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ABSTRACT: The long-term outcome of pulmonary function was evaluated in
farmer's lung (FL) patients compared to representative control farmers. This is,
to our knowledge, the first such study which has included a control group.
Clinical examinations were conducted in 89 FL patients and 84 control farmers,
matched by age, sex, and smoking habits. The mean time after the first diagnosed
episode of FL was 14 yrs.

The mean transfer factor of the lung for carbon monoxide (TL,CO) was on aver-
age 12% lower (p<0.001) in FL patients compared to control farmers. In spirom-
etry, the mean maximum expiratory flow at 50% of vital capacity (MEF50) was
lower (p=0.08) in FL patients but there were no differences in mean vital capa-
city (VC) or forced expiratory volume in one second (FEV1) between FL patients
and control farmers. However, airway obstruction, defined as an FEV1/VC less
than 88% of predicted, was more common in FL patients than in control farmers
(33 versus 17%; p=0.02). Patients who had had recurrent episodes of FL had a
significantly lower mean TL,CO compared to those FL patients who had experi-
enced only a single episode.

In conclusion, impairment of the pulmonary transfer factor is the most impor-
tant long-term consequence of farmer's lung. However, farmer's lung may also
lead to development of airway obstruction.
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Recovery of pulmonary function after an acute episode
of farmer's lung (FL) may take years, especially with
respect to the pulmonary transfer factor [1]. Some patients
remain with permanent defects in ventilatory function,
impairment of pulmonary gas transfer or hypoxaemia
[2–4].

Farm work in general is known to be a risk factor for
chronic bronchitis and impaired pulmonary function [5–
8]. However, no previous study on the long-term out-
come of farmer's lung has included healthy farmers as
a control group. Therefore, we conducted a case-con-
trol study comparing the pulmonary function of 89 FL
patients, a mean of 14 yrs after the diagnosis of the dis-
ease, with a representative group of 84 control farmers
matched for age, sex and smoking habits.

Methods

Study population

Of the 101 FL patients included in a previous study
on farmer's lung [1], 97 who were still alive were asked
to participate in the present study. In the four patients
who had died, the causes of death (coronary artery dis-

ease in two, malignancy in one and pneumonia in one)
were unrelated to farmer's lung. Six patients refused to
take part in the clinical investigations and two patients
were excluded due to lack of a suitable control farmer.
Thus the present analyses included 89 FL patients.

All FL patients were diagnosed in Kuopio University
Hospital in eastern Finland between 1977 and 1982. In
all patients, this was their first diagnosed episode of
farmer's lung and all fulfilled the diagnostic criteria for
farmer's lung presented by TERHO [9].

Twenty nine of the 89 FL patients included in the
present study had participated during the acute stage of
farmer's lung in a double-blind, placebo-controlled study,
in which the effect of corticosteroid treatment on the
recovery of pulmonary function during a 5 yr follow-
up was evaluated [10]. Sixteen patients were given pred-
nisolone treatment for 8 weeks and 13 patients received
an 8 week placebo treatment.

Clinical examinations took place between August 1993
and April 1994. When the present study was performed,
there had been a mean interval of 14 yrs (range 11–16
yrs) after the initial diagnosis of the farmer's lung dis-
ease.

Control farmers were selected among 2,424 partici-
pants to a questionnaire survey assessing farmers' health
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performed in 1979 [11], to which all farmers from three
municipalities in Kuopio University Hospital district
were invited. More than 94% of those invited partici-
pated in the study in 1979. The three municipalities are
geographically and socioeconomically representative of
the whole Kuopio University Hospital district. Since all
FL patients had cattle tending as their main farm oper-
ation, only control farmers with the same occupation in
1979 were selected. Farmer's lung patients and control
farmers were divided into strata on the basis of age (5
yr age categories), sex, and smoking habits at the time
of the diagnosis or in the 1979 survey (lifetime non-
smoker, exsmoker or current smoker). Within each stra-
tum, four times more control farmers were randomly
selected than FL patients in that stratum, and they were
sent a questionnaire. Three hundred and twenty one of
379 (85%) farmers returned the questionnaires. One con-
trol farmer to each FL patient was invited to a clinical
examination. If a control farmer refused, a new control
farmer from the same stratum was selected. Eighty six
of the 138 control farmers invited (62%) participated in
the clinical examinations. Two control farmers were,
however, excluded from the analyses, one because her
smoking habit was wrongly coded in the initial study
in 1979 and one because she herself had suffered from
FL 3 yrs earlier. Thus, 84 control farmers were includ-
ed in the present analyses.

Questionnaire

All FL patients and control farmers filled in a pre-
mailed, self-administered questionnaire of current and
previous farming activities, respiratory symptoms, smok-
ing habits, and clinical diseases. The same doctor (RE-
P) made a clinical examination, and reviewed and
completed, if necessary, the premailed questionnaire
with the farmer. Medical files were studied for chronic
diseases and recurrences of FL. Subjects were consid-
ered to have current asthma if the diagnosis of asthma
had been confirmed by a physician, and if symptoms of
asthma were present during the preceding 12 months.
The respondent was classified as having chronic bron-
chitis if she/he had coughed up phlegm on most days
for at least 3 months per year during at least 2 yrs.
Subjects who fulfilled the criteria of chronic bronchitis
but also had asthma were not considered to have chron-
ic bronchitis.

Pulmonary function tests

All pulmonary function measurements were conduct-
ed by the same trained nurse. Height and weight were
measured. Spirometry (SensorMedics 2200; Sensor-
Medics, Yorba Linda, CA, USA) was performed accord-
ing to American Thoracic Society (ATS) guidelines [12].
At least three acceptable expiratory manoeuvres were
performed and the largest forced vital capacity (FVC)
and forced expiratory volume in one second (FEV1)
were recorded. From the curve of largest sum of FVC
and FEV1, maximum expiratory flow at 50% of vital
capacity (MEF50) was selected. Two slow inspiratory
vital capacities (IVC) were then measured. The largest
vital capacity (VC) from FVC and IVC measurements

was taken as the result. The two largest VC differed by
less than 5% or 100 mL in 98% of the examinations
and the two largest FEV1 by less than 5% or 100 mL
in 97% of the examinations. The reference values were
according to VILJANEN et al. [13].

Measurement of the transfer factor of the lung for car-
bon monoxide (TL,CO) (SensorMedics 2200; SensorMed-
ics, Yorba Linda, CA, USA) was conducted using a
single-breath technique [14]. At least two acceptable
manoeuvres were performed. The mean of those two
TL,CO measurements was taken as the result. The two
largest TL,CO differed by less than 0.7 mmol·min-1·kPa-1

in 99% of the measurements. The reference values were
according to the European Coal and Steel Community
(ECSC) [15].

The study protocol was approved by the Ethics Com-
mittee of Kuopio University Hospital.

Statistical analysis

Comparisons of continuous variables were made using
analyses of covariance and of categorical variables using
logistic regression. All comparisons of pulmonary func-
tion were adjusted for sex, smoking at the time of diag-
nosis or in 1979 in three categories, and age and height
as continuous variables. Other comparisons were unad-
justed. Adding weight to pulmonary function models did
not change the results and, therefore, weight was not in-
cluded in the final models. All pulmonary function analy-
ses were also repeated using conditional logistic regression
models, where the case status was used as the depen-
dent variable [16]. The results from these analyses were
practically identical to those presented. Statistical analy-
ses were performed using the Statistical Products and
Services Solutions (SPSS) software package.

Results

The main characteristics of the FL patients and con-
trol farmers are presented in table 1. After the initial
Table 1.  –  Main characteristics of the farmer's lung
(FL) patients and the control farmers

FL Control
patients farmers

Subjects  n 89 84
Female  n 69 (78) 64 (76)
Retired  n 60 (67) 53 (63)
Smoking habits  n#

Nonsmokers 73 (82) 68 (81)
Exsmokers 7 (8) 7 (8)
Smokers 9 (10) 9 (11)

Main farm operation  n#

Dairy cattle 86 (97) 82 (98)
Beef cattle 3 (3) 2 (2)

Age  yrs 60±9 60±8
Height  cm 161±9 162±8
Weight  kg 72±12 77±15*
Dairy cattle  n# 10.8±5.7 9.2±3.8*
Area under cultivation  acres# 16.3±8.0 14.2±7.2

Values are presented as absolute number and percentage in
parenthesis, or as mean±SD. #: at the time of the diagnosis of
FL (1977–1982) among FL patients and in 1979 among con-
trol farmers. *: p<0.05, compared to FL patients.



diagnosis of FL, five of the nine smoking FL patients
had stopped smoking. In contrast, only one of the nine
smoking control farmers had stopped smoking after 1979.
FL patients weighed on average 5 kg less than control
farmers.

At the time of the present examination, 39% of the
FL patients still worked regularly in the cow house, 4%
worked occasionally, and 57% did not participate in
farmwork. The respective figures for control farmers
were 38, 7 and 55%. Twenty four per cent of the FL
patients and 28% of the control farmers had changed
their main farm operation, most often from dairy cattle
to beef cattle. The difference in the mean number of
dairy cattle (table 1) disappeared during the follow-up.
At the time of follow-up, it was 11.7 (5.5) in control
farmers and 12.5 (6.5) in FL patients. The slight differ-
ence in the mean area under cultivation remained dur-
ing the whole follow-up. Fifty five per cent of FL patients
but only 12% of control farmers had used a half-type
or powered dust helmet respirator.

The transfer factor of the lung for carbon monoxide
was on average 12% lower in FL patients compared to
control farmers (table 2). Restricting the analyses to only
lifetime nonsmokers, the 73 nonsmoking FL patients
had, as a mean, a 14% lower TL,CO (p<0.001) than the 68
nonsmoking control farmers. This difference was 15%
(p<0.001) among the female farmers and 9% (p=0.18)
among male farmers.

In spirometry, FL patients tended to have lower mean
values of MEF50 and FEV1/VC (table 2). The propor-
tion of persons with airway obstruction (FEV1/VC less
than 88% of predicted) was significantly larger in FL
patients (33%) than in control farmers (17%)  (p=0.02).

There were no statistically significant differences in
present pulmonary function in FL patients with and with-
out steroid treatment during the acute stage of FL. In
the placebo group (n=13) of this double-blind, placebo-
controlled study, the mean VC was 99% pred, mean
FEV1 91% pred, mean MEF50 68% pred, mean FEV1/VC
92% pred and mean TL,CO 99% pred. The values in the
steroid treatment group (n=16) were 106, 98, 71, 92 and
96% pred, respectively.

Fifty three FL patients (60%) had experienced only
one diagnosed episode of FL. Thirty six patients (40%)
had experienced recurrent episodes of the disease: one
recurrence (26 patients); two recurrences (eight); three
recurrences (one); and four recurrences (one). The first
recurrence occurred during the first year after the ini-
tial diagnosed episode of FL in 13 patients, after 1–5
yrs in 12, and after more than 5 yrs in 11 patients. The
interval between the last recurrence and the present study
was on average 8 yrs.

Patients with recurrent episodes of FL had more pro-
nounced impairment in TL,CO than those who had exper-
ienced only a single diagnosed episode of the disease
(table 3). No significant difference in this respect was
observed in ventilatory function.

Diagnosed asthma was present in 14 (16%) FL patients
and in 12 (14%) control farmers. In all of the FL pati-
ents, asthma had been diagnosed after the diagnosis of
FL. In one FL patient, the diagnosis of asthma was es-
tablished during the clinical evaluation of this study.
The mean time between the first episode of FL and the
diagnosis of asthma was 7 yrs (range 1–16 yrs). In four
of the 12 control farmers with asthma, the diagnosis was
established during the clinical evaluation of this study.
The occurrence of chronic bronchitis was 23% in the
FL patients and 19% in the control farmers. The great
majority of them were lifetime nonsmokers in both
groups (88 and 79%).

The mean VC in asthmatic FL patients was 97% pred,
mean FEV1 85% pred, mean MEF50 55% pred, mean
FEV1/VC 88% pred and mean TL,CO 102% pred. The
figures among asthmatics in control farmers were 96,
81, 46, 83 and 111% pred, respectively. Thus, airway
obstruction was on average more severe in asthmatic
control farmers than in asthmatic FL patients. After
exclusion of all subjects with asthma from the analy-
ses, the differences between the FL patients and the con-
trol farmers in mean FEV1/VC (92 versus 95%; p=0.007)
and the mean MEF50 (72 versus 82%; p=0.02) was more
pronounced and statistically significant. The difference
in the mean TL,CO remained at 14%.
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Table 2.  –  Spirometry and pulmonary transfer factor in
farmer's lung (FL) patients and control farmers

FL Control
patients farmers
(n=89) (n=84) p-value*

VC L 3.45±0.86 3.48±0.84 0.53
% pred 102±14 100±14

FEV1 L 2.46±0.64 2.55±0.67 0.60
% pred 93±14 94±15

FEV1/VC % 72±7 73±7 0.12
% pred 91±8 94±9

MEF50 L·s-1 2.71±1.16 3.06±1.25 0.08
% pred 70±26 77±27

TL,CO mmol·min-1·kPa-1 7.46±1.98 8.61±1.89 <0.001
% pred‡ 98±19 110±16

Values are presented as mean±SD. *: adjusting for age, sex,
smoking and height using analysis of covariance; ‡: FL patients
(n=88), control farmers (n=83). VC: vital capacity; % pred:
percentage of predicted value; FEV1: forced expiratory vol-
ume in one second; MEF50: maximum expiratory flow at 50%
of vital capacity; TL,CO: transfer factor of the lung for carbon
monoxide.

Table 3.  –  Spirometry and pulmonary transfer factor in
farmer's lung (FL) patients with a single episode of the
disease and in patients with one or more recurrences

Single Recurrent
episode episode(s) p-value*

Patients  n 53 36
Sex  M/F 15/38 5/31
Age  yrs 60±9 60±8
Nonsmokers  n 43 30
Smokers† n 10 6
VC L 3.57±0.94 3.27±0.70 0.67

% pred 102±13 102±16
FEV1 L 2.54±0.73 2.35±0.48 0.75

% pred 92±14 94±15
MEF50 L·s-1 2.73±1.32 2.69±0.90 0.31

% pred 68±28 72±24
TL,CO‡ mmol·min-1·kPa-1 7.95±2.01 6.71±1.70 0.02

% pred 102±18 90±18

Values are presented as mean±SD. †: including current and ex-
smokers; ‡: n=88; *: adjusting for age, sex, smoking and height
using analysis of covariance. For definitions see legend to
table 2.
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Discussion

The FL patients who had experienced an initial episode
of FL on average 14 yrs prior to this follow-up, had a
significantly lower pulmonary transfer factor than con-
trol farmers. After a single episode of FL, the differ-
ence was of the order of 10% and after two or more
episodes it had increased to about 20%.

Patients with FL tended to have lower mean MEF50,
and more often had airway obstruction than control farm-
ers. The difference in FEV1/VC between the patients
and the controls reached statistical significance after
excluding all asthmatics from the analyses, since con-
trol farmers with asthma had lower FEV1/VC than asth-
matic FL patients, perhaps because their asthma was
more often undiagnosed. Thus, the airway obstruction
observed among FL patients was not explained by the
presence of overt asthma. Although it has been sug-
gested that FL may also lead to a restrictive ventila-
tory function defect [17], no significant difference in
mean VC between the study groups was found in the
present study.

A control group is essential when studying pulmon-
ary disorders in farmers. In general, airway obstruc-
tion and chronic bronchitis has been shown to be
associated with working on a farm [5–8]. Farmers with
pulmonary problems may also stop farming. Therefore,
the results from clinical series are difficult to interpret.
In the present study, we were fortunate to be able to
select controls from a survey performed close to the
same period when the FL patients were diagnosed.
Therefore, the cases and the controls were compara-
ble at the beginning of the follow-up, which reduces
the possibilities for bias. Moreover, the groups were
representative in the extent to which they spent time
working in the cow house.

The present results may, however, underestimate the
true difference in spirometric values and in the risk of
chronic bronchitis due to FL. FL patients used personal
dust respirators significantly more often and a greater
proportion of them had stopped smoking, both of which
may protect from a decline in pulmonary function. Also,
there is a suggestion that control farmers with respira-
tory disorders were more willing to participate in the
clinical examination of the present study. The preva-
lence of chronic bronchitis was clearly higher (19%)
among those control farmers that took part in the clin-
ical examinations than among those control farmers
(10%) that only returned the questionnaire [18].

In previous uncontrolled follow-up studies, impaired
TL,CO has also been reported to be the most common
long-term sequela of FL [2, 3, 19, 20]. In contrast to many
previous studies, the present study population was pre-
dominantly female, although the impairment of TL,Co was
similar both in males and females. Improvement of TL,CO

has been shown to occur up to 2 yrs after the diagno-
sis of FL [1], thus the findings from the present study
probably represent permanent damage caused by FL.
Impaired TL,CO has usually been thought to be caused
by interstitial pulmonary fibrosis [3, 17]. However, in
a 6 yr follow-up study of 33 FL patients, which in-
cluded high-resolution computed tomography (HRCT),
emphysema was found to be much more common than
fibrosis [4]. Thus, it is also possible that lowered pul-

monary transfer factor among FL patients may be caused
by emphysema or fibrosis or both.

In other follow-up studies, years after the diagnosis
of FL, an obstructive ventilatory function impairment
has been reported more commonly than a restrictive
defect [1, 2, 4]. Bronchiolitis is inherent to the histo-
logical picture of FL [21–25], and may provide a mor-
phological explanation for the development of airway
obstruction [4, 17]. Obstructive and emphysematous
changes were considered to be the most prevalent func-
tional and structural abnormalities resulting from FL in
the study by LALANCETTE et al. [4], which also includ-
ed HRCT. Thus, airway obstruction is also probably an
important long-term sequela of FL.

In the present study, about every fifth farmer had
chronic bronchitis both among FL patients and control
farmers. However, the high proportion of control farm-
ers with chronic bronchitis was possibly due to self-
selection bias, as discussed previously. Several previous
studies have suggested that FL causes chronic bronchi-
tis [2, 3], and a close link between chronic bronchitis
and FL has been reported in two different epidemio-
logical studies among farmers from Doubs, France [26,
27]. Nonsmoking "healthy" dairy farmers have also been
shown to have an excess risk of chronic bronchitis, and
it has been hypothesized that chronic bronchitis in dairy
farmers may be of immunoallergic origin, in which host
factors play an important role [28]. It seems probable
that FL is also a risk factor, besides exposure to organic
dusts, for the development of chronic bronchitis.

The prevalence of asthma (about 15%) was high both
in patients with FL and in control farmers. Asthma has
rarely been reported in patients at the time of the diag-
nosis of FL [1, 3, 29, 30], but, according to the present
study and an earlier study by CUTHBERT and GORDON

[31], asthma seems to not be uncommon years after suf-
fering from FL.

In conclusion, an impaired pulmonary transfer factor
seems to be the most prominent pulmonary functional
defect caused by farmer's lung. In this follow-up, which
took place on average 14 yrs after the initial diagnosis
of farmer's lung, the mean transfer factor of the lungs
for carbon monoxide was 12% lower in farmer's lung
patients compared to control farmers. Patients with recur-
rent episodes of farmer's lung had an even larger reduc-
tion in transfer factor of the lungs for carbon monoxide.
In addition, a tendency for airway obstruction was found
in farmer's lung patients compared to control farmers.
The present results highlight the importance both of pri-
mary and secondary prevention of farmer's lung.
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