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ABSTRACT: The aims of this study were to estimate the risk to bakers of developing
hay fever and rhinitis, to assess the modifying effect of atopy and to estimate the
occurrence of job change due to nasal symptoms.

A retrospective cohort study was performed among bakers trained in Swedish trade
schools from 1961 to 1989 (n=2,923). School control subjects (n=1,258) comprised
students in other programmes in the trade schools and population controls (n=1,258)
were randomly selected from the general population. A questionnaire on hay fever,
rhinitis, the year of onset of these diseases, change of work due to nasal symptoms and
work history was mailed to all participants. The atopic state of the responders was
assessed by questions on allergic diseases in childhood and among next of kin. In-
cidence rates for hay fever and other rhinitis were calculated.

The relative risk (RR) for hay fever when working as a baker compared with all
control subjects combined was increased in males (RR=1.9, 95% confidence interval
(CI) 1.2±2.9). The RR for rhinitis in male bakers compared with combined control
subjects was 2.8 (95% CI 2.3±3.4) and for female bakers 2.0 (1.6±2.7). Of the bakers,
6.1% had changed job due to nasal symptoms, significantly more than the controls. A
history of respiratory atopy increased the incidence rates of hay fever and rhinitis,
with a synergistic effect between atopy and bakery work in males.

In conclusion, Swedish bakers, mainly working in the 1970s and 1980s, had an
approximately doubled risk of developing rhinitis. Male bakers also had an increased
risk for hay fever. There was a synergistic effect of bakery work and atopy such as a
family history of hay fever. Bakers also changed job due to nasal symptoms more often
than control subjects.
Eur Respir J 1999; 13: 502±507.

*Institute of Internal Medicine, Section of
Occupational Medicine, and +Dept of Res-
piratory Medicine and Allergology, GoÈte-
borg University, GoÈteborg, Sweden. {Dept
of Occupational and Environmental Medi-
cine, Umea University, Umea, Sweden.

Correspondence: J. Brisman, Dept of Oc-
cupational Medicine, S: t Sigfridsgatan 85
B, S-412 66 GoÈteborg, Sweden, Fax: 46
31409728

Keywords: Atopy
bakers
epidemiology
hay fever
incidence
rhinitis

Received: December 19 1997
Accepted after revision November 8 1998

Supported by the Swedish Work Envir-
onment Fund, the Vardal Foundation and
the Swedish Asthma and Allergy Asso-
ciation

Cases of work-related rhinitic symptoms in bakers ex-
posed to flour dust are well known in the literature [1].
Cross-sectional studies of bakers have shown prevalences
of rhinitis ranging from 18 to 29% [2±5]. Baker's rhinitis
can be caused by immunoglobulin E (IgE)-mediated al-
lergic reactions to flour or additives, but often no sen-
sitization to occupational allergens is demonstrated [6, 7].
Thus, flour dust and additives are likely to cause allergic as
well as nonallergic occupational rhinitis. The influence of
atopy on the risk of baker's rhinitis is not clear.

In the Finnish Register of Occupational Diseases, expo-
sure to flour dust comprised 24% of the reported cases of
occupational rhinitis and was, after animal dander, the
second most common aetiological agent of rhinitis [8]. The
age-standardized rate ratio, as an estimate of the relative
risk, was 22 (95% confidence interval (CI) 17±29) compar-
ed with the working Finnish population.

Rhinitic symptoms per se impair quality of life [9]. In
addition, baker's rhinitis may develop into baker's asthma.
In fact, most cases of baker's asthma are reported to be
preceded by rhinitis [2].

The objectives of the present investigation were to es-
timate the incidence of hay fever and other rhinitic symp-
toms in bakers and control subjects. The modifying effect
of atopy was also studied, as well as changes of job due to
nasal symptoms.

Methods

Study design and subjects

The study was of retrospective cohort design using a
postal questionnaire. The subjects comprised all people
born from 1943 to 1972 who had graduated from bakery
classes in Swedish trade schools from 1961 to 1989 ac-
cording to school records. These people usually followed a
bakery programme for 2 yrs, usually beginning at the age
of 16 yrs. In this way, 2,986 people, trained to become
bakers, were identified.

Two control groups were used in the study. One group
(school controls) comprised people also born from 1943 to
1972, who went to the same trade schools, during the same
period as the bakers, but following different programmes.
They were mostly trained in other trades in the food-pro-
cessing industry, such as butchers, cooks, brewery or dairy
workers. For every 10 bakers, four controls from the same
school and year were selected at random. The total number
of school controls was 1,290.

Ninety-five bakers and school controls were not found
in the population register in 1992 and were excluded from
the study. Of these, 12 were dead, 14 had emigrated and
three changed address at the time of the study. The registrar
was not allowed to give the addresses of another three
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people and 63 people were not located in the register,
probably because of changed social security numbers or
emigration without notifying the authorities. After these
exclusions 2,923 bakers and 1,258 school controls remain-
ed.

A second control group (population controls) was sel-
ected at random from the Swedish population register,
stratified for sex and 10-yr birth-class, comprising 1,258
people.

The study was approved by the Committee of Ethics of
GoÈteborg University and by the Data Inspectorate.

Questionnaire

A self-administered questionnaire was mailed to all
participants in late 1992. The two questions about nasal
symptoms were: "Do you have or have you had hay
fever?" (Question (Q) 11A) and "Do you have or have you
had other nasal symptoms than hay fever (a blocked or
runny nose and/or attacks of sneezes without having a
cold)?" (Q12A). An affirmative response to question 11A
was followed by: "How old were you when the hay fever
started?" (Q11B) and an affirmative answer to Q12A by:
"How old were you when your other nasal symptoms
started?" (Q12B). Hay fever was defined as a positive
answer to question Q11A and rhinitis as a positive answer
to Q12A. The question concerning change of work was:
"Have you ever changed job due to hay fever or other nasal
symptoms?" (Q20B).

There were two questions on history of respiratory
atopy: "Have any of your parents or siblings suffered from
asthma?" (Q21A), or "hay fever?" (Q21B) Questions on
skin atopic history were: "Did you have childhood ec-
zema?" (Q19) and: "Have any of your parents or siblings
suffered from atopic eczema?" (Q21C).

The questionnaire also contained information on asth-
ma, skin symptoms and occupational history. The results
on the occurrence of asthma and hand eczema have been
published elsewhere [10, 11].

A total of 5,439 questionnaires were sent out. The
response rates after two reminders were: former baker
students 2,226/2,923 (76.2%), school controls 931/1,258
(74.0%), and population controls 930/1,258 (73.9%). In all
three groups there were significantly more females among
the responders than among the nonresponders. When con-
trolling for sex, there was no difference in age between
responders and nonresponders.

Reliability

A second, identical questionnaire was mailed to 200
randomly selected subjects who had answered the first
questionnaire without any reminder. The second ques-
tionnaire was sent out 5 months after the first one. The
response rate was 73%. Agreement between discrete var-
iables was estimated by the kappa coefficient [12]. The
kappa coefficient of the question on hay fever (Q11A) was
0.84 and for rhinitis (Q12A) 0.66.

The reliability of the temporal aspect of the onset of hay
fever (Q11B in the questionnaire) and rhinitis (Q12B) was
also studied. Forty-two subjects reported hay fever in both
questionnaires. Two of them did not answer Q11B on the
second occasion. Fourteen subjects gave identical answers
to Q11B and the answers of 10 subjects differed by 1 yr, of

six subjects by 2 yrs, of five subjects by 3 yrs, of two
subjects by 4 yrs, and in one subject each the difference
was 5, 6 and 9 yrs.

Fifty-two subjects reported rhinitis on both occasions,
10 of whom did not answer Q12B on one of the occasions.
Twelve subjects gave identical answers to Q12B on the
two occasions and the answers of nine subjects differed by
1 yr, in eight subjects by 2 yrs, in two subjects by 3 yrs, in
two subjects by 4 yrs, in three subjects by 5 yrs, in two
subjects by 7 yrs, in one person each the difference was 6,
9, 14 and 20 yrs.

Data analysis

Incidence rates were calculated by the number of new
cases of hay fever and rhinitis per person-yrs under ob-
servation (1961±1992). The person-yrs in bakers and
school controls were calculated from the year they left the
trade school programme and through 1992 or until they
developed hay fever or rhinitis. Population controls con-
tributed person-yrs from 18 yrs of age, i.e. the age at which
most bakers left school, until 1992 or until hay fever or
rhinitis started. If hay fever or rhinitis was reported before
the age of 18 yrs or if the starting year was unknown, the
subject was excluded from the incidence study of that nasal
symptom. In bakers, the incidence rate was calculated
separately for time working as a baker and for time in other
occupations. Incidence rate ratios were calculated and are
referred to as relative risks. Ninety-five per cent confidence
intervals of the relative risk were calculated with the test-
based method [13]. The p-values for prevalence ratios were
calculated with the Chi-squared test. A multiple logistic
regression analysis was performed with the Proc Logist
module of the SAS software package (SAS Institute, Cary,
NC, USA) estimating the odds ratio for reporting rhinitis
with onset at 18 yrs of age or later. Independent variables
were occupational history, sex, childhood eczema and a
family history of hay fever or asthma. Only p-values <0.05
are indicated.

Results

Of the 2,226 former baker students answering the
questionnaire, 1,644 (73.9%) had worked as bakers after
leaving school ("ever bakers"), while 558 (25.1%) had
never worked as bakers ("never bakers"), and 24 (1.0%)
did not report their working history. The mean age for
males (n=1,280) was 31 yrs and for females (n=946) 27
yrs.

The cumulative prevalence of hay fever was signifi-
cantly lower in "ever bakers" than in the population con-
trols (13.6 versus 17.1%; table 1). The lifetime cumulative
prevalence of rhinitis was significantly higher among
"ever bakers" than in all control groups. The lowest pre-
valences of hay fever and rhinitis with onset at 15 yrs of
age or earlier and of a family history of hay fever were
found among "ever bakers". Six per cent of the "ever
bakers" had changed job owing to nasal symptoms, sig-
nificantly more than any of the control groups.

The incidence rate of hay fever was about 4 cases.1,000
person-yrs-1 when working as a baker, compared with 1.9±
2.7 cases in male and 3.7±5.7 cases in female control sub-
jects (table 2).
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The incidence of rhinitis during work as a baker was
about 30 cases.1,000 person-yrs-1 in both sexes, compared
with about 10 cases.1,000 person-yrs-1 in male controls
and approximately 15 cases.1,000 person-yrs-1 in female
controls (table 2). The median time between reported onset
of rhinitis during bakery work and answering the ques-
tionnaire was 5 yrs (95th percentile was 9 yrs).

The relative risk of hay fever in males was greater dur-
ing work as a baker than in school and population control
subjects (table 3), in contrast to females. For both sexes,
the relative risk of rhinitis was significantly greater during
work as a baker than in any comparison group (table 3).
The estimated relative risks ranged 2.6±2.9 for males and
1.8±2.4 for females.

Subjects with a family history of hay fever had increased
incidence rates of hay fever and rhinitis during bakery
work than in other occupations and in the control groups
(table 4).

There was an association between the occurrence of hay
fever or rhinitis and asthma diagnosed by a physician. Pre-
valences of asthma among people with hay fever ranged
15±24%, the lowest in "ever bakers" and the highest in

population control subjects. The corresponding figures for
people with rhinitis ranged 10±17%, with the lowest pre-
valence in "never bakers" and the highest in population
control subjects. The corresponding prevalences in people
without hay fever or rhinitis ranged 3.0±4.3%.

A family history of asthma increased the incidence of
hay fever by a factor of 1.4±2.8; the incidence of rhinitis
was not affected among males but was increased by a
factor of about 1.5 in females (data not shown). Subjects
with skin atopy (a report of own childhood eczema or a
family history of atopic eczema) increased incidence rates
of rhinitis, except for females in relation to a family history
of eczema (table 5). Among bakers, the incidence rates of
hay fever in both sexes and of rhinitis in females were
highest during the first year of employment (table 6). In
general, the incidence rates were higher in subjects <26
yrs of age (table 7).

Table 2. ± Incidence rates of hay fever and rhinitis from
the age of 18 yrs onwards in former bakery students and
controls

Former bakery students

When working
as baker

When in other
occupations

School
controls

Population
controls

Hay fever
Males 4.4 (30) 2.7 (25) 1.9 (13) 2.3 (16)
Females 3.8 (10) 3.7 (18) 5.7 (22) 4.1 (15)

Rhinitis
Males 29.4 (179) 10.1 (87) 11.1 (73) 10.1 (68)
Females 30.1 (74) 12.8 (59) 16.3 (69) 15.6 (56)

Data are shown as number of cases.1,000 person-yrs-1 (number
of incident cases).

Table 3. ± Relative risk (RR) of hay fever and rhinitis in
bakers, compared with bakers during time in other occupa-
tions, school and population controls

Comparison group

Bakers when in
other occupation

School
control

Population
control

RR 95% CI RR 95% CI RR 95% CI

Hay fever
Males 1.6 0.94±2.7 2.2 1.2±4.2 1.9 1.1±3.5
Females 1.0 0.44±2.5 0.67 0.32±1.4 0.92 0.41±2.1

Rhinitis
Males 2.9 2.3±3.7 2.6 2.0±3.4 2.9 2.2±3.8
Females 2.4 1.6±3.1 1.8 1.3±2.6 1.9 1.4±2.7

CI: confidence interval.

Table 1. ± Cumulative prevalences of self-reported hay
fever and rhinitis, of a family history of hay fever and cha-
nge of job due to rhinitis in bakers, school and population
controls

Former bakery
students. Ever

worked as baker

School
controls

Population
controls

Yes
n=1,644

No
n=558 n=931 n=930

Prevalence %
Lifetime

Hay fever 13.6 13.9 16.3 17.1*
Rhinitis 33.2 22.6*** 27.5** 28.0**

Up to 15 yrs of age
Hay fever 7.5 8.8 10.5** 10.7**
Rhinitis 5.4 6.4 7.3 9.4**

Family history of
hay fever

16.3 17.0 19.3 21.0**

Changed job due to
nasal symptoms

6.1 2.7** 0.8*** 1.6***

All comparisons are made between those former bakery students
who have ever worked as bakers and the respective comparison
group. *: p<0.05; **: p<0.01; ***: p<0.001; compared with for-
mer bakery students who had worked as a baker.

Table 4. ± Incidence rates of hay fever and rhinitis from
the age of 18 yrs onwards according to a family history of
hay fever

Former bakery students

When
working
as baker

When in
other

occupation

School
controls

Population
controls

Hay fever
Males
Family history

Yes 18.8 (12) 9.5 (7) 10.1 (8) 10.1 (8)
No 2.5 (14) 1.9 (14) 0.9 (5) 1.4 (8)

Females
Family history

Yes 15.3 (6) 11.5 (9) 11.6 (6) 3.5 (2)
No 1.5 (3) 1.9 (7) 4.9 (15) 4.5 (12)

Rhinitis
Male
Family history

Yes 48.3 (29) 16.8 (13) 18.1 (17) 15.7 (14)
No 27.7 (136) 9.9 (68) 10.6 (54) 8.9 (48)

Females
Family history

Yes 44.7 (17) 24.6 (19) 24.6 (12) 22.3 (13)
No 26.1 (49) 10.8 (37) 15.6 (45) 14.8 (39)

Date are shown as number of new cases.1,000 person-yrs-1

according to a family history of hay fever (number of incident
cases).
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In addition the three comparison groups (bakers in other
occupations together with school and population controls)
were combined and the relative risks for bakers of de-
veloping hay fever or rhinitis during bakery work were cal-
culated and compared with this combined comparison
group. The risk for hay fever was 1.9 (95% CI 1.2±2.9) for
males and 0.86 (95% CI 0.43±1.7) for females. The rel-
ative risk for rhinitis in males was 2.8 (95% CI 2.3±3.4)
and for females 2.0 (95% CI 1.6±2.7) compared with the
combined control groups.

The multiple logistic regression showed significant as-
sociations between prevalence of rhinitis and all variables
except for sex and a family history of asthma. The odds
ratios and 95% CI for the "ever bakers" was 2.5 (1.8±3.4)
compared with "never bakers" 1.7 (1.4±2.2) compared
with school controls and 1.8 (1.5±2.3) compared with pop-
ulation controls. The odds ratio for childhood eczema was
1.6 (95% CI 1.3±2.0) and for a family history of hay fever
1.7 (1.4±2.2).

Discussion

This study showed an increased incidence of rhinitis
and, for males of hay fever during bakery work. An atopic
history further increased these incidences. Bakers changed
job because of nasal symptoms more often than control
subjects.

Beforediscussing the significance of these findings, some
methodological aspects need to be considered. A self-
selection out of bakery school of persons with atopy af-
fecting the nose seems most probable and is supported by
lower prevalences of hay fever and rhinitis up to the age of
15 yrs and a lower prevalence of a family history of hay
fever among baker students compared to controls (table 1).
The differences in incidence of hay fever and rhinitis be-
tween bakers and control subjects would, therefore, prob-
ably have been larger if there had been no selection bias.

Two kinds of information bias are possible; misclassi-
fication by diagnosis and by time of onset of disease.
Rhinitis can be classified as "allergic" or "nonallergic". The
allergic label is used when a causative allergen can be
identified [14]. This approach to classification might lead
to problems in epidemiological studies because of the
difficulty in identifying allergens using a questionnaire.
The question of occurrence of "hay fever" has been used as
a substitute for allergic rhinitis. Self-reported hay fever was
validated against a Phadiatop screening test [15] and ag-
ainst a skin test with common allergens [16]. The positive
predictive values of the question on hay fever in the two
studies were 37 and 43%, respectively. This means that
about 40% of the subjects reporting present or past hay
fever seem to have a positive allergy test to common al-
lergens.

The validation of questions of self-reported rhinitis is
hampered by the lack of agreed definitions of this con-
dition [17]. To the authors' knowledge, there is only one

Table 5. ± Incidence rates of rhinitis from the age of 18
yrs onwards according to childhood eczema or a family his-
tory of atopic eczema

Former bakery students

When
working
as baker

When in
other

occupation

School
controls

Population
controls

Males
Childhood
eczema

Yes 38.9 (20) 12.8 (10) 17.2 (11) 8.5 (6)
No 28.1 (152) 10.1 (76) 10.6 (62) 10.4 (62)

Family
history

Yes 52.9 (18) 15.2 (8) 11.6 (5) 14.3 (7)
No 27.5 (139) 9.5 (66) 10.8 (59) 9.8 (54)

Females
Childhood
eczema

Yes 40.1 (14) 22.2 (13) 28.7 (15) 30.6 (16)
No 28.5 (59) 11.6 (45) 14.5 (45) 12.9 (39)

Family
history

Yes 30.5 (80) 18.8 (10) 16.6 (7) 45.5 (17)
No 28.6 (57) 12.1 (44) 15.9 (48) 12.8 (35)

Data are shown as number of new cases.1,000 person-yrs-1

according to childhood eczema or a family history of atopic
eczema (number of incident cases).

Table 6. ± Incidence rates of hay fever and rhinitis when
working as a baker, according to time after start of empl-
oyment

Years after start of employment

# 1 2±5 $ 6

Hay fever
Males 10.2 (13) 3.0 (7) 3.1 (10)
Females 5.6 (5) 2.5 (3) 3.7 (2)

Rhinitis
Males 29.5 (37) 37.8 (81) 22.3 (60)
Females 35.3 (31) 28.9 (32) 23.6 (11)

Number of incident cases is given in parentheses.

Table 7. ± Incidence rates of hay fever and rhinitis from
the age of 18 yrs onwards according to age

Former bakery student

When
working
as baker

When in
other

occupation

School
controls

Population
controls

Hay fever
Males
Age yrs

#25 5.9 (26) 1.2 (1) 2.1 (2) 6.3 (5)
$26 1.6 (4) 2.9 (24) 1.9 (11) 1.7 (11)

Females
Age yrs

#25 4.1 (9) 6.0 (9) 8.1 (7) 4.0 (3)
$26 2.4 (1) 2.6 (9) 5.0 (15) 4.1 (12)

Rhinitis
Males
Age yrs

#25 35.7 (147) 18.0 (14) 11.8 (11) 16.7 (13)
$26 16.2 (32) 9.3 (73) 11.0 (62) 9.2 (55)

Females
Age yrs

#25 30.8 (65) 17.1 (25) 27.9 (23) 28.3 (20)
$26 26.3 (9) 10.8 (34) 13.0 (37) 12.5 (36)

Data are shown as number of new cases.1,000 person-yrs-1

according to age (number of incident cases).
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reported validation of self-reported rhinitis in general.
SIBBALD and RINK [18] compared a mailed questionnaire
with in-depth interviews. Assuming the interview as the
"gold standard", the agreement was good with a sensitivity
of 96% and a specificity of 91%. The questionnaire asked
about sneezing, runny nose and blocked nose. These nasal
symptoms were recommended for epidemiological use by
the European position paper [14]. The present study fol-
lowed these recommendations, adding that rhinitic symp-
toms should occur without having a cold.

There is no obvious reason why rhinitis would be re-
ported falsely more frequently during bakery work. Most
people do not regard rhinitis as a serious disease. If former
baker students were ascribing rhinitis onset to time as a
baker, the incidences during work in other occupations
would be lower than in the two other control groups. That
was not the case in the present study. Furthermore, there
was a satisfactory reliability of the questions on time of
onset of hay fever and rhinitis (29 out of 42 subjects re-
ported onset of rhinitis within 2 yrs on the two occasions).
Thus, it is unlikely that there was any significant infor-
mation bias.

Epidemiological knowledge on the occurrence of nasal
symptoms in adults is sparse. The authors are not aware of
any other study on the incidence of rhinitis in an occu-
pational setting and found only one study on the incidence
of hay fever in the general population [19]. The incidence
of hay fever in that population sample was about five
cases.1,000 person-yrs-1, which is in the same range as the
present results (table 2).

The increased incidence of hay fever during bakery
work among males may be attributed to misclassification
between hay fever and rhinitis. A true increase in the in-
cidence of hay fever during bakery work was also possible.
Cereals are taxonomically related to common grasses [20]
and immunological cross-reactions between flour allergens
and grass pollen are possible [21]. The absence of an in-
creased incidence in females could be a parallel to the pre-
vious findings of an increased incidence of asthma during
bakery work only in males [10].

In general, the incidence rates of hay fever and rhinitis
were highest during the first years of bakery work. This
may indicate that nasal symptoms are induced quickly in
bakers but might also be an effect of higher incidence rates
in general in the younger ages (table 7). Since the most
common course of events for bakery students is to start
bakery work shortly after graduating, exposure is more
likely to occur in the younger than in the older groups.

The relative risks for rhinitis when working as a baker
are 2±3. The ratios of the cumulative prevalences for rhi-
nitis between bakers and control subjects are 1.2±1.5,
which illustrates the advantage of estimating the incidence
rates rather than prevalences. In a study of cross-sectional
design, prevalence ratios would probably have been even
smaller owing to selection bias: some atopic youths would
probably have avoided the bakery trade school and bakers
with rhinitis symptoms would have left the occupation. Of
the 293 incident cases of hay fever or rhinitis during bakery
work, 65 (22%) reported change of work because of nasal
symptoms.

A family history of hay fever seems to be a strong pre-
dictor for the occurrence of hay fever, both in exposed
workers and in control subjects (table 4). The cases are too
few to evaluate whether exposure increases the risk of hay

fever in persons without a family history of hay fever. A
family history of hay fever also seems to be a predictor for
the occurrence of rhinitis in exposed people and controls.
The excess risk associated with exposure seemed to be
higher for people with a family history (i.e. 48.3±16.8 =
31.5 versus 27.7±9.9 = 17.8.1,000 person-yrs-1 for males
using "when in other occupation" as control subjects). This
indicates a synergistic effect between a family history of
hay fever and exposure to bakery work.

An attempt was also made to calculate the incidence of
rhinitis relative to onset of previous hay fever. This proved
not to be feasible because most people reporting both
rhinitis and hay fever gave the same year of onset for both
conditions, resulting in few incident cases of rhinitis after
hay fever and unstable incidence estimates. This may be
due to misclassification between hay fever and rhinitis, as
discussed previously.

The impact of skin atopy on the incidence of rhinitis is
more obscure (table 5). In males, both indicators of skin
atopy (child hood eczema and a family history of atopic
eczema) seemed to be rather weak predictors of rhinitis. In
females, a history of own childhood eczema increased the
incidence of rhinitis, but the highest incidence rate was
found in population controls without a family history of
atopic eczema. This may be a random finding.

In conclusion, Swedish bakers, mainly working in the
1970s and 1980s, had an approximately doubled risk of
developing rhinitis. Male bakers also had an increased risk
for hay fever. There was a synergistic effect of bakery work
and atopy such as a family history of hay fever. Bakers also
changed their job due to nasal symptoms more often than
control subjects.
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