exp Med 2009, 206(Suppl 7):1473-83.
Kato I, Watanabe-Meserve H, Koerg KL, Baptiste MS, Lillquist PP, Frizzera G,
Burke JS, Moseson M, Shore RE: Pesticide product use and risk of nonHodgkin lymphoma in women. Environ Health Perspect 2004, 112(Suppl
13):1275-81.
McDuffie HH, Pahwa P, McLaughlin JR, Spinelli JJ, Fincham S, Dosman JA,
Robson D, Skinnider LF, Choi NW: Non-Hodgkin’s lymphoma and specific
pesticide exposure in men: cross-Canada study of pesticide and health.
Cancer Epidemiol Biomarkers Prev 2001, 10:1155-63.
Mills PK, Yang R, Riordan D: Lymphohematopoietic cancers in the United
Farm Workers of America (UFW), 1988-2001. Cancer Causes Control 2005,
16(Suppl 7):823-30.
Van Balen E, Font R, Cavalle’ N, Font L, Garcia-Villanueva M, Benavente Y,
Brennar P, De Sanjose S: Exposure to non-arsenic pesticides is associated
with lymphoma among farmers in Spain. Occup Environ Med 2006,
63:663-8.
Orsi L, Delabre L, Monnereau A, Delval P, Berthou C, Fenaux P, Marit G,
Soubeyran P, Huguet F, Milpied N, Leporrier M, Hemon D, Troussard X,
Clevel J: Occupational exposure to pesticides and lymphoid neoplasms
among men: results of a French case-control study. Occup Environ Med
2009, 66(Suppl 5):291-298.
Usual resident population - Population distribution 2001. [http://www.
statistics.gr/portal/page/portal/ESYE/PAGE-themes?
p_param=A1602&r_param=SAM01&y_param=2001_00&mytabs=0].
Centers for Disease Control and Prevention-CDC: CDC-NCHS-National
Center for Health Statistics “Data definitions” Current smoker, Alcohol
consumption. Atlanta USA [http://www.cdc.gov], [updated 2002 June;
accessed 2003 May]. Not available anymore in the form used.
Food and Drug Administration-FDA: [http://www.fda.gov] Glossary of
Pesticide Chemicals. June 2005. USA FDA: Division of Pesticide and
Industrial Chemicals. [http://www.fda.gov/downloads/Food/FoodSafety/
FoodContaminantsAdulteration/Pesticides/ucm114655.pdf], [accessed 2010
Dec].
Norusis M: Multinomial logistic regression analysis. In SPSS 16.0 Advanced
Statistical Procedures. Edited by: Norusis M. Companion Upper Saddle-River,
N.J: Prentice Hall, Inc; 2007:43-68.
Blair A, Freeman LB: Epidemiologic studies of cancer in agricultural
populations: observations and future directions. J Agromedicine 2009,
14(Suppl 2):125-131.
Alavanja MC, Ward MH, Reynolds P: Carcinogenicity of agricultural
pesticides in adults and children. J Agromedicine 2007, 12(Suppl 1):39-56.
Blair A, Sandler D, Thomas K, Hoppin JA, Kamel F, Coble J, Lee WJ,
Rusiecki J, Knott C, Dosemeci M, Lynch CF, Lubin J, Alanvaja M: Disease
and injury among participants in the agricultural health study. J Agric Saf
Health 2005, 11(Suppl 2):141-50.
Bassil KL, Vakil C, Sanborn M, Cole DC, Kaur JS, Kerr KJ: Cancer health
effects of pesticides. Systematic review. Can Fam Physician 2007,
53:1704-1711.
De Roos AJ, Zahm SH, Cantor KP, Weisenburger DD, Holmes FF,
Burmeister LF, Blair A: Integrative assessment of multiple pesticides as

Page 9 of 9

29.
30.

31.

32.

risk factors for non-Hodgkin’s lymphoma among men. Occup Environ
Med 2003, 60:e11.
Zeeb H, Blettner M: Adult leukemia: what is the role of currently known
risk factors? Radiat Envioron Biophys 1998, 36(Suppl 4):217-28.
Clavel J, Mandereau L, Cordier S, Le Goaster C, Hemon D, Conso F,
Flandrin G: Hairy cell leukaemia, occupation, and smoking. Br J Haematol
1995, 91(Suppl 1):154-61.
Eriksson M, Karlson M: Occupational and other environmental factors and
multiple myeloma: a population-based case-control study. Br J Ind Med
1992, 49:95-103.
Beard J, Sladden T, Morgan G, Berry G, Brooks L, McMichael A: Health
impact of pesticide exposure in a cohort of outdoor workers. Environ
Health Perspect 2003, 111(Suppl 5):724-730.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/11/5/prepub
doi:10.1186/1471-2458-11-5
Cite this article as: Kokouva et al.: Pesticide exposure and
lymphohaematopoietic cancers: a case-control study in an agricultural
region (Larissa, Thessaly, Greece). BMC Public Health 2011 11:5.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

