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Background: Exposure to contact allergens and specific allergic sensitization to them are common, but
possible related health effects have been rarely studied.

Objectives: We aimed to analyse possible associations between contact sensitization to nickel sulfate
and fragrance mix I and lung function parameters or bronchial hyper-responsiveness.

Methods: Within a population-based study in Augsburg, 1052 adults performed lung function tests,
including forced expiratory volume in 1 second (FEV1), forced vital capacity (FVC) and bronchial
hyper-responsiveness (BHR). Patch tests were performed, and information was assessed by medical
examinations and interviews. Logistic regression models were applied to study associations between
contact allergies and lung function parameters.

Results: Women were sensitized significantly more often than men to nickel [odds ratio (OR) 3.97, 95%
confidence interval (CI) 2.50–6.29] and fragrance mix I (OR 2.28, 95% CI 1.50–3.46). Patch test results
for nickel and fragrance mix I did not influence mean FEV1 and FVC % predicted values. However, in
women, a higher rate of BHR was associated with positive patch test reactions to fragrance mix I (OR
2.24, 95% CI 1.11–4.52).

Conclusions: Contact sensitization to fragrance mix I is associated with a higher rate of BHR in women.
Thus, in women with contact allergy to fragrances, airway obstruction should be considered as a possible
co-morbidity.
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Background

Sensitization to contact allergens is common, and
overall sensitization rates for a panel of the 25 most
common allergens reach 15–20% of the general
adult population (1, 2); in some studies, these rates
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(chairman), R. Holle, J. John, T. Illig, C. Meisinger,
A. Peters and co-workers who are responsible for the
design and conduct of the KORA studies.

even reach up to 40–50% (3, 4). Hitherto, any asso-
ciations between allergic contact sensitization and
potential health effects have been rarely studied.
Skin exposure to fragrances, jewellery or cosmet-
ics may result in eczema. Known acute symptoms
caused by inhalation of volatiles from cosmetics
or fragrances are mainly eye irritation or airway
symptoms such cough or dyspnoea (5, 6). However,
these latter complaints are not strictly associated
with a contact allergy – they may indicate hyper-
reactivity (7). Several studies have indicated that
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some people have an overall increased propensity to
develop contact sensitization, which is expressed in
multiple sensitizations and strong allergic patch test
reactions (1, 8). Furthermore, people with a defined
contact allergy and those with a history of hand
eczema or active lung diseases may have more fre-
quent and more severe symptoms after exposure to
fragrances or nickel salts (6, 5, 9). The mechanisms
from sensitization to contact allergens to clinical
symptoms are complex. Several occupational stud-
ies and animal experiments have indicated that there
might be an association between contact allergy and
the onset of respiratory diseases (10, 11). However,
this possible association has never been analysed in
a population-based setting.

We aimed to analyse, within a population-based
study, whether sensitization to the most common
contact allergens (nickel sulfate and fragrance mix I)
affect lung function parameters, including forced
expiratory volume in 1 second (FEV1) and forced
vital capacity (FVC), as well as bronchial hyper-
responsiveness (BHR).

Methods

Study population

We report the results of the KORA C study. The
subjects were recruited from the third MONICA sur-
vey, which was performed in Augsburg, Germany,
during the years 1994 and 1995. The objective
and protocol of the MONICA surveys in Augs-
burg have been published previously (12). The third
MONICA survey consisted of a random sample of
4178 individuals stratified for age and sex, drawn
from all registered residents aged 25–74 years of
the city of Augsburg. The KORA C study was
performed between September 1997 and December
1998. KORA C is a subset of the third MONICA
survey, enriched with subjects with positive test
results for specific IgEs against common aeroaller-
gens (grass and birch pollen, house-dust mite, cat,
and Cladosporium herbarum). Details of the cross-
sectional KORA C study design have been reported
elsewhere (13). Finally, 1537 subjects participated
(60.5%), of whom 50.2% had at least one posi-
tive radioallergosorbent test (RAST) result. Besides
questionnaire evaluations, detailed dermatological
examinations, patch tests and lung function tests
were performed. Lung function tests were only per-
formed among those younger than 60 years (1090
participants). After exclusion of those with invalid
results for the lung function testing, 1052 valid tests
were included in the final analysis (Table 1). A writ-
ten, informed consent form was received from all
participants, and ethical approval for the study was
obtained from the local ethics committees.

Outcome assessment

Lung function. For all participants aged 59 years
or younger who did not smoke or use inhalers
1 hr before the, test FEV1 and FVC were deter-
mined by spirometry. All spirometric tests were
performed with strict adherence to the European
Community Respiratory Health Survey protocol, the
most common method for lung function tests in epi-
demiological studies in cohorts at the international
level (14), and have been previously published (15).
Tests were considered valid if three valid mea-
sures could be obtained throughout a maximum of
five trials. When there were no contraindications
(acute heart disease during the past 3 months, taking
β-blockers, taking drugs for heart diseases or
epilepsy, pregnancy, lactation, an initial FEV1 value
of less than 70% as compared with the index value,
or an FEV1 value of less than 1.5 l), BHR was
also tested for by methacholine provocation. The
methacholine challenge has been described in detail
elsewhere (15, 16). After inhalation of saline as
a diluent, increasing doses of methacholine were
given. The provocation was stopped when the FEV1
value fell by more than 20% as compared with
the post-saline FEV1 check value or at a cumula-
tive dose of 2 mg of methacholine. For analysis,
the concentration of methacholine causing a 20%
decline in FEV1 as compared with the post-diluent
value was weighted by the number of inhalations,
and the results were added to a cumulative dose of
methacholine (PD20). A cumulative dose of ≤2 mg
of methacholine (PD20 ≤ 2 mg) was defined as an
increased BHR, according to Abramson et al. (17).

Dermatological examination and patch tests. All
subjects received a full dermatological examina-
tion. Individuals with atopic eczema and psoria-
sis were identified on a clinical basis. Patch tests
were performed as recommended by the Interna-
tional Contact Dermatitis Research Group (18) The
actual baseline panel of the time, which includes 25
allergens, was tested (Hermal, Reinbek, Germany).
As compared with the most recent European base-
line series of 2005, a total of 19 allergens, including
nickel sulfate 5% and fragrance mix I 8%, are iden-
tical. Finn Chambers® were used. The tests were
applied for 2 days on the upper back, and the par-
ticipants were asked to remove the patches after that
time and to return for a reading by the investigat-
ing physicians on D3. For the final analysis, only
definitive positive (+ to + + +) and negative (0)
results were considered, irritative and questionable
(+?) results being excluded.

Questionnaire. As part of the study, a computer-
assisted standardized interview was performed.
Besides data on age and sex, information on
sociodemographic parameters and medical history



Contact Dermatitis 2010: 63: 157–163 SENSITIZATION TO CONTACT ALLERGENS 159

was assessed. The subjects were additionally asked
whether they had experienced adverse skin reac-
tions (such as itch, redness or dermatitis) to certain
products, and, if so, whether they could link these
to specific things such as costume jewellery or
fragrances. In addition, all participants were asked
whether they had ever undergone a patch test and
whether contact allergy was diagnosed on the basis
of positive reactions.

Statistical analyses

A secondary statistical analysis was performed for
the KORA C study to investigate whether sen-
sitization to the most common contact allergens
affects lung function parameters. Descriptive sta-
tistical analysis was performed for the study pop-
ulation, lung function parameters, BHR and patch
test results with sas, version 9.13. For the two
most common contact allergens, nickel sulfate and
fragrance mix I, detailed analyses were performed.
Trend testing based on T -tests was used to describe
trends for the prevalence of contact sensitization.
Chi-square tests and multivariate logistic regression
models were applied for the association between
lung function parameters or BHR and sensitization
to contact allergens. The final model were adjusted
for age, sex, smoking, atopic family history, atopic
diseases and positive sensitization to at least one
inhalation allergen (RAST). Stratified and total cal-
culations were performed for males and females.

Results

A total of 1052 valid lung function tests were
analysed. FEV1 and FVC values were significantly
lower for women than for men, and women showed
a higher rate of BHR (Table 1). The highest preva-
lences of positive patch test reactions were seen
for nickel (14.7%) and fragrance mix I (14.8%).
Women were sensitized significantly more often to
any of the 25 allergens than men [37.9% versus
19.0%; odds ratio (OR) 3.22, 95% confidence inter-
val (CI) 2.29–4.52]. There was a decreasing trend
for the prevalence of sensitization to nickel with
older age (P -trend < 0.01). However, the sensitiza-
tion to fragrance mix I increased with age (P -trend
< 0.01) (Table 2).

The association between the lung function param-
eters, FEV1 % predicted and FVC % predicted
(according to Quanjer) and patch tests for nickel
or fragrance mix I was not statistically significant,
except for certain FVC values (Table 3). Here,
the mean FVC % predicted value was higher for
those with a positive patch test result for fragrance
than for those with a negative patch test result
(mean ± standard deviation 112.11 ± 15.03 versus

Table 1. Characteristics of the study population

Total (N = 1052)

Malesa 509/1052 (48.4)
Age (years)b 44.4 ± 8.9
Higher educationa 529/1051 (50.3)
Smokinga 553/957 (57.8)
BMIb 25.4 ± 4.1
Family history of atopic diseasesa 159/1052 (15.1)
Asthmaa 83/1052 (7.9)
Hay fevera 300/1052 (28.5)
Atopic dermatitisa 44/1051 (4.2)
RAST-positivea 558/1052 (53.0)

Lung functionb

FEV1 (l) 3.59 ± 0.84
Males 4.16 ± 0.73
Females 3.05 ± 0.53

FVC (l) 4.31 ± 1.05
Males 5.07 ± 0.86
Females 3.60 ± 0.62

BHRa 122/617 (19.8)
Males 49/338 (14.5)
Females 73/279 (26.2)

Contact allergen (positive patch test resultsa

Nickel sulfate 118/801 (14.7)
Males 26/387 (6.7)
Females 92/414 (22.2)

Fragrance mix 117/793 (14.8)
Males 37/384 (9.6)
Females 80/409 (19.6)

BHR, bronchial hyper-responsiveness; BMI, body mass index;
FEV1, forced expiratory volume in 1 second; FVC, forced vital
capacity; RAST, radioallergosorbent test.
an/N (%).
bMean ± standard deviation.

109.02 ± 14.33; P = 0.03). Further sensitivity anal-
yses, including the relationship between FEV1 and
FVC, and the stratification for asthma and for sen-
sitization to at least one of the common inhalation
allergens, did not show any association between the
lung function parameters FEV1 and FVC and the
patch test results. However, sensitization to nickel
(OR 1.59, 95% CI 0.91–2.77) or fragrance mix I
(OR 1.68, 95% CI 0.94–3.01) increased the risk of
BHR (Table 4), but only after stratification for sex
could a statistically significant association between
sensitization to fragrance mix and BHR be observed
in females (OR 2.24, 95% CI 1.11–4.52). Sim-
ilar results were obtained after adjusting for age
(OR 2.14, 95% CI 1.05–4.35) and after adjusting
for age, smoking, atopic family history, atopic dis-
eases and positive sensitization based on RAST (OR
2.29, 95% CI 1.00–5.25). An additional sensitivity
analysis showed that the association between sen-
sitization to fragrance mix I and BHR in women
was only seen in women with allergic sensitization
to at least one of the common inhalant allergens
(OR 2.61, 95% CI 1.11–6.12), and not in non-
sensitized women (OR 1.04, 95% CI 0.21–5.22).
Men showed no relationship between sensitization
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Table 2. Lung function, bronchial hyper-responsiveness and positive patch test result by age categories

P -trend 25–34 years 35–44 years 45–54 years 55–59 years

Total no. of participants with lung function data 181 369 306 196
Lung functiona

FEV1 (l) 4.04 ± 0.77 3.77 ± 0.85 3.34 ± 0.75 3.20 ± 0.71
FEV1 % predicted 107.12 ± 11.33 107.97 ± 15.04 108.66 ± 14.54 110.79 ± 16.86
FVC (l) 4.74 ± 1.01 4.55 ± 1.07 4.04 ± 0.96 3.89 ± 0.89
FVC % predicted 106.91 ± 11.89 110.07 ± 15.04 109.87 ± 14.38 110.90 ± 16.82

BHRb 15/119 (12.6) 51/228 (22.4) 43/180 (23.9) 13/90 (14.4)
Contact allergen (positive patch test results)b

Nickel sulfate <0.01 30/126 (23.8) 49/274 (17.9) 30/241 (12.5) 9/160 (5.6)
Fragrance mix <0.01 13/128 (10.2) 30/270 (11.1) 42/238 (17.7) 32/157 (20.4)

Males 92 182 136 99
Lung functiona

FEV1 (l) 4.62 ± 0.58 4.36 ± 0.72 3.93 ± 0.58 3.67 ± 0.63
FEV1 % predicted 106.56 ± 11.33 107.01 ± 15.62 107.12 ± 13.89 109.61 ± 16.79
FVC (l) 5.51 ± 0.72 5.34 ± 0.84 4.82 ± 0.75 4.52 ± 0.71
FVC % predicted 106.07 ± 11.42 108.27 ± 14.34 106.30 ± 13.65 107.68 ± 15.25

BHRb 7/66 (10.6) 21/123 (17.1) 16/93 (17.2) 5/56 (8.9)
Contact allergen (positive patch test results)b

Nickel sulfate 9/63 (14.3) 5/138 (3.6) 7/108 (6.5) 5/78 (6.4)
Fragrance mix 2/63 (3.2) 9/136 (6.6) 15/108 (13.9) 11/77 (14.3)

Females 89 187 170 97
Lung functiona

FEV1 (l) 3.45 ± 0.41 3.20 ± 0.49 2.86 ± 0.48 2.72 ± 0.41
FEV1 % predicted 107.69 ± 11.36 108.90 ± 14.44 109.90 ± 14.97 112.00 ± 16.93
FVC (l) 3.95 ± 0.53 3.78 ± 0.60 3.41 ± 0.56 3.24 ± 0.53
FVC % predicted 107.77 ± 12.36 111.82 ± 15.53 112.73 ± 14.33 114.18 ± 17.77

BHRb 8/53 (15.1) 30/105 (28.6) 27/87 (31.0) 8/34 (23.5)
Contact allergen (positive patch test results)b

Nickel sulfate 21/63 (33.3) 44/136 (32.4) 23/133 (17.3) 4/28 (4.9)
Fragrance mix 11/65 (16.9) 21/134 (15.7) 27/130 (20.8) 21/80 (26.3)

BHR, bronchial hyper-responsiveness; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
aMean ± standard deviation; % predicted according to Quanjer.
bn/N (%).

to contact allergens and BHR, either for sensitized
or for non-sensitized subjects.

Discussion

Our results indicate that contact sensitization to fra-
grance mix I is associated with an increased risk for
BHR in women but not in men. The higher exposure
to perfumes in women might explain this obser-
vation (19, 20). Additionally, women may show
stronger adverse reactions to contact allergens than
men (21, 22). Furthermore, several studies have
indicated that there might be an association between
skin exposure to occupational agents and the devel-
opment of certain occupational lung diseases (10,
11, 23, 24). For example, isocyanate skin expo-
sure might contribute to the development of iso-
cyanate asthma, presumably by the induction of
systemic sensitization. However, all data supporting
the hypothesis that skin may induce systemic sensi-
tization to certain occupational allergens in human
beings are mainly indirect. It has been demon-
strated in different mouse and rat models that skin
exposure to chemical sensitizers induces systemic

sensitization, with subsequent inhalation challenge
resulting in asthmatic-like responses (25, 26). How-
ever, to our knowledge, this is the first population-
based study to investigate the association between
patch test results and BHR.

A historical study indicated that numerous chem-
ical factors, such as tobacco smoke and perfumes,
can induce airway symptoms through BHR in sensi-
tive individuals (27). It could be speculated that the
olfactory sensory system plays a considerable role
in causing these symptoms, and strong-smelling per-
fumes are important trigger factors for these airway
symptoms. Furthermore, an association between fra-
grance contact allergy and eye and airway symptoms
elicited by fragrance products has been shown (6).
Interactions between skin inflammation and airway
sensitivity may be one of the mechanisms, as well
as a common endogenous predisposition. It was
shown that BHR was linked to mucosal symp-
toms elicited by fragrance exposure, but no asso-
ciation between low FEV1 and these symptoms
was found (28). This indicates that such mucosal
symptoms related to fragrance products are more
prevalent in asthmatics, but not in individuals with
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Table 3. Lung function as compared with positive patch test results

FEV1 % predicteda FVC % predicteda

Patch+ Patch− P -value Patch+ Patch− P -value

Total participants with patch test data
Nickel sulfate 109.68 ± 13.20 108.08 ± 14.81 0.27 111.65 ± 13.42 109.29 ± 14.88 0.11
Fragrance mix 110.18 ± 14.69 107.79 ± 14.26 0.10 112.11 ± 15.03 109.02 ± 14.33 0.03

Male
Nickel sulfate 108.95 ± 14.18 107.21 ± 14.68 0.56 107.02 ± 15.91 107.29 ± 13.71 0.93
Fragrance mix 109.25 ± 16.87 107.14 ± 14.18 0.40 108.42 ± 16.27 107.20 ± 13.46 0.61

Female
Nickel sulfate 109.88 ± 12.98 109.06 ± 14.92 0.63 112.96 ± 12.41 111.55 ± 15.81 0.37
Fragrance mix 110.61 ± 13.65 108.48 ± 14.34 0.23 113.82 ± 14.20 110.94 ± 14.97 0.12

Patch+, sensitized to contact allergen; Patch−, not sensitized to contact allergen.
aMean ± standard deviation; % predicted according to Quanjer.

Table 4. Logistic regression models for sensitization to contact allergens and bronchial hyper-responsiveness (BHR)

Crude Adjusted model 1a Adjusted model 2b

BHR OR 95% CI OR 95% CI OR 95% CI

Total
Nickel sulfate 1.59 0.91–2.77 1.41 0.78–2.54 1.55 0.80–2.99
Fragrance mix 1.68 0.94–3.01 1.45 0.79–2.63 1.48 0.76–2.91

Males
Nickel sulfate 0.60 0.13–2.71 0.61 0.13–2.74 0.81 0.17–3.80
Fragrance mix 0.46 0.11–2.05 0.45 0.10–2.01 0.53 0.11–2.60

Females
Nickel sulfate 1.62 0.84–3.11 1.84 0.93–3.64 2.16 0.97–4.82
Fragrance mix 2.24 1.11–4.52 2.14 1.05–4.35 2.29 1.00–5.25

aAdjusted for age, and additionally for sex in ‘Total’.
bAdjusted for age, smoking, atopic family history, atopic diseases and positive sensitization to at least one of the common inhalation
allergens (radioallergosorbent test), and additionally for sex in ‘Total’.

chronic obstructive pulmonary diseases. Addition-
ally, the lack of association with atopy suggests
that non-IgE-mediated immunological mechanisms
play a major role. This is in line with our results,
indicating that contact sensitization to fragrances,
which is a type IV allergy, is related to asthma. A
similar result was shown for respiratory symptoms
elicited by airborne chemicals other than fragrances
that were related to allergic contact dermatitis but
not to IgE-mediated allergy (29). Here, too, female
sex showed a positive association with respiratory
symptoms. Thus, exposure to chemicals including
fragrances could be considered to be a trigger factor
for asthma and bronchospasm (30).

However, nickel has a lower impact on respira-
tory parameters. This is not surprising, as inhalation
is only one of the exposure pathways of nickel,
but not the most common. Skin contact is much
more important, as nickel is present in the work-
place, objects of daily use, tools, toys, fashion, food
and urban air (31). Nickel exposure is therefore
varied, and it is one of the most frequent contact
allergens (31). Furthermore, nickel salts induce
occupational asthma (32). The underlying mech-
anisms have not been fully explained yet. There
may be non-immunological and immunological

mechanisms, and the latter could be either
IgE-dependent or non-IgE-mediated (9). Delayed
hypersensitivity might be involved in asthma caused
by nickel, which could explain the association
between skin reactions to nickel and BHR.

In the interpretation of the results, possible lim-
itations of the study also have to be considered.
Because of the study design, it has to be taken into
account that we analysed an allergy-enriched popu-
lation in which half of the subjects exhibited type I
sensitization. This was considered in the statisti-
cal analysis, in which we also adjusted for positive
sensitization on the basis of RAST. Furthermore,
a stratified analysis showed that the association
between contact sensitization to fragrance mix I and
BHR was mostly seen in women with allergic sensi-
tization. Additionally, a previous detailed analysis of
contact allergies in our study found no differences in
contact sensitization depending on associated type I
sensitization (13). This makes an ascertainment bias
unlikely. Although the rate of fragrance sensitivity
in our study population (14.8%) seems to be rel-
atively high, comparison with other studies shows
that our results are well within the expected range.
Thus, the Information Network of Departments of
Dermatology, which collected data from 42 centres
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of a Central European Network from 1993 to 2003,
showed an average fragrance sensitization rate of
11.2%, with a maximum of 13.1% in 1999 (8, 33).
Nevertheless, it has to be taken into account that
our study population, including only residents of the
city of Augsburg, may differ in several aspects not
recognized in this study.

Concerning the association that we demonstrated
between contact sensitization to fragrance mix I and
BHR, it has to be considered that epidemiologi-
cal studies investigate associations, but it is hard
to interpret these associations as causal. Therefore,
we cannot confirm whether the association is causal
or common-grounded. There might be a genetic ten-
dency for hyper-responsiveness in the airways and
the skin, which would predict a strong response to
fragrance in both organs. This hypothesis is sup-
ported by the fact that we could not observe an
association for nickel. As both fragrance and nickel
induce T-cell-driven type IV contact allergy, one
might expect both to be associated with BHR. One
possible mechanism for such an interaction between
skin inflammation and airway sensitivity might be a
recirculating, systemic T-cell-driven response in the
lungs, which has been observed in cat-allergic sub-
jects (34). These authors showed a T-cell-derived
late asthmatic reaction, without the requirement for
an early IgE cell-dependent response, after an intra-
dermal injection of cat peptides. Also, the main
exposure pathway of nickel is skin contact and not
inhalation, which might explain why we could not
find an association between nickel contact sensitiza-
tion and BHR. However, it has to be considered that
the association between contact sensitization to fra-
grance mix I and BHR could be demonstrated only
in women. This female predominance might indicate
a causal association, as women are more frequently
exposed to perfumes and cosmetics than are men.

To determine the kind of association, further stud-
ies are necessary. For example, a prospective study
would provide a more valid study design to evalu-
ate whether a temporal sequence and causality exist
between contact sensitization and BHR. Addition-
ally, it would be helpful for the interpretation to
have more information about personal exposure pat-
terns for certain contact allergens, and to monitor
real-time lung function and BHR before and after
patch testing. Furthermore, experimental studies are
needed to investigate the mechanisms of exposure to
fragrances and the development of BHR and finally
asthma.

The main strengths of our study are the
population-based setting, the considerably high sam-
ple size, covering adults from a large age range, and
the broad performance of patch tests and lung func-
tion tests including methacholine challenge tests.

Conclusions

Our results indicate that sensitization to fragrance
mix I is associated with BHR in women. Thus, in
women with contact allergy to scents, an airway
obstruction should be considered as a possible
co-morbidity. In this context, positive patch test
results might be associated with respiratory diseases,
especially with asthma.
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4. Schäfer T, Böhler E, Wichmann H E, Filipiak B, Ring J. The
KORA allergy study: patch test results. Allergo J 2000: 8:
474–479.

5. Millqvist E, Bengtsson U, Lowhagen O. Provocations with
perfume in the eyes induce airway symptoms in patients with
sensory hyperreactivity. Allergy 1999: 54: 495–499.

6. Elberling J, Linneberg A, Mosbech H et al. A link between
skin and airways regarding sensitivity to fragrance products?
Br J Dermatol 2004: 151: 1197–1203.

7. Brasch J, Becker D, Aberer W et al. Contact dermatitis.
J Dtsch Dermatol Ges 2007: 5: 943–951.

8. Brasch J, Schnuch A, Uter W. Strong allergic patch test reac-
tions may indicate a general disposition for contact allergy.
Allergy 2006: 61: 364–369.

9. Fernandez-Nieto M, Quirce S, Carnes J, Sastre J. Occupational
asthma due to chromium and nickel salts. Int Arch Occup
Environ Health 2006: 79: 483–486.

10. Redlich C A, Herrick C A. Lung/skin connections in occupa-
tional lung disease. Curr Opin Allergy Clin Immunol 2008: 8:
115–119.



Contact Dermatitis 2010: 63: 157–163 SENSITIZATION TO CONTACT ALLERGENS 163

11. Maestrelli P, Boschetto P, Fabbri L M, Mapp C E. Mecha-
nisms of occupational asthma. J Allergy Clin Immunol 2009:
123: 531–542.

12. Bothig S. WHO MONICA project: objectives and design. Int
J Epidemiol 1989: 18: S29–S37.
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