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Questionnaire assessment of airway disease

symptoms in equine barn personnel

Melissa R. Mazan1, Jessica Svatek1, Louise Maranda2, David Christiani3, Andrew Ghio4, Jenifer Nadeau5

and Andrew M. Hoffman1

Background Peopleworking in cattle, swine andpoultry barns have a higher prevalence of respiratory symptoms and

decreased lung function. There is scant evidence regarding the respiratory health of humansworking in

horse barns, although it iswell documented that stabled horses have a high prevalence of airway disease.

Aim To determine whether people spending time in horse barns have a higher prevalence of self-reported

respiratory symptoms than non-exposed controls.

Methods A cross-sectional questionnaire study was conducted from May 2005 to January 2006 to investigate

the prevalence of self-reported respiratory symptoms in 82 barn-exposed subjects and 74 control sub-

jects. Logistic regression and the chi-square test were used to analyse the data.

Results There was a significantly higher prevalence of self-reported respiratory symptoms in the barn-exposed

group (50%) versus the control group (15%). Exposure to horse barns, smoking and family history of

asthma or allergies was independent risk factors for respiratory symptoms. High exposure to the horse

barn yielded a higher odds ratio for self-reported respiratory symptoms (8.9).

Conclusions Exposure to the equine barn is a risk factor for respiratory symptoms. Investigation of organic dust

exposures, lung function and horse dander allergies in the barn-exposed group will be necessary to

determine how best to protect the health of this group.

Key words Airway disease; asthma; barn; horse; IAD; organic dust.

Introduction

The equine industry contributes over $39 billion annually

to the US economy, and an estimated 4.6 million Ameri-

cans are directly involved in the US equine industry—

many of these people are exposed to the equine barn

environment on a daily basis [1]. There has been little at-

tention paid to the effect of the barn environment on the

human respiratory system; however, recent evidence has

begun to show that the equine environment may have an

adverse effect on human respiratory health [2–4]. In addi-

tion to this emerging risk, it is well established that the

equinebarnenvironment ishostile to the respiratoryhealth

of horses. An estimated 33% [5] to 80% [6] of stabled

horses develop non-septic lower airway inflammationwith

variable exercise intolerance. This inflammatory airway

disease (IAD) has been attributed to high levels of organic

dust and endotoxin in the typical equine barn [7,8]. We

have previously suggested that characteristics of clinical

presentation, physiological changes and pathology of

equine IAD are comparable to the human response to par-

ticulatematter [9].Moreover, pig, dairy andpoultry farm-

ers, in environments similarly high in organic dust, are at a

high risk for airwaydiseases [10–13].Thesedataprompted

us to hypothesize that humans sharing the barn environ-

ment with horses would likewise be at risk for respiratory

disease. Therefore, our aim in this cross-sectional ques-

tionnaire study was to determine the prevalence of self-

reported respiratory symptoms in people exposed to the

barn environment versus a control population.

Methods

We created a sampling frame from an existing list of

equine barns in New England. We telephoned the barn
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managers on this list until we had a sufficient number

agree to participate (a total of 35 barns). Participants be-

tween the ages of 18 and 75 were approached individually

by a student volunteer. Our control population was cho-

sen by recruiting random adults (18–75 years of age) at

grocery stores, banks and other public venues in the same

towns as the equine barns by the same student volunteers.

For both the barn-exposed and control populations, the

questionnaires were completed while the interviewer

was on the premises and returned to the interviewer

for analysis.

Exclusion criteria for the control population included

any exposure to other livestock barns or cohabitation with

a person exposed to horses or other livestock. Exclusion

criteria for both the exposed and the control populations

included employment in a dusty trade, such as wood-

working and construction. The Tufts University Institu-

tional Review Board approved the study protocol and

informed consent was obtained from all participants.

The ‘Organic Dust Exposure Questionnaire’ [14] was

modified to include questions regarding barn exposure,

pet ownership, home exposures to mould or combustion

particulates, occupation and family history of allergies or

asthma. Participants were asked whether, in the last

12 months, they had experienced dry or productive

cough, wheezing, chest tightness, shortness of breath, dif-

ficulty breathing or awakening at night due to respiratory

problems or nasal irritation.

If participants had experienced dry or productive

cough, wheezing, chest tightness, shortness of breath,

difficulty breathing or awakening at night due to respira-

tory problems, they were designated as having respiratory

symptoms. If participants reported experiencing nasal

irritation, this was separately categorized as ‘nasal

symptoms’.

The control population was designated as having no

exposure. Participants who spent ,10 h/week at an

equine barn were designated as having low exposure.

Participants who spent $10 h/week at an equine barn

were designated as having high exposure. We chose these

exposure categories because of anecdotal evidence sug-

gesting that the casual rider who is unlikely to perform

barn-related tasks resulting in greater exposure to the

barn environment such as putting out hay or cleaning

stalls is likely to spend 1–2 h/day, 2–5 days/week at the

barn, whereas those routinely performing barn tasks

resulting in greater exposure to the barn environment

are likely to spend much more time at the barn.

Statistical analysis was performed using the epidemio-

logic software EGRET (Cytel, Seattle, WA, USA). Pos-

sible confounders were smoking, family history of

asthma/atopy, allergies, pet ownership, presence ofmould

or combustion particulates in the home, sleeping with

feather products, age and sex. All confounder and risk

factor variables were first compared to outcome (self-

reported respiratory symptoms) using multivariate anal-

ysis with logistic regression. Smoking was adjusted for as

a dichotomous variable (current versus never- or ex-

smokers), as was family history of asthma or allergies,

and age was adjusted for as a continuous variable to yield

adjusted odds ratios (ORs). The association between two

categorical variables was determined using a chi-square

test.

Results

In all, 102 people were approached and 82 accepted (re-

sponse rate of �80%) and 212 controls were approached

and 74 accepted (34% response rate).

The barn-exposed group had a significantly greater

percentage of females, current and ex-smokers and family

history of allergies and asthma (Table 1).

Using the modified questionnaire, barn-exposed par-

ticipants were compared to controls to determine whether

barn exposure was associated with a higher occurrence of

self-reported respiratory symptoms. There was signifi-

cantly higher self-reporting of each of the respiratory

symptoms in the barn-exposed group (Table 2).

Fifty per cent of the barn-exposed group reported ex-

periencing at least one of the respiratory symptoms in the

past 12 months, whereas only 15% of the control group

reported the same; this difference was significant (P ,

0.05) (Table 3).

None of the control group had any exposure to horse

barns or other livestock. The majority (77%) of barn-

exposed people were in thehigh-exposure group,withonly

23% in the low-exposure group. Of the high-exposure

group, 59% reported at least one of the respiratory symp-

toms, compared to 26% of the low-exposure, and 15% of

the control group. These groups differed significantly

from each other using chi-square analysis. A significantly

higher percentage of the high-exposure group reported

each of the possible respiratory symptoms than the low-

exposure or control groups (Table 2). Similarly, only

Table 1. Descriptive data for barn-exposed and control groups

Descriptive data Number (%) Number (%)

Barn exposed Control

Age (years), mean (SD) 41 (13) 38 (15)

Number 82 74

Female gender n (%) 65 (80)* 58 (59)

Current smokers n (%) 10 (12)* 3.7 (5)

Ex-smokers n (%) 34 (41)* 20 (27)

Pack years, mean (SD) 2.1 (3.3) 2.6 (7.9)

Exposed .10 h/week n (%) 59 (72) 0

Family history of

asthma or atopy n (%)

37 (45)* 22 (30)

*P , 0.05.
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12% of the control group experienced nasal irritation,

whereas 17% of the low-exposure group and 39% of

the high-exposure group experienced nasal irritation

(Table 4).

The high- and low-exposure groups differed from the

control group and to each other using chi-square analysis

(P , 0.05).

Using multivariate analysis, after adjusting for con-

founders, we found that only smoking and family history

of allergies and asthma were associated with the outcome;

thus, these were retained in our final adjusted model. Al-

though age and gender were not associated with the out-

come, because other similar studies have found these

confounders to be significant, these were also retained

[15]. When barn-exposed people are stratified into

low- and high-exposure groups, we find that being ex-

posed to the barn environment for.10 h/week is a signif-

icant predictor of self-reporting respiratory symptoms in

the past 12 months. Being exposed to the barn environ-

ment is likewise a significant predictor of having experi-

enced nasal irritation in the past 12 months, although the

association is not as strong. Being a current, but not a past

smoker and having a family history of allergies or asthma

was also a significant predictor of reporting respiratory

symptoms. Family history of asthma or allergy, but nei-

ther current nor past smoking, was a significant predictor

of self-reporting nasal irritation (Table 5).

Discussion

This cross-sectional study demonstrated a strong associ-

ation between exposure to the horse barn environment

and self-reporting respiratory symptoms. Among our

high-exposure cohort, 59% reported respiratory symp-

toms and 19% reported wheeze. Self-reported nasal irri-

tation was likewise more prevalent in both low- and high-

exposure groups (Table 4). Moreover, self-reporting of

respiratory symptoms was greater in the high-exposure

group (Table 3). High exposure ($10 h/week) was asso-

ciated with a significantly higher OR (8.9, CI: 3.1–26.2)

for self-reporting respiratory symptoms. A study of self-

reported symptoms in European animal farmers revealed

prevalences of shortness of breath of 10–15%, dry cough

of 10–20%, productive cough of 9–18%, wheeze of

7–11% and nasal irritation of 21–29%, which were similar

to our study [16]. Both the European study and our ques-

tionnaire study revealed a prevalence of respiratory symp-

toms which is considerably higher than our control group

and that reported for the general north-eastern popula-

tion of the USA [17].

Employees working with horses tended to smoke more

than the sampled control population, and smoking was an

independent risk factor for self-reported respiratory

symptoms in the barn-exposed population, but did not

explain the magnitude of the response (Table 5). Family

history of asthma or allergies was an independent predic-

tor of reporting respiratory symptoms (Table 5). This is

concordant with previous questionnaire studies establish-

ing the link between smoking, respiratory symptoms and

asthma [18], as well as family history of atopy or asthma

and respiratory symptoms. The suspected confounders

that were independent predictors of nasal irritation were

Table 2. Number and percent of control, all barn-exposed, low-

exposure and high-exposure groups reporting specific respiratory

symptoms

Self-reported

respiratory

symptoms

Control Total barn

exposed

Low

exposure

High

exposure

n (%) n (%) n (%) n (%)

Productive cough 2 (2) 8 (10)* 1 (5) 7 (12)*

Dry cough 6 (8) 28 (34)* 4 (18) 24 (41)*

Wheeze 3 (4) 12 (14)* 1 (4) 11 (19)*

Chest tightness 2 (2) 16 (20)* 1 (4) 15 (25)*

Shortness of breath 6 (8) 12 (15)* 0 12 (19)*

Difficulty breathing 3 (4) 11 (13)* 1 (4) 12 (20)*

Awaken at night

with symptoms

4 (5) 15 (18)* 3 (14) 12 (20)*

*P , 0.05.

Table 3. Number and percent of control, all barn-exposed, low-

exposure and high-exposure groups reporting at least one of the

respiratory symptoms in Table 2

At least one

respiratory

symptom

(not nasal)

No

exposure

(control)

Total

barn

exposed

Low

exposure

(,10 h/week)

High

exposure

($10 h/week)

n (%) n (%) n (%) n (%)

Total in group 74 82 23 59

Affected

(percentage)

11 (15) 41 (50) 6 (26)* 35 (59)*

*P , 0.05.

Table 4. Number and per cent of control, all barn-exposed, low-

exposure and high-exposure groups reporting nasal irritation

Nasal irritation

symptoms

No

exposure

(control)

Total

barn

exposed

Low

exposure

(,10 h/week)

High

exposure

($10 h/week)

n (%) n (%) n (%) n (%)

Total in group 74 82 23 59

Affected

(percentage)

10 (12) 27 (33)* 4 (17) 23 (39)*

*P , 0.05.
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family history of asthma and allergies, but not smoking.

Unlike prior reports of certain respiratory diseases, such

as asthma, being more prevalent in females in New

England (Asthma Regional Council Report 2006), we

found no significant effect of gender in our study.

There are important potential weaknesses of this study.

We had low numbers, thus we were constrained to con-

centrating on several key points in order to avoid lowering

convergence and statistical power. Although we used

a modified version of the Rylander Organic Dust survey,

we did not estimate exposures beyond time spent in the

barn. Further, the inability to truly randomize is an inher-

ent weakness of a study such as this, as we are unable to

guarantee the original comparability of the two popula-

tions, and it is impossible to completely rid such a study

of residuals despite controlling for possible confounders.

We did not attempt to determine the extent of the ‘healthy

worker effect’ in this study [19]; however, people who

work with horses tend to do so because they are passion-

ate in their pursuit of horse sports, and may prefer to rely

on medication to alleviate symptoms or live with symp-

toms, rather than abandon the horse environment. This

may explain to a certain extent the extremely high prev-

alence of self-reported respiratory symptoms. Finally, we

did not investigate the prevalence of horse dander allergy

in either the exposed or non-exposed group. Recently,

a cohort of horse grooms was shown to have a prevalence

of allergy to horses of 12.8 versus 4.3% in the control

group [3]. Although the prevalence of allergy to horses

in the exposed group was higher, the relatively low level

overall leads us to believe that horse dander allergy is un-

likely to be the sole cause of the respiratory symptoms de-

scribed by the barn-exposed group in our questionnaire.

Evidence that the horse barn environment is associated

with development of respiratory symptoms in exposed

people is beginning to emerge. A study of work-related

respiratory symptoms in New Zealand farmers demon-

strated that working with horses was consistently associ-

ated with higher prevalence rates of chronic bronchitis,

dyspnoea, organic dust toxic syndrome and farmer’s lung

than were other types of farming [2]. Horse management

has also been associated with a higher prevalence of

asthma [3] and respiratory work-related symptoms

[20]. Our findings are in strong support of the recently

published study byGallagher et al. [4] revealing that horse

trainers in New Zealand are at increased risk for reporting

chronic bronchitis. Our study demonstrates that even rel-

atively low exposures (,10 h a week) are associated with

a greater risk of reporting respiratory symptoms. Respira-

tory disease is a prevalent problem in stabled horses, with

50–80% of stabled horses experiencing non-septic lower

airway inflammation [21]. A severe manifestation of this

IAD, known as ‘heaves’, is characterized by varying de-

grees of both irreversible airway obstruction and revers-

ible narrowing [22]. There is severe neutrophilic airway

inflammation, goblet cell hyperplasia, bronchial epithelial

cell hyperplasia, smooth muscle hypertrophy and colla-

gen deposition [23]. The neutrophilic airway inflam-

mation and airway obstruction are reminiscent of the

human response to particles of biological origin, such

as grain dust [24] and cotton dust [25]. This evidence,

in combination with our data showing the high prevalence

of respiratory symptoms in barn-exposed people,

prompts us to hypothesize that the barn environment

has a similar effect on the human respiratory system.

Particles at the breathing zone of the horse range from

0.41 to20.0mg/m3 [26] and arebiological in composition,

comprising animalwaste,mould spores andotherparticles

from hay and straw, wood dust and grain dust. There is

a high endotoxin load at the breathing zone of horses, with

airborneendotoxin�1.52mg/m3 in respirabledust [27]. It

is reasonable to assume that the dust load presented to the

humanoccupying the same environmentwill be similar. In

comparison, significant pulmonary function decrements

were shown in poultry workers when they were exposed

to 2.4 mg/m3 of total dust, 0.16 mg/m3 of respirable dust

and 614 endotoxin units/m3 of endotoxin [28].

It is possible that the high level of airborne mould

spores act not only as potential allergens but also as a par-

ticulate per se. The role of airborne moulds in respiratory

disease remains debatable in human medicine; the re-

markable levels found in the equine barn environment

may allow us to better understand the role that these bio-

aerosols play in human respiratory disease.

The results of this cross-sectional questionnaire dem-

onstrate that exposure to the horse barn is strongly asso-

ciated with reporting respiratory symptoms. These results

Table 5. Final adjusted model for multivariate analysis of exposure

to horse barns as a risk factor for self-reporting respiratory symp-

toms, with age, gender, family history of asthma, family history

of allergies and smoking retained in the model

Model OR (95% CI)

Reported at least one respiratory

symptom in past year

Low exposure 2.3 (0.6–9.8)

High exposure 8.9 (3–32.3)

Family history of respiratory problems 5.3 (2.2–12.6)

History of allergies 2.7 (1.2–6.5)

Current smoker 2.3 (0.7–7.1)

Past smoker 1.4 (0.5–3.9)

Age 0.8 (0.3–1.9)

Gender 0.9 (0.3–2.6)

Nasal irritation in the last year

Low exposure 0.4 (0.6–1.5)

High exposure 3.5 (1.1–10.6)

Family history of respiratory problems 8 (3.1–20.8)

History of allergies 3.6 (1.4–9.3)

Current smoker 1 (0.3–3.6)

Past smoker 1.2 (0.4–3.8)

Age 0.60 (0.2–1.6)

Gender 1 (0.30–3.6)
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suggest that an environment shared by horse and human

may result in development of similar airway inflammation

and dysfunction. It will be important in future to establish

human exposures to organic dust and determine what the

components of that dust are, including endotoxin and

moulds and other bioaerosols, as well as decomposition

gases such as ammonia. It will also be important to deter-

mine task-specific exposures and farm characteristics, as

well as longitudinal effects on lung function [29]. As there

is evidence that allergy to horse dander is associated with

development of asthma after childhood farming expo-

sures [30] or extensive exposure to horses [3], the role

of the immune response in the underlying pathology of

respiratory symptoms in this group should also be an area

for future research.
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