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The aim of this study was to gain more insight in the association between prevalence of diverse acute non-specific
symptoms (NSS) and livestock density as a possible risk factor among residents of livestock-dense and non-dense
regions, taking into account socio-demographic factors and psychological morbidity. Prevalence of NSS and
psychological morbidity were assessed for the year 2017, based on electronic health records from 39 general
practices in the Netherlands. The study group consisted of people who lived in rural areas with high numbers of
livestock (n = 74093), while the control group included people in rural areas with low numbers of livestock (n =
50139). For a large portion of the study group, exposure estimates (to livestock) were calculated. Multiple lo-
gistic multilevel regression analyses were performed. Two methods were used: 1) area comparisons between
study and control areas in relation to health problems, and 2) estimates of livestock exposure (to goats, poultry,
pigs, and cattle) within the study area. It was found that prevalence of diarrhea, headache, sleep disturbance,
respiratory symptoms, and skin problems were higher in the study group. The data suggest that there may be a
protective effect of livestock exposure: in general, there was a lower risk of NSS closer to livestock (within the
exposure analyses). The study suggests that the previously identified higher risk of respiratory health problems in
livestock dense areas might also apply to the prevalence of various other NSS. Longitudinal research taking into
account different or more individual and contextual characteristics could possibly elucidate why prevalence of
NSS in closer proximity to livestock is lower compared to people who live further away, whilst a more over-
arching analysis indicated that living in livestock dense areas was associated with more NSS.

conditions and symptoms in other organ systems have been
understudied.

1. Introduction

The high population density (Statline, 2019) combined with high
concentration of farms (Statline, 2018) in the Netherlands has raised
questions about how livestock farms affect human health. Livestock
farms are a source of various emissions, such as particulate matter, en-
dotoxins, and ammonia. Acute infections and chronic illnesses have
recently been linked to residents of livestock dense areas (Borlée et al.,
2017; Kalkowska et al., 2018; Maassen et al., 2016; Post et al., 2019; Van
der Star et al., 2018). Furthermore, a variety of zoonotic pathogens are
associated with both livestock farms and human health conditions
(Morakinyo et al., 2016; Smit et al., 2012; Uiterwijk et al., 2017; Zomer
et al., 2017). The vast majority of studies on livestock exposure and
human health mainly focused on respiratory health problems (Baliatsas
et al., 2017; Post et al., 2019; Van Dijk et al., 2016, 2017), while
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Non-specific symptoms (NSS) are acute (though often recurrent)
health problems that are very common in the general population and not
necessarily associated with a specific disease (Van den Berg, 2007);
More than 50%of the self-reported health problems seem to be
non-specific in nature (Van den Berg, 2007). Non-specific symptoms
range from physical symptoms such as abdominal pain, to neurological
outcomes such as sleep problems and concentration difficulties. Such
symptoms can be caused by multiple factors and are often attributed to
different environmental exposures (Spurgeon et al., 1996), such as
electromagnetic fields (Baliatsas, 2015; Bogers et al., 2018), noise (Zij-
lema et al., 2015), and odors from agricultural facilities (Boers et al.,
2016; Zock et al., 2018). Specifically regarding the latter, different
sources of noise, such as tractors, machinery, or animals, have been
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detected on farms (Williams et al., 2015), while Radon et al. (2007)
concluded that prevalence of self-reported asthma symptoms, nasal al-
lergies, and wheezing was higher among people who experienced odor
annoyance from livestock farms. In addition, Hooiveld et al. (2015)
showed that people with higher levels of perceived odor annoyance are
at higher risk of reporting diverse health symptoms, including sleep
problems, dizziness, lower back pain, stress related symptoms, and
stomach ache. Psychological factors could also contribute to the expe-
rience of NSS, within the environmental health context: For instance,
Villeneuve et al. (2009) found that individuals who lived closer to
farming operations had a higher depression rate and were more likely to
worry about the health effects of environmental pollutants.

Nevertheless, it cannot be ruled out that zoonotic diseases may also
play a role in the occurrence of NSS. Livestock are the primary source of
zoonotic outbreaks, such as Q fever and avian influenza (Henningsen
et al., 2003; Smit et al., 2012). The symptoms of Q fever (and sequalae)
can overlap with many NSS, e.g. fatigue, headache, muscle aches, and
non-productive coughing (Van den Brom et al., 2015); It is therefore
likely that a number of patients are not diagnosed with Q fever, but
rather with the manifested symptoms.

This study aims to examine whether living in the proximity of a
livestock farm is related to a higher prevalence of NSS, compared to
areas situated further away from livestock farms. Using a large primary
care database, the following research questions are addressed: 1) What is
the difference in prevalence of NSS between people who live in livestock
dense areas and people who live in non-dense areas, taking into account
the possible influence of socio-demographic factors, and psychological
morbidity? 2) Is there an association between prevalence of NSS and
livestock exposure?

2. Materials and methods
2.1. Study design and population

Data for this cross-sectional study were obtained for the year 2017
from the Primary Care Database (PCD) of the Netherlands Institute for
Health Services Research (NIVEL). Each inhabitant of the Netherlands is
required to register at a general practice in the broader vicinity of
residence, so the population listed in family practice can be used as the
denominator in epidemiological studies (van der Lei et al., 1993).
Therefore these data are a representative coverage of the general pop-
ulation’s health. Morbidity was registered according to the International
Classification of Primary Care (ICPC) (Lamberts et al., 1987).

2.2. Ethics

The NIVEL PCD meets Dutch regulations on data protection and laws
on use of health data for epidemiological research purposes (Dutch Civil
Law, Article 7:458). A trusted third party (Stichting Informatievoorzi-
ening Zorg: IVZ, Houten, NL) ensured separation of medical information
and personal information at all times.

2.3. Study areas and control areas — Ecological comparisons

This study used data from the “Livestock Farming and Neighbouring
Residents Health (VGO)-III” study [VGO3-study] (Yzermans et al.,
2018). For this study, electronic health records (EHRs) from 39 general
practices were used. All practices were located in rural municipalities in
the Netherlands (not urbanized or hardly urbanized), which include
municipalities with fewer than 30,000 residents, or an urbanization
degree of 4 and 5, according to the categorization of the Statistics
Netherlands (Statline, 2015). The ‘study area’ (21 GPs) refers to
livestock-dense rural regions in the provinces Overijssel, Gelderland,
and Utrecht, while the ‘control area’ (18 GPs) refers to five other
provinces with substantially lower livestock farm density.
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2.3.1. Estimates of livestock exposure

For the study area only, the data file ‘Bestand Agrarische Bed-
rijfssituatie’ (BAB) 2016 (agricultural business situation) was used to
obtain information on livestock density. The BAB is a nationwide data
file constructed by the Netherlands Enterprise Agency (RVO). Within the
file, all known locations of active agricultural sites, companies and
stables are listed (Netherlands Enterprise Agency, 2019). For every
respondent in the study population, the distances from the home address
to the closest goat, poultry, pig and cow farm were estimated by using
the coordinates of homes and farms. The following exposure variables
were analyzed: 1) presence of goats within 500, 1000, or 2000 m from
the home address, 2) presence of poultry within these buffers, 3) pres-
ence of pigs within these buffers, and 4) presence of cattle within these
buffers. Cut-off values for the four types of animals were used to remove
very small ‘hobby’ farms from the dataset. These cut-off values were
<50 goats, <25 pigs, <250 poultry, and <5 cattle. Every farm with
numbers of animals below these cut-off values were set to zero (Borlée
et al., 2017, online supplement Table E1). Data on livestock estimates
were available for 66,948 individuals in the study area.

2.4. Symptom assessment

Prevalence of NSS was measured by whether or not an individual was
registered with a particular symptom in the year 2017. Prevalence es-
timates were based on episodes of illness Each episode contains all pa-
tient encounters for a particular health problem within a specific period
of time (Nielen et al., 2019). A ‘symptom-free’ period is taken into ac-
count, which is the period in which it is likely that a patient will visit the
GP again if a medical complaint persists and determines whether ICPC
records belong to the same episode. In some cases, in the present ana-
lyses, multiple ICPC-codes were clustered to form one health problem.
The ICPC codes that were included (also within clusters) can be found in
Appendix A, Table 1. The ICPC distinguishes between depression and
anxiety disorder, and depressed and anxious feelings. For construction
of the variable ‘psychological morbidity’, only the disorder codes (P76
and P72) were used, after which the constructed variable was
dichotomized.

2.5. Covariates

Information on demographic characteristics was obtained from pa-
tients’ health records. The following variables were used for analyses:
age (polynomial), registry duration (continuous), gender (male/female),
study group (dichotomous), and socio-economic status (SES) (interval).
For sensitivity analyses, psychological morbidity (dichotomous) was
included. SES was retrieved via the Netherlands Institute for Social
Research (SCP) (2019). In this case, SES is the social status of the
neighborhood, based on average income, percentage low income, per-
centage low educated, and percentage of unemployed people in the
neighborhood. The SCP provides relative status scores on a four-digit
postal code level: the mean score is 0. A positive score thus means
that a neighborhood has a higher status than average, a negative score is
lower than average.

2.5.1. Statistical analyses
Multilevel logistic regression analyses were performed to account for

Table 1
Sample characteristics control and study group.

Study group Control group
Female gender, N (%) 36,895 (49.8) 24,774 (49.4)
Age, Mean (SD) 41.36 (24.2) 42.05 (23.5)
Socioeconomic status, Mean (SD) .16 (.40) -.57 (.89)
Psychological morbidity, N (%) 3240 (4.4) 2130 (4.3)
Sum of NSS, Mean (SD) .51 (.9 42 (.8)
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the hierarchical structure of the data (patients nested within general
practices). Prevalence of each individual symptom was the dependent
variable. The independent were the group type (study group versus
control group) for the ecological comparison, and livestock exposure
estimates (for the individual level analyses). In addition, the number of
investigated symptoms were analyzed as count variable, following the
approach of Yzermans et al. (2016). For this outcome variable, negative
binomial (multilevel) regression was performed. All analyses were
adjusted for gender, age (polynomial), registry duration, SES and anxi-
ety or depression disorder. For each regression model, odds ratios (OR)
or incidence rate ratios (IRR) were calculated at a significance level of p
< .05 (95% confidence intervals (CI).

Several sensitivity analyses were also performed in order to test
whether the findings of the primary analyses would remain robust, such
as the addition as covariates of three ICPC codes that indicate social
problems (Z03: housing/neighborhood problems, Z05: work problems,
710: health care system problems), and carrying out cross-classified
models for the ecological comparisons, adding municipality as an
extra level. (Under ‘work problems’, a number of different personal is-
sues/situations can be registered, that could affect health, such as
excessive workload, problematic relationship with colleagues, impend-
ing employment termination, and occupational exposure to noise and/
or toxic substances.) Furthermore, we used the number of animals as
(continuous) independent variable and also split the animal number at
the median among the exposed into a high and low exposure group and
re-analyzed the examined health outcomes. Analyses were performed
with STATA version 15.0 (StataCorp LP, College Station, TX, USA).

3. Results
3.1. Ecological comparisons

3.1.1. Sample characteristics

Table 1 displays the sample characteristics for the control and study
area. In total, the study group consisted of 74,093 patients, and the
control group included 50,139 patients. Gender did not differ statisti-
cally significant between the control group and the study group (p =

Skin problems
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Sneezing/Nasal congestion
Disturbance of... =
Sleep disturbance FEFTFTIT—
Feeling/behaving irritable/angry B
Acute stress reaction ¥
Vertigo/dizziness |H—
Headache FEm—
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Muscle pain -
Palpitations/awareness of heart ==
Pain/pressure chest
Eye problems
Diarrhea

Nausea

General weakness/tiredness
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.183). The average age in the study group was 41.3 years, in the control
group 42 (p = .000). There was a significant (p = .000) difference be-
tween the control and study areas’ average SES, with a lower score in the
control group.

In Graph 1, the prevalence for the control and study areas is dis-
played. The most prevalent symptoms in general were respiratory
symptoms, abdominal pain, general weakness/tiredness, pain/pressure
chest, and low back symptom.

3.1.2. Differences in symptom prevalence between areas with high and low
livestock density

In the ecological comparison (Table 2), significant differences be-
tween the study and control group in the prevalence of diarrhea,
headache, sleep disturbance, respiratory symptoms, and skin complaints
were identified. People in the study group were at a higher risk of
experiencing (one of these) five health problems. Results were almost
identical when adjusted for psychological morbidity, indicating that
prevalence of NSS is not explained by psychological morbidity. For
readability, only the results of the complete model (including psycho-
logical morbidity) are presented.

With regard to the socio-demographic variables, there was an almost
consistently higher chance for women, and also a higher chance for
elderly people to experience any of the NSS. This was also the case for
people with psychological morbidity. Additional correction for regis-
tered social problems (related to housing/neighborhood, work and
health care), and adding municipality as an extra level in cross-classified
models did not alter the results (data not shown).

3.2. Livestock exposure comparisons

Regarding livestock density in the study areas, 1.3% of the sample
lived within 500 m from goat farms, 6% within 1000 m, and 29.9% of
the study population lived within 2000 m from goat farms. For poultry
farms, these were 10.1%, 32.7% and 68.3% respectively, for pig farms,
16.6%, 51%, and 90.7%, and for cattle 43.8%, 85%, and 99.5%,
meaning that almost every patient in the exposed group lived within
2000 m from cattle.

M Study group

= Control group

—_———
-
-
-
Abdominal pain | —
T

6 8 10 12

Graph 1. Prevalence (%) of assessed symptoms per study area in the year 2017 (N = 124,232)



J. Gerbecks et al.

Table 2
Differences (OR, 95% CI)? in various health symptoms between study and con-
trol areas, based on the total sample (statistically significant results in bold)*

OR ClI
General weakness/tiredness 1.07 (.89 -1.28)
Abdominal pain 1.21 97 -1.50)
Nausea 1.06 79 -1.41)
Diarrhea 1.26 (1.02 - 1.55)
Eye problems 1.17 (.80 -1.71)
Pain/pressure chest 1.06 (.88 -1.27)
Palpitations/awareness of heart 1.10 (.86 -1.41)
Muscle pain 1.24 (.78 -2.00)
Low back symptom .88 (.64 -1.21)
Headache 1.17 (1.01 -1.36)
Vertigo/dizziness 1.19 (.89 -1.60)
Acute stress reaction .96 (.61 -1.51)
Feeling/behaving irritable/angry 1.21 (.75 - 1.96)
Sleep disturbance 1.43 1.12 -1.84)
Disturbance of memory/concentration/orientation .91 (73 -1.13)
Sneezing/nasal congestion 1.27 (.75 -2.15)
Respiratory symptoms 1.35 (1.12 -1.64)
Skin problems 1.45 (1.00 - 2.09)*
Number of NSS * 1.18 (1.01 -1.38)

@ Model 1: Adjusted for age, gender, SES, and registry time of the patient in a
general practice

Model 2: Model 1 + mental health disorder

*p <.05

“ Count variables, incidence rate ratios (IRR) are provided

*p=.05

3.2.1. Association between health symptoms and exposure to livestock

3.2.1.1. Goats. Results on the associations NSS and exposure to live-
stock estimates are shown in Table 3 — 6. Regarding presence of goats
(Table 3) only the OR for eye problems for the buffer 0-2000 m was
statistically significant, with a higher risk for people exposed to goats
(compared to the non-exposed). Prevalence of general weakness/tired-
ness, low back symptoms, and headache increased with closer distance,
whereas the opposite trend was observed for the prevalence of eye
problems, muscle pain, vertigo/dizziness, and disturbance of memory/
concentration/orientation.

3.2.1.2. Poultry. In Table 4, regarding poultry, there were several
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statistically significant odds ratios; general weakness/tiredness
(2000m), palpitations/awareness of heart (2000m), vertigo/dizziness
(2000m), disturbance of memory/concentration/orientation (both 500
& 1000 m), respiratory symptoms (500 m) and also sum of NSS (500 m).
Risks for muscle pain and headache increased with closer proximity,
whereas risks for abdominal pain, diarrhea, eye problems, pain/pressure
chest, low back symptom, and feeling/behaving irritable/angry
decreased with closer proximity.

3.2.1.3. Pigs. In Table 5, regarding pigs, palpitations/awareness of
heart (1000 m), sleep disturbance (500 m), disturbance of memory/
concentration/orientation (500 m), respiratory symptoms (500 m) and
sum of NSS (500 m) were significant. Within these groups, the risk of
experiencing NSS is significantly lower than for the people who live
further away than respectively 500 or 1000 m.

3.2.1.4. Cattle. In Table 6, regarding cattle, the following OR were
significant in the 0-500 m buffer; abdominal pain, diarrhea, pain/
pressure chest, palpitations, muscle pain, sleep disturbance, respiratory
symptoms and sum of NSS. For sum of NSS, the OR for the buffer
0-2000m was significant as well. There is a trend of lower risk of NSS
with closer distance for muscle pain, vertigo/dizziness, acute stress re-
action, feeling/behaving irritable/angry, and sleep disturbance. For the
other NSS, there is no such trend in any direction.

For the majority of the significant ORs, risk of experiencing the NSS
was lower for those exposed to livestock, compared to those not
exposed. (This goes for all ORs, except for eye problems (2000m) in
Table 3, and muscle pain (500 m) and sum NSS (2000m) in Table 6.) For
10 out of 19 NSS, the risk at NSS decreases with closer proximity. For the
other 9 NSS, there is no such trend in any direction.

4. Discussion

This study examined differences in prevalence of NSS between resi-
dents of livestock dense areas and people who live in rural areas with
much lower livestock density. This was first done by ecological com-
parison, taking into account the possible influence of socio-demographic
factors and psychological morbidity. In addition, associations between
prevalence of NSS and livestock exposure in the livestock dense regions
were investigated. Results showed that prevalence of diarrhea, head-
ache, sleep disturbance, respiratory symptoms and skin complaints were

Table 3
Association (OR, 95% CI) between various health symptoms and presence of goats in 2017, in the study areas (statistically significant results in bold)*
500 m 1000 m 2000 m
OR ClI OR CI OR CI
General weakness/tiredness 1.18 (.86 -1.63) 1.02 (.87 -1.20) .94 (.84 -1.05)
Abdominal pain .86 (.63 -1.19) .97 (.84 -1.12) .97 (.88 -1.07)
Nausea .93 (.20 -1.97) .84 (.53 -1.34) 1.07 (.82 - 1.40)
Diarrhea .63 (.30 -1.34) .82 (.60 -1.12) .84 (.69 -1.02)
Eye problems .64 (.20 -1.99) 1.06 (.70 - 1.60) 1.34 (1.00 -1.79)
Pain/pressure chest .93 (.63 -1.37) .90 (.75 -1.09) 1.01 (.89 -1.14)
Palpitations/awareness of heart .79 (37 -1.67) 1.02 (75 - 1.40) .92 (75 -1.12)
Muscle pain .49 (.18 -1.32) .85 (.58 -1.24) .93 (73 -1.18)
Low back symptom 1.14 77 -1.71) .96 (.78 -1.19) .90 (.78 -1.04)
Headache 1.13 (72 -1.81) 1.10 (.88 -1.37) 1.00 (.86 -1.16)
Vertigo/dizziness .60 (.28 -1.28) .90 (.68 -1.20) .99 (.82 -1.19)
Acute stress reaction 1.10 (.54 -2.24) .97 .68 -1.38) .98 (.78 -1.24)
Feeling/behaving irritable/angry .56 (.08 -4.06) 1.51 (.82 - 2.80) .97 (.62 -1.52)
Sleep disturbance 1.10 (73 -1.66) 1.14 (.93 -1.39) .95 (.83 -1.10)
Disturbance of memory/concentration/orientation .97 (.46 -2.07) 1.09 (.78 -1.53) 1.12 (.94 -1.34)
Sneezing/nasal congestion 1.30 (.53 -3.19) .90 (.58 -1.41) 91 (.66 -1.23)
Respiratory problems .85 (.65 -1.11) .92 (.82 -1.04) 1.02 (94 -1.11)
Skin problems 1.08 72 -1.61) 1.10 (.93 -1.32) 1.06 (.92 -1.21)
Number of NSS * .95 (.84 -1.08) .98 (.93 -1.04) .99 (.95 -1.03)

@ Adjusted for age, gender, SES, depression/anxiety disorder and registry time of the patient in a general practice

“ Count variables, incidence rate ratios (IRR) are provided
*p < .05
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Table 4
Association (OR, 95% CI) between various health symptoms and presence of poultry in 2017, in the study areas (statistically significant results in bold)*
500 m 1000 m 2000 m
OR CI OR CI OR CI
General weakness/tiredness .94 (.81 -1.08) .99 (.89 -1.09) .88 79 -.98)
Abdominal pain .92 (.81 -1.04) .94 (.87 -1.02) 1.00 (.92 -1.10)
Nausea .84 (.57 -1.23) 91 (.72 -1.15) .87 (.68 -1.11)
Diarrhea .77 (.59 -1.01) .85 (72 -1.00) .90 (.75 -1.08)
Eye problems .76 (.51 -1.14) .84 (.66 -1.07) .99 (.74 -1.32)
Pain/pressure chest .89 (.75 -1.05) 91 (.82 -1.01) 1.02 (91 -1.14)
Palpitations/awareness of heart .79 (.60 -1.04) .98 (.82 -1.16) .82 (.69 -.99)
Muscle pain 1.08 (.82 -1.43) .96 79 -1.18) .90 (.72 -1.12)
Low back symptom 91 (.75 -1.10) .96 (.85 -1.09) 1.04 (91 -1.19)
Headache .98 (.80 -1.19) .88 77 -1.00) .88 .77 -1.01)
Vertigo/dizziness 91 (71 -1.17) .95 (.82 -1.12) .82 (.69 -.98)
Acute stress reaction .98 (71 -1.34) 1.12 (91 -1.37) 1.01 (.79 -1.29)
Feeling/behaving irritable/angry .79 (.41 -1.52) 1.03 (.69 -1.54) 1.14 (.75 -1.73)
Sleep disturbance .86 (72 -1.03) 91 (.80 -1.02) 91 (.80 -1.04)
Disturbance of memory/concentration/orientation 71 (.52 -.98) .74 (.61 -.90) 91 77 -1.09)
Sneezing/nasal congestion 1.30 (.87 -1.93) 1.25 (.92 -1.69) .94 (.69 -1.28)
Respiratory problems .83 (.74 -.92) .99 (92 -1.06) 1.02 (.94 -1.10)
Skin problems 1.05 (.88 -1.25) 1.06 (94 -1.18) 91 (.78 -1.05)
Number of NSS ~ 91 (.87 -.96) .97 (.94 -1.00) .97 (.93 -1.00)
@ Adjusted for age, gender, SES, depression/anxiety disorder and registry time of the patient in a general practice
“ Count variables, incidence rate ratios (IRR) are provided
*p < .05
Table 5
Association (OR, 95% CI) between various health symptoms and presence of pigs in 2017, in the study areas (statistically significant results in bold)*
500 m 1000 m 2000 m
OR CI OR CI OR CI
General weakness/tiredness .92 (.82 -1.03) .97 (.89 -1.06) .93 (.81 -1.07)
Abdominal pain .92 (.83 -1.01) .96 (.89 -1.03) .94 (.84 -1.05)
Nausea .80 (.59 -1.08) 1.11 (.89 -1.37) .80 (.58 -1.09)
Diarrhea .90 (.74 -1.10) 1.02 (.88 -1.18) .87 (.70 -1.09)
Eye problems .96 (.72 -1.29) .86 (.68 -1.08) .87 (.61 -1.23)
Pain/pressure chest .98 (.87 -1.11) .99 (.90 -1.09) .94 (.82 -1.08)
Palpitations/awareness of heart 91 (.74 -1.13) .85 .73 -.99) 1.08 (.84 - 1.40)
Muscle pain .89 (.73 -1.09) 1.06 (.90 -1.24) 1.19 (.92 -1.55)
Low back symptom .89 77 -1.03) 1.01 (.90 -1.12) 1.02 (.86 -1.21)
Headache .94 (.80 -1.10) 1.00 (.88 -1.12) 1.00 (.83 -1.21)
Vertigo/dizziness .80 (.66 -.98) .92 (.80 -1.06) 1.08 (.87 -1.34)
Acute stress reaction .95 (.75 -1.21) 1.10 (91 -1.32) 1.26 (.87 -1.81)
Feeling/behaving irritable/angry .60 (.34 - 1.06) .77 (.53 -1.11) .88 (.51 -1.52)
Sleep disturbance .86 (.75 -.99) .90 (.81 -1.00) .97 (.83 -1.14)
Disturbance of memory/concentration/orientation .75 (.59 -.95) .89 (.76 - 1.05) .78 (.61 -1.00)
Sneezing/nasal congestion .97 (.69 - 1.36) 1.05 (.82 -1.34) .88 (.63 -1.21)
Respiratory problems .92 (.85 - 1.00) 97 (91 -1.03) 1.02 (.93 -1.12)
Skin problems .98 (.86 -1.12) 1.05 (.94 -1.16) 1.03 (.85 -1.23)
Number of NSS * .92 (.88 -.96) .98 (.95 -1.01) .99 (.94 -1.04)

@ Adjusted for age, gender, SES, depression/anxiety disorder and registry time of the patient in a general practice

“ Count variables, incidence rate ratios (IRR) are provided
*p < .05

significantly higher among people who lived in livestock dense areas.
However, prevalence of NSS was not significantly associated with
exposure to livestock. The significant effects that have been found
indicate a somewhat protective effect of livestock farms. In most oc-
currences, living in closer proximity to livestock was associated with a
lower risk of experiencing NSS. In short, the area comparison indicated
that exposed individuals are more often prone to NSS than non-exposed
individuals, but within the exposed group, closer distance was associ-
ated with fewer NSS.

Since the prevalence and risk of several NSS appeared to be higher
among residents of livestock dense areas (study group), it was reason-
able to expect that closer proximity would indicate a higher prevalence.
Interestingly, analyses with the exposure estimates did not verify these
differences; the risk of experiencing NSS was more often smaller with
closer proximity than it was higher with closer proximity. Similar

findings have been observed in earlier studies focusing on different
health outcomes (Van Dijk et al., 2017). Considering that the vast ma-
jority of people in the exposed group lived within 2000m from a
farm/stable, it may be that the area comparison enabled a larger
exposure contrast compared to the exposure estimates.

By using both an area comparison and exposure estimates, this study
constructs a complete image of the relation between livestock and NSS
in The Netherlands. The area comparison shows differences between
exposed and non-exposed individuals, whereas the exposure estimates
lead to a comparison within the exposed group (exposed individuals
relative to one another, based on distance to livestock).

A strong body of evidence has shown that proximity to livestock
farms can be associated with adverse health effects in humans, and with
respiratory outcomes in particular (Baliatsas et al., 2017; Borlée et al.,
2017; Kalkowska et al., 2018; Maassen et al., 2016; Post et al., 2019; Van
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Table 6
Association (OR, 95% CI) between various health symptoms and presence of cattle in 2017, in the study areas (statistically significant results in bold)*
500 m 1000 m 2000 m
OR CI OR CI OR CI
General weakness/tiredness .93 (.86 -1.01) .93 (.84 -1.04) 1.48 (.78 - 2.80)
Abdominal pain .93 (.87 -1.00) 1.01 (.93 -1.11) 1.40 (.84 -2.34)
Nausea .90 (.73 -1.12) 1.03 (.78 -1.36) 1.83 (.26 -13.47)
Diarrhea .80 (.70 -.92) .95 (.80 -1.14) .63 (.26 -1.55)
Eye problems 91 (.73 -1.13) .80 (.61 -1.03) 1.68 (.23 -12.11)
Pain/pressure chest .89 (.81 -.97) .99 (.89 -1.11) 1.32 (.70 - 2.50)
Palpitations/awareness of heart .82 (71 -.96) .93 77 -1.12) 1.05 (.39 -2.87)
Muscle pain 1.19 (1.03 -1.38) 1.19 (.96 -1.47) 1.26 (.40 -4.01)
Low back symptom 91 (.82 -1.01) 1.07 (.93 -1.23) 1.12 (.59 -2.13)
Headache .95 (.85 -1.07) .92 .79 -1.07) 1.66 (.68 - 4.05)
Vertigo/dizziness .99 (.87 -1.14) .97 (.82 -1.14) 1.41 (.45 - 4.46)
Acute stress reaction .98 (.82 -1.17) 1.15 (.90 -1.48) 1.36 (.43 -4.32)
Feeling/behaving irritable/angry .96 (.68 -1.36) 1.36 (.81 -2.27) .99 (.14 -7.21)
Sleep disturbance .87 (79 -.96) .94 (.83 -1.06) 1.62 (71 -3.69)
Disturbance of memory/concentration/orientation .97 (.82 -1.15) .87 (71 - 1.05) .86 27 -2.73)
Sneezing/nasal congestion .87 (.68 -1.11) 1.03 .77 -1.37) 2.00 (.49 -8.22)
Respiratory problems .93 (.88 -.98) 1.00 (.93 -1.08) 1.34 (.85 -2.10)
Skin problems .96 (.87 -1.07) 1.05 (.93 -1.19) 1.96 72 -5.31)
Number of NSS ~ .93 (91 -.96) 1.00 97 -1.04) 1.34 (1.08 -1.67)

@ Adjusted for age, gender, SES, depression/anxiety disorder and registry time of the patient in a general practice

“ Count variables, incidence rate ratios (IRR) are provided
*p < .05

den Berg, 2007; Van der Star et al., 2018; Van Dijk et al., 2016). The
current study has some inconclusive results. Based on the area com-
parison, there are more health issues associated with livestock farms.
This is in line with the limited evidence from previous studies; Hooiveld
et al. (2015) found a higher prevalence of sleeping problems, dizziness,
lower back pain, stress-related issues, and stomach ache in residents
close to livestock farms in the Netherlands. However, they based their
findings on self-reported data. In addition, a Canadian study found
higher depression rates among people living close to a large livestock
farm (Villeneuve et al., 2009), while another study in Canada suggested
an association between livestock farming intensity and acute gastroin-
testinal symptoms (Febriani et al., 2009).

It currently remains unclear what a potential explanatory mecha-
nism could be. Besides the possible contribution of livestock exposure,
bio-psychosocial pathways might be of relevance. There is evidence that
modeled odor exposure from livestock farming is associated with odor
annoyance among neighbouring residents (Boers et al., 2016) and it has
been suggested that odor annoyance from animal feeding operations
could play a role in the occurrence of symptomatology among residents
of livestock dense areas (Hooiveld et al., 2015). A recent survey also
showed that living close to a larger number of farms or within 1 km of a
goat farm was associated with a more negative attitude towards farming
activities; negative attitudes were also associated with more
self-reported symptoms (Borlée et al., 2019). Another explanation might
be related to the protective effect of early life exposure to farming en-
vironments on the development of allergic diseases. Previous studies
concluded that long-term and/or early life exposure to farming sites or
products had a strong protective effect against development of asthma,
hay fever, and atopic sensitisation (Riedler et al., 2001; Miiller-Rompa
et al., 2018). We should consider the chance that this protective effect of
farms on allergic diseases is not limited to asthma, hay fever, and atopic
sensitisation, but also is present with (some of the) NSS included in this

study.

4.1. Strengths and limitations

In the present study two approaches were combined; an area com-
parison and use of exposure estimates. An important strength of this
study is the use of recent data based on EHRs, which reduces the risk for
selection bias, recall bias and outcome misclassification. Furthermore,
multiple sensitivity analyses ensured that the operationalization of the

variables did not affect the results. Because of the exploratory nature of
this study, and the knowledge that NSS could co-occur with mental
health problems (Leiknes et al., 2007; Villeneuve et al., 2009; Matalon
et al., 2011; Spurgeon et al., 1996; Van Eck van der Sluijs et al., 2015),
psychological morbidity was included as probable confounder of NSS to
be as inclusive as possible.

The ICPC is a standardized classification system used by all general
practitioners in the Netherlands. One limitation of using GP EHRs is that
off hours visits to emergency departments of hospitals and clinics are not
available in the data. However, facilities outside the general practice
hours/emergency units only cover a very small part of the acute disor-
ders in primary care. It is also highly unlikely for people to visit emer-
gency departments of hospital off hours for symptoms examined in the
present study such as concentration problems, vertigo, or sleep
problems.

This was a first exploration of general practice-registered acute
symptoms in relation to livestock presence, and only data from one time
point was analyzed, which is a limitation of the current study. Another
limitation of the cross-sectional design is the higher risk for reversed
causality, to some extent. Using EHR also has its weak points when
examining NSS: People who encounter non-specific health complaints
do not necessarily present all their symptoms to the GP, therefore, data
from EHR often give an underestimation of the true prevalence of health
problems. It would be beneficial to examine exposure-estimates for
larger buffers to see whether proximity matters between, for example,
people located within 2000 m from a livestock farm, 2000-4000 m, and
4000-6000 m.

5. Conclusions

The study suggests that people living in livestock dense areas may
experience more acute health symptoms. Longitudinal research taking
into account different individual and contextual characteristics could
possibly elucidate the mechanisms behind the occurrence of NSS in
relation to livestock farms.
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