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Abstract
Objective-To investigate the association between

bird keeping and risk oflung cancer.
Design-Case-control study asking detailed

questions on exposure to domestic birds and other
pets, smoking, and various demographic and poten-
tially confounding variables.
Setting-District general hospital; current ad-

missions interviewed in hospital or recent admis-
sions interviewed at home.
Patients-143 patients with lung cancer, 143

controls with heart disease, and 143 controls with
orthopaedic conditions individually matched for
age, sex, date of admission, and current or past
admission.
Main outcome measures-Odds ratios for lung

cancer in relation to various aspects ofbird keeping,
after adjustment for smoking and other relevant
confounding variables.
Results-Risk of lung cancer was not significantly

associated with household exposure to pet birds at
any time or at various specific periods in life, or to
keeping large numbers ofbirds. For specific types of
birds no association was seen for living in households
withbudgerigars or canariesbut riskwas significantly
associated with keeping pigeons (odds ratio 3 53,
95% confidence interval 1*56 to 7*98). This remained
significant after regression analysis to account for
confounding variables (3 9, 1-2 to 12.62) in both
sexes and all age groups.

Conclusion-Bird keeping may confer some risk of
lung cancer but the relation is not as strong as
previously reported.

Introduction
In 1988 Holst et al described results of studies

suggesting a strong relation between bird keeping and
risk of lung cancer.)2An early study in his general
practice in the Netherlands found that newly diagnosed
malignant tumours in patients aged 30 or more were
more common in those who had kept pet birds five to
14 years before diagnosis than in those who had not. Of
12 lung tumours seen, seven were in bird keepers; the
expected number was 3 2 (p<005). After a small
study showing a clear relation between the concen-
tration of suspended particles of 3 p1g diameter or more
and presence of birds in the home, Holst conducted a
case-control study in four hospitals in the Hague
studying 49 patients with lung cancer and 98 age and
sex matched controls from general practice. After
adjustment for confounding variables, bird keepers
were found to have a 6-7 times increased risk of lung
cancer (95% confidence interval 2-2 to 20). The
increase was similar for keepers of all types of birds and
all histological types of lung cancer.
The Netherlands has a high rate of lung cancer and

bird keeping, and Hoist estimated that had no one in
the Hague kept birds the total incidence of lung cancer
would have been almost three times lower. He recom-
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mended further, larger, epidemiological studies be within six months of the case. In all, 111 triads were
undertaken. We describe results of a hospital based matched for place of interview (56 at home, 55 in
case-control study conducted in Lanarkshire, Scotland, hospital). We defined the 106 triads matched for all
which also has a high rate of lung cancer and bird four of the original criteria as good quality and the 37
keeping. matched for fewer as bad quality.

Diagnosis oflung cancer was histologically confirmed
in 127 of the 143 cases (89%), the other 16 cases all

Subjects and methods showing convincing clinical evidence. The source of
Patients with lung cancer (ICD 162) were individually the specimen was resection or necropsy in 29 cases,

matched with two controls, one admitted to hospital biopsy in 86, and aspiration in 12, and the distribution
with heart disease (ICD 410-414) and the other with an of histological type was squamous cell 66, small cell 29,
orthopaedic condition. We used two controls to adenocarcinoma 12, large cell 16, and other or unspeci-
eliminate the possibility of bias that might arise if the fied 4. The mean age of the cases (65 4 years) was
control disease was also associated with bird keeping. slightly older than that of the heart disease controls
The intention was to match for sex, age at admission (65-0, p=0 049) and orthopaedic controls (64-9,
(within five years), date of admission (within six p=0-012). More cases (53/143) than controls (44/286;
months), and admission status or place of interview. A p < 0 00 1) had died by the time of interview and so had
case and matched controls were all either currently information supplied by a spouse or other next of kin.
admitted (June 1990 to February 1992) and interviewed Seventy one cases (50%) compared with 19 controls
in Monklands District General Hospital or admitted in (7%) were interviewed by AJSG. The remainder were
the past two years (mainly during September 1988 to interviewed by medical secretaries.
July 1989) and interviewed at home. Exceptionally, A higher proportion of cases than controls had ever
when a patient with lung cancer was interviewed in smoked (97% (138) v 78% (223); p<0 001) or were
hospital and no matching control was available in current smokers at the time of admission (68% (97) v
hospital after some months, an otherwise suitable 40%(115); p <0 001). Because smokingwas associated
recently discharged patient was interviewed at home with several other risk factors (occupational exposure
and used as the control. All patients came from the to dust or fumes, alcohol consumption, eating
same catchment area, Monklands district (population fried food, reduced consumption of fruit and green
220 000). The intention was to study about three times vegetables) we decided generally to adjust for smoking
the number of lung cancer cases considered by Holst to status in subsequent analyses. For certain questions-
allow a more precise estimation of risks associated with particularly on diet and to some extent on bird
bird keeping. keeping-systematic differences between responses

Interviews were conducted with the subject, if for the different interviewers emerged, so we also
available, or with the next of kin by one of three adjusted for interviewer. Because adjustment for
interviewers. For every period of at least a year when respondent had little effect in analysis once interviewer
the subject lived where domestic birds were kept data and smoking had been adjusted for, analyses were not
were collected on the subject's age, the types and adjusted additionally for respondent.
numbers of birds kept, and where they were kept. Statistical analysis to test for effects of bird keeping
Questions were asked about whether the patient had was conducted in two stages. The first stage used
ever (and if so in the 15 years before admission) worked standard stratified x2 techniques to adjust for smoking
on a poultry farm, worked in greenhouse horticulture and interviewer, unmatched methods being used to
with chicken manure, regularly cleaned bird cages, or avoid loss of power. In the second stage matched
frequently visited friends, neighbours, or family conditional logistic regression analyses were used. The
members who owned birds. Questions were also asked latter technique has the advantage of taking the
about dogs, cats, or other domestic pets; smoking; matching explicitly into account, but the model
occupation; alcohol consumption; diet; history of assumptions are difficult to verify. Conclusions reached
respiratory diseases; and demographic variables. The by both techniques were comparable.
histological type of lung cancer was recorded when Table I compares the exposure to birds in cases and
available. Indices were derived for social group, units the combined controls. No signficant differences were
of alcohol drunk, and daily intake of retinol and 3 found for living in a household where birds were kept
carotene. at any time, at various specific times, 5-14 years before

Statistical techniques used included standard un- admission (the index used by Holst), or in childhood.
matched stratified and unstratified contigency tables Nor was there any difference for keeping 10 or more
and matched conditional logistic regression analysis.3 birds. Odds ratios for lung cancer were raised in cases
For both the unmatched and matched methods, the living in households keeping birds in the 20 years
relative risk of lung cancer associated with exposure to before admission. Lung cancer was not related to
bird keeping or other variables was estimated by the keeping birds in the house (rather than a shed,
odds ratio together with its 95% confidence interval. conservatory, pigeon loft, or aviary) or to keeping
Probability values given are two tailed. budgerigars, canaries, finches, or members of the

parrot family. There was, however, a significantly
increased risk associated with keeping pigeons (odds

Results ratio 3 53, 950% confidence interval 1-56 to 7 98). Other
We interviewed 452 subjects. Ten subjects were bird related variables were not different between cases

rejected (questionnaire inadequately completed, pro- and controls except for working in greenhouse horti-
visional diagnosis of lung cancer incorrect, same culture with chicken manure, although the odds ratio
person reinterviewed in error). To try to minimise loss (20 0) had a wide confidence interval (3 35 to 119) as so
of information from patients matched with the controls few subjects had done this work.
whose interviews were rejected we reallocated such For the more common responses Table I also gives
patients into new matched sets. In the end 143 triads odds ratios for comparison of cases with each control
(one case, one control of each type) were formed, group. Generally results were similar and additional
keeping to the initial matching criteria as far as analysis (results not shown) showed that there was no
possible. All triads were matched for sex (104 men, 39 significant difference between the two control groups
women), and age (except for one triad in which the for any of the indices of bird keeping. The increased
orthopaedic control was seven years older than the odds ratio in relation to pigeon keeping was seen with
case), and all but nine controls had been admitted both heart disease controls (2-77, 95% confidence
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TABLE I-Comparison of exposure to birds in case and cont rol grouips

No of people exposed* Cases v- combined controls Cases v heart disease controls Cases v orthopaedic controls

Lung cancer Heart disease Orthopaedic Odds ratio for lung Odds ratio for lung Odds ratio for lung
cases controls controls cancer cancer cancer

Index of exposure (n= 143) (n= 143) (n= 143) (95%o confidence interval) p Value (95%/ confidence interval) p Value (95%!/ confidence interval) p Value

Any bird kept in household:
Ever 72 76 7 1 1-29 (0-79 to 2-12) 1-27 (0-71 to 2-28) 1-36 (0-77 to 2-41)
5-14Years before admission 2 1 26 18 1-58 (0-82 to 3.05) 1-25 (0-58 to 2-70) 2-05 (0-95 to 4-40) 0-10
5 Years before admission 8 1 5 1 1 0-90 (0-32 to 2-58) 0-57 (0-19 to 1.73) 1-47 (0-41 to 5-27)
10 Years before admission 1 3 14 1 1 1-66 (0-73 to 3-77) 1-19 (0-48 to 2-99) 2-89 (0-97 to 8-6 1) 0.11
15 Years before admission 1 4 1 6 1 1 1-86 (0-89 to 3-92) 0-15 1-63 (0-66 to 4-04) 2-22 (0-92 to 5-31) 0-12
20 Years before admission 18 1 5 1 3 2-21 (1-05 to 4.65) 0-06 2-21 (0-89 to 5-48) 0-13 2-01 (0.83 to 4.87) 0-19
30Years before admission 1 8 27 20 0-.99 (0-5 1 to 1 92) 0-90 (0-42 to 1-95) 1-16 (0-54 to 2-46)
40Yearsbefore admission 14 1 7 8 1-18 (0-53 to 2-66) 1-01 (0-39 to 2-62) 1.76(0-65to 4.75)
Up to age 1 5 2215 16 0-88 (0-42 to 1-85) 1-07 (0-43 to 2-67) 0-77 (0-32 to 1-87)
Ever inhouse* 59 65 64 1.09 (0-67 to 1-79) 1-09 (0-61 to 1-96) l-10 (0-62 to 1-95)

Type of bird kept:
Budgerigar 53 59 55 1-14 (0-68 to 1-90) 1-06 (0-58 to 1-94) 1-17 (0-65 to 2-09)
Canary 7 17 16 0-54 (0-21ltol1-40) 0-62 (0-21ltol1-86) 0.51 (0-l8 tol1-45)
Pigeon 19 10 7 3-53 (1-56 to 7-98) 0-005 2-77 (1-09 to 7-05) 0-06 5-79 (1-85 to 18-2) 0-005
Finch 2 2 2 1-28 (0-23 to 7-18)
Cockateel, parakeet, lovebird, or parrot 5 5 3 2-03 (0-59 to 7-04)
10 Birds kept in household
5 Years before admission 3 4 2 1-74 (0-37 to 8-16)

10 Years before admission 6 4 5 1-77 (0-65 to 4-84)
15 Years before admission 4 5 5 1-41 (0-50Oto 4-02)
20 Years before admission 4 6 5 1 -22 (0-41 to 3-59)
30 Years before admission 5 8 4 0-84 (0-27 to 2-65)
40 Years before admission 7 7 4 1-44 (0-53 to 3-95)

Ever worked:
In pet store or as keeper of cage birds 5 9 3 2-22 (0-73 to 6-72)
On poultry farmn 4 3 3 1-63 (0-51 to 5-19)
In greenhouses with chicken manure 4 2 1 20-0 1 (3-35 to 1 19) 0-006
Ever regularly cleaned bird cages 32 36 27 1-21 (0-69 to 2-13) 1-00 (0-53 to 1-88) 1-64 (0-82 to 3-29)
Ever frequently visited birdowners 26 26 19 0-99 (0-51 to 1-92) 0-78 (0-37 to 1-63) 1-33 (0-58 to 3-02)

=In bedroom, living room, kitchen, or other room in house rather than in shed, conservatory, pigeon loft, or outdoor aviary.
For rarer exposures odds ratios and confidence intervals not shown for second and third comparisons because of insufficient data.

TABLE 11-Relation of lung cancer to ever havi'ng li'ved where pi'geonis were kept were 1-07 (0-61 to 1-87) for dogs, 0-77 (0-4 to 1-30) for
cats, and 1-22 (0-63 to 2-37) for other pets.

No (%) of No (%) of Various matched conditional logistic regression
lung cancer combined Oddsratioanlsswr codce.I th fi lm dlaltecases controls (95%/ confidence interval) vaniablyes werecondduted.signifcath fiatleatamod el allth

Overall 19/143 (13) 17/286 (59) 2-42 (1-24 to 4-75) confidence level (table III). After taking account in the
Sex: m dlo m kn,achlcnu pin agrnMale 16/104 (15) 13/208 (6) 2-73 (1-29 to 5-78) m dlo m kn,achlcnu pin agrn
Female 3/39 (8) 4/78 (5) 1-54 (0-33 to 7-23) consumption, dietary f3 carotene, and also interviewer

Age (years): and rsodn the odds ratio associated with ever
39-54 1/11I (9) 2/26 (8) 1-20 (0-09 to 15-3) rain es tapond ent wsetmtdtob -0( 0t55-64 7/51 (14) 3/109 (28) 5-62 (l-58 to 20-0) hvn etapgo a siae ob 9 10t
65-74 7/60 (12) 10/118 (85) 1-43 (0-51 to 3-95) 12-62). No other variable, when included in the model,

T75d ualty 4/21 (19) 2/33 (6) 3-65 (0-65 to 20-55) significantly improved the fit. Working in greenhouse
Good 11/106 (10) 13/2 12 (6) 1-77 (0-77 to 4-07) horticulture with chicken manure was no longer
Bad 8/37 (22) 4/74 (5) 4-83 (1-46 to 16-0) significant, partly because it was partially correlated
AB 4/39 (10) 4/146 (27) 4-06 (1-06 to 15-5) with keeping a pigeon.
JW 7/32 (22) 12/120 (10) 2-52 (0-92 to 6-90)
AJSG 8/71 (11) 1/19 (5) 2-29 (0-28 to 18-7)

Respondent:
Subject 12/90 (13) 14/233 (6) 2-41 (1-09 toS5-33) Discussion
Spouse 5/31 (16) 1/27 (4) 5-00 (0-64 to 39-0) Holst found that, after adjustment for smoking and
Other 2/22 (1) 2/26 (8) 1-20 (0-lS to 9-48)

Histological type of lung cancer: vitamin C intake, risk of lung cancer was 6-7 times
Squamous or small cell 11/94 (12) 15/188 (8) 1.53 (0-67 to 3-46) higher (95%/ confidence interval 2-2 to 20) in people
Adenocarcinoma or large cell 5/28 (18) 1/56 (12) 1 1-96 (1-95 to 73-4) wohdkp ae id ntehm o ogrta

Smoking habits: wohdkp ae id nteh m o ogrta
Never or former smoker 7/46 (15) 11/171 (6) 2-61 (0-98 to 6-98) six consecutive months in the five to 14 years before
Currentsmoker 12/97 (12) 6/115 (5) 2-56 (0-95 to 6-93) digos. 2I thsprd tefeq nc ofbd
Current manufactured cigarette smoker of 20/day 9/45 (20) 4/50 (8) 2.88 (0-84 to 9-78) danss'2I hspro h rqec fbr

keeping was higher in the cases, whether attention was
restricted to budgerigars and parrots, canaries, or

interval 1-09 to 7-05) and orthopaedic controls (5-79, pigeons or to different types of lung cancer. We found
1.85 to 18-2). Further analysis (table II) showed the no evidence of such a strong relation. For the period
increased risk associated with keeping a pigeon was five to 14 years before diagnosis, the odds ratio for bird
evident in subgroups of the population by sex, age, keeping was positive (1 58) but the 95% confidence
triad quality, interviewer, respondent, smoking habits, interval of 0-82 to 3-05 was inconsistent with a relative
and histological type of lung cancer. Only for histo-
logical type, where the relation was much stronger TABLE itt-Results of nmatched conditional logisti'c regression analysis
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risk as high as 6 7. Nor was there any significant
relation with keeping birds at other times, keeping
large numbers of birds at any time, or keeping
budgerigars, canaries, finches, or parrots. However, a
significant relation with keeping pigeons at any time
was noted (odds ratio 3 90, 1 20 to 12-60), which was
consistently seen in various subsets of the data and was
not explained by confounding.

Differences between our findings and Hoist's could
not be explained by Holst restricting attention to
subjects aged less than 65, since restricting analysis to
this age group in our study did not change our findings
(ever kept birds, odds ratio 1-03 (0 69 to 1 53); kept
birds 5-14 years before admission, 1 05 (0 53 to
2 08); ever kept pigeons, 3 45 (1 14 to 10 65)). Holst
used general practice controls whereas we used hospital
controls, but the similarity of results for our two
control groups suggests that this has not significantly
affected our results. We do not believe that adjustment
for different confounding variables could explain the
discrepant results. Though in both studies such adjust-
ment had some effect, the effect was much smaller than
the difference in findings between the studies. Holst
used a self administered questionnaire, whereas we
used interviewers. Though this might have affected
data quality it seems unlikely it could explain our
differing results. Of more concern is the fact that in our
study, for practical reasons, one of the interviewers
(AJSG) interviewed most of the cases in his unit and
controls were interviewed by medical secretaries;
perhaps partly because subjects react differently to
being interviewed by medical secretaries than by a
consultant responses varied by interviewer. However,
since interviewer was taken account of in the analysis
bias should not have occurred.

PATTERNS OF BIRD KEEPIN(G

Comparison of our results with those of Holst
showed that in Scotland the proportion of budgerigars
was much higher than in the Netherlands. However,
the four main types of birds kept were the same and it
seems unlikely that this could explain the differences in
our results. Differences between the countries where
birds are kept and how hygienically they were kept
may have contributed to differences. We have no direct
comparative data but Holst refers to birds being kept in
the bedroom-reported by only two subjects in our

study-and discusses the possibility that the increased
risk may be reduced by better hygiene.2 The fact that
buildings in the Netherlands tend to be more draught
proof with a lower intake of fresh air than in Scotland
might help to explain the difference, although levels of
particulates in bird keepers' homes have not been
compared in the two countries. Nevertheless, in our
study increased risk was noted only for pigeon keeping
and pigeons were always kept outside the house.

TRUE RISK

The possibility that chance contributed to the dif-
ference between the results of the two studies deserves
comment. Although the confidence limits for bird
keeping 5-14 years before interview in Holst'.s study
(2 20 to 20-1) and our study (0-82 to 3 05) are
significantly different, which at first seems to argue
against chance, Holst notes the relative risk was
considerably less for other periods. It may be that any
true effect is more modest, having been overestimated
by Holst and perhaps underestimated in our study.
Further studies are needed to resolve this. Such studies
would also guard against the relation we found with
pigeon keeping having arisen by chance because of the
large number of case-control comparisons conducted.
We could not confirm the large increased risk of lung

cancer for bird keeping reported by Holst. However,
we did find a significant association with pigeon
keeping, and it remains possible that bird keeping
confers some risk of lung cancer. Further research is
needed to clarify this issue.
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ONE HUNDRED YEARS AGO

FILTERS FOR COTTAGERS.
It has been suggested that cottagers might be induced to
make filters for themselves out of flower-pots, "polarite,"
and sand, in order to guard against poisoning by impure
water. The immediate cause of this suggestion, in its
present form, seems to have been an inquest upon a child
whose death was shown to have been due to the impurity
of the water supply at the cottage where it lived.
According to a contemporary the county analyst for
Cheshire, Mr. Bell, in commenting on the case, stated that
he could not see why every cottager should not have a
flower-pot filter at his door, since the total cost would be
but a few pence, magnetic oxide of iron or "polarite" being
purchaseable at about one penny per pound; he is reported
to have added that he had made some experiments which
went to show that the purifying power of a mixture of sand
and "polarite" was very satisfactory. Whatever may be
the virtues of this substance, and however useful the
suggestion, the great difficulty is to get the ordinary
cottager to purchase the former, and to carry out the
latter. Anyone having even a superficial acquaintance with
cottagers will probably admit that, as a rule, they can

hardly be depended upon to take the trouble to make an
apparatus even so simple as the one suggested for any such
purpose as the one in view, nor to take the trouble to use it
if it were made for them. The flower-pot filter is no new
thing. A description of it is to be found in the Family Friend
for the year 1850, the materials used being sand and
charcoal, and the objections which could be brought
against these apply equally to the mixture now recom-
mended. The great difficulty in the way of domestic
filtration of water is the uncertainty which attaches to
the time during which the filtering materials will act
efficiently; this depends, of course, on a variety of
circumstances, such as the nature and condition of the
materials, the closeness of the packing, the degree of
pollution of the water, the rate of filtration, and so forth.
Some good may doubtless be done by endeavouring to get
such a suggestion carried out, but to try to counteract the
evil of polluted water in villages by a flower-pot filter
scheme is to begin at the wrong end, and may amount to a
misapplication of energy. Nevertheless, we freely admit
that, as a temporary expedient, it may be recommended.

(BMJ 1892;ii;:477)
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