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SUMMARY
Context: There is little information on health situation of the people of rural Slovak Republic. The rural environment is often a mixture of natural 

and man-made hazards, which under some conditions, might turn to be a health risk to humans.
Purpose: The aim of this study was to compare two regions of the Slovak Republic, two different hazards (natural and man-made), two different 

methods of health outcome measurement (routine statistics and individual diary based data).
Methods: Ecological study design with focus on cancer incidence analysis was employed in case of natural hazard analysis. Standardized 

incidence ratios (SIR) were calculated and are presented in paper. Observational study design was employed to study rural gardening practices 
and their impact on health.

Findings: Statistically significant differences in SIR were found in rural areas of Spis-Gemer Region (SGR) among males for lip, oral cavity and 
larynx (1.60, CI 95% 1.12–2.34), respiratory (1.25, CI 95% 1.01–1.55) and digestive organ cancers (1.22, CI 95% 1.01–1.47); hematopoetic cancers 
are significantly elevated among males in rural areas as well (1.58, CI 95% 1.05–2.39). Pesticide use (83.1% of gardeners use pesticides) without 
any protective equipment is still widespread among gardeners in rural Slovak Republic (16.9%). The produced fruits and vegetables are substantial 
part of total fruit and vegetable consumption (51% in summer and 42.7% in winter season) increasing the risk of exposure to pesticides. 

Conclusion: Our study shows that on ecological level, mortality and morbidity statistics could be used to assess human health status in linkage 
to broad exposure measures (urban- rural); on dose response level (arsenic in soil) this method lacks sensitivity. Health survey and diary method 
on the other hand are useful tools in analysis of rural health especially with respect to man-made hazards.

Key words: rural health, cancer, gardening, pesticide

Address for correspondence: G. Gulis, Unit for Health Promotion Research, University of Southern Denmark, Niels Bohrsvej 9-10, 6700 Esbjerg, 
Denmark. E-mail: ggulis@health.sdu.dk 

INTRODUCTION

There is a growing interest in rural health worldwide, however 
the definition of what rural is, is not fully clear. Muula (1) made 
an attempt to define rurality summing up different classification 
systems of rurality, mostly based on literature from the USA. 
Countries of the European Union define as rural areas those with 
pre-dominantly agricultural activities, where green zones with 
ecological functions prevail, low population density, inhabited 
zones spread across large areas, communities are of limited 
size, high physical work demanding employment possibilities 
are prevailing, there are natural beauties and a local or regional 
culture exists (2). In the Slovak Republic these communities are 
considered as rural, provided that they do not have a statute of 
a town; do have typical signs of housing; economic structure based 
on agriculture or forestry; less developed infrastructure and low 
population density. Most of them are below 5,000 inhabitants. 
Based on data of the statistical office of the Slovak Republic in 
2005, there were a total of 2,891 municipalities among them 138 

with a statute of a town. 55, 4% of inhabitants (2,986,802 persons) 
lived in urban and 44, 6% of inhabitants (2,402,378 persons) in 
rural settings (3). The average population density was about 110 
inhabitants per km2. Using the OECD definition of rurality in 
2002, about 63.3% of Slovak population lives in rural regions 
compared to about 37% of the total population of the European 
Union member states (4). The OECD definition is based on local 
administrative units and regions. Based on the definition (based on 
population density) of rurality by Eurostat (4), 85.3% of Slovak 
population lives in scarcely populated areas compared to about 
26.4% of the European Union member states population. 

Rural environment is often a mixture of natural and man-made 
hazards, which under some conditions turns to be a health risk 
for humans. The presented study focused both on natural and 
man-made hazards in rural Slovak Republic with objective to put 
rural health on the agenda. The first part deals with natural heavy 
metal exposure in the region of Spiš-Gemer of Eastern part of 
Slovak Republic and analyzes health status of inhabitants with 
special focus on cancer incidence. The second part focuses on 
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gardening practices and possible health consequences in a typical 
rural agricultural municipality of the southern part of the Slovak 
Republic. 

With the support of the US EPA, a risk assessment study has 
been completed by the Regional Public Health Authority Institute 
in Košice in Spiš-Gemer region (SGR) (Table 1). The report con-
cludes that lead, arsenic, mercury and in some cases chromium 
exposes especially children to higher risk due to their increased 
daily intake of these heavy metals. Epidemiological studies often 
describe heavy metal exposures mostly in occupational settings 
or related to one single exposure source such as drinking water. 
Studies describing truly environmental exposures for a large 
population over a long time are missing due to lack of similar 
populations. Ahsan and the HEALS group (5) conducted the 
“Health effects of arsenic longitudinal study” in Araihazar, Bang-
ladesh on a population level, looking at different health outcomes 
such as premalignant and malignant skin tumors, total mortality, 
pregnancy outcomes, and children’s cognitive development. An-
other population survey has been conducted by Rahman et al. (6), 
exposure assessment was based on drinking water intake in their 
study. Drinking water as main exposure route of arsenic has been 
frequently studied focusing on different cancers such as bladder, 
kidney, lung and skin (7–11). Pregnancy outcomes are also often 
linked to arsenic level in drinking water (12–19). 

The second part of the study, in contrary to the first, assessed 
human exposures related to rural life. There are studies dealing 
with rural health issues, however, most of them addresses cancer 
experience of professional farmers, pesticide applicators or other 
well defined target groups (20–23). Exposure assessment under 
rural setting is rather complicated; interview based surveys or 
biomarkers present a possible solution. Our study aims to em-
ploy the cheaper interview survey method. Gardening practices 
of a cohort of traditionally rural and agricultural population was 
analyzed. Previous studies, such as the Trenčín gardening study by 
Hatiar, Hatiarová, Cook and Gulis described gardening practices 
in Trenčín (24), but failed to assess health status of gardeners. Our 
study, firstly collected data about self perceived health status and 
basic gardening practices and secondly selected participants were 
followed up by a health diary over one year period. 

The main research question of the study was in fact to compare 
the role of natural and man-made exposures and assess the pos-
sibility of use of basic health data collection methods. The study 
did not aim to accept or reject a hypothesis (not possible with 
selected design) or prove dose-response relationships; the aim was 
rather to produce health data to justify a need for future, much 
deeper, more specific epidemiological studies on both subjects 
and help to put rural public health on agenda. 

METHODS

The two sub-studies used different methods therefore they are 
presented as two subchapters. The research question (aim of the 
study), time, data and financial resources available were the most 
important factors in selection of methods.

Natural Hazards Sub-study
Ecological study design was employed in case of heavy metal 

study in Spiš-Gemer region (SGR). Two different analyses were 
conducted:
• The entire population of the region was analysed; demographic 

and health data from national statistic was used to conduct the 
analysis.

• The first analysis divided the settlements of the SG region into 
urban – rural status using Slovak national definition of rurality. 
Standardized morbidity ratios of cancers were calculated. Risk 
ratios were calculated by simply 2x2 table method comparing 
urban and rural municipalities within region of interest. Ap-
propriate statistic such as 95% confidence intervals, P-values 
helped to assess the statistical strength of associations. 

• The second analysis focused on dose-response relation (on 
ecologic, population based level) using cancer incidence as 
health outcome and arsenic concentration in soil as exposure 
indicator. Settlements were grouped into three contamination 
categories based on arsenic concentration in soil and standard-
ized incidence ratios were calculated. 
Morbidity (cancer incidence) analysis covered 1998–2002, 

whereas mortality data are for 2000–2004.

Man-made Exposure Sub-study
The gardener study employed an observational study design 

and lasted from September 2005 to April 2007 including analysis 
of data. In the first phase face-to-face interviews were conducted 
with a random sample of gardeners representing about 81% of 
total number of gardeners in selected town (sample size of 184 
gardeners). The second phase turned this study into a small pro-
spective observational study, where health data were collected 
via a diary. Pesticide use related data from a questionnaire survey 
allowed to create exposed and unexposed groups and conduct 
analysis producing relative risks with appropriate statistics (95% 
confidence intervals, χ2 statistics, and P-values). However, due to 
relatively small sample size (40 diaries collected) we do present 
a rather qualitative analysis of these diaries. Access 2000, Excel 
2000, R2.4.0 and Statcalc software’s were employed to systema-
tize and analyze the results of the study. 

Table 1. Demographic characteristics of the SGR region by urban–rural status 

Population Mortality/1000 Suicide 
rate/1000

Live 
births/1000

Abortion 
rate/1000

Low birth 
weight/1000

% of Roma 
population

As in soil 
(mg/kg)

Urban 444 381 9.26
(8.15–10.37)

1.19
(0.63–1.74)

12.21
(9.01–15.41)

5.38
(3.97–6.80)

1.17
(0.71–1.62)

17.16
(0.74–41.86) 61.36

Rural 408 657 12.95
(8.71–17.19)

1.16
(0.36–1.95)

12.57
(6.90–18.24)

4.69
(2.16–7.22)

1.14
(0.00–2.43)

21.30
(1.45–32.88) 71.04
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RESULTS AND DISCUSSION

Natural Hazards Sub-study 
Table 1 presents the general demographic characteristics and 

arsenic in soil by urban-rural status of the SGR region (intervals 
in brackets signalize lower and upper interval within 1 standard 
deviation). 

The mortality analysis focused on selected cancer mortali-
ties using crude data (not age, gender specific data). Based on 
literature, we focused on cancer of larynx, trachea, bronchi and 
lung (C 32, 33 and 34), malignant melanoma (C 43) and bladder 
cancer (C67). Risk ratios by urban-rural status (rural as exposed) 
are presented in Table 2.

Table 3 presents cancer mortality of selected cancer by arsenic 
level in soil of residence place. None of the three selected cancer 
mortalities show statistically significant trend by changing arsenic 
concentration in soil of the municipality of residence. 

Two different cancer incidence analyses were conducted. First, 
the villages of the SGR region were grouped by urban-rural sta-
tus and second, arsenic concentration in soil served as exposure 
categorization variable. In both cases organ specific standardized 
cancer incidence ratios were calculated. Table 4 shows standard-
ized incidence ratios (SIR) for urban rural categorization for both 
genders as well as males and females separately.

Statistically significant urban rural difference in cancer inci-
dence was identified for all cancers, lip cancer, digestive organ 
cancers, respiratory cancer, skin cancer and leukemia’s among 
males. Except skin cancer where there is a higher incidence in 
urban areas rural population is always at higher risk. 

Table 5 presents the SIR’s by levels of arsenic concentration 
measured in soil within villages and towns of SGR region.

The size of the population of the three exposure regions was 
66,214, 164,015 and 187,091, respectively, from highest exposure 
to lowest. No statistically significant trends reflecting changing 
arsenic concentration in soil were identified. Urban-rural division 
seems to fit better for standardized cancer incidence analysis. 

Man-made Hazards Sub-study
Participants were selected by random selection from the list of 

members of the Slovak gardener society – branch Zeliezovce; 184 
gardeners (97 males and 81 females) participated in the survey 
and the overall response rate was 96.7%. 

The main characteristics of study participants are summarized 
in Table 6.

The study population was fairly stable as of residence place; 
mean duration of residence in municipality was 39.64 years (SD 
±13.43); 60.7% of participants live in rented flat houses and 
39.3% in own private house. The average number of people in 
one household was 3 (SD ±1.17).

Review of gardening practices is summarized in Table 7.
There were no differences in use of personnel protective 

equipments by gender. 
The higher the education level, the lower pesticide use; 

university-level educated gardeners used significantly less pes-
ticides compared with high school graduates or non matriculated 
gardeners. 

Participants were asked to evaluate their health status as either 
they feel healthy or not healthy. In the beginning we had four 
categories to evaluate self reported health status, but due to the 
small sample size we merged them into two major ones. Out of 
the whole study population, 36% of females and 47.8% of males 
reported that they felt healthy compared to 9.6% of females and 
6.7% of males who reported that they did not feel healthy. There 
was no significant difference by gender (χ2 = 2.39; P = 0.12).

Information about prevalence of selected diseases in families 
of study participants was collected as well and is summarized 
in Table 8.

Study participants were also asked about the prevalence of 
depression; 10.7% of females and 2.8% of males reported de-
pression. Females reported significantly higher prevalence of 
depression (χ2 = 12.6; P = 0.0003) 

Sleeping disturbance was reported by 19.7% of females and 
15.7% of males; females reported statistically higher prevalence 
of sleeping disturbance (χ2 = 3.95; P = 0.046) 

28.7% respondents were smokers, 24.7% were females and 
32% were males. The mean number of daily smoked cigarettes 
was 12 (SD ±5) with no significant difference by gender. Smok-
ers reported more often depression as non-smokers (χ2 = 6.15; 
P = 0.013)

In the beginning, 40 study participants agreed to participate 
in a prospective follow-up of health problems by diary method 
during 12 (9) months. Later, three participants dropped out and 
data was therefore collected from 37 study participants only; 
among them 22 females and 15 males. The most often stated 
health concerns are summarized in Table 9. 

Table 2. Urban–rural risk ratios of selected cancer mortality 
(rural as exposed)

Cancer RR CI 95% P-value
Malignant neoplasms 
of larynx, trachea, 
bronchus and lung 

1.31 1.05-1.63 0.0121577

Malignant melanoma of skin 0.46 0.20-1.05 0.0572967

Malignant neoplasm of bladder 0.64 0.29-1.40 0.2582436

Table 3. Cancer mortality of selected cancers by arsenic on 
soil level (/100,000)

Cancer > 50mg/kg 30–50 
mg/kg <30 mg/kg

Malignant neoplasms 
of larynx, trachea, 
bronchus and lung 

43.69 34.13 44.60

Malignant melanoma of skin 4.16 2.99 3.72

Malignant neoplasm of bladder 3.12 2.99 3.72
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Table 4. SIR for urban–rural division of SGR

SIR Male RR CI 95% P-value Female RR CI 95% P-value

1998–2002 Urban Rural Urban Rural
All cancers 367.33 431.77 1.17 1.07–1.29 0.00101 348.78 362.21 1.04 0.94–1.15 0.45825

C00–C14 22.67 36.31 1.60 1.12–2.34 0.01004 4.82 2.89 0.60 0.22–1.62 0.30828

C15–C26 93.45 113.91 1.22 1.01–1.47 0.04008 75.36 83.33 1.11 0.90–1.37 0.35089

C30–C39 70.32 88.04 1.25 1.01–1.55 0.04175 12.27 12.04 0.98 0.57–1.68 0.94587

C40–C41 0.46 2.98 6.45 0.78–53.58 0.04692 0.44 0.48 1.10 0.07–17.58 0.94662

C43–C44 67.08 50.74 0.76 0.59–0.97 0.03020 59.15 65.51 1.51 0.87–1.40 0.40097

C45–C49 2.31 1.99 9.86 0.23–3.20 0.8221 2.19 4.82 2.20 0.75–6.43 0.14000

C50 0.93 0.50 0.54 0.05–5.93 0.60659 67.04 60.21 0.90 0.71–1.14 0.37261

C51–C63 39.32 48.75 1.24 0.92–1.67 0.14658 62.66 55.87 1.11 0.70–1.14 0.35892

C64–C68 24.98 34.82 1.39 0.98–1.99 0.06559 17.09 15.89 0.89 0.59–1.48 0.75947

C69–C72 9.72 5.97 0.61 0.30–1.25 0.17401 3.51 5.30 0.93 0.61–3.76 0.37059

C73–C75 3.24 1.99 0.61 0.18–2.10 0.43252 7.01 6.26 0.89 0.43–1.86 0.76207

C76–C80 8.79 10.45 1.19 0.64–2.21 0.58585 6.13 8.67 1.41 0.70–2.84 0.32923

C81–C96 17.58 27.85 1.58 1.05–2.39 0.02717 16.21 19.75 1.22 0.78–1.90 0.38351

D00–D09 2.78 2.98 1.08 0.35–3.33 0.90006 7.89 9.15 1.16 0.61–2.21 0.65088

D10–D36 2.31 1.99 0.86 0.23–3.20 0.82213 3.07 3.85 1.26 0.46–3.46 0.65861

D37–D48 1.39 2.49 1.79 0.43–7.5 0.41788 3.94 8.19 2.08 0.93–4.66 0.06998

Table 5. SIR by arsenic concentration in soil of SGR region municipalities

As in soil
Males Females

>50 mg/kg 30–50 mg/kg <30 mg/kg >50 mg/kg 30–50 mg/kg <30 mg/kg

C00–C14 26.73 26.83 42.31 4.56 2.35 5.85

C15–C26 114.95 89.04 105.76 85.58 64.70 96.57

C30–C39 89.29 64.65 84.61 13.17 10.00 14.63

C40–C41 1.60 1.22 3.02 0.00 1.18 0.00

C43–C44 53.46 71.35 45.33 70.39 49.99 68.77

C45–C49 3.21 1.83 0.00 2.53 5.29 1.46

C50 0.00 1.22 1.51 66.84 57.64 70.23

C51–C63 46.51 42.69 39.28 57.73 62.93 55.60

C64–C68 29.94 24.39 42.31 18.74 13.53 17.56

C69–C72 6.95 7.93 10.58 4.56 3.53 5.85

C73–C75 3.21 1.22 4.53 7.09 5.88 7.32

C76–C80 10.16 7.93 12.09 7.09 5.88 11.71

C81–C96 21.39 24.39 21.15 18.74 17.06 17.56

D00–D09 4.28 1.83 1.51 8.61 7.06 11.71

D10–D36 4.28 0.61 0.00 3.54 2.35 5.85

D37–D48 2.14 0.61 4.53 5.06 5.88 8.78
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Table 6. Characteristics of study participants

Male Female

Age

Minimum age 30 38

Maximum age 75 83

Mean age 51.25±10.26 51.95±7.95

Education

Basic 14 (14.4%) 11 (13.5%)

High school without graduation 39 (40.2%) 13 (16%)

High school with graduation 38 (39.2%) 51 (63%)

University 6 (6.2%) 6 (7.5%)

Employment status Short term unemployed 2 (2%) 3 (3.7%)

Long term unemployed 19 (19.6%) 8 (9.8%)

Employed 55 (56.7%) 53 (65.5%)

Retired 21 (21.7%) 17 (21%)

Table 7. Review of gardening practices

Time spent in garden as percentage of leisure time 43±26%

Mean number of years being a gardener 23±10

Production of own garden products as main motivation of gardening 66%

Relaxation, hobby as main motivation of gardening 34%

Share of own production on total fruit and vegetable consumption – summer 51±26.6%

Share of own production on total fruit and vegetable consumption – winter 42.7±24%

Use of fertilizers 90.4% (85.4–94.6)

Use of fertilizers once in 3 years 37.1%

Use of fertilizers once a year 48.3%

Use of fertilizers more than once a year 5.1%

No use of fertilizers 9.6%

Use of natural fertilizers only 50.3%

Use of combined natural and artifi cial fertilizers 24.2%

Use of artifi cial fertilizers only (nitrogen based) 25.5%

Pesticide use in total 83.1% (77.3–88.9)

Pesticide use 1x a year 6.1%

Pesticide use 2x a year 23.6%

Pesticide use 3x a year 22.3%

Pesticide use 4x a year 20.3%

Pesticide use 5x a year 16.9%

Pesticide use 6x a year 7.4%

Pesticide use 7x a year 2.0%

Pesticide use more than 10x a year 1.4%

Use of personnel protective equipments while spraying pesticides:

None 16.9%

Gloves 70.9%

Clothes and protective face mask 32.4%
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DISCUSSION

Natural Hazard Sub-study
As of the size, the urban and rural population is quite compa-

rable, however, urban consists of 8 municipalities and rural of 90 
municipalities. All cause mortality was significantly higher in rural 
as well as in urban areas; risk ratio is 1.24 (CI 95% 1.19–1.29). Un-
fortunately, due to lack of residential place specific mortality data 
by age, gender and a detailed standardized mortality ratio analysis 
was not possible to conduct. Traditionally strong social cohesion 
might be one of the causes of slightly lower suicide and abortion 
rates (not statistically significant) among rural population. There 
is no significant difference as of live births and low birth weight 
prevalence between urban and rural population. In the Slovak 
Republic, the Roma population is one of the largest minorities and 
is often considered a very vulnerable population as of the health 
status. Therefore we include the share of Roma population on total 
urban and rural population; the mean is higher in rural areas, but 
the standard deviation in urban areas is broader, so it is unlikely to 
expect a significant difference which would explain major health 
differences. Arsenic concentration in soil is higher in rural areas. 
Unfortunately, due to the lack of data on the municipality level we 
cannot get statistics on other socio-economic determinants such as 
education, income, employment by urban-rural status. 

There are a couple of points to mention with regard to demo-
graphic, mortality and morbidity analyses.

First, incomplete data collection system disables detailed and 
age standardized analysis of mortality; data is missing on most of 
socio-economic variables, population data lacks precise ethnic-
ity data. All this makes the analysis rather hypothetical. There is 
a clear and statistically significant higher crude death rate in rural 
compared to urban population. This increased mortality is unlikely 
to be explained by the percentage of the Roma population. Social 
ties seem to be stronger in rural population resulting in slightly 
lower abortion and low birth weight prevalence. 

Statistically significantly increased risk in rural areas was 
measured for mortality of cancer of larynx, tracheas, bronchi and 
lung; this association was confirmed for males only by cancer 
incidence analysis as well. Furthermore, there is an increased 
cancer incidence among rural males for tumors of lip, oral cav-
ity and pharynx, respiratory tumors, digestive organ tumors 
and malignant neoplasm’s stated or presumed to be primary of 
lymphoid, haematopoietic and related tissue. Rural life seems to 
be protective in case of malignant melanoma (mortality level) 
and the whole skin cancer group (incidence level). There was no 
statistically significant trend identified due to changing arsenic 
concentration levels in municipalities neither in mortality nor in 
incidence.

In comparison of our findings with literature survey data sum-
marized in Table 2, we may identify a certain level of congruity. 
Significantly higher respiratory cancer prevalence was identified 
in rural areas, where arsenic in soil is higher as well. The question 
is why this association is not visible in direct arsenic concentration 
in soil and cancer incidence (mortality)? The answer, very likely, 
has to do a lot with our study design. Ecologic study design cannot 
identify individual exposures both as of the main exposure and 
potential confounders and/or effect modifiers. “Ecologic fallacy” 
is usually enlisted as the most important bias of population based 
ecologic studies and our study is not a difference. An individual 
level, case control or cohort study would be much more powerful 
to analyze such associations. 

Man-made Hazards Sub-study
Despite the fact that urban-rural differences are widely re-

cognized in public health literature most of the studies deal with 
only one key determinants of health related to this inequality, the 
role of access to health care (25, 26). 

An important problem related to rural health and pesticide use 
related studies is exposure assessment. In occupational health 
studies there are possibilities to collect biomonitoring samples 
and/or reconstruct major application events (27, 28); this is not 
possible in general populations who use pesticides for their gar-
dening hobby. Data from the Slovak veterinary and agriculture 
inspection warns that substantial amount of own production might 
be contaminated by pesticides or their residues and contribute to 
general body burden by chemicals in rural population. Another, 
direct route of exposure is due to lack of use of protective equip-
ments while spraying pesticides in their own garden. Similar data 
were found in Slovakia in Trenčín area by gardener study in the 
end of 90-ties (24). Although pesticide use declined during last 
decades in Slovakia, spraying of gardens is still a widely used 
practice as our study participants stated. 

Table 9. Absolute numbers and percentage of occurrence of 
health problems among study participants in follow-up study

N %
Neurological problems, headache, migraines 24 64.9
Musculoskeletal problems 21 56.8
Digestive track problems 17 45.9
Respiratory problems 14 37.8
Cardiovascular disease 13 35.1
Gynecological problems 9 40.9+
Skin problems 9 24.3
Toothache 6 16.2
Allergies 5 13.5
Injuries, accidents 5 13.5
Endocrine problems 4 10.8
Mental health problems 2 5.4

+ calculated for females only

Table 8. Prevalence of selected disease in families of study 
participants

N %

Cardiovascular diseases 147 82.6 (CI 95% 76.7–88.5)

Neoplasms 53 29.8 (CI 95% 22.8–36.8)
Diabetes mellitus 71 39.9 (CI 95% 32.4–47.4)

Allergies 59 33.1 (CI 95% 25.9–40.2)

Chronic respiratory diseases 19 10.7 (CI 95% 5.9–15.5)
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Our cross-sectional study complemented by a short and small 
size pilot follow-up can not make solid conclusions. However, 
taking in account both high prevalence of different diseases in 
families of study participants and frequencies of health problems 
reported during follow-up allow us to express our agreement with 
Salameh and his theory of effect of pesticide use in rural areas 
on the overall health status of all citizens living in area (29). Our 
sample, representing 81% of all gardeners in municipality would 
be considered as representative not only for the municipality, 
but also for the whole region. However, the sample is not repre-
sentative for the whole Slovak Republic, as gardening in different 
regions is linked to environmental conditions and therefore use 
of pesticide varies by products grown in gardens. 

The relatively high percentage of study participants who 
feel healthy could be explained by improving socio-economic 
conditions (30) but also by own health perception. In rural areas 
understanding of health is often equal to absence of disease (31). 
The finding around prevalence of disease in families of our study 
participants corresponds very well with published literature (32, 
33, 34). The high occurrence of neoplasms, 29.8% is especially 
alarming and calls for detailed study and intervention. As Ar-
cury (35) stated long-term exposure to pesticide could result 
in increased incidence of neoplasm, neurological problems and 
reproductive disorders. These categories of health problems are 
all present in our small sample both in survey and short follow-
up part. 

Another novelty of our study is focused on mental health 
disorders. Both in case of depression and sleep disturbances we 
found significant difference by gender; this finding could be well 
compared with that of Averina (36). Mental health problems are 
significantly higher among females as males in our study and 
smokers suffer more often from depression as non-smokers. 

The diary method for health problem data collection is not new 
in general (37) however; to our knowledge this is the first study 
where we attempted to use this method to collect information 
about health of a rural population in a transition country. Local 
media played a positive role by publishing a preliminary report 
on the study and asking for participation. In general, about 25% 
of the total study participants agreed to participate also in follow-
up and only 3 out of 40 dropped out in what could be considered 
a success. The diary consisted of two parts; the first asked for data 
based on visit at the medical doctor, the second aimed to collect 
data about health events which did not result in visit of a doctor. 
Interestingly enough, the second table remained close to empty, 
showing that people in rural areas are used to visit the doctor 
immediately after a health concerns present itself. This conclu-
sion is extremely significant if we take in account that access to 
health care in rural areas is clearly worsening (a hospital in study 
municipality was closed right after the study concluded) and the 
population is aging. Females did the reporting in diary in more 
detailed way compared with males. This is in good compliance 
with general knowledge that females are more health conscious 
than males. 

General Discussion
Lack of health data including mortality statistics on local, 

municipality level is a key factor when planning and conducting 
ecologic analysis in Slovak Republic. Due to lack of mortality 

data we were unable to complete a detailed mortality analysis in 
selected SGR study region. On the other hand, cancer incidence 
data kindly provided by National Cancer Registry allowed for 
standardized incidence ratio analysis under two exposure sce-
narios. The simplest, but much broader categories of urban vs. 
rural exposure categories gave clearar results as specific arsenic 
in soil concentration based exposure scenario. The study design, 
use of observational studies exposes our findings to the most 
important criticism and uncertainties. Observational studies, 
whether ecologic or cross-sectional cannot test and prove hypo-
thesis; their objective is to generate hypothesis for future research. 
An individual study subject based, cohort or case-control study 
could only provide the answer whether a summary of all rural 
exposures (physical environment, gardening practices, social 
hazards, health care access, etc...), or a single exposure coming 
from natural environment is the most important one. To answer 
this question would be extremely important for public health 
policy making and policy prioritization. Exposure assessment is 
another uncertainty in both presented sub-studies. Due to design 
limitations given by available resources it was not possible to 
include all possible confounders and/or effect modifiers into study. 
There are published studies which employed analytical design on 
arsenic (and other heavy metals) and cancer is usually on higher 
level of epidemiological evidence; some of them we refer to but 
most of them we do not due to our aim to open a discussion on 
complexity of different exposures in rural areas. Unfortunately, 
several times during the study we were faced with situations 
where more could be done even with the available study design, 
but data do not exist, or access to data was not possible. This is 
an important finding and shows that even observational study 
design can contribute to policy making by identification of gaps, 
for example in data collection. 

As to the main research question of our study we can certainly 
conclude that both natural and man-made hazards are important 
regarding their impact on health of rural population in Slovak 
Republic. Ecologic study design used in this study could confirm 
this fact, but not analyze it in depth. 

CONCLUSIONS

The main objective of our study was to analyze rural health 
risks in two different areas of Slovak Republic, evaluate data 
availability and discuss options of different exposure classifica-
tion choices. 

In Eastern Slovakian „Spiš-Gemer Region“ elevated cancer 
risk was identified for all cancers, lip, digestive organs, respira-
tory cancer and leukemia’s for males living in rural areas. The 
arsenic exposure level analysis did not provide statistically sig-
nificant trend in cancer incidence. This signalizes, that a mixture 
of different hazards group under „rural“ exposure term might 
be more suitable to identify health effects and plan potential 
interventions.

The gardener study describes gardening practices in a relatively 
large and stable gardening population in Southern Slovakia. 
Pesticide use is still a significant hazard which compared with 
relatively large use of own garden products in diet might create 
an important exposure scenario. Use of health diaries to collect 
health outcome information of gardeners prospectively proved to 
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be a valid option to collect more information on health of rural 
population.

In summary of both parts of our study we might conclude that 
only a well designed analytical study (case-control or cohort) 
which would collect individual data on natural and work place 
exposures, social hazards, health care access and use as well as 
health behavior and real time spent under different exposures 
could clarify main health issues linked to rural life.
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