
Peak Flow as a Measure of Airway 
Dysfunction in Swine Confinement 
Operators 

Timothy ]. Quinn, BS; Kelly ]. Donham, DVM; 
james A. Merchant , MD, DrPH; and 
David A. Schwartz, MD, MPH, FCCP 

To evaluate the usefulness of a portable peak flow meter 
in predicting airway dysfunction in symptomatic swine 
confinement workers, we conducted a study using an 
established cohort of swine workers in Iowa. Partici­
pants were randomly selected from a group of 207 swine 
confinement workers and a group of nonconfinement 
farmers who had been followed longitudinally. Swine 
confinement workers with work-related symptoms were 
identified, and two control groups (swine confinement 
workers and nonconfinement workers) without work­
related symptoms were frequency matched by age, sex, 
and smoking status to the symptomatic swine confine­
ment workers. Peak flow measures were obtained for 7 
days using a mini-Wright peak flow meter and compar­
isons were made between the symptomatic swine con­
finement farmers (n=24) and both groups of asympto­
matic workers: swine confinement workers (n=21) and 
neighborhood farmer controls (n=25). Peak flow read­
ings were recorded by subjects five times per day for 7 
days, initially on awakening, then after chores, before 
lunch, before dinner, and before bedtime. The actual 
hour of day for each measurement of peak flow was 
similar between the three groups. Percent changes from 

kimal confinement operations represent a rela-
tively new approach to livestock farming. These 

operations may increase animal production capacity, 
but also create a work environment with unique res­
piratory hazards. Dusts in these facilities consist of 
feed and aerosolized fecal material, as well as gases 
and animal dander.l-4 This mixture of gases consists 
primarily of carbon dioxide, ammonia, methane, and 
hydrogen sulfide.5 Anaerobic microbes produce an 
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initial AM peak flow did not significantly differ between 
subject groups. However, symptomatic swine confine­
ment workers consistently exhibited significantly lower 
initial and subsequent mean peak flow values compared 
with asymptomatic swine confinement workers and 
neighborhood control farmers, controlling for age, 
height, gender, and smoking status. These differences 
occurred on most of the measures of peak flow through­
out the work day. The persistence of these lower values 
throughout the work day is remarkably consistent dur­
ing the study period and is suggestive of airway disease 
in the symptomatic swine confinement workers. Our 
findings suggest that peak flow meters are a useful 
indicator of potential airway injury and offer an addi­
tional portable, diagnostic tool in the assessment of 
symptomatic workers. (Chest 1995; 107:1303-08) 

I PEFR=peak expiratory flow rate I 

Key words: asthma; bronchitis; confinement dust; farmers; 
mini-Wright; occupational asthma; peak flow ; swine con­
finement operators 

additional 68 volatile compounds that have been 
identified in hog waste manure pits.2 Ammonia, for 
example, adsorbs to particulates and becomes a 
component of the generated dust. 1-3 Animal confine­
ment operators report a high prevalence of cough and 
sputum production. 4-8 The prevalence of bronchitis 
among swine confinement workers has been reported 
as high as 70%.5 These workers as a group exhibit 
work-related decreases in airflow.9•10 In fact, workers 
spending greater proportions of their day in confine­
ment facilities have higher frequencies of cough and 
phlegm, as well as lower pulmonary function per­
formance than those spending less time in the facil­
ities. 8,11,12 

The peak flow meter is an established indicator of 
airway function in asthma13 and bronchitis.14 This 
portable, hand-held device has been used to assess 
diurnal range in peak flow as it relates to symptoms,13 

and changes within the day resulting from specific 
occupational and environmental exposures.15-17 Daily 
peak flow amplitudes lower than normal have been 
observed in workers exposed to cotton dusts and mi-
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crobial contaminants.17 The portable peak flow meter 
provides an accurate measure of airflow. It has been 
shown to be accurate within 3% in the 450 to 600 
L/min range when standardized against a pneumo­
tachometer.l8 Shapiro also found consistent results 
for subjects using the mini-Wright meters,18 the ex­
ception being variability at less than 300 L/min or 
use of the device greater than 200 times.l8 This de­
vice provides a measure of peak expiratory flow rate 
(PEFR) that is significantly correlated with PEFR 
measured by the Wright peak flow meter19 and the 
standard spirometer .16 

The purpose of the current investigation was to 
determine whether the portable peak flow meter 
could detect physiologic differences between symp­
tomatic hog confinement farmers and asymptomatic 
controls. A previous study of this group of farmers 
revealed that symptomatic hog confinement workers 
had evidence of airway disease manifested by air 
trapping, enhanced responses to methacholine, and 
thickening of the bronchiolar basement membrane 
when compared with controls. 20 Thus in this study, 
we are interested in determining whether a simple 
noninvasive portable device, such as the mini-Wright 
flow meter, is able to detect airway dysfunction in a 
population of symptomatic swine confinement work­
ers that has been previously studied.20 

METHODS 

Study Population 

Cases and controls were systematically selected from an ongo­
ing longitudinal study so that results could be generalized to sub­
jects in the longitudinal investigation. The population-based, 
longitudinal cohort was established in 1984 and consisted of a 
random sample of all swine confinement operators in Eastern 
Iowa. The sample was stratified by size of operation and 
geographic locale. After the 207 swine confinement operators 
were selected, 158 neighborhood farmers were matched by geo­
graphic locale (within a radius of 5 miles) to the swine confine­
ment operators. Neighborhood farmers had a history of swine 
production, but none had swine confinement exposure for 5 years 
before beginning the study. 

Swine Confinement Cases 

Of the 207 swine confinement operators, 43 met the case def­

inition of work-related symptoms; they experienced chest tight­

ness or difficulty breathing on returning to work 2 days after last 

exposure, frequent episodes of either chest tightness, or dyspnea 

while working in a confinement building or at least two delayed 

constitutional symptoms-fever, chills, muscle aches, weakness, 

cough, chest tightness, dyspnea-occurring 2 to 6 h after exposure 

to dust in a confinement building. Thirty-one swine confinement 

operators were randomly selected from the 43 eligible swine 

confinement cases of whom 9 (29%) had chest tightness or diffi­

culty breathing after returning to work, 17 (55%) had frequent 

episodes of chest tightness or dyspnea while working in a 

confinement building, and 17 (55%) had delayed constitutional 

symptoms several hours after exposure to dust. 
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Control Subjects 

Subjects who did not fit the case definition were selected from 
each of the cohorts: swine confinement operators and neighbor­
hood farmers. For each cohort, controls were randomly selected 
from the appropriate age (using 10-year intervals), sex, and 
smoking status (never, former, or current) strata, such that each 
control group had a similar number of subjects within each of 
these strata. 

Rate of Participation 

Ninety six subjects took part in the earlier case-control inves­
tigation20 Thirteen of these subjects did not follow up in the peak 
flow study. Of these, five were cases that did not participate (four 
were no longer in swine confinement farming and one subject 
declined to participate), five swine controls dropped (three were 
no longer raising hogs and two declined to participate), and three 
farmer controls were lost to follow-up (two were no longer in 
farming and one subject declined). Peak flow meters were given 
to the 83 participants that remained. Participation rates varied, 
and some subjects reported little or no information. Excluded 
from the analysis were those returning no peak flow information: 
two swine confinement subjects, seven swine controls, and three 
neighborhood controls. An additional subject from the swine 
confinement control group was not included because they re­
ported only one peak flow measurement. Of those 83 subjects 
asked to participate, 70 (84%) actually participated and were in­
cluded in the analysis. 

Study Protocol 

Subjects were given a hand held mini-Wright peak flow meter 
(Clement Clarke; Columbus, Ohio) by a respiratory therapist on 
the day of the visit to their hog confinement operation. Study 
subjects and the therapist were blinded to the case/ control status 
of the participant. Each study subject was instructed to make all 
measurements while standing and to blow as hard and fast as they 
could while holding the meter in a horizontal position on its bot­
tom side with one hand. To minimize sensitivity, those exposed 
to cold air were told to wait several minutes before completing the 
test. Peak flow results were recorded for 7 days, beginning the day 
of the site visit with five reading times each day: after awaken­
ing, after chores, before lunch, before dinner, and before bedtime. 
Three attempts were made at each reading time, and participants 
were asked to take readings at the same times every day in the 
same location. We retained the best two peak flow results at each 
reading and averaged them. Percent changes from baseline were 
calculated using the following formula: [(2nd reading- 1st read­
ing) / lst reading] • 100%. A form was given to each subject for 
recording the results and times, as well as a stamped, addressed 
envelope for the return of the meter and data sheet. 

Statistics 

The Mann Whitney U statistic21 was initially used to evaluate 
portable peak flow results. Our evaluation included variation from 
baseline as well as the mean peak flow performance of the 
symptomatic swine confinement workers in relation to the two 
control groups. Comparisons between the swine cases and control 
groups were then analyzed using linear regression models22 to 
control for age, height, gender, and smoking status. Since our 
hypothesis was that peak flow would be lower among symptom­
atic swine confinement workers, a one-tailed statistical test was 
used. 

RESULTS 

Demographics of the study participants are pre­
sented in Table 1. Characteristics of age, sex, and 
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Table !-Demographic and Clinical Characteristics of 
Study Subjects* 

Swine Swine Neighborhood 
Confinement Confinement Farmer 
Cases, n=24 Controls, n=21 Controls, n=25 

Variable (%) (%) (%) 

Age, yrs 42.17 ± 11.09 41.95±9.11 40.28 ± 10.29 
Height, inches 69.79±2.73 70.76±3.38 71.38±2.59 
Male 22 (92) 18 (86) 23 (92) 
Smoking history 

Never 17 (71) 18 (86) 14 (56) 
Former 4 (17) 2 (10) 8 (32) 
Current 3 (12) 1 (4) 3 (12) 

Pack-years of 7.48± 17.33 1.43±5.26 5.61 ±10.20 
smoking 

Swine farming, 24 (100) 21 (100) 17 (68) 
n 

Swine confinement 24 (100) 21 (100) 0 (O) 
work within 
past 5 yrs 

Farming, yrs 23.13±11.28 24.24±8.46 22.04 ± 10.06 

*Values in the table are expressed as the mean± SD for continuous 
variables and as n ( %)for categorical variables. 

smoking status of the three groups are similar, as the 
study design would predict. While over 50% of each 
group were never smokers, the pack years of con­
finement controls were lower relative to the swine 
confinement cases and farmer controls. All subjects 
had a history of farming, and the number of years of 
farming experience was similar between the groups. 
Of note, over half of the neighborhood controls par­
ticipated in raising hogs; however, none of the 
neighborhood farmers had worked in confinement 
facilities within 5 years of the initiation of this study. 

Comparing each study group, the compliance ob­
taining and reporting peak flow measurements was 

Peak Flow 

quite similar. Thirty five potential reading times ex­
isted for each subject (five times per day for 7 con­
secutive days) . Of the total possible readings, the 
three groups combined reported 1,730 of 2,450 
readings (71%). Of the subjects included in the anal­
ysis, swine cases reported 576 of 805 possible readings 
(72%), swine controls reported 447 of 735 (61%), and 
neighborhood farmer controls reported 707 of 910 
(77%) . Fifteen subjects reported values at every one 
of the 35 possible readings: 4 confinement cases, 4 
confinement controls, and 7 neighborhood farmers . 
Subjects were asked to take peak flow measurements 
after specific events throughout the day . Using an 
event instead of a specific time of day created ranges 
in data collection times in the three groups. These 
ranges in time, however, were remarkably consistent 
between groups. For example, symptomatic swine 
workers reported first readings of the day between 
0535 and 0920, swine confinement controls between 
0440 and 0940, and asymptomatic neighborhood 
farmers between 0530 and 0920. 

Swine cases as a group showed consistently lower 
mean peak flow values than both swine controls and 
neighborhood controls (Fig 1). Table 2 presents the 
mean peak flow values at the first reading (after 
awakening) for each day and shows that the symp­
tomatic swine confinement cases tended to have 
lower values than either of the control groups. The 
symptomatic workers also tended to be significantly 
lower for the second (Table 3), third (Table 4), fourth 
(Table 5), and fifth (Table 6) readings when com­
pared with the control groups. While there were no 
significant differences between the mean peak flow 
of swine controls and neighborhood farmer controls, 
the symptomatic swine workers clearly exhibit lower 

-- swine cases swine controls -- farmer controls 
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FIGURE l. Mean peak flow values for the 
three groups during the observation period. 
Standard error bars are not shown. 
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Table 2-Mean Peak Flow After Awakening* 

Swine Swine Neighborhood 
Confinement Confinement Farmer 

Cases Controls Controls 
Variable (n=24) (n=21 ) (n=25) 

Day 1 568.6 ± 76.9 (24) 590.4 ± 65.6 (21) 595.0 ± 68.8 (25) 
Day 2 556.9±82.1 (21) 590.1 ±68.7 (17) 605.4±62.1 (23) 
Day 3 563.2 ± 81.9 (18) 586.5±63.1 (14) 601.1 ± 63.9 (22) 
Day 4 552.7±77.4 (20) 604.4 ± 71.3 (17)t 609.4 ± 63.0 (22)1 

Day 5 555.9±89.8 (18) 598.9±66.3 (14) 605.1±65.6 (21) 
Day 6 557.5 ± 83.8 (16) 604.7±70.6 (15) 602.2±65.4 (22) 
Day 7 560.2±80.5 (18) 595.3 ± 59.4 (15) 602.3 ± 63.5 (21) 

*Values are means±SD followed by (n). Swine cases were individu­
ally compared with each of the two control groups, using linear re­
gression to control for age, height, gender, and smoking status. 

1ps0.05. 

peak flow performance when compared with both 
control groups at each time point. 

Evaluations of percent changes from baseline peak 
flow across each day reveal mild increases for all 
three groups of workers. The increases were consis­
tently higher for neighborhood farmer controls than 
for swine cases, but those differences were slight and 
of infrequent statistical significance (data not shown). 
Slightly larger improvements in peak flow by neigh­
borhood controls are seen from first to second read­
ings. The average percent increase was 1.7% for 
swine cases, 2.3% for swine controls, and 2.6% for 
neighborhood controls. While the percentage in­
crease in peak flow performance for controls was not 
generally significant throughout the work day rela­
tive to the swine cases, both control groups did have 
consistently higher mean peak flow readings (Tables 
2 to 6). Thus, the lower baseline values of swine cases 
tended to persist throughout the work day. Compar­
isons across consecutive days are not relevant among 
these workers since swine operators and farmers work 
every day of the week. 

Table 3-Mean Peak Flow After Chores* 

Swine Swine Neighborhood 
Confinement Confinement Farmer 

Cases Controls Controls 
Variable (n=24) (n=21 ) (n=25) 

Day 1 577 5 ± 72.5 (23) 607.9 ± 73.6 (21) 612.9 ± 58.3 (25) 
Day 2 556.2±77.6 (16) 607.4 ± 58.4 (ll)l 622.7±55.8 (20)1 
Day 3 576.9±74.1 (17) 616.6 ± 48.2 (ll)l 620.7±56.2 (23)1 

Day 4 566.1 ± 82.4 (16) 605.0±616 (12)1 619.2 ± 64.0 (19)1 
Day 5 561.5 ± 79.8 (14) 628.7±50.6 (9)1 612.0±613 (19)1 
Day 6 563.4±85.2 (14) 618.7±62.4 (9) 618.4±54.7 (18) 
Day 7 580.5±85.8 (15) 605.1 ±65.3 (10) 616.8±55.0 (17) 

*Values are means±SD followed by (n). Swine cases were individu­
ally compared with each of the two control groups, using linear re­
gression to control for age, height, gender, and smoking status. 

1ps0.05. 
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Table 4-Mean Peak Flow Before Lunch* 

Swine Swine Neighborhood 
Confinement Confinement Farmer 

Cases Controls Controls 
Variable (n=24) (n =21 ) (n = 25) 

Day 1 571.7±75.4 (20) 5917 ±60.0 (13) 617.8 ± 60.3 (22) 
Day 2 572.8 ± 74.5 (16) 607.5±76.0 (14) 617.0±63.1 (21) 
Day 3 554.3 ± 76.3 (16) 638.1 ± 79.8 (10)1 622.8 ± 64.4 (20)1 
Day 4 570.1 ± 80.5 (17) 5913±63.1 (12)1 624.2 ± 67.2 (19)1 

Day 5 5615±95.1 (ll ) 606.6 ± 80.2 (13) 604.9 ± 61.1 (18) 
Day 6 576.6±77.0 (14) 606.2 ± 62.1 (9) 6219 ± 62.5 (21) 
Day 7 557.2 ± 77.4 (14) 615.6±70.6 (14) 615.7 ±56.0 (18)1 

*Values are means±SD followed by (n). Swine cases were individu­
ally compared with each of the two control groups, using linear re­
gression to control for age, height , gender, and smoking status. 

1ps0.05. 

DISCUSSION 

Our findings suggest that swine confinement op­
erators with work-related symptoms have consis­
tently lower peak flow performance when compared 
with controls. While percent changes from baseline 
do not differ between symptomatic and asymptom­
atic workers, the lower measures of peak airflow for 

Table 5-Mean Peak Flow Before Dinner* 

Swine Swine Neighborhood 
Confinement Confinement Farmer 

Cases Controls Controls 
Variable (n=24) (n=22) (n=25) 

Day 1 569.0±69.1 (21 ) 583.4±57.4 (14)1 618.3±62.5 (23)1 

Day 2 577.6±73.4 (18) 615.5 ± 79.5 ( 12) 615.3 ± 66.7 (21) 
Day 3 568.2±72.4 (16) 602.8±76.1 (9)1 622.2±64.7 (20)1 
Day 4 563.6±84.8 (17) 615.5±88.1 (11) 617.9±63.6 (19) 
Day 5 576.0±77.8 (15) 614.4± 57.9 (ll) 611.2 ± 49.3 (18) 
Day 6 561.3 ± 70.0 (18) 617.3±74.2 (11) 6114 ± 67.2 (17) 
Day 7 578.9 ± 71.0 (13) 595.8±62.4 (12) 612.1 ±53.7 (20) 

*Values are means±SD followed by (n). Swine cases were individu­
ally compared with each of the two control groups, using linear re­
gression to control for age, height, gender, and smoking status. 

1ps0.05. 

Table 6-Mean Peak Flow Before Bedtime* 

Swine Swine Neighborhood 
Confinement Confinement Farmer 

Cases Controls Controls 
Variable (n=24) (n=2! ) (n=25) 

Day 1 556.17 ± 74.93 (18) 601.35 ± 64.28 (17) 613.30±60.31 (23)1 
Day 2 552.93 ± 81.30 (15) 583.69 ± 60.21 (13) 610.47±64.06 (19) 
Day 3 557.21 ±75.84 (14) 621.23±82.79 (13)1 611.55±60.35 (20)1 

Day 4 573.36 ±80.38 (14) 601.50±56.62 (10) 614.26±69.09 (19) 
Day 5 562.38 ± 70.83 ( 13) 607.50 ± 81.69 (10) 600.56 ± 66.69 (16) 
Day 6 574.00±70.41 (12) 586.50±68.59 (12) 604.22 ± 66.75 (18) 
Day 7 570.43 ± 77.43 (14) 626.64±73.92 (ll ) 608.80±58.90 (20) 

*Values are means ±SD followed by (n). Swine cases were individu­
ally compared with each of the two control groups, using linear re­
gression to control for age, height, gender, and smoking status. 

1ps0.05. 
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symptomatic swine operators persisted throughout 
the work week. These findings are consistent with our 
previous results that suggest that swine confinement 
workers who have work-related symptoms are at risk 
for airway injury. Moreover, these findings suggest 
that a portable hand-held device may be a useful in­
dicator of airway injury in symptomatic workers. 

Our results indicate that symptomatic swine con­
finement workers have objective measures of airflow 
obstruction. These findings are supported by our 
earlier investigation in this population which showed 
that work-related symptoms among confinement 
workers were associated with air trapping, enhanced 
bronchial responsiveness, and thickening of the 
subepithelial basement membrane.20 Increased re­
sidual volume in symptomatic farmers has also been 
noted by Iversen.23 Findings by others are consistent 
with the increased responses to methacholine chal­
lenge.23·24 Further results indicate that symptomatic 
confinement workers with lower FEY 1 to FVC ratios 
are significantly more responsive to methacholine 
than asymptomatic confinement operators. 25 In ag­
gregate, these results suggest that swine confinement 
workers are at risk of developing airway disease, and 
that work-related symptoms are useful indicators of 
those who are likely to have this problem. 

Our results indicate that the portable peak flow 
meter is a reliable and valid screening tool for airway 
injury among swine confinement workers. The peak 
flow meter has been used to determine the presence 
of occupational asthma, a condition that is associated 
with lower peak flow on work days in comparison to 
non work days. 15·26 However, two investigators did 
find that results from the mini-Wright overestimated 
peak flows when com pared with a pneumotachome­
ter27 and a standard Wright peak flow meter.l9 Since 
our cases and controls have values within the mini­
Wright's range of accuracy,18 this tendency for 
overestimation should be minimized. More impor­
tantly, the case-control design of this study relied on 
the relative differences in peak flow between the 
study groups. Thus, consistently inflated values would 
not obscure the group differences. 

The pattern of decreased peak flow in swine cases 
appears to represent an airway response characteris­
tic of agricultural workers exposed to organic dusts 
that are almost always contaminated with microor­
ganisms and microbial byproducts. About 30% of the 
agricultural dusts are respirable. 28 When comparing 
settled dust to airborne dust, endotoxin was shown to 
be predominantly airborne in a confinement facili­
ty ,29 and was actually more concentrated in the re­
spirable fraction when compared with the nonrespi­
rable fraction .I Attwood found that about 90% of the 
measured endotoxin in buildings accompanies respi­
rable sized fractions of dust.l Inhaled endotoxin 

causes airflow obstruction in normal subjects30 and 
asthmatics,31 and among cotton workers endotoxin 
was found to be a better predictor of airflow obstruc­
tion than dust levels.30·32-34 Thus, microorganisms 
and their products may be, at least in part, responsi­
ble for the airway disease that is consistently shown 
among agricultural workers. 

The concentration of organic dust and irritant 
gases, ie, ammonia, that confinement farmers are 
exposed to is higher than other agricultural workers.6 

This work exposure is aggravated in the winter sea­
son when confinement facilities have less ventilation 
and dust levels are higher. 1·35 Although the precise 
cause of airway disease in agricultural workers is not 
known, simple industrial hygiene measures can be 
used to minimize the development of this process. It 
has been shown that those spending greater propor­
tions of their day in the confinement facilities have 
a higher frequency of cough and phlegm, as well as 
lower pulmonary function performance when com­
pared with those workers spending less time in the 
facilities. 8·11•12 Lowering the dust levels by improving 
ventilation and using personal respirators would 
serve to reduce potential introduction of dust as well 
as endotoxin, since most endotoxin adheres to respi­
rable sized dust particles_! Attention to airborne dusts 
and endotoxin exposures could possibly assist in 
identifying and minimizing the risk of respiratory 
injury to swine confinement workers. 
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