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Scientific abstract 

Objective: Update a systematic review of associations between living near an animal feeding operation 

(AFO) and human health. 

Methods: The protocol registration number is CRD42014010521. The MEDLINE® and MEDLINE® 

In-Process, Centre for Agricultural Biosciences Abstracts, and Science Citation Index databases were searched. 

Reference lists of included articles were hand-searched. Eligible studies reported exposure to an AFO and an 

individual-level human health outcome. Two reviewers performed study selection and data extraction. 

Results: The search returned 3702 citations. Sixteen articles consisting of 10 study populations were 

included in the analysis. The health outcomes were lower and upper respiratory tract, MRSA, other infectious 

disease, neurological, psychological, dermatological, otologic, ocular, gastrointestinal, stress, and other health 

outcomes. Most studies were observational and used prevalence measures of outcome. An association between 

Q fever risk and proximity to goat production was reported. Other associations were unclear. Risk of bias was 

serious or critical for most exposure-outcome associations. Multiplicity (i.e., a large number of potentially 

correlated outcomes and exposures assessed on the same study subjects) was common in the evidence base.  

Conclusions: Few studies reported an association between surrogate clinical outcomes and AFO 

proximity for respiratory tract related outcomes. There were no consistent dose-response relationships between 

surrogate clinical outcome and AFO proximity. A new finding was that Q fever in goats is likely associated 

with an increased Q fever risk in community member. The review results for the non-respiratory health 

outcomes were inconclusive because only a small number of studies were available or the between-study results 

were inconsistent.  

 

 

Introduction 
Animal feeding operations (AFOs) that feed large numbers of animals are common in modern food 

production. Capacity varies, but it is not uncommon for facilities to house 1,000 swine with multiple barns at a 

single site, feedlots to house 50,000 cattle, and poultry houses to house 250,000 hens. Communities that live 

around livestock facilities are exposed to odors and emissions from these facilities. There is primary research 

that suggests livestock facilities that confine animals indoors for feeding can represent a health hazard for 

surrounding communities. Numerous narrative reviews and opinion papers have been written aiming to 

summarize the impact of these odors and emissions on community health. In 2010 we published a systematic 

review that also aimed to summarize the impact of exposure to livestock production facilities on community 

health (O'Connor et al., 2010). The original 2010 publication employed many features of the systematic review 

methodology, including assessment of risk of bias and extraction of the magnitude of effect reported in the 

primary research. The original review focused primarily of the findings for respiratory health, and concluded 

that many studies in the area were hypothesis-testing, and the predominance of studies focusing on prevalent 

measures of disease made it difficult to reach strong conclusions about the association. The final conclusion was 

"Few studies reported an association between surrogate clinical outcomes and AFO proximity. A negative 

association was reported when odor was the measure of exposure to AFOs and self-reported disease, the 

measure of outcome. There was evidence of an association between self-reported disease and proximity to AFO 

in individuals annoyed by AFO odor. There was inconsistent evidence of a weak association between self-

reported disease in people with allergies or familial history of allergies. No consistent dose response 

relationship between exposure and disease was observable." 

Objective.  

Since that 2010 publication, several other studies have been reported relevant to the original review, and 

therefore the purpose of this review is to update that 2010 review. The research question was ""What is the 

association between animal feeding operations and measures of the health of individuals living near animal 

feeding operations but not actively engaged in livestock production?"" "Animal feeding operations" were 

defined as enterprises used to rear animals for food production on any scale. "Health" was defined as a state of 

complete physical, mental, and social well-being and not merely the absence of disease or infirmity as defined 

by WHO. "Actively engaged" was defined as owning or working on a livestock production facility. These are 

the same definitions used in the 2010 review, except for "health", which, in this review, we extended to include 
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antimicrobial resistance patterns of organisms cultured from individuals living near animal feeding operations. 

This systematic review will provide a synthesis of current evidence reporting the association between living 

near an animal feeding operation and human health. 

 

 

Methods 
Protocol and Registration. A protocol documenting the intended search strategy, eligibility criteria, 

study selection, data collection process, assessment of risk of bias, and synthesis of results was written in 

advance. This protocol has been registered with PROSPERO (registration number: CRD42014010521) and can 

be accessed at: http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42014010521. The 

protocol was also published (O'Connor et al., 2014). Modifications made to the protocol during the review are 

detailed below in the relevant sections of the manuscript. 

Eligibility Criteria. The population of interest was people living in communities near and not near 

animal feeding operations that might reasonably be described as ""industrial"" or ""modern"". An exact distance 

for ""near"" was not defined as the majority of studies were not expected to include this information. The 

definition of a livestock production facility was not limited to that described by the Environmental Protection 

Agency's definition of a confined animal feeding operation (CAFO) because it was expected that many studies 

would not provide sufficient information on the livestock population size. Studies assessing only the impact of 

occupational exposure to livestock were excluded. Production systems that appeared to be grass-based, 

nomadic, or confined smallholder operations were not relevant to the review. In the protocol we did not include 

the definition of ""hobby farm"" as an excluded population, but these were excluded from the review. No 

restrictions where placed on dates the study was conducted. Studies reporting any measure of exposure to 

animal feeding operations (e.g. odor severity, endotoxin levels in air, distance from animal feeding operations 

(AFOs), modeled exposures based on extrapolation from empirical data) were eligible. 

Eligible outcomes were those from eligible studies, measured in humans that were compared between 

the exposed and unexposed categories or compared by some measure of the degree of exposure. Based on the 

previous review, the majority of outcomes were expected to be respiratory or mental health outcomes; however, 

other outcomes were also eligible. We did not exclude studies based on the approach to measurement of the 

outcome, since concerns about measurement error would be addressed in the risk-of-bias assessment. 

Outcomes, such as patterns of antimicrobial resistance in soil or water resources, which do not represent direct 

health measures in humans, were not eligible. 

Eligible study designs included observational studies reporting any health outcome or resistance of 

resident (colonized) bacterial populations measured directly in human subjects. Hypothesis-generating studies 

based on animal studies were not considered eligible because it is unclear how an experimental study would 

accurately reproduce short-term and long-term effects of exposure to AFO, as no validated "model" of AFO 

exposure exists. Because of concerns with confounding, studies that included only one unit of measurement 

(i.e., one farm per exposure group) were not eligible. Ecological study designs (i.e., studies where the unit of 

measurement of the outcome is a population aggregate) were not eligible. Reports were not excluded on the 

basis of language or year of publication; however, news, editorials, and letters were not considered eligible, as 

these were considered unlikely to contain original research. 

Information Sources. Electronic searches were conducted using MEDLINE® and MEDLINE® In-

Process (via OvidSP) (1946–2014), Centre for Agricultural Biosciences (CAB) Abstracts (via Web of 

Knowledge) (1910–2014), and Science Citation Index (via Web of Knowledge) (1900–2014). The search 

strategy was adapted for each search resource, taking into account differences in search syntax and indexing. 

The last search was run on 3 October 2014.  

In addition to searching bibliographical databases, the reference lists of included studies were searched 

by hand to identify any additional studies that might otherwise have been missed. Citation searches on eligible 

studies were not undertaken. The protocol specified that when the searches identified evidence published in 

non-peer-reviewed sources (e.g. theses or conference proceedings), searches would be conducted in 

MEDLINE®, CAB Abstracts, and Science Citation Index for the first author to retrieve any associated journal 
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or book publications; however, all of the included studies in this review came from peer-reviewed sources so 

these searches were not carried out. 

Search. The search was not limited by language, date, or study design. The search strategy used to 

identify literature on animal feeding operations and community health in Ovid MEDLINE® and MEDLINE® 

In-Process is shown in Table 1. This strategy comprised two concepts: animal feeding operations (search lines 

1–10) and community health (search lines 11–19). Animal studies were safely removed in line 21. This search 

line excluded those studies that reported health outcomes only for animals, rather than for humans living in 

proximity.   

Capturing concepts such as community health outcomes in a robust way is challenging due to the range 

of free-text and index terms that can be used to describe them. Developing a strategy to attempt to capture these 

concepts and adapting that strategy for other database interfaces involves inevitable trade-offs to ensure that the 

volume of search results returned is manageable within the context of the project. Whilst the search strategy was 

designed to be as sensitive as possible within the time and resource constraints, it is unlikely that any strategy 

would be able to fully capture these concepts, and there is always the risk of potentially missing relevant 

studies.  However, the additional search techniques (such as checking reference lists) somewhat mitigated the 

risk of missing relevant studies by providing an alternative method to retrieve any eligible records that were 

missed by the bibliographic database searches. 

Experience from the prior review conducted in this topic area suggested that specific health outcomes, 

such as respiratory or gastrointestinal diseases, were best characterized during the screening process rather than 

built into the search strategy. Including the specific health outcomes as part of the community health concept 

returned a large number of irrelevant records about these conditions in livestock, resulting in a volume of search 

results much larger than could be screened within the resource constraints of the project. It is recognized that 

this was a pragmatic decision that could have resulted in relevant studies that described a specific outcome in 

the title, abstract, or indexing of database records being missed.   

The recall of the search strategy was tested against the studies included in the prior version of the 

review, and it was able to retrieve all of the studies that were indexed in MEDLINE®. This suggests that the 

search was sufficiently sensitive. 

All search results were uploaded to EndNote (Thomson Reuters, Philadelphia, PA, USA) bibliographic 

management software and de-duplicated using appropriate algorithms. 

Study Selection. The search results were uploaded into online systematic review software (DistillerSR®, 

Ottawa, ON, Canada). The reviewers were veterinarians with post-graduate training in epidemiology and 

experienced in systematic review methodology. For Level 1 screening, the abstracts and titles of all citations 

were assessed for relevance by two reviewers working independently using the following question: 

 

1. Does the title and/or abstract describe primary research reporting the association between livestock 

(intensive, not pastoral) and human interactions (direct or indirect) and measures of human health 

measured on humans? 

 

Citations were excluded if both reviewers answered ""no"" to this question. Although titles and abstracts 

not written in English were not considered, non-English papers with English titles and abstracts were included 

in the Level 1 screening. At the first level of relevance screening, reviewers were aware of the journal and 

author name(s) (a deviation from the original protocol). Relevant papers not written in English were translated. 

The prior review identified two relevant publications published in German, and a translation of these papers was 

available. 

All citations passing Level 1 screening progressed to Level 2 where they were assessed for eligibility by 

two reviewers working independently, based on the full text and using the following questions: 

 

1. Does the study use a unit of analysis at the individual human level in the community (not occupational)? 

2. Does the study include more than one unit of measurement of exposure? 
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If reviewers answered ""no"" to either of the above questions, the study was excluded. If reviewers 

answered ""yes"" to both questions, the study progressed to the data extraction phase of the review. At both 

levels of screening, any disagreements between reviewers were resolved by consensus or, if necessary, by a 

third reviewer. 

Data Collection Process. Prior to both abstract and full-text screenings, the reviewers responsible for 

data extraction underwent training to ensure consistent data extraction. Data extraction was performed by at 

least two reviewers acting independently using the form in Appendix A for the study-level information and the 

form in Appendix B for the outcome-level information. Conflicts were resolved by consensus or, when 

necessary, by the judgment of a third reviewer. Investigators were not contacted to confirm or obtain any 

missing or unpublished data. Multiple reports of a single study were identified by a common location of the 

study, the name of the study (if reported), size of the sample, reported methodology, and at least one author in 

common. All reports of a given study were considered during the data extraction and risk-of-bias assessment to 

obtain the most complete set of data. As part of data verification, each co-author was provided with the 

extracted data from a subset of papers and asked to verify the accuracy of the extracted data. 

Data Items. For each study, reviewers extracted the study year, the timeframe in which the study was 

conducted, the location (country and region within the country) of the study population, the size of the (human) 

source population, the size, age, sex, and socioeconomic status of the (human) study population, the size of the 

animal population in the source population, the metric(s) and units used to define the animal variable being 

measured (e.g. distance from facility, odor, endotoxin levels), a description of the human community being 

studied (e.g. neighbouring residents of animal farms in the Dutch provinces of Noord-Brabant and Limburg), 

and what statistical approach the investigators used to analyze the data. 

For the outcome measures reported, we extracted the type of outcome assessed, the community 

exposure/animal variable and the effect size estimate comparing exposed and unexposed people (such as a 

regression coefficient or a function of a regression coefficient, such as an odds ratio). For all outcomes, we 

extracted the measure of precision of the effect estimate. In the protocol we indicated we would extract the 

number of people included in each category; however, this was not done because of the huge number of 

outcomes.  

Since experience from the previous review suggested that regression models were common, and because 

models may be adjusted or unadjusted for known confounders, we also extracted information about confounders 

studied or assessed and confounders included in the final adjusted models. If an effect modifier was significant 

and the data were presented for each level of that effect modifier, separate data extraction occurred for each 

level of the effect modifier. 

Risk of Bias in Individual Studies. Risk of bias was assessed at the study and outcome level by two 

reviewers working independently using one of three forms, shown in Appendix C (Risk of bias tool for non-

randomized case-control and cross-sectional studies), Appendix D (Risk of bias tool for non-randomized cohort 

studies), and Appendix E (Risk of bias tool for non-randomized experimental studies). For the risk of bias of 

observational studies, bias was assessed in the following domains: Confounding, Selection, Exposure 

Measurement, Missing Data, Outcome Measurement, Selection of Reported Result, and Overall Bias. For the 

non-randomized experimental studies, bias was assessed in the following domains: Selection, Performance, 

Detection, Attrition, Reporting, and Other (i.e., any biases not covered by the preceding five domains). 

A Cochrane Risk of Bias Assessment Tool for Non-Randomized Studies of Interventions (ACROBAT-

NRSI) Version 1.0.0. (Sterne et al. 2014) was used for evaluation of risk of bias for case-control and cross-

sectional studies (Appendix C) and for cohort studies (Appendix D). Templates designed by Sterne et al. (2014) 

were modified after pilot-testing on two papers, and revised to be more applicable to the current review. 

Specifically, all references to "interventions" in the ACROBAT-NRSI templates were changed to "exposures" 

as this term is more appropriate  to the nature of the review question, which is about an exposure rather than an 

intervention. An additional question was added to the form asking reviewers to identify the objective vs 

subjective exposure/outcome combination being assessed. The rationale for this modification was that the 

ACROBAT-NRSI tool asked reviewers to fill in one form per outcome; however, for the current review, there 

were so many different outcomes (sometimes over 100 in a single study) that this approach was impractical. 

Outcomes were therefore grouped on the basis of whether they were assessed by the investigators using 
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subjective and/or objective methods and how they were paired with exposures (subjectively measured and/or 

objectively measured). Therefore reviewers did not have to assess risk of bias more than four times per study 

(i.e., for objective exposures/objective outcomes, objective exposures/subjective outcomes, subjective 

exposures/objective outcomes, and subjective exposures/subjective outcomes). In addition, one of the reviewers 

created a table illustrating the exposure/outcome data groupings for each paper, so that risk-of-bias assessment 

for each study could be linked back to the outcome data extracted. The original ACROBAT-NRSI forms asks 

reviewers to specify if the outcome is considered beneficial or harmful. This question was dropped from our 

risk-of-bias assessment because in this review, the investigators were looking only for potentially harmful 

outcomes, not beneficial ones, hence the referent category was always the unexposed or least exposed group.   

For assessment of confounding bias, reviewers were asked to list the applicable outcome categories in 

the risk-of-bias form. These outcome categories had been identified in the previous review and comprised: 

respiratory, gastrointestinal, eye, mood, dermatologic, neurologic, MRSA, otologic, Q Fever, and "other". The 

category "other" pertained to outcomes that did not fit into the previous categories, for example, aching joints or 

fever. Before risk-of-bias assessment began, co-authors with expertise in the area were consulted to identify any 

known critically important confounding domains for each of the outcome categories.  

Information on other (i.e. non-critical) confounders was captured by the Outcome-level data extraction 

form (Appendix B), as described above. Questions regarding confounding in the risk-of-bias tools for 

observational studies therefore relate to critical confounders only. One of the questions in the section pertaining 

to "bias due to confounding" in the ACROBAT-NRSI tool was revised for clarity; we found the original 

wording in the ACROBAT-NRSI form "Is confounding of the effect of intervention unlikely in this study?" 

could result in a double-negative for an answer, so we reworded this question to "Is confounding of the effect of 

exposure likely in this study?" For determining the direction of bias due to confounding we found (Mehio-Sibai 

et al., 2005), a useful reference for this purpose and so advised reviewers to consult it when making their 

decision.  

 Questions about co-interventions found in the section pertaining to bias due to confounding were 

dropped as they were not considered relevant to the topic of this review. The protocol did mention co-

interventions and potential issues, but none of these seemed relevant or were applicable in the studies we 

assessed (e.g. rural vs urban comparisons were not done). Questions in the ACROBAT-NRSI tool regarding 

post-intervention variables were also not considered applicable for this review. In the domain "bias due to 

measurement of exposures", we added a question that was not in the ACROBAT-NRSI tool: "How accurately 

did the investigators measure the specified exposure(s)?" as we felt that this was important information to 

capture for the current review. Two issues arose with respect to this question. First, how well did the exposure 

measured by the investigators reflect exposure to animal facilities and second, how accurately was the exposure 

measured? To illustrate this issue, we provide an example; one group of authors used agricultural census data to 

measure the number of animal houses near each subject's residence. These data are likely an accurate measure 

of the number of animal houses; however, given topography, wind, etc., this metric may not be an accurate 

measure of what residents are actually exposed to.    

 For "bias due to missing data", as the ACROBAT-NRSI tools did not provide guidance in this 

area, the reviewers used an arbitrary cut-off whereby if < 10% of the dataset was missing, the data were 

considered to be reasonably complete.  

 The section on "bias due to departure from intended interventions" in the ACROBAT-NRSI 

tools was not included in our risk-of-bias tools as this type of bias was not thought to be particularly relevant to 

the review topic, where the exposures are not under the investigators' control. This bias domain seems to relate 

to a particular source of mis-measurement of exposure, which is far less relevant than actual mis-measurement.   

 Assessment of bias for non-randomized experimental studies in this review was performed using 

a tool (Appendix E) that was modified from The Cochrane Collaboration's Risk-of-Bias Tool (Table 8.5a in 

Higgins and Green 2011) in the following ways: as for the observational studies, a question was added to 

indicate which subjective vs. objective exposure/outcome category was being assessed. For the question: "What 

was the risk of bias due to allocation method?" we added the following comment in brackets to help guide the 

reviewer's decision: "If the authors did not describe the method used to randomize allocation, choose ‘Unclear'. 

If the authors described the method used to achieve randomization, choose ‘Low', if the authors did not 
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randomize allocation, choose, ‘High'." In addition, the second question in the Cochrane tool relating to 

allocation concealment ("Describe the method used to conceal the allocation sequence in sufficient detail to 

determine whether intervention allocations could have been foreseen in advance of, or during, enrolment.") was 

dropped as it was thought not to be relevant to the current review. In the "Other Bias" section of our tool, we 

added a comment asking the reviewers to consider pseudo-replication and multiplicity, if relevant, when 

assessing the risk of bias. 

Summary Measures. The primary measures of effect reported were odds radios and prevalence ratios 

(for dichotomous outcomes) and mean differences or betas (for continuous outcomes). Both unadjusted 

estimates and those adjusted for confounders were often reported. In the protocol, we expected that most 

summary measures of group-level characteristics (e.g. percent of people with asthma in the exposed group and 

percent of people with asthma in the unexposed group) would be odds ratios or risk ratios.  

Planned methods of analysis 
In the protocol we proposed to conduct a meta-analysis for each health metric if possible (e.g., 

combining all upper respiratory disease outcomes, combining all gastrointestinal outcomes). However, due to 

concerns about multiplicity and non-comparability of outcomes such an approach was not considered feasible. 

Instead the final approach to analysis was as follows: We grouped the data by several broad categories of 

outcomes which were: Lower respiratory tract outcomes, upper respiratory tract outcomes,  neurological, 

psychological, stress and mood outcomes, dermatological outcomes, eye outcomes, gastrointestinal outcomes, 

MRSA outcomes, infectious outcomes (i.e., pneumonia), otologic outcomes, and other outcomes. The data were 

grouped into figures based on the effect measure used i.e., odds ratio or beta. Further, when applicable, the 

extracted data were sub-grouped within the forest plots based on the four risk-of-bias groups (subjective 

outcome/subjective exposure, subjective outcome/objective exposure, objective outcome/subjective exposure, 

and objective outcome/objective exposure). Calculation of a summary effect measure or quantitative assessment 

of heterogeneity was not attempted. Figures were created using ggplot in R (https://www.r-project.org).  

Risk of bias across studies. Assessment of selective reporting within studies was conducted at the 

same time as assessment for other domains of bias, as described above. No quantitative assessment of risk of 

small-study effects was made due to the variation of effect measures, outcomes, and exposures.  

Additional analyses. No additional analyses were conducted.  

Results 
Study selection. The full search strategy with the number of hits per line is shown in Appendix F for 

MEDLINE® and MEDLINE® In-Process, in Appendix G for Science Citation Index, and Appendix H for CAB 

Abstracts. The database searches retrieved 4377 records, with 3697 remaining after de-duplication. The source 

of these records is shown in Table 2. Reference checking of relevant manuscripts retrieved an additional 5 

records. The total number of records screened, assessed for eligibility, included in the review, and excluded 

from the review, with reasons for exclusion at Level 2 (full-text assessment), is shown in Figure 1. Reasons for 

exclusion of records at Level 2, with citation information for each excluded record, is shown in Appendix I. A 

total of 16 papers (10 studies) were identified for inclusion in the review.  

Study characteristics. The characteristics of the 16 included articles (comprising data from 10 studies 

i.e., 10 study populations) are reported in Table 3 and Table 4. Both males and females comprised the study 

population in all included studies. Socioeconomic status of the subjects was not specifically reported for any of 

the studies, except for the Bullers (2005) study, which stated that "most residents are in the low- to middle-

income categories."   

Risk of bias within studies. For presentation purposes, risk of bias within studies is presented in the 

figures alongside the results of individual studies for each outcome category (see below). The overall risk of 

bias for each study is the last column on the right and is based on the highest risk of bias from the assessment of 

the separate bias domains. For all but one study, the lowest overall risk of bias was considered to be serious. An 

experimental study by Schiffman et al. (2005) was judged to have high overall risk of bias. The study by 

Feingold et al. (2012) was an exception and considered to only have a low overall risk of bias. For some studies, 

the risk of bias was considered to be critical.  

Results of individual studies.  For the summary of individual results, we grouped the data into 

outcomes by "system". Most measures of outcome fell naturally into one outcome or another. An exception was 
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measurement of IgE which was originally classified as both an upper and lower respiratory outcome. As all 

other outcomes were fell into only one outcome category, it was decided, for presentation purposes, to group 

IgE with the upper respiratory outcomes.  

Lower respiratory tract outcomes.  Many studies reported outcomes associated with the lower 

respiratory tract (Hoopmann et al., 2006; Radon et al., 2007; Schinasi et al., 2011; Schulze et al., 2011; Morrow 

et al., 2013). The effects sizes reported where either "betas" (Figure 2) or prevalence odds ratios (Figure 3). The 

majority of extracted outcomes came from the paper by Schinasi et al. (2011). This paper used multiple lower 

respiratory outcomes and multiple measures of exposure as seen in the figures. The authors also reported the 

betas for all models. The scale of the betas, however, differs for the outcomes. For example, some betas 

represent the parameter estimates from the logistic model. Traditionally, these betas would have been converted 

to odds ratios as they were obtained from a logistic model; however, the authors did not make this conversion 

and as the authors did not indicate if they had used deviations from the mean or reference cell coding for the 

model matrix, we were unable to reliably convert these betas to odds ratios. Other betas represent a one-unit 

change in unspecified units for the continuous metric such as forced expiratory volume and peak expiratory 

flow rate. Overall, this study reported 146 betas. For lower respiratory tract outcomes, the majority of betas had 

a 95% confidence interval that included 1. Three beta values were strongly negative, suggesting an adverse 

effect of exposure on the outcome; however, all had very wide confidence intervals that included one. These 

three intervals can be seen in the objective exposures/objective outcomes subgroup in Figure 2. The overall risk 

of bias was considered to be serious for the studies that provided outcomes measured as betas.  

For the effect measure, prevalence odds ratio, there was no consistent evidence of an association 

between exposure (or higher levels of exposure) to animal facilities and lower respiratory tract outcomes except 

when the level of odor annoyance was used as the measure of exposure (subjective exposures/subjective 

outcomes subgroup in Figure 3). When proximity to animals was used as an objective measure of exposure and 

associated with an objective measure of lower respiratory health (bronchial hyper-responsiveness to 

methacholine), the higher levels of exposure were associated with lower odds of disease (<12 farms within 500 

meters of the subject's residence OR = 0.5, 95% CI 0.17, 1.49; more than 12 farms within 500 meters OR = 

0.38, 0.11, 1.31) (Radon et al., 2007)(Figure 3). None of the prevalence odds ratios had a confidence interval 

that excluded the null value. 

When odor annoyance was compared to an objective measure of lower respiratory health (bronchial 

hyper-responsiveness to methacholine), the moderate and strong levels of annoyance exposure categories did 

not demonstrate a consistent dose response direction (odor annoyance somewhat OR=1.21, 95% CI 0.83-1.76; 

odor annoyance moderate OR=0.92, 95% CI 0.5 -1.69; odor annoyance strong OR 1.12 , 95% CI 0.5- 2.48) 

(Radon et al. 2007) (Figure 3). 

Many authors studied exposures with ordered levels of exposure (increasing or decreasing), presumably 

to document a dose response, an important consideration when establishing causation. These ordered levels of 

exposure are incorporated into the presentation of data in Figure 3. For these exposures, the referent used by the 

authors is indicated with an odds ratio of 1. When objective measures of exposure and outcome (the 1st 

subgroup in Figure 3) were evaluated, there was consistent evidence that measures of higher exposure or closer 

proximity were associated with odds ratios less than 1, although few were statistically significant. For example, 

when asthma was associated with the highest level of exposure (closest proximity to farm), the odds ratio was 

0.9 (0.8-1.01) (Morrow et al., 2013). The association between living near goats and lower respiratory tract 

disease was unclear from these data.  

The presence of goats within 500m of the subject's residence was perhaps protective of asthma but the 

confidence interval was very wide (OR=0.19, 95% confidence interval 0.02, 1.56). However, when the metric 

for goat exposure was changed to a density indicator (i.e., number of goats within 5 km of the subject's 

residence), and the outcome metric was pneumonia then there was an association between goats and lower 

respiratory disease. In reality this association was likely due to Q fever, rather than particulate or gaseous 

emissions. These apparently inconsistent findings were reported by the same authors in the same study 

population (Morrow et al., 2013). One possible explanation is that there are different mechanisms leading to the 

development of pneumonia and asthma. The study was conducted during a Q fever outbreak, and the finding 

suggested that exposure to goats was strongly associated with Q fever. Further, the authors reported using 
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pneumonia as a potential Q fever-related outcome, because pneumonia was the diagnosis made most frequently 

among the notified Q fever patients in the epidemic in the Netherlands. The authors also noted that exposure to 

poultry was associated with increased prevalence odds of pneumonia. 

For the studies that reported betas as a measure of association, the overall risk of bias was considered to 

be serious or critical (Figure 2). The overall risk of bias was serious for all of the studies that reported odds 

ratios as measures of association (Figure 3).  

Upper respiratory tract outcomes. Measures of upper respiratory tract health were commonly 

reported as outcomes. As was the case for lower respiratory tract outcomes, the measures of association 

reported were betas and prevalence odds ratios. These data are presented in Figure 4 and Figure 5. Only one 

study (Schinasi et al., 2011) provided data with betas as the outcome, and as mentioned previously the "scale" 

of the betas differed, as some betas were from logistic models and others were from linear models. The data in 

Figure 4 show inconsistent associations between the objective measures of exposure and subjective measures of 

upper respiratory tract outcomes. In some situations, the betas are greater than one, suggesting that exposure 

was associated with increased disease or symptoms; in other situations the beta for exposure was less than one, 

suggesting the opposite. The association was consistent, however, between subjectively measured exposures 

(average 12-hour odor levels and twice-daily odor levels) and subjectively measured outcomes (i.e., increased 

odor was associated with increased disease)with larger betas indicating more adverse upper respiratory tract 

disease or symptoms in participants who indicated higher odor levels.  

Four studies measured the association between exposure to animal facilities and upper respiratory tract 

outcomes using prevalence odds ratios (Hoopmann et al., 2006; Radon et al., 2007; Schulze et al., 2011; Smit et 

al., 2012; Smit et al., 2014). These are presented in Figure 5 with the four subgroupings (objective 

exposure/objective outcome, objective exposure/subjective outcome, subjective exposure/objective outcome, 

and subjective exposure/subjective outcome). As with the findings for lower respiratory tract outcomes, these 

associations were not consistent for the subgroups objective exposure/objective outcome, objective 

exposure/subjective outcome, and subjective exposure/objective outcome. There were also inconsistent findings 

across dose gradients; sometimes the lower-level or medium-level exposures were associated with higher odds 

of disease when compared to high-level exposures.  

Also consistent with findings for lower respiratory tract outcomes, when the measure of exposure was 

the level of odor annoyance, a dose-response was present if the outcome was also measured subjectively (in this 

situation, self-reported symptoms). When an objective measure of disease occurrence was assessed (specific 

IgE to common allergens), the association was inconsistent because moderate annoyance at odor was associated 

with the highest specific IgE response relative to "not at all annoyed" by odor (OR=1.71 , 95% CI 1.02-2.87). 

However, compared to "not at all annoyed", individuals who responded "somewhat annoyed" (OR=1.11, 95% 

CI 0.79-1.57) and "strongly annoyed" (OR=1.02, 95% CI 0.51-2.03) had lower odds of specific IgE.  

Neurological outcomes. Two publications provided estimates of associations of exposures with 

neurological outcomes i.e., headache, dizziness, confused or unable to concentrate (Horton et al., 2009; Schinasi 

et al., 2011). Both publications described the results for the participants of the CHEIHO Study, who were asked 

to self-report numerous outcomes. Horton et al. (2009) reported the associations as odds ratios (Figure 6), while 

Schinasi et al. (2011) reported the betas from a logistic regression model (Figure 7). The direction of association 

was not consistent--sometimes it was above the null value and sometimes below. However, for the odor metrics, 

the association was always positive, although all but one of the associations had a 95% confidence interval that 

excluded the null value (1 for odds ratio or 0 for beta). Horton et al. (2009) did report one interval where the 

95% confidence interval did exclude one: for the exposure "twice-daily odor rating" and the outcome "confused 

or unable to concentrate" (95% CI = 1.16-1.50). 

Psychological outcomes.  Four publications with data from four studies reported associations 

between measures of exposure to animal feeding operations and psychological outcomes (Schiffman et al., 

1995; Bullers, 2005; Schiffman et al., 2005; Horton et al., 2009). The studies by Schiffman et al. (1995) (Figure 

8), and Schiffman et al. (2005) (Figure 9) only reported point estimates or p-values for associations. The study 

by Horton et al. (2009) (Figure 6) found near null values for psychological outcomes associated with objective 

measures of exposure. However, strong associations, which indicated increased odds of adverse psychological 

outcomes, were reported when the measure of exposure was based on the subjects' self-assessed 12-hour odor 



 10 

rating. The overall risk of bias in all of these studies was considered high to critical. For the Bullers (2005) 

study (Figure 10), of critical concern was the approach to the selection of participants which was described as "a 

snowball sample of respondents who lived near industrial hog farms and had been identified by local grass-roots 

activists as individuals who were distressed about the effects of nearby hog farms."    

Dermatological outcomes. With respect to dermatological outcomes, only one study evaluated this 

factor, using a subjective self-assessment of skin irritation (Schinasi et al., 2011) (Figure 11) and measuring an 

association against three similar objective measures of emissions from the facilities (1-hour averages of 

particulate matter and hydrogen sulphide levels) and one subjective measure of exposure (odor). The major 

concern about the study was the approach to recruitment of participants, which was described as follows 

"Community-based organizations brought the issue to the attention of researchers at the School of Public Health 

at the University of North Carolina and have continued as partners in all research that has been conducted. In 

the CHEIHO Study members of community-based organizations participated as advisors in the study design and 

design of study instruments. They were integrally involved in the recruitment and training of study 

participants." There was also a concern about multiplicity, as the Schinasi et al. (2011) study evaluated over 100 

health outcomes using highly correlated exposure metrics. 

Otologic outcomes.  Only one study assessed an otologic outcome (difficulty hearing) (Schinasi et al., 

2011) (Figure 11). The same outcome was compared to four correlated objective measures of exposure (12-h 

average H2S per 1 ppb, 12-h PM2.5-10 per 10 ppb, 12-h average PM10 per 10 ppb, and 12-h average semivolitile 

PM10 per 10 ppb), and two highly correlated subjective measures of exposure (average 12-hour odor and twice-

daily odor). One exposure metric (12-h average semivolitile PM10 per 10 ppb ) had a significant association 

(beta=1.78, 95% CI 0.51 -3.05). However for the same study participants, the other five exposure metrics had 

confidence intervals that included the null, and four of those had point estimates less than one. This was 

considered evidence of inconsistency. As with other findings from this study, the overall risk of bias was 

considered serious or critical mainly due to the approach to recruiting participants into the study. There was also 

a concern about multiplicity, as previously discussed (Schinasi et al., 2011). 

Eye-associated outcomes. Two studies assessed this outcome category. One study was observational 

(Schinasi et al., 2011) (Figure 11), and the other used a cross-over experimental study design which exposed 

participants to air from a swine confinement facility (Schiffman et al., 2005). The overall risk of bias in this 

study was considered high for this outcome mainly because of the participants' knowledge of their exposure 

status due to the odor. For the observational study, the overall risk of bias was considered to be serious because 

of the approach to the recruitment of study participants. The observational study used three highly correlated 

metrics of eye outcomes (burning eyes, eye irritation, and itching eyes) reported on the same participants 

(Figure 11). Four highly correlated objective metrics of exposure (12-h average H2S per 1 ppb, 12-h PM2.5-10 per 

10 ppb, 12-h average PM10 per 10 ppb, and 12-h average semivolitile PM10 per 10 ppb), and two highly 

correlated subjective measures of exposure (average 12-hour odor and twice-daily odor). The regression 

coefficient observed between eye irritation and measures of exposure was often positive (indicating that 

increased exposure was associated with a higher likelihood of eye-related symptoms). The exception to the 

positive association was the association between itching eyes and PM2.5-10 per 10 ppb (beta =-0.08, 95% CI -

0.43 -0.27). 

The experimental study (Schiffman et al., 2005) reported p-values of 0.004 and 0.07 for the association 

between difference in eye irritation between exposed groups and unexposed groups, and a p-value of 0.07 for 

the same group measured at three times; as explained by the authors "The p-value for time 3 is based on a test 

of whether the (time 2 – time 1) group differences persist at time 3. The time 3 test was performed only when 

group differences on (time 2 – time 1) were statistically significant." As these are p-values these results are not 

included in the figures.  

MRSA outcomes. Two studies (Feingold et al., 2012; Schinasi et al., 2014) evaluated the association 

between carriage of MRSA and proximity to animal feeding operations. There was no consistent finding for this 

outcome. Only one study reported using a subjective measure of exposure (odor), and the patients were aware 

of their MRSA status at the time of exposure assessment. For this study, the odds of being MRSA-positive were 

high if the subject had ever smelled farm odors when at home (OR=1.51, 95% CI = 0.8 to 2.86) (Figure 12). 

However, this association was not consistently observed on the same study participants when the exposure was 
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an objectively-measured metric, and the observed results did not document a consistent dose response. For 

example, living within 1 mile of an animal feeding operation was protective of MRSA carriage (OR=0.6, 95% 

CI 0.31 to 1.16) (Schinasi et al., 2014) (Figure 12). For another metric of exposure (the number of farrowing 

swine permitted within a 1 square mile block of the participant's residence), higher levels of exposure (more 

than 149 sows) was associated with lower odds of nasal carriage compared to lower levels of exposure (0-149 

sows). Similarly, for non-farrowing swine permitted within one-mile square of the subject's residence, exposure 

to fewer animals (from 0 to 149) was associated with higher odds of being positive for MRSA than higher 

levels of swine (> 149). Feingold et al. (2012) did report an association between the density of animals (cattle or 

swine) and livestock-associated MRSA carriage (Figure 13).   

Other infectious disease outcomes.     This "other" category of health outcome (reported in Figure 12) 

includes data from Smit et al. (2012), who used the term "other infectious diseases". There was a strong 

association and clear dose response between density of goats and "other infectious disease". However, it is 

actually unclear what this outcome represents, or if it is a duplication of a prior analysis by Smit et al. (2012) 

that looked at respiratory disease outcomes, because Smit et al. (2012) describes this variable as follows " In the 

Netherlands, Q fever is registered by GPs under the ICPC code ‘other infectious disease' (A78). Despite the 

broad name, ‘other infectious disease' is normally only used for patients with Q fever or Lyme disease." (Smit 

et al., 2012). This would suggest that during an outbreak of Q fever that this other infectious disease would 

likely be Q fever, which is often but not always associated with respiratory disease.  
Gastrointestinal outcomes.     Gastrointestinal outcomes were assessed in only one publication 

(Schinasi et al., 2011), and the associations with the exposures were reported as betas (Figure 14). The 

outcomes were self-assessed every 12 hours by each participant and represented the presence or absence of 

nausea, diarrhea, and poor appetite over the past 12 hours. Overall, there was no consistent direction of 

association of outcome and exposure, and only two significant associations were found: poor appetite was 

positively associated with 12 h community-level average PM10 per 10 g/m3 (β=0.51, 95% CI 0.12, 0.90), while 

nausea was negatively associated with 12 h community-level PM2.5-10 per 10 µg/m3 (β= -1.43, 95% CI -2.82, -

0.04). There was an overall serious risk of bias associated with these objectively measured exposures, while 

associations of the subjectively measured exposures (hog odor) had an overall critical risk of bias due to the 

concerns discussed above (relating to the CHEIHO study). 

Stress outcomes.     Stress outcomes were assessed by Horton et al. (2009) who reported the association 

as odds ratios (Figure 6) and by Wing et al. (2013) and Avery et al. (2004) who reported the association as betas 

(Figure 15). Horton et al. (2009) reported a consistently positive association between the exposure and the 

participant's self-assessed level of stress/annoyance, with one exception: stress or annoyance in the participant 

was not associated with neighborhood levels of PM10 (OR=1.00, 95% CI 0.99, 1.01). Overall risk of bias for 

these associations was either serious (where the exposure was neighbourhood levels of various pollutants) or 

critical where the exposure was participant-assessed levels of odor, due to the issues with the CHEIHO study, 

outlined above. Wing et al. (2013) used blood pressure as a measure of stress, while Avery et al. (2004) 

assessed stress by measuring secretory immunoglobulin A in the saliva of study participants. While Avery et al. 

(2004) found a consistent negative association between the log salivary IgA and participant-assessed hog odor 

outside their residences; however, none of the associations were statistically significant (Figure 15). In Wing et 

al. (2013), the associations of blood pressure with the exposures were generally positive with a few exceptions. 

Statistically significant associations were seen with neighbourhood-level hydrogen sulfide and diastolic blood 

pressure in men (beta=0.48; 95% CI 0.11, 0.85), neighbourhood-level hydrogen sulfide and systolic blood 

pressure in people with a score of < 52 on the John Henryism Active Coping scale (beta=0.36, 95% CI 0.09, 

0.63), amongst others. Both the (Wing et al., 2013) and (Avery et al., 2004) papers were part of the CHEIHO 

study and concerns regarding bias in that study (discussed earlier) apply here. Overall risk of bias for the 

associations in both of these was serious (Figure 15). 

Other health outcomes.     Associations for the "other" outcome category reported as odds ratios are 

shown in Figure 14 (Schinasi et al., 2011). Schinasi et al.'s outcomes comprised fever, backache, and aching 

joints, and no consistent direction of association of these outcomes with the exposures was observed. Three 

statistically significant associations were observed: Aching joints was negatively associated with community-

level 12 h average semivolatile PM10 per 10 µg/m3 (beta= -0.93, 95% CI -1.85, -0.01) and positively associated 
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with community-level PM2.5-10 per 10 µg/m3 (beta=0.30, 95% CI= 0.01, 0.59), while backache was positively 

associated with community-level 12 h PM2.5 per 10 µg/m3 (beta=0.61, 95% CI 0.12, 1.10). This was part of the 

CHEIHO study; the overall risk of bias for associations with objectively assessed exposures was serious and for 

the subjectively assessed exposures (self-assessed hog odor outside the home) was critical. Lack of consistency 

in associations are likely in this case because "other" was the category in which outcomes that did not fit into 

the previously named outcome categories were placed; it is therefore likely that the underlying mechanisms 

associated with outcomes in the "other" category vary.  

Syntheses of results. No quantitative synthesis of the results was possible because of the diversity of 

metrics for measuring exposures and outcomes, even within subgroups. Further complicating synthesis was the 

use of correlated outcomes and exposures.   

Risk of bias across studies. Several aspects of risk of bias across the body of work where considered. 

First with respect to publication bias, as a meta-analysis was not conducted, we did not conduct a quantitative 

evaluation of the effect of small-study effects on the outcomes. Other source of bias across the body of work 

include the potential for confounding to be part of the explanation for the findings observed. As all, but one 

study, was an observational study, then the potential for residual confounding bias to influence the results of 

numerous studies across the entire body of work was high. Further, as the study where cross sectional in nature, 

then adjustment for confounders even in regression models would not provide protection against residual 

confounding. Overall the assessment would be that the risk of bias was high for the entire body of work and this 

conclusion was reached base on the results of risk of bias from the individual studies.  

Additional analyses.  No additional analyses were conducted. 

 

 

Discussion 
Summary of Evidence. The purpose of this review was to update a systematic review previously 

conducted and reported in 2010 (O'Connor et al., 2010). As it is recommended that reviews be updated 

regularly, and 5 years had passed since the prior review, the updated review was conducted to determine if any 

research findings published since the prior review would change the conclusions. The conclusion of the prior 

review was that "There was inconsistent evidence of a weak association between self-reported disease in people 

with allergies or familial history of allergies. No consistent dose response relationship between exposure and 

disease was observable." (O'Connor et al., 2010). The conclusions for this review would remain the same for 

the health outcomes assessed in the prior review- with the exception of one new measure of exposure.  

In the prior review no studies had evaluated associations between infectious diseases and proximity to 

livestock. In this review, two studies Smit et al. (2012) and (Morrow et al., 2013) reported that goats are likely 

associated with increased risk of Q fever in surrounding communities. Q fever is a disease of goats and sheep 

and does not occur in other livestock. With respect to exposure to animal feeding operations, one study 

published since 2010 reported a strong association between goat production facilities. The authors did not 

specify if the systems had milk goats or meat goats (Smit et al., 2012; Smit et al., 2014). This observation was 

only reported in one study (Smit et al., 2012), therefore it was not possible to assess consistency across studies. 

However, other factors provide strength to the conclusion that such an association might be causal. In particular, 

documentation of a dose response and a strong effect.  These studies looked at pneumonia, asthma, and "other 

infectious diseases". Pneumonia and "other infectious diseases" were likely measures of Q fever according to 

the authors. Interestingly, asthma, which we would not expect to have an association with Q fever and would be 

associated with a different mechanism (likely particulate matter), was not associated with goat density.  

The other new topic area identified during the update was assessment of the association between 

proximity to livestock operations and "colonization" with MRSA. This association was evaluated by two studies 

(Feingold et al., 2012; Schinasi et al., 2014). It is difficult to assess the likely causal association between 

exposure to cattle (dairy or meat not specified) and MRSA because on one group (Feingold et al., 2012), only 

one study has reported assessing this association so there is no measure of consistency. With respect to exposure 

to swine, the associations observed were not consistent, making it difficult to assess the likelihood of a causal 

link. For example, the strongest consistent association with nasal MRSA colonization and exposure to swine 

was observed for the medium level of exposure, while higher levels of exposure were not associated with nasal 
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MRSA colonization. As a dose response is considered to increase the potential for a causal association (WHO- 

http://www.euro.who.int/__data/assets/pdf_file/0006/74733/E68940.pdf ) this would decrease certainty.   

For the other health outcomes, although the studies published more associations, none of the new studies 

results led to a change the conclusions reached by the prior review. This is perhaps because many of the new 

publications were based on the same study populations employed for the prior review (albeit with new 

outcomes). Therefore, the validity concerns identified in the prior review remained unchanged. The factors that 

were identified previously that limited the ability to make strong causal inferences were: 1) the approach to 

enrolment often appeared to select for enrolment of exposed people of ill health due to their associations with 

grass-roots activist groups, 2) the use of cross-sectional studies and therefore prevalence of disease for many 

outcomes, 3) inability to blind participants to exposure for many outcomes. In addition, concerns of multiplicity 

were increased with some study populations having over 100 outcomes assessed. However, it is a credit to the 

authors of those studies that they have been transparent about the number of outcomes assessed, rather than 

perhaps selectively reporting the outcomes that were significant.  

PRISMA ITEM 25: Limitations. 

Study Level Limitations.     It is not possible here to provide the rationale for each study, therefore 

rationale behind each judgement is provided online and available at https://cyuan.shinyapps.io/Plots_Shiny. Of 

course, as the majority of studies were observational, and therefore the major risk of bias issues relate to use of 

prevalent cases as the outcome rather than incidence and confounding.  

With respect to confounding bias, most studies where observational and therefore there is always the 

concern about underlying confounding. This is further exacerbated because most studies are cross-sectional in 

nature and therefore the outcome is prevalence, so adjustment for covariates does not represent adjustment of 

confounding for the risk of disease. 

With respect to measurement of the outcome, many outcomes were measured. Some studies attempted 

to use subjective measures of disease (Lower Saxony study population) while other study populations used 

solely self-assessed (and often recall-based) measures of disease (CHEIHO Study) (Avery et al., 2004; Horton 

et al., 2009; Schinasi et al., 2011; Wing et al., 2013).  The potential for mis-measurement of disease status was 

strongly suspected when disease was subjectively recalled and exposure was subjectively assessed (usually as 

odor). The expected direction of bias was away from the null and greater than one (increased disease with 

increased odor) and this was borne out by the data. This concern is likely why some researchers have chosen to 

use objective measures of health (e.g. FEV for lung function). Often outcomes where correlated, however we 

discuss that issue below with respect to multiplicity concerns.  

With respect to measurement of the exposure, it is clearly difficult to measure exposure to animal 

feeding operations. Some authors used proxies of exposure such as animal distance from the subject's residence 

or animal density around the subject's residence; however, these do not account for topography or wind 

direction, both of which impact true exposure. Other authors used measures of particulate matter or emissions 

such as ammonia which can be direct measures of exposure, but clearly capturing such information is expensive 

and time- consuming. As an example, the Lower Saxony study originally used exposure data based on density 

of animal housing (Radon et al., 2007). The new publication identified for this review from the Lower Saxony 

study (Schulze et al., 2011) attempted to address the concerns about mis-measurment by using a measure of 

ammonia based on measurements at 22 sampling sites and imputed based on a computer algorithm on a subset 

of the population. This should have provided greater confidence in the results; however, the measurements of 

ammonia were collected a year after the health outcomes were measured (Schulze et al., 2011), so concerns 

about mis-measurement remained. Overall, these difficulties with measurement of exposure resulted in an 

increased risk of bias due to mis-measurement of exposure. The direction of bias is clearly difficult to assess. As 

was the case with outcomes, another issue was that multiple measures of exposure where correlated; however, 

we discuss that issue below with respect to multiplicity concerns. 

The third risk domain of concern for the studies included the review is selection bias i.e., selective 

enrolment of a particular group (exposed/ diseased, unexposed/ diseased, exposed/ non-disease, unexposed/ 

non-diseased). Selection bias is very difficult to assess and although it might be suspected in some studies, it 

cannot be confirmed. When concerns were identified, it was generally because it was suspected that the 
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approach to enrolment would have enrolled a higher proportion of the exposed/ diseased population than the 

other populations and bias the associations away from the null (increasing adverse outcomes).  

A final comment about the literature in the area concerns the impact of multiplicity. For several study 

populations, numerous correlated outcomes have been compared with numerous correlated exposures. This 

increases the potential to discover important associations but also increases the potential for identification of 

false associations due to random error (increased type 1 error). The great advantage of this body of work 

however is that the authors appear to be very transparent about the number of hypothesises tested. This level of 

transparency is to be commended because such comprehensive reporting enables a more comprehensive 

assessment of the impact of multiple testing. Also, given the hypothesis-generating and exploratory nature of 

many of the studies in this body of work (cross-sectional studies of prevalent outcomes and no studies were 

"powered" to a particular outcome) many would argue that testing and reporting the results of multiple tests is 

appropriate. An alternative problem, which is publication bias based on statistical significance, would be a far 

worse issue for this topic. For this topic, ~  90% of outcomes assessed did not report a confidence interval that 

excluded the null value, and if publication was based only on 95% confidence intervals which excluded the null 

(i.e., p-values <0.05) a very different picture of the association might have been reached. 

With respect to the conduct of the review, we regrettably had to change some aspects of the protocol, to 

be pragmatic. These were mainly plans related to the summarization of results. Originally we had proposed that 

we would attempt to conduct a meta-analysis and use a process similar to GRADE (Guyatt et al., 2011) to 

summarize the evidence. However, we could not conduct a meta-analysis because of the diversity of outcomes 

and exposures. Similarly, the GRADE framework, which is very helpful, was difficult to implement because we 

did not have a grading of outcomes prior to the review, and GRADE did not provide a framework for dealing 

with the multiplicity problem encountered. For example, when looking at the data for the lower respiratory tract 

outcomes, it was not clear how the multiple outcomes from the CHEIHO study should be summarized as this 

represents 1 study population reported in 4 separate publications (Avery et al., 2004; Horton et al., 2009; 

Schinasi et al., 2011; Wing et al., 2013) with multiple outcomes. For other aspects of the review, the conduct of 

the review did not change materially from the proposed protocol.  

 

 

Conclusions.      
In conclusion, the findings of the update of this review would be that there is evidence that communities 

living in proximity to goat production are at increased risk of Q fever. The association between MRSA 

colonization and proximity to unclear mainly due to a lack of repetition. The association between other 

outcomes, especially those related to upper and lower respiratory disease would be unchanged from the prior 

review "There was inconsistent evidence of a weak association between self-reported disease in people with 

allergies or familial history of allergies. No consistent dose response relationship between exposure and disease 

was observable.". If the question of health impacts of living near animal production remains of interest, it seems 

likely that large long-term prospective studies will be required especially if non-specific clinical symptoms are 

the outcome of interest.    
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Table 1.  Search strategy used to identify literature on animal feeding operations and community health 

in Ovid MEDLINE® and MEDLINE® In-Process in a systematic review of the association between proximity 

to animal feeding operations and the health of individuals in nearby communities 

Search 

line 

 

Search string 

1 Animal Husbandry/ 

 

2 Housing, Animal/ or Animal Feed/ 

 

3 ((animal$1 or bovine or cow or cows or cattle or beef or pig or pigs or piglet$ or pork or swine or 

porcine or hog or hogs or finisher$ or sheep or murine or lamb or lambs or poultry or chicken$ or 

hen or hens or broiler$ or turkey$ or livestock or live stock or intensiv$ or industrial$ or confined 

or confinement or concentrated or large-scale or high density) adj4 (feed$ operation$ or feed$ 

facilit$)).ti,ab. 

 

4 (cafo or cafos or afo or afos).ti,ab. 

 

5 (feed lot$1 or feedlot$ or feedyard$ or feed yard$).ti,ab. 

 

6 ((animal$1 or bovine or cow or cows or cattle or beef or pig or pigs or piglet$ or pork or swine or 

porcine or hog or hogs or finisher$ or sheep or murine or lamb or lambs or poultry or chicken$ or 

hen or hens or broiler$ or turkey$ or livestock or live stock) adj (density or operation$ or facility or 

facilities or confined or confinement)).ti,ab. 

 

7 ((confined or confinement) adj3 (feed or feeding)).ti,ab. 

 

8 ((intensive or intensively or intensity or large-scale or industrial or high-density) adj3 (farm or 

farms or farming or livestock or live stock)).ti,ab. 

 

9 ((animal production or livestock production or live stock production) adj (operation$ or facility or 

facilities)).ti,ab. ( 

 

10 or/1-9 

 

11 Environmental Health/ 

 

12 environmental exposure/ or inhalation exposure/ 

 

13 environmental pollutants/ or exp air pollutants/ or water pollutants/ 

 

14 Environmental Illness/ 

 

15 Environmental Monitoring/ 

 

16 (public health$ or environmental health$ or environmental medicine or community 

health$).ti,ab,jn,jw. 
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17 ((public or community or communities or resident$ or residence$1 or living or neighbor$ or 

neighbour$ or family or families or local$1 or population$1 or populace or school$1 or preschool$ 

or highschool$ or nursery or nurseries or playgroup$ or play group$ or kindergarten$ or 

inhabitant$ or household$ or house hold$ or town$ or village$ or city or cities or settlement$) adj5 

(proximity or vicinity or location$1 or located or nearby or near or close or closely)).ti,ab. 

 

18 ((community or communities or resident$ or residence$1 or neighbor$ or neighbour$ or family or 

families or local$1 or populace$1 or school$1 or preschool$ or highschool$ or nursery or nurseries 

or playgroup$ or play group$ or kindergarten$ or inhabitant$ or household$ or house hold$ or 

town$ or village$ or city or cities or settlement$) adj5 (health or disease$1 or sickness$ or illness$ 

or infect$ or impact$ or effect$1 or exposure$1 or expose$1 or outcome$1 or symptom$1 or 

risk$1)).ti,ab. 

 

19 or/11-18 

 

20 10 and 19 

 

21 exp animals/ not humans/ 

 

22 (news or editorial or letter).pt. 

 

23 foot ortho$.ti,ab. 

 

24 20 not (21 or 22 or 23) 

 

25 remove duplicates from 24 
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Table 2.  Results of multiple database searches for a systematic review of the association between 

proximity to animal feeding operations and the health of individuals in nearby communities 

Database  Number of records  Number of records 

remaining after de-

duplication 

MEDLINE® and 

MEDLINE® In-Process (Ovid 

SP) 

1437 1437 

Science Citation Index (Web 

of Knowledge) 

869 679 

Centre for Agricultural 

Biosciences (CAB) Abstracts 

(Web of Knowledge) 

2071 1581 

Total   4377 3697 
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Table 3. Summary information of included studies in a systematic review of the association between proximity to animal feeding operations 

and the health of individuals in nearby communities 

Study Source Study design Country Years(s) 

of study 

N 

(source 

pop) 

 

N (study pop) Age (study 

pop) 

Statistical methods 

used to assess 

association(s) between 

exposure(s) and 

outcome(s) 

Feingold et 

al. 2012 

As for 

study 

Observational: 

case-control 

The 

Netherlands 

2008-

2011 

NR 87 NR Multivariable 

approaches to 

dichotomous data with 

no fixed or random 

effects: logistic 

regression 

Schiffman 

et al. 2005 

As for 

study 

Experimental 

(laboratory) 

USA NRa NR 48 19-49 y Multivariable 

approaches to 

categorical data with 

fixed and/or random 

effects: logistic 

regression/ generalized 

linear model with logit 

link AND 

Multivariable 

approaches to 

continuous outcomes 

with fixed and/or 

random effects 

 

 

 

 

The 

Netherlands 

study 

Smit et al. 

2014 

Observational: 

cross-sectional 

The 

Netherlands 

2009 105,870 92,548 0-70 y Multivariable 

approaches to 

categorical data with 

fixed and/or random 

effects: logistic 

regression/ generalized 

linear model with logit 

link 

                                                 
a NR = Not reported 
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Smit et al. 

2012 

Observational: 

cross-sectional 

The 

Netherlands 

2009 NR 92,548 0-70 y Univariate approaches 

to categorical data : 

chi-square tests AND 

Multivariable 

approaches to 

categorical data with 

fixed and/or random 

effects: logistic 

regression/ generalized 

linear model with logit 

link 

 

 

 

 

 

 

Lower 

Saxony 

Lung Study 

Schulze et 

al. 2011 

Observational: 

cross-sectional 

Germany 2002-

2006 

6937 457 18-44 y Multivariable 

approaches to 

dichotomous data with 

no fixed or random 

effects: logistic 

regression AND 

Multivariable 

approaches to 

continuous data with 

no fixed or random 

effects: linear 

regression 

Radon et al. 

2007 

Observational: 

cross-sectional 

Germany 2002-

2004 

28,596 2425 18-45 y Multivariable 

approaches to 

categorical data with 

fixed and/or random 

effects: logistic 

regression/ generalized 

linear model with logit 

link 

Radon et al. 

2005 

Observational: 

cross-sectional 

Germany NR 10,864 6837 

(questionnaire), 

2812 (clinical 

assessment) 

18-44 y Multivariable 

approaches to 

categorical data with 

fixed and/or random 

effects: logistic 

regression/ generalized 
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linear model with logit 

link 

AABEL 

Study 

Hoopmann 

et al. 2006 

Observational: 

cross-sectional 

Germany 2001 NR 7943 

(questionnaires), 

5136 (skin exam), 

1552 (Phadiotop 

Test) 

5-6 y Multivariable 

approaches to 

categorical data with 

fixed and/or random 

effects: logistic 

regression/ generalized 

linear model with logit 

link 

Schinasi et 

al. 2014 

As for 

study 

Observational: 

case-control 

USA 2011 NR 121 MRSA-positive 

patients AND 122 

MRSA-negative 

patients 

18-65 y Multivariable 

approaches to 

categorical data with 

fixed and/or random 

effects: logistic 

regression/ generalized 

linear model with logit 

link 

Mirabelli et 

al. 2006 

As for 

study 

Observational: 

cross-sectional 

USA 2004 192,248 128,568 12-14 y Multivariable 

approaches to 

categorical data with 

fixed and/or random 

effects: logistic 

regression/ generalized 

linear model with logit 

link 

Bullers 

2005 

As for 

study 

Observational: 

cross-sectional 

USA 1998-

1999 

Approx. 

50,000 

82 (48 exposed, 34 

unexposed) 

Mean 57 y 

(exposed); 

Mean 42 y 

(unexposed) 

Univariable 

approaches to 

continuous outcomes (t 

test, ANOVA) 

Schiffman 

et al. 1995 

As for 

study 

Observational: 

cohort 

USA NR NR 88 52 + 13 y Univariable 

approaches to 

continuous outcomes (t 

test, ANOVA) 

 

 

 

Avery et al. 

2004 

Observational: 

cross-sectional 

USA NR NR 15 33-77 y Multivariable 

approaches to 

continuous outcomes 
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CHEIHO 

Study 

with fixed and/or 

random effects 

Schinasi et 

al. 2011 

Observational: 

cohort 

USA 2003-

2005 

NR 101 19-90 y Univariable 

approaches to 

continuous outcomes (t 

test, ANOVA) 

Horton et 

al. 2009 

Observational: 

cohort 

USA 2003-

2005 

NR 101 19.2-89.5 y Multivariable 

approaches to 

categorical data with 

fixed and/or random 

effects: logistic 

regression/ generalized 

linear model with logit 

link 

Wing et al. 

2013 

Observational: 

cohort 

USA 2003-

2005 

NR 101 Median 53 y Multivariable 

approaches to 

categorical data with 

fixed and/or random 

effects: logistic 

regression/ generalized 

linear model with logit 

link 
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Table 4. Study characteristics of included studies in a systematic review of the association between proximity to animal feeding operations 

and the health of individuals in nearby communities 

Study Source Exposure variable(s) 

 

What was the size of the animal 

population under study? 

 

Community studied 

Feingold et 

al. 2012 

As for 

study 

Municipal-level pig density (# 

per ha) AND Municipal-level 

cow density AND Municipal-

level veal calf density 

NR Cases were defined as livestock-

associated nasal MRSA carriers 

diagnosed in the Netherlands 

between 2003 and September 

2005, identified as "the first in a 

cluster of persons who tested 

positive for LA-MRSA from a 

given reference laboratory." 

Controls were index patients 

matches to the cases from the 

same laboratory testing positive 

for a typeable strain of MRSA. 

Schiffman et 

al. 2005 

As for 

study 

Subjects were exposed to either 

cleaned air (control) or diluted 

swine air (exposed) made by 

drawing emissions from an 

adjacent swine building and 

diluting it with cleaned air. 

 

Not applicable (laboratory study) Subjects were healthy adult 

volunteers who responded to 

advertisements posted in 

workplaces throughout the 

Research Triangle community of 

North Carolina (Durham, Chapel 

Hill and Raleigh). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Smit et al. 

2014 

Presence of one or more farms 

within 500 m and 1000 m from 

the home address AND Total 

number of farms within 500 m 

and 1000 m AND 

Distance to nearest farm AND 

The presence of a specific type 

of animal farm (swine, poultry, 

cattle, goat, sheep or mink) 

within 500 m and 1000 m 

AND PM10 emission from all 

Assessed indirectly based on 

provincial environmental 

licences for keeping livestock: 

The median (IQR) of permitted 

animals per farm in the study 

area was 1242 (591–2441) pigs 

(n=3383 farms), 29 400 (11 

800–72 000) chickens or other 

poultry (n=1005 farms), 122 

(60–196) cows (n=4298 farms), 

1309 (480–1726) goats (n=77 

farms), 115 (80–200) sheep 

Neighbouring residents of animal 

farms in the Dutch provinces of 

Noord-Brabant and Limburg, a 

highly populated area in the 

south of the Netherlands with a 

high density of farm animals. 
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The 

Netherlands 

study 

farms within 500 m and 1000 

m from the home address 

 

(n=230 farms) and 4000 (2800–

6000) mink (n=111 farms) 

 

Smit et al. 

2012 

Presence of farm animals 

within 1 km of patient by 

species AND Number of goats 

within 5 km 

In total there were 180 registered 

goat farms in this area with an 

average (permitted) number of 

1307 goats (SD 1.195). 

Patients registered in "general 

practices outside the larger cities 

in the eastern part of the province 

of Noord-Brabant and the 

northern part of the province of 

Limburg, a region with a high 

density of farm animals" 

 

 

 

 

 

 

Lower 

Saxony 

Lung Study 

Schulze et 

al. 2011 

Interpolated ammonia exposure  NR German citizens living in one 

rural town with a high density of 

intensive livestock production in 

Lower Saxony. 

Radon et 

al. 2007 

Level of odor annoyance AND 

Number of animal houses 

within 500 m. 

NR German citizens living in one of 

four rural towns in Lower 

Saxony, northwestern Germany, 

with a high density of animal 

feeding operations. 

 

Radon et 

al. 2005 

Level of odor annoyance AND 

Number of animal stalls within 

500 m of the subject's home. 

NR "German citizens living in four 

communities with a high animal-

holding concentration in the rural 

district of Vechta and 

Cloppenburg" 

Article was translated from 

German to English. 

AABEL 

Study 

Hoopmann 

et al. 2006 

Endotoxin at the subject's 

home, originating from animal 

stalls 

A total of about 12,000 

registered animal stalls (poultry, 

cows, pigs) 

5-6 year old children during the 

medical examination of school 

children upon their enrollment, 

from region of Lower Saxony 

with intensive agriculture 

(counties of Cloppenburg, 

Emsland, Oldenburg and Vechta) 

Article was translated from 

German to English. 
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Schinasi et 

al. 2014 

As for 

study 

Permitted swine per square 

mile of residential block group 

AND Permitted farrowing 

swine per square mile of 

residential block group AND 

Permitted non-farrowing swine 

per square mile of residential 

block group AND Distance of 

home to a CAFO AND 

Presence of farm odor at 

subject's residence 

NR Patients admitted to the Vidant 

Medical Center in eastern North 

Carolina who were tested for 

nasal carriage of MRSA using a 

PCR test. 

Mirabelli et 

al. 2006 

As for 

study 

Miles to nearest swine CAFO 

AND Number of hog pounds 

(in millions) within 3 miles of 

school AND Livestock odor 

outside + inside school 

 

NR Students (12-14 years old) who 

participated in the North Carolina 

School Asthma Survey 

Bullers 2005 As for 

study 

Proximity of residence to 

CAFOs. 

NR Experimental group interviews 

were conducted in 1999 among 

residents of a rural area in the 

coastal plain of North Carolina. 

This is a sparsely populated rural 

agricultural county, which is the 

second largest hog-producing 

county in the USA. Virtually all 

of the family-run hog farms in 

this area have been replaced by 

industrial hog farm operations. 

The control group interviews 

were conducted among residents 

of another predominantly rural 

coastal plain county. Although 

County statistics of the control 

county show higher 

socioeconomic status and more 

urbanization, respondents were 

recruited from the western part of 

the county, which is very 
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comparable to the experimental 

group county (with the exception 

of the industrial hog farm 

presence). 

Schiffman et 

al. 1995 

As for 

study 

Proximity of residence to hog 

operations. 

 

NR Residents of North Carolina; 

controls and exposed were 

matched by age, race, gender, 

years of education, and number 

of chronic illnesses experienced. 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHEIHO 

Study 

Avery et al. 

2004 

Intensity of perceived odor at 

home 

NR but investigators stated that 

"The permitted number of 

animals in each operation ranged 

from 1,000 to 12,000" 

Non-smokers, recruited in 

conjunction with local 

community organizations, living 

within 2.4 km of an intensive hog 

operation with at least one 

neighbor within 0.4 km of their 

home who was also willing to 

participate. 

 

Schinasi et 

al. 2011 

Strength of odor at the subject's 

home AND 1-h and 12-h 

average hydrogen sulfide per 1 

ppb, 1-h and 12-h average 

PM10 per 10 µg/m3 AND 1-h 

and 12-h average semi-volatile 

PM10 per µg/m3  

"There was a median of 9 hog 

operations within 2 miles 

of participating communities, 

and the median number of hogs 

within that radius was 

approximately 42,000" 

 

 

Residents of 16 eastern North 

Carolina communities who were 

non-smoking volunteers residing 

within 1.5 miles of at least one 

hog operation, recruited through 

community-based organizations. 

 

Horton et 

al. 2009 

Neighborhood hydrogen 

sulfide AND Neighborhood 

PM10 (µg/m3) AND 

Neighborhood semi-volatile 

PM10 (µg/m3) AND Strength of 

odor at the home 

NR Residents of 16 eastern North 

Carolina rural communities who 

were non-smoking volunteers 

residing within 1.5 miles of at 

least one hog operation, recruited 

through community-based 

organizations. 

 

Wing et al. 

2013 

Strength of hog odor at the 

home AND Neighborhood 

NR Residents of 16 eastern North 

Carolina rural communities who 
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hydrogen sulfide (ppb) AND 

Neighborhood PM10 (µg/m3) 

AND Neighborhood semi-

volatile PM10 (µg/m3) 

were non-smoking volunteers 

residing within 1.5 miles of at 

least one hog operation, recruited 

through community-based 

organizations. 
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Figures 
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PRISMA 2009 Flow Diagram 
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Figure 1.  PRISMA (preferred reporting items for systematic reviews and meta-analyses) flow diagram 

of the results of database searches in a systematic review of the association between proximity to animal 

feeding operations and the health of individuals in nearby communities (Liberati et al., 2009; Moher et al., 

2009)

Records identified through 

database searching 

(n =  4377) 

Additional records identified 

through other sources 

(n = 5) 

Records excluded 

(n = 3617) 

Full-text articles 

assessed for eligibility 

(n = 85) 

Full-text articles 

excluded, with reasons 

(n = 69) 

n =  58 (unit of analysis 

not at the individual 

human level or study 

had occupational 

exposure only)  

n = 8 (study did not 

include more than one 

unit of measurement of 

exposure) 

n = 2 (English 

translation not available) 

n = 1 (could not be 

procured) 

 
 

Studies included in 

quantitative synthesis 

(meta-analysis) 

(n = 0) 
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Figure 2. Measures of exposure and lower respiratory tract outcomes where the effect size was reported 

as betas in a systematic review of the association between proximity to animal feeding operations and the health 

of individuals in nearby communities.
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Figure 3.  Measures of exposure and lower respiratory tract outcomes where the effect size was reported 

as odds ratios in a systematic review of the association between proximity to animal feeding operations and the 

health of individuals in nearby communities. 
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Figure 4.  Measures of exposure and upper respiratory tract outcomes where the effect size was reported 

as betas in a systematic review of the association between proximity to animal feeding operations and the health 

of individuals in nearby communities.



 39 

 

  
Figure 5. Measures of exposure and upper respiratory tract outcomes where the effect size was reported 

as odds ratios in a systematic review of the association between proximity to animal feeding operations and the 

health of individuals in nearby communities.
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Figure 6. Neurological and psychological symptoms, and stress outcomes where the effect size was 

reported as odds ratios in a systematic review of the association between proximity to animal feeding operations 

and the health of individuals in nearby communities.



 41 

 
Figure 7. Neurological symptoms where the effect size was reported as betas in a systematic review of the association between proximity to 

animal feeding operations and the health of individuals in nearby communities.



 42 

 
Figure 8.  Psychological outcomes where the effect size was reported as point estimates of the mean difference in a systematic review of the 

association between proximity to animal feeding operations and the health of individuals in nearby communities (Schiffman et al., 1995).



 43 

 
 

Figure 9. Psychological outcomes where the effect size was reported as point estimates in a systematic review of the association between 

proximity to animal feeding operations and the health of individuals in nearby communities (Schiffman et al. 2005).
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Figure 10. Psychological outcomes where the effect size was reported as betas in a systematic review of the association between proximity to 

animal feeding operations and the health of individuals in nearby communities (Bullers et al. 2005).
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Figure 11. Dermatologic, otologic, and eye-related outcomes where the effect size was reported as betas 

in a systematic review of the association between proximity to animal feeding operations and the health of 

individuals in nearby communities.
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Figure 12.  MRSA and "other" outcomes where the effect size was reported as odds ratios in a 

systematic review of the association between proximity to animal feeding operations and the health of 

individuals in nearby communities.
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Figure 13. MRSA outcomes where the effect size was reported as odds ratios in a systematic review of the association between proximity to 

animal feeding operations and the health of individuals in nearby communities.
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Figure 14. Gastrointestinal and "Other" outcomes where the effect size was reported as betas in a 

systematic review of the association between proximity to animal feeding operations and the health of 

individuals in nearby communities.
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Figure 15. Stress outcomes where the effect size was reported as betas in a systematic review of the 

association between proximity to animal feeding operations and the health of individuals in nearby 

communities.
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APPENDICES 
Appendix A. Data extraction form used to collect study-level information in a systematic review of the 

association between proximity to animal feeding operations and the health of individuals in nearby 

communities. 

Study-Level Information Form 

Question Style Response 

Q1. What is the study design? Radio Observational: cross-sectional 

Observational: cohort 

Observational: case-control 

Experimental 

 

Q2. What is the month, year 

the study was started? 

 

Text  

Q3. What is the month, year 

the study ended? 

 

Text  

Q4.  What is the location of 

the study population 

(country)? 

Radio The Netherlands 

USA 

Germany 

Option for reviewer to add another country as needed. 

 

Q5. What is the study location 

area (i.e. region within 

country)? 

Checkbox Eastern part of the province of Noord-Brabant 

Northern part of the province of Limburg 

Eastern North Carolina 

Lower Saxony, northwestern Germany 

North Carolina 

Noord-Brabant and Limburg 

A rural area in the coastal plain of North Carolina 

Experimental laboratory 

Regions of Cloppenburg, Emsland, Oldenburg and Vechta 

Option for reviewer to add new location as needed 

Q6. What is the size of the 

human population in the 

source population? (maximum 

no. of ppl data was collected 

on)? 

 

Text  

Q7. What is the size of the 

study population? 

 

Text  

Q8. What is the age of the 

study population? 

 

Text  

Q9. What is the sex of the 

study population? 

 

Radio Males 

Females 

Both males and females 

Not specifically reported 
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Q10. What is the 

socioeconomic status of the 

study population? 

 

Checkbox Not specifically reported 

"Most residents are in the low- to middle-income categories" 

Option for reviewer to add another answer as needed 

Q11. What is the size of the 

animal population under 

study? 

 

Text  

Q12. What is the unit of 

concern for the outcome? 

 

Radio The individual 

Option for reviewer to add another answer as needed 

Q13. What are the "animal'' 

variables used? 

 

Checkbox Presence of farm animals within 1 km of patient by species 

Number of goats within 5 km 

Within 1.5 miles of at least one hog operation 

Interpolated ammonia exposure 

Presence of one or more farms within 500 m and 1000 m from 

the home address 

Total number of farms within 500 m and 1000 m 

Distance to nearest farm 

The presence of a specific type of animal farm (swine, poultry, 

cattle, goat, sheep or mink) within 500 m and 1000 m 

PM10 emission from all farms within 500 m and 1000 m from 

the home address 

Hog operations In North Carolina 

Exposure to intensive agriculture 

Exposure to hogs only 

Within 2 mile radius of one of two cattle farms 

Dairy farms 

Exposure to dairy farms 

Exposure to diluted swine air 

Permitted swine per square mile of block group 

Live within one mile of a CAFO 

living within 2.4 km (1.5 mi) of an intensive hog operation 

Lagrange propagation model was developed to estimate the 

barn-related bioaerosol emissions (endotoxin, fungal 

concentration, total dust and total bacterial concentration) at the 

residence of each individual test subject 

Distance of school from nearest swine CAFO 

Hog pounds (in millions) within 3 miles of school 

Livestock odor inside and/or outside school 

Option for reviewer to add a new answer as needed 

Q14. Describe the community 

being studied. 

Checkbox Being within 5km of farm keeping goats as the main type of 

animal, or other livestock farms with at least 50 goats 

Participants spent 10 minutes outdoors at preselected morning 

and evening times approximately 12 hours apart. While outside, 

they rated, on a scale of 0 (none) to 8 (very strong), the strength 

of the hog odor they recalled having smelled during each of the 

12 preceding hours. Participants then returned indoors and rated 

hog odor present during the 10 minutes outside on the same 9-

point scale 
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Exposure to H2S, semi-volatile PM10, PM10, PM2.5-10, PM2.5 and 

endotoxin 

Living in a residence whose interpolated ammonium exposure 

was in the 3 highest quartiles (≥19.71 µg/m3) 

Living within 500 m of at least one animal farm 

Living near a hog operation 

Residence within 1 mile of a swine or poultry CAFO, swine 

densities(total, farrowing, and non-farrowing) in the block 

group of residence, ability to ever smell odor from an animal 

farm when at home 

Cases were defined as MRSA nasal carriers, based on a positive 

result from the rapid PCR screen that was administered at 

hospital admission. 

Neighbouring residents of animal farms in the Dutch provinces 

of Noord-Brabant and Limburg, a highly populated area in the 

south of the Netherlands with a high density of farm animals. 

Eligible participants in the CHEIHO study were non-smoking 

adults who lived within 1.5 miles of at least 1 industrial hog 

operation and were willing to collect data twice daily for 

approximately 2 weeks. 

Resident of 4 rural towns in Germany 

5-6 year old children during the medical examination of school 

children upon their enrollment, from region of Lower Saxony 

with intensive agriculture (counties of Cloppenburg, Emsland, 

Oldenburg and Vechta) 

Experimental group interviews were conducted in 1999 among 

residents of a rural area in the coastal plain of North Carolina. 

This is a sparsely populated rural agricultural county with a 

relatively stable population of just under 50,000 residents. Most 

residents are in the low- to middle-income income categories. 

This county is the second largest hog-producing county in the 

US. Virtually all of the family-run hog farms in this area have 

been replaced by industrial hog farm operations. The control 

group interviews were conducted among residents of another 

predominantly rural coastal plain county. Although County 

statistics of the control county show higher SES and more 

urbanization, respondents were recruited from the western part 

of the county, which is very comparable to the experimental 

group county (with the exception of the industrial hog farm 

presence). 

Within a 2-mile radius around the dairy farms within a single 

census block 

Students (12-14 years old) who participated in the North 

Carolina School Asthma Survey 

Option for reviewer to add new answer as needed 

 

Q15. What is the definition of 

an ‘‘unexposed'' person or 

community? 

 

Checkbox Being > 5 km of farm keeping goats as the main type of animal, 

or other livestock farms with at least 50 goats 

Each participant served as her or his own control 

Living in a residence whose interpolated ammonia exposure 

was in the first quartile (<19.71 µg/m3) 
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Living > 500 m but less than 1000m of at least one animal farm 

Not described (assumed to be "not" living near a hog operation) 

Controls were non-MRSA carrying patients based on a negative 

PCR screen.  One control was matched to each case based on 

age (±5 y) and gender. When more than one patient was an 

eligible match for a case, a random number generator was used 

to select the potential control. 

Children of parents from a region of intensive agriculture in 

Lower Saxony, including the regions of Cloppenburg, Emsland, 

Oldenburg and Vechta 

Option for reviewer to add another answer as needed. 

 

Q16. What statistical approach 

is used to assess the 

association? (check all that 

apply) 

Checkbox Univariate approaches to categorical data : chi-square tests 

Multivariable approaches to categorical data with fixed and/or 

random effects: logistic regression/ generalized linear model 

with logit link 

Univariable approaches to continuous outcomes (t test, 

ANOVA) 

Multivariable approaches to continuous outcomes  with fixed 

and/or random effects 

Other 

Multivariable approaches to dichotomous data with no fixed or 

random effects: logistic regression 

Multivariable approaches to continuous data with no fixed or 

random effects: linear regression 

Option for reviewer to add another answer as needed 
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Appendix B. Data extraction form used to collect outcome-level information in a systematic review of 

the association between proximity to animal feeding operations and the health of individuals in nearby 

communities. 

 

Outcome-level Data Extraction Form 

 

Question 

 

Style Response 

Q1. Specify the outcome variable. Radio Pneumonia 

Other infectious disease 

Eye irritation 

Nasal irritation 

Throat irritation 

Skin irritation 

Cough 

Wheezing without a cold 

Allergic rhinitis 

Sensitization against ubiquitous allergens 

Tiffeneau index (% of predicted) 

Forced expiratory volume in the first second 

(FEV1) (% of predicted) 

Asthma 

Chronic obstructive pulmonary disease (COPD) 

Tension 

Depression based on POM (Profile of Mood 

States) score 

Anger based on POM score 

Vigor based on POM score 

Fatigue based on POM score 

Confusion based on POM score 

TMD (total mood disturbance score) 

Peak expiratory flow rate (PEF) 

FEV1 

Stressed or annoyed 

Nervous or anxious 

Gloomy, blue, or unhappy 

Angry, grouchy, or bad-tempered 

Confused or unable to concentrate 

Change in activities in relation to average odor 

during the previous 12 h 

Wheezing without cold 

Physician-diagnosed asthma 

Specific IgE to common allergens > 0.35 IU/mL 

Bronchial hyper-responsiveness to methacholine 

FEV1 (% Predicted) 

Average number of headache episodes 

Average number of stuffy nose/sinuses 

Average number of runny nose 

Average number of burning nose/sinuses 

Average number of sore throats 
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Average number of plugged/popping ears 

Average number of scratchy throats 

Average number of mucus/phlegm episodes 

Average number of excessive coughing 

episodes 

Average number of shortness of breath episodes 

Average number of tightness in chest episodes 

Average number of wheezing episodes 

Average number of strange breathing sounds 

Average number of heartburn episodes 

Average number of nausea/vomiting episodes 

Average number of no appetite episodes 

Average number of diarrhea episodes 

Average number of burning eyes episodes 

Average number of tearing eyes episodes 

Average number of dry/scaly skin 

Average number of skin rash or irritation 

episodes 

Average number of skin redness episodes 

Average number of joint/muscle pain episodes 

Average number of unexplainably tired episodes 

Average number of blurred vision episodes 

Average number of dizzy/faint episodes 

Average number of hearing problems episodes 

Average number of chest pain episodes 

Average number of fever/chills episodes 

Average number of fainted episodes 

Average number of "can't open windows" 

episodes 

Average number of "can't go outside" episodes 

Systolic blood pressure (SBP) 

Diastolic blood pressure (DBP) 

SBP in age ≤ 53.7 y 

SBP in age > 53.7 y 

SBP in women 

SBP in men 

SBP in butanol threshold ≤ 40 ppm 

SBP in butanol threshold > 40 ppm 

SBP for John Henryism Active Coping (JHAC) 

score ≤ 52 

SBP for JHAC score > 52 

SBP for no BP meds 

SBP for any BP meds 

DBP for age ≤ 53.7 y 

DBP for age > 53.7 y 

DBP for women 

DBP for men 

DBP for butanol threshold ≤ 40 ppm 

DBP for butanol threshold > 40 ppm 

DBP for JHAC score ≤ 52 

DBP for JHAC score > 52 
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DBP for no meds 

DBP for any BP meds 

Heart rate 

Respiratory rate 

Temperature 

Blood pressure ratio (systolic to diastolic) 

Percent change FEV1 

Percent change FVC (forced vital capacity) 

Percent change FEF 25–75% (averaged forced 

expiratory flow between the full expiration of 

25 and 75% of the total FVC) 

Salivary IgA (µg/mL) 

Mood scores (POMS) – Anxiety 

Mood scores (POMS) - Total mood 

Digit span score 

Nasal lavage - IL-8 (pg/mL) 

Nasal lavage - IL-1β (pg/mL) 

Nasal lavage - Cell counts 

Nasal lavage - Percent epithelial cells 

Nasal lavage - Percent lymphocytic cells 

Nasal lavage - Percent polymorphonuclear cells 

(PMNs) 

Nasal lavage - absolute epithelial cells 

Nasal lavage - absolute lymphocytic cells 

Nasal lavage - absolute PMNs 

Self-reported symptoms – headache 

Self-reported symptoms - sore throat 

Self-reported - itchy throat 

Self-reported symptoms - eyes irritated 

Self-reported symptoms - nasal congestion 

Self-reported symptoms - nasal secretion 

Self-reported symptoms - nasal irritation 

Self-reported symptoms – cough 

Self-reported symptoms – nausea 

Psychological distress 

Non-cold-related rhonchal breathing sounds 

Asthmatic pathology 

Tiffenau Index median deviation 

Runny nose 

Mucus or phlegm 

Sore throat 

Wheezing 

Difficulty breathing 

Chest tightness 

Burning eyes 

Itching eyes 

Nausea 

Diarrhea 

Poor appetite 

Headache 

Dizziness 
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Aching joints 

Difficulty hearing 

Fever 

Backache 

Nasal MRSA carriage 

Log salivary IgA concentration (ug/ml) 

Log salivary IgA secretion rate (ug/min) 

Current wheeze children with self-reported 

allergies 

Current wheeze children without  self-reported 

allergies 

Current wheeze in all children 

Current wheeze without physician diagnosis in 

children with self-reported allergies 

Severe wheeze in children with self-reported 

allergies 

Physician-diagnosed asthma  in children with 

self-reported allergies 

Current wheeze without physician diagnosis in 

children with no  self-reported allergies 

Severe wheeze in children with no self-reported 

allergies 

Physician-diagnosed asthma  in children with no 

self-reported allergies 

Current wheeze in children with no self-reported 

allergies 

Frequent severe wheeze in children with no self-

reported allergies 

Current wheeze without physician diagnosis in 

all children 

Severe wheeze in all children 

Frequent severe wheeze in all children 

Physician-diagnosed asthma in all children 

Frequent severe wheeze in children with self-

reported allergies 

Asthma-related physician visit, emergency visit 

and/or hospitalization in the past year, self-

reported allergies 

Asthma medication use in past year, self-

reported allergies 

Activity limitations in past year as a result of 

asthma symptoms 

Missed school in past year as a result of asthma 

symptoms 

Asthma-related physician visit, emergency visit, 

and/or hospitalization in past year, no self-

reported allergies 

Asthma medication use in past year, no self-

reported allergies 

Asthma-related physician visit, emergency visit, 

and/or hospitalization in past year, all children 



 64 

Asthma medication use in past year, all children 

Allergic asthma 

Non-allergic asthma 

IgE 

Option for reviewer to add another answer if 

needed 

 

Q2. What is the community health/animal 

exposure measure? 

Radio Number of goats within 5 km 

Presence of farm within 1 km 

Twice-daily odor 

1-h average H2S per 1 ppb 

1-h average H2S PM10 per 10ug/m3 

1-h average semi-volatile PM10 per 10g/m3 

Interpolated ammonia exposure ≥19.71 µg/m 

PM10 emission from farms within 500 m 

Distance to nearest farm 

One or more farms within 500 m 

Number of farms within 500 m 

Presence of farm animals within 500 m 

Could smell hog odor 

12-h average odor 

12-h average H2S per 1 ppb 

12-h average PM10 per 10 µg/m3 

12-h average semi-volatile PM10 per 10 µg/m3 

Hydrogen sulfide (ppb) 

PM10 (ug/m3) 

Semi-volatile PM10 (ug/m3) 

Twice daily odor rating (0-8) 

12-h average odor 

Level of odor annoyance 

No. of animal houses within 500 m 

Exposure to cattle 

Odor (0-8) 

H2S ppb 

PM10 (µg/m3) 

Semi-volatile PM10 (µg/m3) 

Diluted aerial emissions from swine house 

Nearby residence 

Number of animal stalls within a radius of 500 

m of the home 

Log of the endotoxin 

Odor nuisance 

Permitted swine per square mile 

Permitted farrowing swine per square mile of 

block group 

Permitted non-farrowing swine per square mile 

of block group 

Live within 1 mile of a CAFO 

Ever smell odor from a farm with animals when 

at home 
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Hog odor (continuous variable recoded as 1-3, 

4,5,6,7,8,9) 

Hog odor coded as 1= odor rating 4-9; 0 = odor 

rating 1-3) 

Miles to nearest swine CAFO 

Hog pounds (in millions) within 3 miles of 

school 

Exposure category (low, medium, high; based 

on tertiles of the distribution of values among 

schools with > 1 swine CAFOs within 3 miles 

of the school) 

Livestock odor 

PR (95% CI) for < 3 vs >3 miles from nearest 

swine CAFO 

Livestock odor reported outside or inside school 

building vs no reported odor 

12-h PM2.5-10 per 10 µg/m3 

12-h PM2.5 per 10 µg/m3 

12-h endotoxin per 10 µg/m3 

Option for reviewer to add another category 

 

Exposure subcategory Radio 0-2250 (number of goats within 5 km) 

2251-7250 

7251-17,190 

17,191-20,960 

Swine (presence of farm animals within 1 km) 

Poultry 

Cattle 

Sheep 

Mink 

>640 m (reference) (distance to nearest farm) 

440-640 m 

280-440 m 

50-280 m 

Goat 

Odor < 1 

1 ≤ odor < 2 

2 ≤ odor < 3 

3 ≤ odor < 5 

Odor ≥ 5 

Not at all (level of odor annoyance) 

Somewhat 

Moderately 

Strongly 

≤5 

≤10 

≤12 

>12 

0-5 (number of stalls) 

6-10 

11-12 
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Non-atopic parents 

Atopic parents 

None (odor nuisance) 

A little 

Considerable 

Strong 

0 (permitted farrowing swine per square mile of 

block group) 

> 0-149 

> 149 

No (ever smell odors from a farm with animals 

when at home) 

Yes 

> 3 (miles to nearest swine CAFO) 

< 3 

2 to < 3 

< 2 

0.1 to < 2 (hog pounds in millions within 3 

miles of school) 

2.0 to <5.0 

> 5.0 

Low (exposure category) 

Medium 

High 

Outside school only (livestock odor) 

Outside AND inside <2 times/mo 

Outside AND inside > 2 times/mo 

Group differences at Time 3 (2 h after end of 

exposure) 

Option for reviewer to add a new answer as 

needed 

 

Type of effect measure Radio PR 

OR 

beta 

p 

Mean difference in continuous outcome 

Option for reviewer to add a new answer as 

needed 

 

Effect measure  Text Enter the value of the reported effect measure. 

 

Upper limit of 95% CI point estimate (calculate as 

needed effect size +/- 1.96*SE, then round to 2 

decimal places, round 5 up. i.e., 2.345 will 

become 2.35, and 2.344 will become 2.34) 

 

Text  

Lower limit of 95% Ci point estimate Text 
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List all of the covariates adjusted for (include in 

alphabetical order, separated by ","). If none - say 

none 

Text  

Appendix C. Risk-of-bias tool for non-randomized studies of exposures (case-control and cross-

sectional studies) for a systematic review of the association between proximity to animal feeding operations and 

the health of individuals in nearby communities (modified from the Cochrane ACROBAT-NRSI Tool Version 

1.0.0. (Sterne et al. 2014)). 

Risk of bias for non-randomized studies (case control/cross-sectional studies) 

 

Question Style Response 

 

Q1. What is the study design? Radio Observational: Cross-sectional 

Observational Case-control 

 

 

Q2. Describe the exposure / 

outcome grouping. 

Radio Objective exposures / Objective outcomes 

Objective exposures / Subjective outcomes 

Subjective exposures / Subjective outcomes 

Subjective exposures / Objective outcomes 

 

 

Confounding Bias 

 

Q3. Outcome confounding 

domains 

Checkbox Respiratory 

Gastrointestinal 

Mood 

Eye 

Dermatologic 

Lifestyle 

Neurologic 

MRSA 

Otologic 

Other 

 

Q4. List the critically 

important respiratory outcome 

confounding domains that the 

authors controlled for in this 

study. 

Checkbox (only 

appears if 

"Respiratory" 

was checked for 

Q3) 

Not reported 

Family history of allergies or respiratory 

disease 

Presence of wood-burning stove(s) 

Exposure to tobacco smoke 

Socioeconomic status (may be indicated by 

race, education, employment status) 

Concurrent disease 

Presence of cats in the house 

 

Q5. List the critically 

important gastrointestinal 

outcome confounding domains 

that the authors controlled for 

in this study. 

 

Checkbox (only 

appears if 

Gastrointestinal 

was checked for 

Q3) 

 

Pre-existing disease 
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Q6. List the critically 

important mood outcome 

domains that the authors 

controlled for in this study. 

 

Checkbox (only 

appears if Mood 

was checked for 

Q3) 

Socioeconomic status 

None of the above 

Q7. List the critically 

important eye outcome 

domains that the authors 

controlled for in this study. 

 

Checkbox (only 

appears of Eye 

was checked for 

Q3) 

Pet ownership 

Atopic parents 

Factors associated with allergies 

Q8. List the critically 

important lifestyle outcome 

domains that the authors 

controlled for in this study. 

 

Checkbox (only 

appears if 

Lifestyle was 

checked for Q3) 

The "Lifestyle" category was considered 

too broad to have any specific critical 

confounders. 

Q9. List the critically 

important neurologic outcome 

domains that the authors 

controlled for in this study. 

 

Checkbox (only 

appears if 

Neurologic was 

checked for Q3) 

Socio-economic status 

Pre-existing disease 

Q10. List the critically 

important MRSA outcome 

domains that the authors 

controlled for in this study. 

 

Checkbox (only 

appears if MRSA 

was checked for 

Q3) 

Livestock ownership (horses, cattle) 

None of the above 

Q11. List the critically 

important Dermatologic 

outcome domains that the 

authors controlled for in this 

study. 

 

Checkbox (only 

appears if 

Dermatologic 

was checked for 

Q3) 

Ownership of pets 

Atopic parents 

Factors associated with allergies 

Q12. List the critically 

important otologic outcome 

domains that the authors 

controlled for in this study. 

 

Checkbox (only 

appears if 

Otologic was 

checked for Q3) 

Some pesticide usage 

Q13. List the critically 

important "Other" outcome 

domains that the authors 

controlled for in this study. 

 

Checkbox (only 

appears if Other 

was checked for 

Q3) 

The "Other" category was considered too 

broad to have any specific critical 

confounders. 

Q14. Is confounding of the 

effect of exposure likely in this 

study? 

 

If No or Probably No the study 

can be considered to be at low 

risk of bias due to confounding 

and no further signalling 

questions need be considered. 

Radio Yes 

Probably Yes 

Probably No 

No 

No information 
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Provide justification for your 

answer to Q14. 

 

Text  

Q15. Did the authors use an 

appropriate analysis method 

that adjusted for all of the 

critically important 

confounding domains? 

 

NB: Keep in mind that based 

on the study, some 

confounders may overlap. 

 

Radio Yes 

Probably Yes 

Probably No 

No  

Not applicable 

No information 

Provide justification for your 

answer to Q15. 

 

Text  

Q16. If Y or PY to Q15 Were 

critical confounding domains 

that were adjusted for 

measured validly and reliably 

by the variables available in 

this study? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Not applicable 

No information 

Provide justification for your 

answer to Q16. 

 

Text  

Q17. What is the Confounding 

Bias for this study? (Please see 

p. 20, Sterne et al. 2014) 

 

Radio Low 

Moderate 

Serious 

Critical 

 

Provide justification for your 

answer to Q17. 

 

Text  

Q18. What is the predicted 

direction of bias due to 

confounding? 

 

For guidance, please refer to: 

Mehio-Sibai et al. 2005. 

 

Radio Towards the null 

Away from the null 

Unpredictable 

Provide justification for your 

answer to Q18. 

Text 

 

 

 

 

Selection Bias 

 

Q19. Were the 

controls/unexposed subjects 

Radio Yes 

Probably Yes 
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sampled from the population 

that gave rise to the 

cases/diseased, or using 

another method that avoids 

selection bias? (Good studies 

would get a "Yes".) 

 

Selection bias is an issue if 

there is differential enrollment 

of a group in one of the cells in 

the 2X2 table. Differential 

enrollment based on exposure 

only would not be an issue of 

selection bias, nor would it be 

an issue if the investigators 

differentially enrolled subjects 

based on disease status only. 

 

Probably No 

No 

Provide an explanation for 

your answer to Q19. 

Text 

 

 

 

Q20. What is the risk of 

Selection Bias in this study? 

(Refer to p. 25 in Sterne et al. 

2014.) 

 

NB: Low risk of bias means 

the study is comparable to a 

well-performed randomized 

trial. This is unlikely in an 

observational study. Moderate 

risk of bias means selection 

into the study may have been 

related to exposure and 

outcome status but the 

investigators used appropriate 

methods to adjust for selection 

bias. 

 

Radio Low 

Moderate 

Serious 

Critical 

Justify your answer to Q20. 

 

Text  

Q21. What is the predicted 

direction of bias due to 

selection of participants into 

the study? 

 

Radio Towards the null 

Away from the null 

Unpredictable 

Please give an explanation of 

your answer to Q21. 

Text 
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Bias in exposure measurement 

 

Q22. Was the exposure status 

well defined? 

 

Radio Yes 

No 

Any additional comments for 

your answer to Q22. 

Text 

 

 

 

Q23. How accurately did the 

investigators measure the 

specified exposure(s)? 

 

Radio Relatively accurate 

Inaccurate 

No information 

Provide justification for your 

answer to Q23. 

Text 

 

 

 

Q24. Was information on 

exposure status recorded at the 

time of exposure? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Can't tell 

 

Justify your answer to Q24. 

 

Text  

Q25. Was information on 

exposure status unaffected by 

knowledge of the outcome or 

risk of the outcome? 

 

(Good studies get a Yes.) 

 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Not applicable 

No information 

Provide justification for your 

answer to Q25. 

 

Text  

Q26. What is the risk of bias 

due to measurement of 

exposure? (Refer to p. 27 in 

Sterne et al. 2014). 

 

Radio Low 

Moderate 

Serious 

Critical 

No information 

 

Justify your answer to Q26. Text 

 

 

Q27. What is the predicted 

direction of bias due to 

measurement of exposures? 

 

Radio Towards the null 

Away from the null 

Unpredictable 

Provide justification for your 

answer to Q27. 

 

Text  
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Bias due to missing data 

 

Q28. Was the outcome status 

reasonably complete for those 

in whom it was sought? 

 

< 10% data missing constitutes 

reasonably complete 

 

Radio Yes 

Probably Yes 

Probably No 

No 

No information/numbers not reported 

Provide justification for your 

answer to Q28. 

Text 

 

 

 

Q29. Were data on exposure 

status reasonably complete? 

 

< 10% data missing constitutes 

reasonably complete 

 

Radio Yes 

Probably Yes 

Probably No 

No 

No information/numbers not reported 

 

Justify your answer to Q29. Text 

 

 

Q30. Are data reasonably 

complete for other variables in 

the analysis? 

 

< 10% data missing is 

reasonably complete 

 

Radio Yes 

Probably Yes 

Probably No 

No 

No information/numbers not reported 

Provide justification for your 

answer to Q30. 

Text 

 

 

 

Q31. If you answered "No" to 

Q28, Q29 or Q30, were the 

proportion of participants and 

reasons for missing data 

similar across cases/diseased 

and controls/non-diseased? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

No information 

Can't tell 

Provide an explanation for 

your answer to Q31. 

Text 

 

 

 

Q32. If you answered "No" to 

Q28, Q29 or Q30, were 

appropriate statistical methods 

used to account for missing 

data (i.e. do author's describe 

missing data imputation)? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Not applicable 

No information 

Provide an explanation for 

your answer to Q32. 

 

Text  
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Q33. What is the risk of bias 

due to missing data? (refer to 

p. 36 in Sterne et al. 2014) 

Radio Low 

Moderate 

Serious 

Critical 

Unable to assess 

 

Provide justification for your 

answer to Q33. 

 

Text  

Q34. What is the predicted 

direction of bias due to 

missing data? 

 

Depends on what's missing, 

and most of the time you won't 

be able to tell the direction of 

bias. 

 

Radio Towards the null 

Away from the null 

Unpredictable 

Provide justification for your 

answer to Q34. 

 

Text  

 

Bias in measurement of outcomes 

 

Q35. Was the definition of 

case/disease (and control/non-

diseased status, if applicable) 

based on objective criteria? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Provide an explanation for 

your answer to Q35. 

 

Text  

Q36. Was the definition of 

case/disease status (and 

control/non-disease status, if 

applicable) applied without 

knowledge of the exposure 

received? (This will likely be 

"no" for subjective outcomes 

and "yes" for objective 

outcomes.) 

 

Radio Yes 

No 

Can't tell 

Provide an explanation for 

your answer to Q36. 

 

Text  

Q37. What is the risk of bias 

due to measurement of 

outcomes? (Refer to p.39 in 

Sterne et al. 2014.) 

 

Radio Low 

Moderate 

Serious 

Critical 

No information 
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Provide an explanation for 

your answer to Q37. 

 

Text  

Q38. What is the predicted 

direction of bias due to 

measurement of outcomes? 

 

Radio Towards the null 

Away from the null 

Unpredictable 

Provide justification for your 

answer to Q38. 

 

Text  

 

Bias in selection of reported results 

 

Q39. Is the reported effect 

estimate unlikely to be 

selected on the basis of the 

results due to multiple 

definitions of the exposure? 

 

Answer "Yes" or "Probably 

Yes" if, for example, the 

variable was continuous but 

was treated as categorical. 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Provide an explanation for 

your answer to Q39. 

 

Text  

Q40. Is the reported effect 

estimate unlikely to be 

selected on the basis of the 

results due to multiple 

analyses of the exposure-

outcome relationship? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Can't tell 

Provide an explanation for 

your answer to Q40.  

 

Text  

Q41. Is the reported effect 

estimate unlikely to be 

selected on the basis of results 

due to different subgroups? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Not applicable 

 

Provide an explanation for 

your answer to Q41. 

Text 

 

 

 

Q42. What is the risk of bias 

due to selection of reported 

Radio Low 

Moderate 

Serious 
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results? (Refer to p.43 in 

Sterne et al. 2014.) 

 

Critical 

Unable to assess 

 

Provide justification for your 

answer to Q42. Selective 

reporting will lead to bias if it 

is based on the direction, 

magnitude or statistical 

significance of exposure effect 

estimates 

 

Text  

Q43. What is the predicted 

direction of bias due to 

selection of the reported 

result? 

 

Radio Towards the null 

Away from the null 

Unpredictable 

Provide justification for your 

answer to Q43. 

 

Text  

 

Overall risk of bias 

 

Q44. What is the overall risk 

of bias for the study (Note that 

the overall risk of bias for the 

study should be as bad as the 

worst bias for any of the 

individual bias domains, 

above.) 

 

Radio Low  

Moderate 

Serious 

Critical 

 

Provide justification for your 

answer to Q44. 

Text 

 

 

 

Q45. What is the overall 

predicted direction of bias for 

this outcome? 

 

Radio Towards the null 

Away from the null 

Unpredictable 

Provide justification for your 

answer to Q45.  

 

Text  

1 
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Appendix D. Risk-of-bias tool for non-randomized studies of exposures (cohort studies) for a 2 

systematic review of the association between proximity to animal feeding operations and the health of 3 

individuals in nearby communities (modified from the Cochrane ACROBAT-NRSI Tool Version 1.0.0. from 4 

Sterne et al. 2014). 5 

Risk of bias for non-randomized studies (cohort studies) 

 

Question Style Response 

 

Q1. Describe the exposure / 

outcome grouping. 

Radio Objective exposures / Objective outcomes 

Objective exposures / Subjective outcomes 

Subjective exposures / Subjective outcomes 

Subjective exposures / Objective outcomes 

 

 

Confounding Bias 

 

Q2. Outcome confounding 

domains 

Checkbox Respiratory 

Gastrointestinal 

Mood 

Eye 

Dermatologic 

Lifestyle 

Neurologic 

MRSA 

Otologic 

Other 

 

Q3. List the critically 

important confounding 

domains for respiratory 

outcomes that the 

investigators controlled for in 

this study. 

Checkbox (only 

appears if 

"Respiratory" 

was checked for 

Q2) 

Not reported 

Family history of allergies or respiratory 

disease 

Presence of wood-burning stove(s) 

Exposure to tobacco smoke 

Socioeconomic status (may be indicated by 

race, education, employment status) 

Concurrent disease 

Presence of cats in the house 

 

Q4. List the critically 

important gastrointestinal 

outcome confounding 

domains that the investigators 

controlled for in this study. 

 

Checkbox (only 

appears if 

Gastrointestinal 

was checked for 

Q2) 

 

Pre-existing disease 

Q5. List the critically 

important mood outcome 

domains that the investigators 

controlled for in this study. 

 

Checkbox (only 

appears if Mood 

was checked for 

Q2) 

Socioeconomic status 

None of the above 

Q6. List the critically 

important eye outcome 

Checkbox (only 

appears of Eye 

Pet ownership 

Atopic parents 
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domains that the investigators 

controlled for in this study. 

 

was checked for 

Q2) 

Factors associated with allergies 

Q7. List the critically 

important lifestyle outcome 

domains that the authors 

controlled for in this study. 

 

Checkbox (only 

appears if 

Lifestyle was 

checked for Q2) 

The lifestyle category was considered too 

broad to have any specific critical 

confounders. 

Q8. List the critically 

important neurologic outcome 

domains that the authors 

controlled for in this study. 

 

Checkbox (only 

appears if 

Neurologic was 

checked for Q2) 

Socio-economic status 

Pre-existing disease 

Q9. List the critically 

important MRSA outcome 

domains that the authors 

controlled for in this study. 

 

Checkbox (only 

appears if MRSA 

was checked for 

Q2) 

Livestock ownership (horses, cattle) 

None of the above 

Q10. List the critically 

important dermatologic 

outcome domains that the 

authors controlled for in this 

study. 

 

Checkbox (only 

appears if 

Dermatologic 

was checked for 

Q2) 

Ownership of pets 

Atopic parents 

Factors associated with allergies 

Q11. List the critically 

important otologic outcome 

domains that the authors 

controlled for in this study. 

 

Checkbox (only 

appears if 

Otologic was 

checked for Q2) 

Some pesticide usage 

Q12. List the critically 

important "Other" outcome 

domains that the authors 

controlled for in this study. 

 

Checkbox (only 

appears if Other 

was checked for 

Q2) 

This category was considered so broad that 

critically confounding domains could not be 

identified for this review. 

Q13. Is confounding of the 

effect of exposure likely in this 

study? 

 

If No or Probably No the 

study can be considered to be 

at low risk of bias due to 

confounding and no further 

signalling questions need be 

considered. 

 

Radio Yes 

Probably Yes 

Probably No 

No 

No information 

Provide justification for your 

answer to Q13. 

 

Text  

Q14. Were participants 

analysed according to their 

Radio Yes 

Probably Yes 
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initial exposure group 

throughout follow up? 

 

 

 

Probably No 

No  

Not applicable 

No information 

Provide justification for your 

answer to Q14. 

 

Text  

Q15. If you answered "no" or 

"probably no" to Q14, were 

exposure discontinuations or 

switches unlikely to be related 

to factors that are prognostic 

for the outcome? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Not applicable 

No information 

Provide justification for your 

answer to Q15. 

 

Text  

Q16. If you answered "yes" or 

"probably yes" to Q14 or Q15, 

did the investigators use an 

appropriate analysis method 

that adjusted for all the 

critically important 

confounding domains? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

No information 

Provide justification for your 

answer to Q16. 

 

Text  

Q17. If you answered "yes" or 

"probably yes" to Q16, were 

critical confounding domains 

that were adjusted for 

measured validly and reliably 

by the variables available in 

this study? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Not applicable 

No information 

Provide an explanation for 

your answer to Q17. 

 

Text  

Q18. If you answered "yes" or 

"probably yes" to Q13, did the 

authors avoid adjusting for 

post-intervention variables? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Not applicable 

No information 

 

Provide an explanation for 

your answer to Q18. 

 

Text  
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Q19. If you answered "no" or 

"probably no" to Q14 or Q15, 

did the authors use an 

appropriate analysis method 

that adjusted for all the 

critically important 

confounding domains and for 

time-varying confounding? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Not applicable 

No information 

Provide an explanation to your 

answer to Q19. 

 

Text  

Q20. If you answered "yes" or 

"probably yes" to Q19, were 

confounding domains that 

were adjusted for measured 

validly and reliably by the 

variables available in this 

study? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Not applicable 

No information 

Provide an explanation for 

your answer to Q20. 

 

Text  

Q21. What is the risk of bias 

due to confounding in this 

study? (Refer to p. 20 in 

Sterne et al. 2014.) 

  

Radio Low 

Moderate 

Serious 

Critical 

Please provide justification for 

your answer to Q21. 

Text  

Q22. What is the predicted 

direction of bias due to 

confounding? 

 

(For guidance, please refer to 

Mehio-Sibai et al. 2005.) 

 

Radio Towards the null 

Away from the null 

Unpredictable 

Provide justification for your 

answer to Q22. 

Text 

 

 

 

 

Selection Bias 

 

Q23. Was selection into the 

study unrelated to the 

exposure or unrelated to 

outcome? (Good studies 

would get a "Yes") 

 

Radio Yes 

Probably Yes 

Probably No 

No 
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Selection bias is an issue if 

there is differential enrollment 

of a group in 1 of the cells in 

the 2X2 table. Differential 

enrollment based on exposure 

only would not be an issue of 

selection bias, nor would it be 

an issue if they differentially 

enrolled based on disease-

status only. 

 

Provide an explanation for 

your answer to Q23. 

Text 

 

 

 

Q24. Do start of follow-up 

and start of exposure coincide 

for all or most subjects? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

 

Provide an explanation for 

your answer to Q24. 

 

Text  

Q25. If you answered "no" or 

"probably no" to Q24, were 

adjustment techniques used 

that are likely to correct for 

the presence of selection 

biases? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

 

Provide an explanation for 

your answer to Q25. 

 

Text  

Q26. What is the risk of bias 

due to selection in this study? 

(Refer to p. 24 in Sterne et al. 

2014.) 

 

NB: Low risk of bias means 

the study is comparable to a 

well-performed randomized 

trial. This is unlikely in an 

observational study. Moderate 

risk of bias means selection 

into the study may have been 

related to exposure and 

outcome status but the 

investigators used appropriate 

methods to adjust for selection 

bias. 

 

Radio Low 

Moderate 

Serious 

Critical 
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Justify your answer to Q26. 

 

Text  

Q27. What is the predicted 

direction of bias due to 

selection of participants into 

the study? 

 

Radio Towards the null 

Away from the null 

Unpredictable 

Please give an explanation of 

your answer to Q27. 

Text 

 

 

 

 

Bias in exposure measurement 

 

Q28. Was the exposure status 

well defined? 

 

Radio Yes 

No 

Provide an explanation for 

your answer to Q28. 

Text 

 

 

 

Q29. How accurately did the 

investigators measure the 

specified exposure(s)? 

 

Radio Relatively accurate 

Inaccurate 

No information 

Provide justification for your 

answer to Q29. 

Text 

 

 

 

Q30. Was information on 

exposure status recorded at the 

time of exposure? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Can't tell 

 

Justify your answer to Q30. 

 

Text  

Q31. Was information on 

exposure status unaffected by 

knowledge of the outcome or 

risk of the outcome? 

 

(Good studies get a Yes.) 

 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Not applicable 

No information 

Provide justification for your 

answer to Q31. 

 

Text  

Q32. What is the risk of bias 

due to measurement of the 

exposure? (Refer to p. 27 in 

Sterne et al. 2014). 

 

Radio Low 

Moderate 

Serious 

Critical 

No information 
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Justify your answer to Q32. Text 

 

 

Q33. What is the predicted 

direction of bias due to 

measurement of exposures? 

 

Radio Towards the null 

Away from the null 

Unpredictable 

Provide justification for your 

answer to Q33. 

 

Text  

 

Bias due to missing data 

 

Q40. Was the outcome status 

reasonably complete for those 

in whom it was sought? 

 

< 10% data missing 

constitutes reasonably 

complete 

 

Radio Yes 

Probably Yes 

Probably No 

No 

No information/numbers not reported 

Provide justification for your 

answer to Q40. 

Text 

 

 

 

Q41. Were data on exposure 

status reasonably complete for 

those in whom it was sought? 

 

< 10% data missing 

constitutes reasonably 

complete 

 

Radio Yes 

Probably Yes 

Probably No 

No 

No information/numbers not reported 

 

Justify your answer to Q41. Text 

 

 

Q42. Are data reasonably 

complete for other variables in 

the analysis? 

 

< 10% data missing is 

reasonably complete 

 

Radio Yes 

Probably Yes 

Probably No 

No 

No information/numbers not reported 

Provide justification for your 

answer to Q42. 

Text 

 

 

 

Q43. If you answered "No" to 

Q40, Q41 or Q42, were the 

proportion of participants and 

reasons for missing data 

similar across exposures? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

No information 

Can't tell 
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Provide an explanation for 

your answer to Q43. 

Text 

 

 

 

Q44. If you answered "No" to 

Q40, Q41 or Q42, were 

appropriate statistical methods 

used to account for missing 

data (i.e. Do the investigators 

describe missing data 

imputation)? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Not applicable 

No information 

Provide an explanation for 

your answer to Q44. 

 

Text  

Q45. What is the risk of bias 

due to missing data? (refer to 

p. 36 in Sterne et al. 2014) 

Radio Low 

Moderate 

Serious 

Critical 

Unable to assess 

 

Provide justification for your 

answer to Q45. 

 

Text  

Q46. What is the predicted 

direction of bias due to 

missing data? 

 

Depends on what's missing, 

and most of the time you 

won't be able to tell the 

direction of bias. 

 

Radio Towards the null 

Away from the null 

Unpredictable 

Provide justification for your 

answer to Q46. 

 

Text  

 

Bias in measurement of outcomes 

 

Q47. Was the outcome 

measure objective? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

 

Provide an explanation for 

your answer to Q47. 

 

Text  

Q48. Were outcome assessors 

unaware of the exposure 

Radio Yes 

No 

Can't tell 
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received by study 

participants? 

 

(Will likely be "no" for 

subjective outcome and "yes" 

for objective.) 

 

Provide an explanation for 

your answer to Q48. 

 

Text  

Q49. Were the methods of 

outcome assessment 

comparable across exposure 

groups? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Provide an explanation for 

your answer to Q49. 

 

Text  

Q50. Were any systematic 

errors in measurement of the 

outcome unrelated to the 

exposure status? 

 

Radio Yes 

No 

Provide an explanation for 

your answer to Q50. 

 

Text  

Q51. What is the risk of bias 

due to measurement of 

outcomes? (Refer to p.39 in 

Sterne et al. 2014.) 

 

Radio Low 

Moderate 

Serious 

Critical 

No information 

 

Provide an explanation for 

your answer to Q51. 

 

Text  

Q52. What is the predicted 

direction of bias due to 

measurement of outcomes? 

 

Radio Towards the null 

Away from the null 

Unpredictable 

Provide justification for your 

answer to Q52. 

 

Text  

 

Bias in selection of reported results 

 

Q53. Is the reported effect 

estimate unlikely to be 

selected, on the basis of the 

results, due to multiple 

definitions of the exposure? 

Radio Yes 

Probably Yes 

Probably No 

No 
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Answer "Yes" or "Probably 

Yes" if, for example, the 

variable was continuous but 

was treated as categorical. 

 

Provide an explanation for 

your answer to Q53. 

 

Text  

Q54. Is the reported effect 

estimate unlikely to be 

selected, on the basis of the 

results, due to multiple 

analyses of the exposure-

outcome relationship? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

Can't tell 

Provide an explanation for 

your answer to Q54.  

 

Text  

Q55. Is the reported effect 

estimate unlikely to be 

selected, on the basis of the 

results, due to different 

subgroups? 

 

Radio Yes 

Probably Yes 

Probably No 

No 

 

 

Provide an explanation for 

your answer to Q55. 

Text 

 

 

 

Q56. What is the risk of bias 

due to selection of reported 

results? (Refer to p.43 in 

Sterne et al. 2014.) 

 

Radio Low 

Moderate 

Serious 

Critical 

Unable to assess 

 

Provide justification for your 

answer to Q56. Selective 

reporting will lead to bias if it 

is based on the direction, 

magnitude or statistical 

significance of exposure effect 

estimates 

 

Text  

Q57. What is the predicted 

direction of bias due to 

selection of the reported 

result? 

 

Radio Towards the null 

Away from the null 

Unpredictable 

Provide justification for your 

answer to Q57. 

 

Text  
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Overall risk of bias 

 

Q58. What is the overall risk 

of bias for the study (Note that 

the overall risk of bias for the 

study should be as bad as the 

worst bias for any of the 

individual bias domains, 

above.) 

 

Radio Low  

Moderate 

Serious 

Critical 

 

Provide justification for your 

answer to Q58. 

Text 

 

 

 

Q59. What is the overall 

predicted direction of bias for 

this outcome? 

 

Radio Towards the null 

Away from the null 

Unpredictable 

Provide justification for your 

answer to Q59.  

 

Text  

6 

7 
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Appendix E. Risk-of-bias tool used for non-randomized experimental studies in a systematic review of 8 

the association between proximity to animal feeding operations and the health of individuals in nearby 9 

communities (modified from The Cochrane Collaboration's Risk-of-Bias Tool, Table 8.5a in Higgins and Green 10 

2011). 11 

 

Question 

 

 

Style 

 

Response 

Q1. Please select the exposure/outcome 

combination 

 

Radio Objective exposure/Objective 

outcome 

Objective exposure/Subjective 

outcome 

Subjective exposure/Objective 

outcome 

Subjective exposure/Subjective 

outcome 

 

 

Selection bias 

 

Q2. What was the risk of bias due to allocation 

method? (If the authors did not describe the 

method used to randomize allocation, choose 

"Unclear". If the authors described the method 

used to achieve randomization, choose "Low", if 

the authors did not randomize allocation, choose, 

"High".) 

 

Radio Low 

High 

Unclear 

Q3. What was the rationale for your assessment 

of the risk of bias due to allocation method? 

 

Text  

 

Performance Bias 

 

Q4. Were measures to blind the subjects or 

investigators described? 

Radio Yes 

No 

 

Q5. What was the risk of bias due to knowledge 

of the allocated exposures by the subjects or 

investigators during the study? 

 

Radio Low 

High 

Unclear 

Q6. What was the rationale for your assessment 

of the risk of bias due to blinding of 

subjects/investigators? 

 

Text  

 

Detection Bias 

 

Q7. Did the authors describe measures to blind 

outcome assessors? 

Radio Yes 

No 
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Q8. What is the risk of bias due to knowledge of 

the allocated exposure by the outcome assessors? 

Radio Low 

High 

Unclear 

 

Q9. What was the rationale for your assessment 

of the risk of bias due to blinding of outcome 

assessors? 

 

Text  

 

Attrition Bias 

 

Q10. Were there incomplete outcome data in the 

study? (If this was not reported, choose "unable 

to assess") 

 

Radio No loss to follow-up 

Loss to follow-up present but 

explained 

Loss to follow-up present but not 

explained 

Unable to assess (numbers not 

reported comprehensively) 

 

Q11. What was the risk of bias due to amount, 

nature, or handling of incomplete outcome data? 

(If the authors performed a sensitivity analysis to 

see how the missing or lost data would have 

affected the effect measure, then select "Low". If 

data/animals are missing and the authors do 

nothing to address this, the risk of bias is High). 

 

Radio Low  

High 

Unclear 

Q12. What is the rationale for your assessment 

of the risk of bias due to incomplete outcome 

data? 

 

Text  

 

Reporting Bias 

 

Q13. Was there selective reporting of outcomes? Radio Yes 

No 

Unable to discern 

 

Q14. What was the risk of bias due to selective 

outcome reporting? (Might the funding source 

for the study affect the authors' motivation to 

report all results?) Answer "High" if it looks like 

the authors were "data-mining" in order to find 

any kind of significant difference between 

intervention and control groups or if the authors 

reported results in something other than the 

standard odds ratios or betas. 

 

Radio Low 

High 

Unclear 

 



 89 

Q15. What was the rationale for your assessment 

of the risk of bias due to selective reporting of 

outcomes? 

 

Text  

 

Other Bias 

 

Q16. Comment on any other potential sources of 

bias identified e.g. Did the analyses fail to take 

into account pseudo-replication? We 

acknowledge that this bias in truth affects 

precision, rather than a systematic direction bias. 

 

Text  

Q17. Are there concerns about multiplicity? (e.g. 

If the authors did an ANOVA then did an F-test 

and it's significant and then the authors looked at 

all the comparisons within the ANOVA and did 

a Bonferroni correction within the test, but not 

correct for multiple comparisons across the study 

(just within the ANOVA), there are still 

multiplicity problems if you do, say, 20 

ANOVAs, there's still a problem with 

multiplicity.) 

 

Radio Yes 

No 

Unclear 

Q18. What was the risk of bias due to other 

potential sources of bias not identified in the 

preceding questions? 

 

Radio Low 

High 

Unclear 

Q19. What was the rationale for your assessment 

of the risk of bias due to other sources of bias? 

 

Text  

Q20. Additional Comments (any additional 

information you feel is relevant to the 

assessment of risk of bias that was not captured 

by the previous questions) 

  

Text  

 12 

13 
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Appendix F. Full search strategy and results for a database search of Ovid MEDLINE® In-Process & 14 

Other Non-Indexed Citations and Ovid MEDLINE® (dates covered: 1946 to Present; date of search 15 15 

September 2014) for a systematic review of the association between proximity to animal feeding operations and 16 

the health of individuals in nearby communities. 17 

Search 

line 

Search string Number 

of hits 

 

1 Animal Husbandry/ 15,374 

 

2 Housing, Animal/ or Animal Feed/ 44,514 

 

3 ((animal$1 or bovine or cow or cows or cattle or beef or pig or pigs or piglet$ or pork 

or swine or porcine or hog or hogs or finisher$ or sheep or murine or lamb or lambs or 

poultry or chicken$ or hen or hens or broiler$ or turkey$ or livestock or live stock or 

intensiv$ or industrial$ or confined or confinement or concentrated or large-scale or 

high density) adj4 (feed$ operation$ or feed$ facilit$)).ti,ab. 

 

287 

4 (cafo or cafos or afo or afos).ti,ab. 543 

 

5 (feed lot$1 or feedlot$ or feedyard$ or feed yard$).ti,ab. 2329 

 

6 ((animal$1 or bovine or cow or cows or cattle or beef or pig or pigs or piglet$ or pork 

or swine or porcine or hog or hogs or finisher$ or sheep or murine or lamb or lambs or 

poultry or chicken$ or hen or hens or broiler$ or turkey$ or livestock or live stock) adj 

(density or operation$ or facility or facilities or confined or confinement)).ti,ab. 

 

1897 

7 ((confined or confinement) adj3 (feed or feeding)).ti,ab. 

 

111 

8 ((intensive or intensively or intensity or large-scale or industrial or high-density) adj3 

(farm or farms or farming or livestock or live stock)).ti,ab. 

 

994 

9 ((animal production or livestock production or live stock production) adj (operation$ or 

facility or facilities)).ti,ab. 

 

62 

10 or/1-9 

 

60,675 

11 Environmental Health/ 

 

12,429 

12 environmental exposure/ or inhalation exposure/ 

 

64,342 

13 environmental pollutants/ or exp air pollutants/ or water pollutants/ 

 

100,951 

14 Environmental Illness/ 

 

939 

15 Environmental Monitoring/ 

 

69,965 

16 (public health$ or environmental health$ or environmental medicine or community 

health$).ti,ab,jn,jw. 

 

306,106 
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17 ((public or community or communities or resident$ or residence$1 or living or 

neighbor$ or neighbour$ or family or families or local$1 or population$1 or populace 

or school$1 or preschool$ or highschool$ or nursery or nurseries or playgroup$ or play 

group$ or kindergarten$ or inhabitant$ or household$ or house hold$ or town$ or 

village$ or city or cities or settlement$) adj5 (proximity or vicinity or location$1 or 

located or nearby or near or close or closely)).ti,ab. 

 

37,110 

18 ((community or communities or resident$ or residence$1 or neighbor$ or neighbour$ 

or family or families or local$1 or populace$1 or school$1 or preschool$ or 

highschool$ or nursery or nurseries or playgroup$ or play group$ or kindergarten$ or 

inhabitant$ or household$ or house hold$ or town$ or village$ or city or cities or 

settlement$) adj5 (health or disease$1 or sickness$ or illness$ or infect$ or impact$ or 

effect$1 or exposure$1 or expose$1 or outcome$1 or symptom$1 or risk$1)).ti,ab. 

 

258,268 

19 or/11-18 

 

726,465 

20 10 and 19 

 

3346 

21 exp animals/ not humans/ 

 

4,009,228 

22 (news or editorial or letter).pt. 

 

1,390,080 

23 foot ortho$.ti,ab. 

 

1239 

24 20 not (21 or 22 or 23) 

 

1459 

25 remove duplicates from 24 

 

1437 

18 

19 
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Appendix G. Full search strategy and results for a database search of Science Citation Index (Web of 20 

Knowledge; dates covered 1900 to 13 September 2014; search date 15 September 2014) for a systematic review 21 

of the association between proximity to animal feeding operations and the health of individuals in nearby 22 

communities.  23 

Search 

line 

Search string Number 

of hits 

 

1 TS=((animal* or "bovine" or "cow" or "cows" or "cattle" or "beef" or "pig" or "pigs" or 

piglet* or "pork" or "swine" or "porcine" or "hog" or "hogs" or finisher* or "sheep" or 

"murine" or "lamb" or "lambs" or "poultry" or chicken* or "hen" or "hens" or broiler* or 

turkey* or "livestock" or "live stock" or intensiv* or industrial* or "confined" or 

"confinement" or "concentrated" or "large-scale" or "high density") NEAR/4 ("feed* 

operation*" or "feed* facilit*")) 

 

612 

2 TS=("cafo" or "cafos" or "afo" or "afos") 

 

692 

3 TS=("feed lot" or "feed lots" or feedlot* or feedyard* or "feed yard*") 

 

6886 

4 TS=((animal* or "bovine" or "cow" or "cows" or "cattle" or "beef" or "pig" or "pigs" or 

piglet* or "pork" or "swine" or "porcine" or "hog" or "hogs" or finisher* or "sheep" or 

"murine" or "lamb" or "lambs" or "poultry" or chicken* or "hen" or "hens" or broiler* or 

turkey* or "livestock" or "live stock") NEAR/1 (operation* or "facility" or "facilities" or 

"confined" or "confinement")) 

 

5083 

5 TS=(("confined" or "confinement") NEAR/3 ("feed" or "feeding")) 

 

287 

6 TS=(("intensive" or "intensively" or "intensity" or "large-scale" or "industrial" or "high-

density") NEAR/3 ("farm" or "farms" or "farming" or "livestock" or "live stock")) 

 

3212 

7 TS=(("animal production" or "livestock production" or "live stock production") NEAR/1 

(operation* or "facility" or "facilities"))  

 

89 

8 #7 OR #6 OR #5 OR #4 OR #3 OR #2 OR #1 

 

15,436 

9 TS=("public health*" or "environmental health*" or "environmental medicine" or 

"community health*") 

 

113,749 

10 SO=(public health* or environmental health* or environmental medicine or community 

health*) 

 

64,163 

11 TS=(environment* NEAR/1 (exposure* OR expose* OR pollut* OR illness* OR 

sickness* OR disease*)) 

 

37,080 

12 TS=(("public" or "community" or "communities" or "living" or local* or population* or 

"populace" or resident* or residence* or neighbor* or neighbour* or inhabitant* or 

household* OR "house hold*" OR town* OR village* OR "city" OR "cities" OR 

settlement* OR "family" or "families" or school* or preschool* or highschool* or 

"nursery" or "nurseries" or playgroup* or "play group*" or kindergarten*) NEAR/5 

81,235 
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("proximity" or "vicinity" or location* or "located" or "nearby" or "near" or "close" or 

"closely")) 

 

13 TS=(("public" or "community" or "communities" or "living" or local* or population* or 

"populace" or resident* or residence* or neighbor* or neighbour* or inhabitant* or 

household* OR "house hold*" OR town* OR village* OR "city" OR "cities" OR 

settlement* OR "family" or "families" or school* or preschool* or highschool* or 

"nursery" or "nurseries" or playgroup* or "play group*" or kindergarten*) NEAR/5 

("health" or disease* or sickness* or illness* or infect* or impact* or "effect" or "effects" 

or exposure* or expose* or outcome* or symptom* or "risk" or "risks")) 

 

629,523 

14 TS=("foot ortho*") 

 

1305 

15 #13 OR #12 OR #11 OR #10 OR #9 

 

787,316 

16 #15 AND #8 

 

870 

17 #16 not #14 

 

869 

24 

25 
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Appendix H. Full search strategy and results for a database search of CAB Abstracts (Web of 26 

Knowledge) (dates covered 1910 to present; date searched 3 October 2014) for a systematic review of the 27 

association between proximity to animal feeding operations and the health of individuals in nearby 28 

communities. 29 

Search 

line 

Search string Number 

of hits 

 

1 TS=((animal* or "bovine" or "cow" or "cows" or "cattle" or "beef" or "pig" or "pigs" or 

piglet* or "pork" or "swine" or "porcine" or "hog" or "hogs" or finisher* or "sheep" or 

"murine" or "lamb" or "lambs" or "poultry" or chicken* or "hen" or "hens" or broiler* or 

turkey* or "livestock" or "live stock" or intensiv* or industrial* or "confined" or 

"confinement" or "concentrated" or "large-scale" or "high density") NEAR/4 ("feed* 

operation*" or "feed* facilit*")) 

 

607 

2 TS=("cafo" or "cafos" or "afo" or "afos") 

 

276 

3 TS=("feed lot" or "feed lots" or feedlot* or feedyard* or "feed yard*") 

 

7205 

4 TS=((animal* or "bovine" or "cow" or "cows" or "cattle" or "beef" or "pig" or "pigs" or 

piglet* or "pork" or "swine" or "porcine" or "hog" or "hogs" or finisher* or "sheep" or 

"murine" or "lamb" or "lambs" or "poultry" or chicken* or "hen" or "hens" or broiler* or 

turkey* or "livestock" or "live stock") NEAR/1 (operation* or "facility" or "facilities" or 

"confined" or "confinement")) 

 

7322 

5 TS=(("confined" or "confinement") NEAR/3 ("feed" or "feeding")) 

 

505 

6 TS=(("intensive" or "intensively" or "intensity" or "large-scale" or "industrial" or "high-

density") NEAR/3 ("farm" or "farms" or "farming" or "livestock" or "live stock")) 

 

14,176 

7 TS=(("animal production" or "livestock production" or "live stock production") NEAR/1 

(operation* or "facility" or "facilities"))  

 

178 

8 #7 OR #6 OR #5 OR #4 OR #3 OR #2 OR #1 

 

28,541 

9 TS=("public health*" or "environmental health*" or "environmental medicine" or 

"community health*") 

 

135,343 

10 SO=(public health* or environmental health* or environmental medicine or community 

health*) 

 

8459 

11 TS=(environment* NEAR/1 (exposure* OR expose* OR pollut* OR illness* OR 

sickness* OR disease*)) 

 

77,387 

12 TS=(("public" or "community" or "communities" or "living" or local* or population* or 

"populace" or resident* or residence* or neighbor* or neighbour* or inhabitant* or 

household* OR "house hold*" OR town* OR village* OR "city" OR "cities" OR 

settlement* OR "family" or "families" or school* or preschool* or highschool* or 

"nursery" or "nurseries" or playgroup* or "play group*" or kindergarten*) NEAR/5 

42,635 
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("proximity" or "vicinity" or location* or "located" or "nearby" or "near" or "close" or 

"closely")) 

 

13 TS=(("public" or "community" or "communities" or "living" or local* or population* or 

"populace" or resident* or residence* or neighbor* or neighbour* or inhabitant* or 

household* OR "house hold*" OR town* OR village* OR "city" OR "cities" OR 

settlement* OR "family" or "families" or school* or preschool* or highschool* or 

"nursery" or "nurseries" or playgroup* or "play group*" or kindergarten*) NEAR/5 

("health" or disease* or sickness* or illness* or infect* or impact* or "effect" or "effects" 

or exposure* or expose* or outcome* or symptom* or "risk" or "risks")) 

 

331,013 

14 TS=("foot ortho*") 

 

7 

15 #13 OR #12 OR #11 OR #10 OR #9 

 

442,469 

16 #15 AND #8 

 

2071 

17 #16 not #14 2071 

 

 30 

31 



 96 

Appendix I. List of records excluded at Level 2 (full-text assessment) with reasons for exclusion in a 32 

systematic review of the association between proximity to animal feeding operations and the health of 33 

individuals in nearby communities.  34 

Ref 

ID # 

Article Exclusion Criteria 

16 Ricardo Castillo Neyra, Jose Augusto Frisancho, Jessica L. Rinsky, 

Carol Resnick, Karen Colleen Carroll, Ana Maria Rule, Tracy Ross, 

Yaqi You, Lance B. Price, Ellen Kovner Silbergeld. Multidrug-resistant 

and methicillin-resistant Staphylococcus aureus (MRSA) in hog slaughter 

and processing plant workers and their community in North Carolina 

(USA). Environmental Health Perspectives. 2014. 122:471-7 

The unit of analysis was not 

at the individual human level 

or the study looked at 

occupational exposure only. 

23 P. Levallois, P. Chevalier, S. Gingras, P. Dery, P. Payment, P. Michel, 

M. Rodriguez. Risk of infectious gastroenteritis in young children living in 

Quebec rural areas with intensive animal farming: results of a case-control 

study (2004-2007). Zoonoses & Public Health. 2014. 61:28-38 

The unit of analysis was not 

at the individual human level 

or the study looked at 

occupational exposure only. 

24 Margaret Carrel, Marin L. Schweizer, Mary Vaughan Sarrazin, Tara 

C. Smith, Eli N. Perencevich. Residential proximity to large numbers of 

swine in feeding operations is associated with increased risk of methicillin-

resistant Staphylococcus aureus colonization at time of hospital admission 

in rural Iowa veterans. Infection Control & Hospital Epidemiology. 2014. 

35:190-3 

The unit of analysis was not 

at the individual human level 

or the study looked at 

occupational exposure only. 

27 G. M. Troili, R. Businaro, F. Massoni, L. Ricci, L. Petrone, P. Ricci, S. 

Ricci. [Investigation on a group of autistic children: risk factors and 

medical social considerations]. Clinica Terapeutica. 2013. 164:e273-8 

The unit of analysis was not 

at the individual human level 

or the study looked at 

occupational exposure only. 

53 Margaret A. Davis, Danna L. Moore, Katherine N. K. Baker, Nigel P. 

French, Marianne Patnode, Joni Hensley, Kathryn Macdonald, 

Thomas E. Besser. Risk factors for campylobacteriosis in two washington 

state counties with high numbers of dairy farms. Journal of Clinical 

Microbiology. 2013. 51:3921-7 

The unit of analysis was not 

at the individual human level 

or the study looked at 

occupational exposure only. 

82 Monica Monaco, Palmino Pedroni, Andrea Sanchini, Annalisa 

Bonomini, Annamaria Indelicato, Annalisa Pantosti. Livestock-

associated methicillin-resistant Staphylococcus aureus responsible for 

human colonization and infection in an area of Italy with high density of 

pig farming. BMC Infectious Diseases. 2013. 13:258 

The unit of analysis was not 

at the individual human level 

or the study looked at 

occupational exposure only. 

87 Christiane Cuny, Robin Kock, Wolfgang Witte. Livestock associated 

MRSA (LA-MRSA) and its relevance for humans in Germany. Ijmm 

International Journal of Medical Microbiology. 2013. 303:331-7 

The unit of analysis was not 

at the individual human level 

or the study looked at 

occupational exposure only. 

99 Joan A. Casey, Frank C. Curriero, Sara E. Cosgrove, Keeve E. 

Nachman, Brian S. Schwartz. High-density livestock operations, crop 

field application of manure, and risk of community-associated methicillin-
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