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Abstract 

Background: Childhood cancer is the main cause of disease‑related death in children in Spain. Although little is 
known about the etiology, environmental factors are potential explanations for a fraction of the cases. Previous stud‑
ies have shown pesticides to be associated with childhood cancer. The difficulty of collecting personal environmental 
exposure data is an important limitation; this lack of information about pesticides motivates the development of new 
methods to subrogate this exposure. We developed a crop exposure index based on geographic information to study 
the relationship between exposure to different types of crops and risk of childhood tumors.

Methods: We conducted a population‑based case–control study of childhood cancer covering 3350 cases and 
20,365 controls in two Spanish regions. We used CORINE Land Cover to obtain data about agricultural land use. We 
created a 1 km buffer around every child and calculated the percentage of crop surface within the buffer (Global 
Crop Index) for total crops and for individual types of crops. We fitted mixed multiple unconditional logistic regression 
models by diagnostic group.

Results: We found excess of risk among children living in the proximity of crops. For total crops our results showed 
excesses of risk for almost all diagnostic groups and increasing risk with increasing crop index value. Analyses by 
region and individual type of crop also showed excess of risk.

Conclusion: The results suggest that living in the proximity of cultivated land could be a risk factor for several types 
of cancer in children.
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Background
Childhood cancer is the main cause of disease-related 
death in childhood in Spain [1] and it is the leading cause 
of death among children aged 1–14 years [2]. The main 
group is leukemia, which has the highest incidence, 
(40 % of all cases) followed by tumors of the central nerv-
ous system (20  % of all cases) and lymphomas (15  % of 
all cases) [3]. Although little is known about the etiology 
of childhood cancer, environmental factors are potential 

explanations for a fraction of the incidence in the differ-
ent diagnostic groups. Research about the influence of 
environmental factors on childhood cancer genesis has 
primarily focused on parental occupational exposures 
and less on the direct exposure of the children. However, 
regarding exposure to pesticides, a number of epidemio-
logical studies have shown association with risk of child-
hood cancer [1, 4–8]; potential mechanisms by which 
pesticide exposure may lead to cancer in children still 
remain speculative. This existing literature shows that 
there is some evidence of association between pesticide 
exposure and childhood leukemia, and little evidence 
of association for other cancer subtypes such as brain 
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cancer, neuroblastoma, non-Hodgkin’s lymphoma or 
Wilms’ tumor [7, 9–11].

Agricultural exposures may encompass a variety of 
chemical and physical agents, but pesticides are usually 
of the greatest interest. Pesticides are biologically active 
molecules that are commonly used to destroy unwanted 
organisms in agricultural and residential environments. 
As a group, agricultural pesticides include herbicides, 
insecticides, fungicides, rodenticides, and other biocides 
[12]. The difficulty of collecting data about this type of 
exposure has encouraged the use of different methodol-
ogies to approximate it. A number of studies have used 
Geographic Information Systems (GIS) and remote sens-
ing technologies to aid in agricultural pesticide exposure 
research [13–18]. Many of these methods incorporate 
spatial functions such as distance measurement, buffer-
ing, and overlay analysis. One of these studies showed 
a method to create historical crop maps using a GIS to 
determine whether crop maps are useful for predicting 
levels of crop herbicides in carpet dust samples from resi-
dences [16]. Another study used these tools for assessing 
the association between different crop patterns around 
the mothers’ residences and the birth weight of babies 
[17]. These approximations on individual exposure to 
pesticides may have some limitations [19] but in many 
cases they are the only way to approach the problem and 
to highlight environmental hazards.

The lack of data about individual exposure to pesticides 
in the study of childhood cancer has motivated the devel-
opment of a method to subrogate this exposure using 
land use data from the European Environment Agency. 
The objectives of this paper are twofold: to show how we 
constructed this index, so it can be replicated in other 
countries or regions; and to study the potential associa-
tion with cancer in children in a population-based case–
control study.

Methods
Data
The results presented in this paper come from a research 
project which studied environmental risk factors for 
childhood cancer in Spain using the geographic locations 
of the cases and controls. The design of the study is a 
population-based case–control study and specific details 
can be found in previous papers from the project [20, 21]. 
For the reader’s convenience, there is a summary of the 
design below.

The data used for the study were from children aged 
0–14 with a diagnosed cancer such as leukemia, lym-
phomas (Hodgkin lymphoma: HL, and non-Hodgkin 
lymphoma: NHL), central nervous system neoplasms 
(CNS), neuroblastoma, retinoblastoma, renal tumors, 
hepatic tumors, malignant bone tumors, soft tissue and 

extra osseous sarcomas or germ cell tumors, groups I 
to X from the International Classification of Childhood 
Cancer, Third Edition (ICCC-3) [22]. The incident cases 
were registered by the Spanish Registry of Childhood 
Tumors (RETI-SEHOP), run by the Spanish Society of 
Pediatric Hematology and Oncology. RETI-SEHOP col-
lects information from cases of childhood cancer from 
the regional cancer registries and pediatric oncology 
units all over Spain [3]. The completeness of the national 
coverage of childhood cancer by this registry is estimated 
at over 90 %, and at 100 % for the following five regions: 
Catalonia, Aragon, Navarre, the Basque Country and 
the Autonomous Region of Madrid. The studied period 
went from year 1996 to year 2011. As a control group, 
we used a sample from the population at risk extracted 
from the Birth Registry of the National Statistics Insti-
tute (Instituto Nacional de Estadística, INE). The cases 
were matched by year of birth, autonomous region of 
residence and sex, with six controls. For the cases, we 
geocoded the address at diagnosis, address included in 
the register RETI-SHEOP, and for the controls we used 
the mother’s address from the Birth Register. We ana-
lyzed two disconnected Spanish areas: the Autonomous 
Region of Madrid (“Madrid region”), and a region in the 
north-east of the country that included the Autonomous 
Regions of the Basque country, Aragon, Navarre and Cat-
alonia (“North region”). Figure 1 shows the exact location 
of these regions within Spain.

We geocoded and validated the addresses of the cases. 
We successfully validated 87  % of the addresses. The 
remaining 13 % of cases were fairly uniformly distributed 
through the different regions and therefore we concluded 
the data were not biased in this sense. We then geocoded 
the addresses of the controls and we validated the coor-
dinates. Only 2 % of the controls did not have valid coor-
dinates. Having had a very small number of failures, we 
decided to select more controls to replace this 2 %, and 
we geocoded and validated this last group to end up with 
six controls with valid coordinates for every case.

Because of the lack of data on exposure to pesticides 
and about the specific pesticides that were used on the 
Spanish crop fields, we decided to estimate the indi-
vidual exposure to crop-associated factors by the defini-
tion of a new index. We used the CORINE Land Cover 
2006 inventory from the European Environment Agency 
to obtain data about land use [23]. CORINE Land Cover 
is a spatial database with information about land use 
and land cover with a scale of 1:100,000. The land use 
is divided into five classes, one of which is “Agricultural 
areas”. The cartography covers most areas of Europe and 
the minimum size of the polygons is 25 ha. To build the 
index we chose all the polygons with this land use and, 
after that, we created a 1 km buffer around every child: 
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case or control. We calculated the percentage of crop sur-
face within every buffer and we designated this percent-
age as the “Global Crop Index”. The “Agricultural Areas” 
class is subdivided into six subcategories: arable land or 
permanently irrigated land (Irrigated); rice fields (Rice); 
vineyards (Vineyards); fruit trees and berry plantations 
(Fruits); olive groves (Olives) and heterogeneous agri-
cultural areas, including annual crops associated with 
permanent crops (Heterogeneous) [23]. We also calcu-
lated the index for every individual subcategory. Figure 2 
shows the surface for the “Agricultural areas” class and 
the subcategories within the studied regions. We defined 
as “exposed to crops” those children—cases or controls—
with more than 0 % in the Global Crop Index.

In a second stage, we categorized the indexes to allow 
non-linear relationships between the increment of per-
centage and the risk of cancer. To build these categorized 
variables, we first removed the non-exposed individuals 
and then we computed the quartiles of the variable for 
the exposed individuals. We repeated this process for 
every type of crop. Finally, we assigned every child to the 
equivalent category ending up with a variable of five cat-
egories: 0 (Not exposed), 1 (1st quartile), 2 (2nd quartile), 
3 (3rd quartile) and 4 (4th quartile). We computed the 

categorized variables for the North region and Madrid 
region separately.

To include information about potential confounders 
in the model, we also collected data about exposure to 
industrial pollution and about socio-economic status. For 
the exposure to industrial pollution we used the indus-
trial database (industries governed by IPPC and facilities 
pertaining to industrial activities not subject to IPPC but 
included in the E-PRTR) provided by the Spanish Minis-
try for Agriculture, Food & Environment in 2009, which 
includes information on the geographic location and 
industrial pollution emissions of all industrial plants in 
Spain. We defined a 2.5 km buffer around the industry to 
calculated cases and control exposure [20]. For the data 
about socio-economic status we did not have individual-
ized information so we decided to use the data from the 
2001 Census [24]. This census has information at census 
tract level so we assigned the information of the corre-
sponding census tract to every child. We selected data for 
unemployment and socio-economic level.

Statistical analysis
In order to estimate the Odds Ratio and 95 % confidence 
intervals (95  % CIs) associated with the Global Crop 

Fig. 1 Spanish regions that participated in the study
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Index and individual indexes we fitted mixed multiple 
unconditional logistic regression models for the North 
regions, including the region as random effect, and we 
fitted multiple unconditional logistic regression models 
for Madrid region. In both cases we adjusted the models 
by socio-economic covariates (unemployment and socio-
economic condition) and for industrial pollution expo-
sure. We only computed the analysis with those cancers 
with three or more cases in the exposure category. We 
also fitted the same models using the categorized vari-
ables and then we computed trend tests to evaluate the 
potential increase in the ORs. We used R library Lmer4 
[25] for statistical analysis and ArcGIS 10.0 to build the 
indexes.

Results
After the geocoding and validation of postal addresses, 
we ended up with 3350 cases (1062 of leukemia, 92 HL, 
245 of NHL, 711 of CNS, 398 of neuroblastoma, 139 
of retinoblastoma, 212 of renal tumors, 57 of hepatic 
tumors, 114 of malignant bone tumors, 200 of sarcomas 
and 120 of germ cell tumors) and 20,365 controls. We 
performed separate analyses for the North regions and 
Madrid region. Table  1 shows a disaggregation of cases 
by cancer subtype and administrative region, the mean 
age at diagnosis in years and sex ratio male/female.

Table  2 shows the number of cases and controls 
exposed to crops. For all the diagnostic groups but ret-
inoblastoma, the percentage of children exposed is two 
times or higher than the percentage of controls exposed. 
The exposure area is divided in a 38.4  % for irrigated, 
33.2 % for heterogeneous, 15.6 % for fruit, 8.8 % for vine-
yards and 3.1 % for olives. Figure 3 shows the distribution 
of the areas of crops for the North and Madrid regions.

We performed the analysis for the “Global Crop Index” 
and for every type of crop but rice because there were 
only a few children exposed to it. The results of the 
logistic regression models for the categorical variables 
are shown in Table 3. For the North regions and Global 
Crop Index the majority of the estimated ORs for the dif-
ferent categories and cancer subtype were above 1 and 
most of them were statistically significant. We observed 
increases in the ORs with increases in the quartiles for 
all cancer subtypes but retinoblastoma, and these trends 
were also statistically significant. NHL showed the high-
est ORs increasing from 2.12 for the first quartile to 5.59 
for the last quartile; for leukemia the ORs increased from 
1.76 to 2.57; and for CNS the ORs increased from 1.36 
to 3.65. For the individual type of crops estimated OR’s 
behaved in a similar way to irrigated and heterogeneous 
crops with the main cancer subtypes, leukemia, NHL, 
CNS and neuroblastoma, showing positive trends. Only 
cases of the main cancer subtypes were exposed to fruits, 
vineyards and olives crops and here the results also 
showed increasing trends. CNS tumors showed a positive 
trend for all crop types. Madrid region had fewer types 
of crops; therefore, we performed the analysis with the 
categorical variable only for Crop Global Index. Table 4 
shows the results and here again the main cancer sub-
types showed positive trends except from CNS tumors.

The results of the logistic regression models for the 
continuous variable are shown in Table 5. For the North 
regions the estimated ORs associated with an increment 
of 1  % in the total cultivated area showed an increased 
risk for all the individual causes, and only for retinoblas-
toma did the 95  % CI of OR include the value 1. These 
ORs ranged from 1.01 for leukemia to 1.03 for the malig-
nant bone tumors (1 % in exposure area is equal to 3.14 

Fig. 2 Agricultural areas
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hectares). Looking at the ORs by individual crops we 
observed that for irrigated crops, the statistically signifi-
cant estimated ORs ranged from 1.01 for leukemia to 1.03 
for hepatic tumors (1.03 germ cell), and for heterogene-
ous crops from 1.01 for leukemia to 1.02 for NHL and 
renal tumors. For fruit crops the statistically significant 
estimated ORs ranged from 1.02 for leukemia to 1.03 for 
malignant bone tumors. For vineyards only 2 cancer sub-
types showed excess risks, hepatic tumors (OR =  1.03) 
and malignant bone tumors (OR =  1.03). And for olive 
crops only four cancer subtypes were exposed and 3 of 
them showed statistically significant excess risks of leu-
kemia (OR  =  1.02), CNS (OR  =  1.03) and sarcomas 
(OR = 1.04). By cancer, CNS tumors showed statistically 

significant excess risks for all the analyses by individual 
crops: leukemia and sarcomas showed statistically sig-
nificant excess risks for all crops but vineyards; and HL, 
NHL, neuroblastoma, bone and germ cells showed statis-
tically significant excess risks for all crops but vineyards 
and olives.

For Madrid only irrigated and heterogeneous crops 
cover a relevant surface. The results for the continuous 
variables are shown in Table 6. The majority of the esti-
mated ORs for Madrid were larger than those obtained 
for the North regions. For the Global Crop Index, leu-
kemia (OR  =  1.03), HL (OR  =  1.04), neuroblastoma 
(OR  =  1.07), renal (OR  =  1.03) and hepatic tumors 
(OR  =  1.05) showed statistically significant increased 

Table 1 Number of  cases by  cancer subtype and  administrative region, mean diagnostic age in  months and  sex ratio 
(M/F)

Diagnostic group Aragon Catalonia Navarre Basque country North regions Madrid region Mean diagnostic  
age (years)

Sex ratio (M/F)

Leukemia 60 418 41 119 638 424 4.5 1.4

HL 6 35 3 9 53 39 8.7 2.8

NHL 19 100 7 17 142 102 6.4 2.7

CNS 52 341 35 82 510 201 5 1.16

Neuroblastoma 16 176 15 50 257 141 1.7 1

Retinoblastoma 11 58 9 10 88 51 1.5 0.96

Renal tumors 18 94 11 21 144 68 2.7 0.9

Hepatic tumors 5 22 1 7 35 23 2.7 1.9

Malignant bone  
tumors

13 55 4 8 80 34 8.5 1.03

Sarcomas 10 85 11 25 131 69 4.6 1.6

Germ cell tumors 10 55 5 6 76 44 4.2 1.04

Total cases 220 1439 142 354 2154 1196 4.4 1.28

Controls 1295 8865 857 2133 13,150 7215 – –

Table 2 Number of cases and controls exposed to crops

Diagnostic group Total cases Total controls Exposed cases Exposed controls % Exposed cases % Exposed controls

Leukemia 1062 6451 238 823 0.22 0.13

HL 92 552 21 94 0.23 0.17

NHL 246 1474 66 208 0.27 0.14

CNS 711 4255 186 587 0.26 0.14

Neuroblastoma 398 2375 101 298 0.25 0.13

Retinoblastoma 139 829 21 101 0.15 0.12

Renal tumors 212 1275 53 154 0.25 0.12

Hepatic tumors 58 350 17 41 0.29 0.12

Bone 114 667 26 121 0.23 0.18

Sarcomas 200 1196 50 131 0.25 0.11

Germ cell tumors 120 714 33 95 0.28 0.13

Total 3353 20,138 812 2653 0.24 0.13
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risks. Only six causes were exposed to irrigated crops 
and five of them showed statistically significant increased 
risks: leukemia with the lowest estimated OR, 1.02, 
and hepatic with the highest, 1.06. Also six causes were 
exposed to heterogeneous crops and two of them showed 
statistically significant increased risks of leukemia 
(OR = 1.05) and NHL (OR = 1.05).

Discussion
In this study, we investigated the effects on childhood 
cancer risk of exposure to crops that are generally treated 
with pesticides, taking into account different types of 
crops. Our findings support the hypothesis that living 
near crops might be a risk factor for childhood malignant 
tumors. Certainly, our analyses show an excess of risk of 
childhood cancer among children living in the proxim-
ity of crops. In view of the results, we think that the pro-
posed crop index, Global Crop Index, is a good approach 
to evaluate the exposure to pesticides and its possible 
association with childhood cancer. Our results showed an 
excess of risk with leukemia and showed no association 
with retinoblastoma. For leukemia there are many studies 

that associate pesticide exposure with leukemia risk [7, 
11]. On the other hand, we did not find an association 
with retinoblastoma, which is a tumor with an inherited 
component in 40 % of the cases [26]. These results show 
the potential accuracy of the proposed crop index. With 
regard to exposure to pesticides, the existing literature 
about childhood cancer shows that there is evidence of 
some association between pesticide exposure and cancer 
in children. The reviews from Zahm and Ward in 1998, 
Infante-Rivard and Weichenthal in 2007, Vinson in 2011, 
and Chen in 2015 [7, 9–11] went over dozens of papers 
published since the late 70 s. Most of these studies were 
case–control and cohort studies evaluating parental 
exposure, occupational exposure, residence on a farm, 
or household use, to or of pesticides at different tim-
ings of exposure: pre-conception, during pregnancy and 
in childhood. For the discussion and comparison of our 
results with previous work we will to refer to these useful 
review articles.

In relation to the best addressed diagnostic group, 
leukemia, many studies have suggested an associa-
tion between exposure to pesticides and these cancers 

Fig. 3 Spatial distribution of crops in “Madrid region” and “North region”
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Table 3 ORs and 95 % CI by quartiles with reference group: 0 % in the Global Crop Index

Crop Global Index 1Q (0–2.55] 2Q (2.55–8.91] 3Q (8.91–26.42] 4Q (26.42–100] Trend PV

Leukemia 1.76 (1.26, 2.48) 2.66 (1.98, 3.56) 2.83 (2.08, 3.85) 2.53 (1.81, 3.51) ≤0.05

HL 1.07 (0.26, 4.49) 2.78 (1.07, 7.18) 3.21 (1.23, 8.35) 2.74 (0.92, 8.15) ≤0.05

NHL 2.12 (1.09, 4.11) 2.17 (1.12, 4.23) 3.32 (1.82, 6.04) 5.6 (3.30, 9.50) ≤0.05

CNS 1.36 (0.90, 2.06) 2.05 (1.44, 2.92) 3.36 (2.46, 4.59) 3.65 (2.66, 5.01) ≤0.05

Neuroblastoma 1.84 (1.09, 3.12) 1.99 (1.19, 3.32) 3.92 (2.55, 6.01) 3.56 (2.24, 5.64) ≤0.05

Retinoblastoma 1.52 (0.65, 3.53) 0.25 (0.03, 1.84) 1.46 (0.58, 3.68) 1.41 (0.54, 3.68)

Renal tumors 1.72 (0.86, 3.44) 1.82 (0.91, 3.65) 3.43 (1.93, 6.13) 3.24 (1.71, 6.17) ≤0.05

Hepatic tumors 1.79 (0.41, 7.78) 8.24 (3.48, 19.47) 3.93 (1.22, 12.61) ≤0.05

Malignant bone tumors 1.05 (0.33, 3.38) 1.11 (0.34, 3.59) 3.57 (1.67, 7.66) 4.91 (2.36, 10.22) ≤0.05

Sarcomas 1.44 (0.66, 3.14) 1.68 (0.80, 3.50) 2.68 (1.41, 5.12) 3.88 (2.15, 6.99) ≤0.05

Germ cell tumors 2.01 (0.79, 5.10) 3.24 (1.51, 6.97) 2.78 (1.16, 6.61) 4.72 (2.23, 9.96) ≤0.05

Irrigated 1Q (0–2.23] 2Q (2.23–7.00] 3Q (7.00–19.10] 4Q (19.10–100] Trend PV

Leukemia 1.7 (1.13, 2.58) 3.10 (2.19, 4.42) 1.90 (1.24, 2.94) 2.13 (1.39, 3.30) ≤0.05

HL 0.82 (0.12, 5.95) 2.03 (0.50, 8.41) 3.57 (1.09, 12.04)

NHL 1.59 (0.65, 3.92) 2.33 (1.03, 5.34) 3.9 (1.03, 7.57) 3.4 (1.62, 7.24) ≤0.05

CNS 1.02 (0.58, 1.83) 2.29 (1.48, 3.57) 2.19 (1.40, 3.45) 3.70(2.53, 5.46) ≤0.05

Neuroblastoma 1.45 (0.72, 2.98) 3.12 (1.79, 5.45) 2.74 (1.51, 5.04) 3.15 (1.74, 5.77) ≤0.05

Retinoblastoma 2.38 (0.97, 5.94) 0.58 (0.08, 4.21) 1.18 (0.29, 4.84) 2.60 (0.93, 7.39)

Renal tumors 1.48 (0.61, 3.65) 0.72 (0.18, 2.94) 1.52 (0.57, 4.15) 3.66 (1.75, 7.76) ≤0.05

Hepatic tumors 1.74 (0.24, 12.89) 6.71 (2.33, 19.70) 7.14 (2.35, 22.22) ≤0.05

Malignant bone tumors 2.32 (0.86, 6.42) 3.58 (1.45, 8.99) 1.46 (0.37,6.04) 3.5 (1.25,9.99) ≤0.05

Sarcomas 2.08 (0.92,4.77) 2.11 (0.87,5.23) 3.37 (1.64,7.02) 3.63 (1.72,7.76) ≤0.05

Germ cell tumors 0.62 (0.09,4.51) 3.81 (1.54,9.60) 4.49 (1.94,10.58) 4.08 (1.59,10.65) ≤0.05

Heterogeneous 1Q (0–2.23] 2Q (2.23–6.52] 3Q (6.52–18.38] 4Q (18.38–100] Trend PV

Leukemia 1.31 (0.79,2.20) 1.89 (1.21,2.95) 2.94 (1.98,4.37) 1.94 (1.23,3.06) ≤0.05

HL 3.11 (0.95,10.20) 1.2 (0.16,8.88) 2.25 (0.52,9.61)

NHL 1.53 (0.56,4.18) 1.95 (0.79,4.84) 1.35 (0.42,4.32) 4.52 (2.34,8.74) ≤0.05

CNS 1.43 (0.83, 2.48) 1.91 (1.17, 3.11) 2.79 (1.79, 4.36) 1.86 (1.11, 3.10) ≤0.05

Neuroblastoma 0.83 (0.31, 2.26) 1.73 (0.84, 3.57) 3.48 (1.97, 6.18) 2.47 (1.30, 4.69) ≤0.05

Retinoblastoma 0.55 (0.08, 3.98) 0.56 (0.08, 4.07) 0.64 (0.09, 4.70) 1.75 (0.53, 5.71)

Renal tumors 0.41 (0.06, 2.95) 2.63 (1.14, 6.08) 4.77 (2.36, 9.65) 3.03 (1.29, 7.09) ≤0.05

Hepatic tumors 1.38 (0.18, 10.27) 1.49 (0.20, 11.23) 2.54 (0.57, 11.36)

Malignant bone tumors 2.28 (0.71, 7.38) 3.6 (1.28, 10.14) 3.4 (1.19, 9.69) ≤0.05

Sarcomas 0.76 (0.19, 3.11) 1.59 (0.58, 4.36) 1.79 (0.65, 4.97) 2.40 (1.02, 5.64) ≤0.05

Germ cell tumors 1.31 (0.32, 5.42) 2.95 (1.05, 8.31) 1.97 (0.60, 6.49)

Fruits 1Q (0–1.91] 2Q (1.91–6.36] 3Q (6.36–19.42] 4Q (19.42–100] Trend PV

Leukemia 1.96 (0.38, 2.34) 2.23 (0.41, 2.15) 5.78 (0.46, 2.43) 2.98 (0.83, 3.32)

NHL 3.92 (1.41, 10.89) 4.11 (1.64, 10.31) 4.64 (1.84, 11.70) 4.00 (1.41, 11.34) ≤0.05

CNS 1.28 (0.50, 3.05) 1.85 (0.93, 3.68) 2.55 (1.36, 4.80) 2.94 (1.59, 5.43) ≤0.05

Neuroblastoma 2.36 (0.95, 5.85) 1.59 (0.57, 4.27) 1.79 (0.65, 4.92) 3.74 (1.76, 7.92) ≤0.05

Malignant bone tumors 3.59 (0.86, 14.96) 2.99 (0.72, 12.47) 6.12 (1.82, 20.63)

Germ cell tumors 1.78 (0.24, 13.01) 3.02 (0.72, 12.63) 1.6 (0.22, 11.79) 3.32 (0.77, 14.21)

Vineyards 1Q (0–2.23] 2Q (2.23–8.28] 3Q (8.28–22.60] 4Q (22.60–100] Trend PV

Leukemia 0.74 (0.18, 3.03) 2.08 (0.95, 4.55) 2.96 (1.33, 6.57) 0.98 (0.30, 3.13) ≤0.05

SNC 0.93 (0.28, 3.83) 1.12 (0.35, 3.57) 3.7 (1.66, 8.23) 2.46 (1.05, 5.72) ≤0.05

Neuroblastoma 1.81 (0.44, 7.46) 1.46 (0.35, 5.99) 3.06 (0.94, 9.94) 1.59 (0.38, 6.56)

Germ cell tumors 6.49 (1.54, 27.39) 2.55 (0.35, 18.77) 3.61 (0.49, 26.69) 2.73 (0.37, 20.22)

Olives 1Q (0–1.23] 2Q (1.23–5.73] 3Q (5.73–12.73] 4Q (12.73–100] Trend PV

Leukemia 1.97 (0.46, 8.43) 2.85 (0.84, 9.63) 1.76 (0.41, 7.49)
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originating in the bone marrow. According to these 
reviews, there is an association between pesticide expo-
sure and childhood leukemia [7, 9–11]. Specifically, 
exposure to household insecticides and parental expo-
sure before and during pregnancy could increase the 
risk for childhood leukemia. Regarding NHL, despite the 
limited number of studies, it seems that pesticides play 
a role in the development of these tumors. Some stud-
ies included in these reviews also reported a gradient in 
the response to increasing exposure; as in these studies, 
our results suggest increasing risk with increasing level of 

exposure [7, 11]. For CNS tumors, the literature tends to 
support the position that exposure to pesticides could be 
associated with brain cancer [7–11]. Some studies sug-
gest that the greatest risks are associated with household 
insecticide use and prenatal exposure to insecticides [7]. 
Regarding neuroblastoma the number of studies is lim-
ited; however, these studies suggest a potential relation-
ship between occupational pesticide exposure of the 
parents and neuroblastoma in children [7, 11]. For other 
childhood cancers available information is scant. For 
renal tumors the studies suggest that parental exposure 

Table 3 continued

Crop Global Index 1Q (0–2.55] 2Q (2.55–8.91] 3Q (8.91–26.42] 4Q (26.42–100] Trend PV

LNH 4.24 (0.56, 32.33) 3.94 (0.52, 29.93)

SNC 1.66 (0.22, 12.63) 2.53 (0.60, 10.87) 2.43 (0.56, 10.47) 3.34 (0.99, 11.24) ≤0.05

Neuroblastoma 3.32 (0.43, 25.39) 2.37 (0.31, 17.92) 2.14 (0.28, 16.05)

By diagnostic group and type of crop. The last column is the trend p value (Trend PV). ORs statistically significant are in italics. Results for the North Regions

Table 4 ORs by quartiles with reference group: 0 % in the Global Crop Index

By diagnostic group and type of crop. Statistically significant ORs are in italics. Results for the Madrid Region

Crop Global Index 1Q (0–2.55] 2Q (2.55–8.91] 3Q (8.91–26.42] 4Q (26.42–100] Trend PV

Leukemia 0.37 (0.05, 2.71) 2.64 (1.42, 4.91) 2.40 (1.18, 4.88) 3.91 (1.68, 9.08) ≤0.05

HL 2.71 (0.36, 20.38) 13.42 (4.46, 40.39) ≤0.05

NHL 3.95 (1.40, 11.17) 7.29 (3.02, 17.59) ≤0.05

CNS 2.50 (0.76, 8.16) 0.49 (0.07, 3.55) 1.84 (0.57,5.96) 2.71 (0.63,11.61)

Neuroblastoma 1.21 (0.16, 8.92) 1.43 (0.35, 5.93) 3.51 (1.25, 9.88) 5.76 (1.69, 19.58) ≤0.05

Retinoblastoma 1.74 (0.23,12.99) 4.45 (0.57,35.07)

Renal tumors 2.60 (0.35, 19.49) 3.01 (0.71,12.71) 7.30 (2.53, 21.07) ≤0.05

Hepatic tumors 7.20 (0.91, 57.14) 5.97 (0.75, 47.71) 11.61 (1.35, 100.17) ≤0.05

Malignant bone tumors 3.87 (0.50, 29.75) 2.33 (0.31, 17.70)

Sarcomas 2.37 (0.32, 17.75) 2.84 (0.67, 12.00) 3.44 (0.81, 14.66)

Germ cell tumors 4.15 (0.54, 31.61) 5.00 (1.16, 21.61) 3.22 (0.43, 24.34)

Table 5 ORs and 95 % CIs associated with 1 % increment in the crop index by diagnostic group and type of crop for the 
North Region

Diagnostic group Global Crop Index Irrigated Heterogeneous Fruits Vineyadrs Olives

Leukemia 1.01 (1.01, 1.02) 1.01 (1.01, 1.02) 1.01 (1.01, 1.02) 1.00 (0.99, 1.02) 1.00 (0.99, 1.02) 1.02 (0.99, 1.05)

HL 1.02 (1.01, 1.03) 1.02 (1.00, 1.05) 1.02 (0.99, 1.05) 1.01 (0.98, 1.05) 1.01 (0.97, 1.06)

NHL 1.02 (1.01, 1.03) 1.02 (1.01, 1.07) 1.02 (1.01, 1.04) 1.02 (1.01, 1.04) 1.00 (0.96, 1.04) 1.03 (0.99, 1.07)

CNS 1.02 (1.01, 1.02) 1.02 (1.01, 1.03) 1.01 (1.01, 1.02) 1.02 (1.01, 1.03) 1.01 (0.99, 1.03) 1.03 (1.00, 1.05)

Neuroblastoma 1.02 (1.01, 1.03) 1.02 (1.01, 1.03) 1.01 (1.00, 1.02) 1.02 (1.01, 1.03) 1.01 (0.99, 1.03) 1.01 (0.96, 1.06)

Retinoblastoma 1.01 (0.98, 1.02) 1.01 (0.98, 1.03) 1.00 (0.98, 1.03) 0.95 (0.82, 1.09) 0.99 (0.92, 1.06) 0.85 (0.33, 2.16)

Renal tumors 1.02 (1.01, 1.07) 1.019 (1.01, 1.03) 1.02 (1.01, 1.04) 0.99 (0.95, 1.04) 0.99 (0.94, 1.05)

Hepatic tumors 1.02 (1.01, 1.04) 1.030 (1.01, 1.05) 1.00 (0.97, 1.04) 0.99 (0.92, 1.07) 1.03 (1.01, 1.06)

Malignant bone t 1.02 (1.01, 1.04) 1.025 (1.01, 1.04) 1.02 (1.00, 1.04) 1.03 (1.01, 1.05) 1.03 (1.01, 1.05)

Sarcomas 1.02 (1.08, 1.03) 1.021 (1.01, 1.03) 1.01 (0.99, 1.03) 1.01 (0.99, 1.03) 0.99 (0.94, 1.05) 1.04 (1.02, 1.07)

Germ cell tumors 1.02 (1.01, 1.04) 1.03 (1.02, 1.05) 1.02 (1.00, 1.03) 1.02 (0.99, 1.04) 1.01 (0.98, 1.05) 1.02 (0.97, 1.08)
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before birth increases the risk. And for malignant bone 
tumors the findings suggest that occupational pesticide 
exposure of the parents at conception or during preg-
nancy were associated with increased risk [7, 11]. In 
our study we were unable to evaluate parental exposure, 
household use or the timing of exposure at an individual 
level, nor evaluate exposure of the mother during preg-
nancy or after birth. However, our results for every indi-
vidual diagnostic group point to risk increments such as 
those in the aforementioned studies. The comparison of 
our results with the results from the previous studies is 
complicated because the exposure variables are very dif-
ferent. The study which most closely approximates ours 
is that on agricultural crop density from Booth et al. [27]. 
They estimated the relative risk (RR) of childhood cancer 
associated with an increase of 1 % in the crop density at 
county level; i.e. for total leukemia cases they reported 
a RR  =  1.09 associated with dried bean crops and a 
RR = 1.11 associated with sugar beet.

CORINE Land Cover is a good tool to study environ-
mental variables. As yet, it is the most complete data-
base of land use in Europe [23]. As already noted, we 
used the subcategories of the agricultural class, but we 
should mention that there are two additional subcatego-
ries: non-irrigated arable land and pastures; we did not 
include these in the analysis. We decided to exclude them 
because of the Spanish law (Real Decreto 1311/2012 [28]) 
regarding sustainable land use and the use of pesticides. 
Under this regulation, non-irrigated arable land and pas-
tures are classified as areas exposed to very low pesti-
cide doses [29]. A potential problem is that the CORINE 
Land Cover database does not show changes over time: 
it was done for the year 2006. Nevertheless, that should 
not be a significant issue in our study because that year 

is included within the studied period. However, CORINE 
Land Cover used satellite images to validate land use. The 
validation was based on the reinterpretation of field pho-
tographs and the original satellite images [23].

Land use/cover databases have been employed in dif-
ferent studies to measure the exposure to pesticides. 
For a study conducted in Texas, USA, the authors used 
aerial photographs and digital maps to identify agri-
cultural fields proximate to birth residence [4]. They 
defined a buffer of 1000 meters around the residence 
and found associations with only a few cancers. For that 
study there were 1190 cases and 2059 controls, while 
for our study we had 3350 cases and 20,365 controls—
which increase the statistical power of the analysis sig-
nificantly. In two other American studies, a land cover 
database was employed to build a variable about expo-
sure to crops in order to study the association between 
crop exposure crops and risk of lymphohematopoietic 
cancer in a women´s cohort [30, 31]. In these studies, 
the authors utilized distances to crops between 250 and 
1000 m. For our study, we took a maximum distance of 
1000  m as exposure area. We decided to use a larger 
distance due to the extent of the studied area, which 
included several regions and many different landscapes 
that could have affected the dispersion of the pesticides. 
We also calculated the density of crops within the expo-
sure area; some previous studies have also employed 
this approach [27, 32]. A recent study in the USA uti-
lized crop density at county level to study the risk of 
childhood cancer, showing increases in risk for leuke-
mia and CNS tumors [27].

One of the limitations of this study is the non-inclusion 
of individual data about possible confounding factors that 
might be associated with the distance, as socioeconomic 
variables or life-style-related factors. As we did not have 
data for individuals, we used socioeconomic data at cen-
sus track level to include some socioeconomic informa-
tion in the analysis. Another limitation could be the use 
of a circular buffer around the home residence as a proxy 
of exposure, assuming an isotropic model, something 
that could introduce a problem of misclassification, since 
real exposure is critically dependent on prevailing winds, 
geographic landforms and releases into aquifers. Nev-
ertheless, this problem would limit the capacity to find 
positive results but in no way invalidates the associations 
found. An additional important limitation is that we did 
not have any information about occupational exposure 
of the parents at an individual level, which seems to be 
one of the identifiable risk factors. Lastly, we did not have 
information about the specific pesticides used in crops in 
Spain. However, as mentioned previously, we chose the 
agricultural uses in CORINE Land Cover that have legal 
regulations for pesticide treatments.

Table 6 OR and  95  % CI associated with  1  % increment 
in  the crop index by  diagnostic group and  type of  crop 
for the Madrid Region

Diagnostic  
group

Global Crop 
Index

Irrigated Heterogeneous

Leukemia 1.03 (1.02, 1.05) 1.02 (0.99, 1.05) 1.05 (1.03, 1.08)

HL 1.05 (1.01, 1.08) 1.05 (1.01, 1.09) 1.02 (0.91, 1.14)

NHL 1.03 (0.99, 1.06) 1.01 (0.95, 1.08) 1.05 (1.01, 1.09)

CNS 1.02 (0.99, 1.05) 1.03 (0.99, 1.06) 1.03 (0.99, 1.08)

Neuroblastoma 1.04 (1.01, 1.06) 1.04 (1.01, 1.07) 1.03 (0.98, 1.08)

Retinoblastoma 1.02 (0.98, 1.07) 1.04 (0.99, 1.09)

Renal tumors 1.03 (1.00, 1.07) 1.04 (1.00, 1.08) 1.02 (0.93, 1.12)

Hepatic tumors 1.05 (1.01, 1.09) 1.06 (1.01, 1.10) 1.04 (0.95, 1.13)

Malignant bone t. 0.96 (0.80, 1.15) 1.01 (0.87, 1.16)

Sarcomas 1.08 (0.97, 1.06) 0.99 (0.89, 1.11) 1.04 (0.99, 1.10)

Germ cell tumors 1.08 (0.95, 1.08) 1.04 (0.98, 1.11)
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It should be noted that we have the home addresses 
of the cases at the moment of diagnosis and, for the 
controls, the home address of the mother at birth. This 
difference could introduce bias in the analysis but, 
according to official data, in Spain only around 1 % of the 
child population change residence to a different province 
[24]. Therefore, we considered that the home address at 
diagnosis is the same as the home address at birth for the 
majority of the cases.

On the other hand, one of the main strengths of our 
study is the large control group. Most studies of this type 
have one or two controls per case [33–35]. In our study 
we have 6 controls per case and that gives a much more 
realistic image of the spatial distribution of the popula-
tion at risk. A further advantage of the study is the strati-
fication of the risk by type of crop, which provides a more 
exhaustive description of childhood cancer risk.

Conclusion
Despite of the limitations of this study, our result points 
to the same conclusion as many previous studies and sug-
gests that living in the proximity of cultivated land could 
be associated with many types of cancer in children. 
However, these findings need to be replicated in other 
studies with detailed information on individual level 
exposures for children and parents, pesticide use data 
and other potentially confounding factors. Furthermore, 
this study shows how land use information, which is pub-
licly available for many countries, can be used to approxi-
mate exposure to crops.
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