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ABSTRACT
Background: Nickel allergy is the most prevalent contact allergy. It belongs to a different hypersensitivity
type to asthma and rhinoconjunctivitis. The aim of this analysis was to assess whether self-reported nickel
allergy is associated with incident wheezing, asthma and rhinoconjunctivitis in young German adults,
taking into account potential effect modification by sex.
Methods: In total, 2051 (70.6%) participants aged 19–24 years took part in the second phase of SOLAR
(Study on Occupational Allergy Risks), a follow-up study of ISAAC II (the second phase of the
International Study of Asthma and Allergies in Childhood) in Germany. Self-reported nickel allergy, as
well as having pierced ears, and the three outcomes incident wheezing, asthma and rhinoconjunctivitis,
were analysed stratified for sex. Logistic regression adjusted for potential confounders was performed.
Results: An association between self-reported nickel allergy and incident wheezing was observed for men
and women, while only in males did pierced ears show a significant association with the outcome
(adjusted OR 2.26, 95% CI 1.10–4.62). Also only in males, self-reported nickel allergy was associated with
elevated odds for incident asthma (adjusted OR 4.34, 95% CI 1.22–15.41). Neither in men nor in women
was a significant association observed for incident rhinoconjunctivitis.
Conclusion: Our results suggest that self-reported nickel allergy is associated with incident wheezing.
Whether this association is due to environmental or genetic predisposition, or due to an overlap of the
mechanisms of type I and type IV hypersensitivity, needs to be elucidated.
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Introduction
Nickel allergy, caused by skin contact to nickel, is the most common contact allergy in children,
adolescents and adults. It is a cell-mediated hypersensitivity, where allergen-specific T-cells and memory
T-cells proliferate. These memory T-cells are activated after renewed contact to nickel, resulting in
inflammation [1]. With a point prevalence of 9.8–27.5%, it affects women more often than men
( prevalence 2.1–5.1%) in all age groups [2–5]. In females, contact with earrings plays a major role in the
sensitisation process [3, 6]. In 1994, the European Union adopted legislation to prevent further increase in
nickel allergy. It has been in full force since 2001 and limits contact to nickel-releasing objects that are in
direct or prolonged contact with the skin such as jewellery, watches and watch straps, buttons, and zips [7,
8]. So far, the restriction has been revised a few times and the nickel release of consumer objects further
limited [9].
Like nickel allergy, asthma and rhinoconjunctivitis are high-prevalence diseases, especially in younger age
groups [10, 11]. They are IgE mediated hypersensitivities, where naive T-cells develop into T-helper cells
that produce cytokines. IgE produced by B-cells binds to mast cells and basophils. Allergen exposure leads
to cellular degranulation, and the release of cytokines and chemokines [12]. While since 1973, many cases
of asthma [13–16] and rhinitis/rhinoconjunctivitis [14, 17, 18] due to the inhalation of nickel have been
reported, analyses of the association between nickel allergy, and atopy, atopic dermatitis [3, 6, 11, 19],
hand dermatitis [4, 11, 20], and asthma or rhinoconjunctivitis [4, 21–24] have revealed conflicting results.
Some population-based analyses and a record linkage of two registers concluded that there is no
association between nickel allergy and asthma or rhinitis [11, 16–18]. In contrast to these results, GÜL
et al. [24] analysed data from 40 asthmatics and found an association with nickel allergy. Although the
risk of developing asthma differs between males and females, with a reversal of prevalence in puberty,
most studies did not analyse data from males and females separately [25]. Also lacking is an analysis
focusing solely on the association of nickel allergy with incident wheezing, asthma and rhinoconjunctivitis
in a general-population setting.
We therefore aimed to assess whether self-reported nickel allergy is associated with incident wheezing,
asthma and rhinoconjunctivitis in young German adults and whether the effect is modified by sex. For
this, we separately investigated longitudinal data from males and females from a population-based cohort
study.

Methods
Study population
The present study population consisted of participants in the population-based cohort study SOLAR
(Study on Occupational Allergy Risks). Details of the study design have been described elsewhere [26]. In
short, SOLAR, with two German study centres in Munich and Dresden, is the follow-up study of ISAAC
II (the second phase of the International Study of Asthma and Allergies in Childhood) [27]. ISAAC II was
conducted in 1995–1996 and data from 6399 children (response rate 85.3%) aged 9–11 years were
collected by means of parental questionnaires. These validated questionnaires included questions on atopic
and respiratory symptoms, and on potential risk factors [27].
In 2002–2003, the then 16–18-year-old ISAAC II participants were re-contacted and 3785 of them
(response rate 77.4%) took part in SOLAR I. Of those, 2051 young adults (response rate 70.6%) aged
19–24 years participated in the second follow-up (SOLAR II) during 2007–2009. The SOLAR
questionnaires included, among others, questions on respiratory and atopic symptoms as well as questions
on environmental and occupational risk factors. Mainly, they were adopted from the ECRHS (European
Community Respiratory Health Survey) and ISAAC [28, 29].
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In the present analysis, data from the 2051 participants who took part in all three study phases were
analysed. SOLAR I is considered the baseline and SOLAR II, the follow-up. As a source of information for
some potential confounders, data from ISAAC II were used.
Written informed consent was obtained from the participants or their legal guardians. The ethical
committees of the Medical Faculty of the University of Dresden, the Bavarian Chamber of Physicians and
the University of Ulm approved the study phases.
Outcomes
The primary outcome of these analyses was incident wheezing, defined as no wheezing at baseline and
current wheezing at follow-up. Wheezing, thereby, was defined as either wheezing or whistling in the chest
without cold or the use of asthma medication during the last 12 months prior to the survey.
Incident asthma and incident rhinoconjunctivitis were considered secondary outcomes. They were defined
analogously to incident wheezing as no symptoms of asthma or rhinoconjunctivitis at baseline and current
symptoms at follow-up. The definition of asthma consisted of having physician-diagnosed asthma and
either wheezing or whistling in the chest without cold or use of asthma medication during the last
12 months prior to the survey. Sneezing and having a runny or blocked nose without a cold accompanied
by itchy or watery eyes within the previous 12 months before the survey characterised symptoms of
rhinoconjunctivitis.
Only participants without asthma, wheezing or rhinoconjunctivitis at baseline (SOLAR I) were included in
the analyses comparing participants without outcome at SOLAR I with those with outcome at SOLAR II.
Exposures
As exposure variables, we considered self-reported nickel allergy or having pierced ears as an indirect
measurement for nickel allergy. In the questionnaires of SOLAR I and SOLAR II, the participants were
asked whether they were allergic to nickel (question in SOLAR I and SOLAR II: “Are you allergic to nickel
(e.g. earrings, jeans buttons, watchstraps)?”). Based on this information, two categories were created: those
who reported nickel allergy at any time (“ever nickel allergy” group) and those who reported nickel allergy
neither at SOLAR I nor at SOLAR II (“never nickel allergy” group). In SOLAR II, the participants were
additionally asked if they had pierced ears (yes or no), which was considered as a second exposure
variable.
Potential confounders
Based on the literature [19, 30], the following variables were taken into account as potential confounders:
smoking status (never or ever), parental and participant’s socioeconomic status (SES) (high or low), study
centre (Dresden or Munich), and parental history of asthma (for the analyses of wheezing and asthma)
and rhinitis (for the analyses of rhinoconjunctivitis) (yes or no). Age was not considered a confounder
because all participants were about the same age.
Participants who had ever smoked were considered smokers and the others as never-smokers. School
attendance for ⩾12 years was assumed to correspond to a high SES and <12 years of school implied low
SES. Parental history of asthma or rhinitis was given when at least one parent reported ever having had
asthma or rhinitis.
Information on potential confounders was extracted from data from SOLAR I except for the information
regarding the participants’ parents ( parental SES, and parental history of asthma and rhinitis), for which
ISAAC II data were used.
Statistical analysis
The distribution of variables in the study population by sex was described in absolute numbers and
percentages. Chi-squared tests were performed to check the independence of the results.
In multiple logistic regression analyses, the three outcomes, as well as the two exposures, were analysed
separately. The number of participants included in the regression model varied due to the exclusion of
participants who reported wheezing, asthma or rhinoconjunctivitis at baseline with respect to the outcome
variables. Therefore, 1768 participants were included in the regression model for incident wheezing as the
outcome variable. For the analysis of incident asthma, 1925 participants were included and 1578 for
incident rhinoconjunctivitis (figure 1). Because of the differences in exposure and the different risk of
developing asthma, we stratified for sex. The regression models were adjusted for the potential
confounders. The variance inflation factors were assessed and implied that no multicollinearity was given.
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ISAAC II
n=6399; 9–11 years; 1995–1996
SOLAR I
n=3785; 16–18 years; 2002–2003
SOLAR II
n=2051; 19–24 years; 2007–2009

Included in logistic regression models:
Incident asthma
Male: 801
Female: 1124

Incident wheezing
Male: 759
Female: 1009

Incident rhinoconjunctivitis
Male: 666
Female: 912

126 participants with
current asthma at baseline
(SOLAR I) excluded

283 participants with
current wheezing at
baseline (SOLAR I)
excluded

473 participants with
current rhinoconjunctivitis
at baseline (SOLAR I)
excluded

FIGURE 1 Study population included in ISAAC II (the second phase of the International Study of Asthma and
Allergies in Childhood) with its two follow-ups SOLAR (Study on Occupational Allergy Risks) I and II, and
participants included in the present analyses.

R version 3.5.0 (R Foundation for Statistical Computing, Vienna, Austria) was used to perform the
statistical analysis. Missing data were considered to be missing at random. The R package “mice” was used
to impute the data applying m=5 imputations [31]. In addition, all models were repeated using
nonimputed data without major changes in the effect estimates. The regression models analysing the
nonimputed data, and the odds ratios and 95% confidence intervals of the potential confounders of the
adjusted models are provided in the tables S1–S5.

Sensitivity analysis
For the sensitivity analysis, the dichotomised self-reported nickel allergy exposure variable (never or ever)
was changed into four categories (never, persistent, remittent or incident). Participants that neither at the
first nor at second survey reported being allergic to nickel were categorised as never having had nickel
allergy. For the opposite scenario, participants reporting nickel allergy at both time points were grouped in
the persistent nickel allergy category. The remittent nickel allergy group comprised those with nickel
allergy at baseline and no nickel allergy at follow-up. Participants with no nickel allergy at baseline but
nickel allergy at follow-up were categorised as having incident nickel allergy. Since there was no male
participant with incident wheezing and incident nickel allergy, the incident nickel allergy category was
excluded from the analysis for incident wheezing in males.

Results
Descriptive data
The study population comprised more females (58.1%) than males (41.9%). Females reported nickel
allergy and pierced ears more often, and they were more likely to have ever smoked than male participants
(table 1). Overall, the incidence of the three outcomes between SOLAR I and II was 126 for wheezing, 37
for asthma and 227 for rhinoconjunctivitis. Incidence did not differ by sex (figure 2).

Associations between nickel allergy and incident wheezing
An association between self-reported nickel allergy and incident wheezing was shown for males and
females (table 2). After adjusting for potential confounders, this association was no longer statistically
significant in females (adjusted OR 1.57, 95% CI 0.96–2.57). Having pierced ears was only statistically
significantly associated with increased incidence of wheezing in males (adjusted OR 2.26, 95% CI
1.10–4.62) and not in females (adjusted OR 1.27, 95% CI 0.49–3.27) without indication of effect
modification by sex. These results were basically confirmed when categorising the exposure (table S6).
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TABLE 1 Description of exposures and potential confounders for males (n=860) and females
(n=1191) in the study population (n=2051)
Missing
Nickel allergy
Never
Ever
Pierced ears
Yes
Smoking status
Ever
Parental SES
High#
Participants’ SES
High#
Study centre
Dresden
Parental history of asthma
Yes¶
Parental history of rhinitis
Yes¶

Males

Females

Chi-squared test p-value

772 (89.8%)
67 (7.8%)

788 (66.2%)
372 (31.2%)

162 (18.8%)

1082 (90.8%)

260 (30.2%)

458 (38.5%)

513 (59.7%)

677 (56.8%)

487 (56.6%)

718 (60.3%)

428 (49.8%)

615 (51.6%)

88 (10.2%)

103 (8.6%)

312 (36.3%)

398 (33.2%)

52 (2.5%)

<0.001

6 (0.3%)

<0.001

14 (0.7%)

<0.001

29 (1.4%)

0.37

10 (0.5%)

0.09

0 (0.0%)

0.43

55 (2.7%)

0.30

43 (2.1%)

0.17

SES: socioeconomic status. #: ⩾12 years of school attendance for participant or at least one parent; ¶: at
least one parent ever had asthma or rhinitis.

Associations between nickel allergy and incident asthma
In males, the logistic regression model yielded a statistically significant association between self-reported
nickel allergy and incident asthma (adjusted OR 4.34, 95% CI 1.22–15.41). For pierced ears, this
association was no longer statistically significant after adjustment (adjusted OR 3.19, 95% CI 0.91–11.15).
For females, no indication of an association between nickel allergy or pierced ears and incident asthma
was observed (table 3). Categorisation of the exposure yielded similar results (table S6).

Associations between nickel allergy and incident rhinoconjunctivitis
No significant association with any of the two exposure variables and incident rhinoconjunctivitis was
observed for males or females (table 4). Categorising the exposure revealed an association between incident
nickel allergy and incident rhinoconjunctivitis in males (adjusted OR 4.45, 95% CI 1.19–16.67) (table S6).

Total frequency

Nonstratified analysis yielded similar results, with a significant association for nickel allergy and incident
wheezing, and no association for incident asthma/rhinoconjunctivitis (table S7). The results of the
regression models with interaction terms confirmed our results (table S8).

140

Male

120

Female
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TABLE 2 Adjusted and unadjusted multiple logistic regression model for the association of self-reported nickel allergy and
pierced ears with incident wheezing for males and females; imputed data, excluding those with wheezing at baseline
Male (n=759)
#

cOR (95%CI)

aOR (95%CI)

Incident wheezing

cOR (95%CI)

aOR¶ (95%CI)

41 (6.0%) out of 688
9 (16.4%) out of 55

1
3.05 (1.39–6.67)

1
2.90 (1.29–6.52)

43 (6.3%) out of 681
32 (10.6%) out of 309

1
1.78 (1.10–2.87)

1
1.57 (0.96–2.57)

34 (5.5%) out of 617
16 (11.6%) out of 138

1
2.22 (1.19–4.15)

1
2.26 (1.10–4.62)

5 (5.2%) out of 97
71 (7.8%) out of 910

1
1.56 (0.61–3.96)

1
1.27 (0.49–3.27)

Incident wheezing
Nickel allergy
Never
Ever
Pierced ears
No
Yes

Female (n=1009)
¶

#

cOR: crude odds ratio; aOR: adjusted odds ratio. #: obtained from nonimputed data; ¶: adjusted for potential confounders (smoking status,
parental socioeconomic status (SES), participant’s SES, study centre and parental history of asthma).

Discussion
In the present study, we aimed to investigate whether self-reported nickel allergy is associated with
incident wheezing, asthma and rhinoconjunctivitis in young German adults. We separately analysed the
data from male and female participants, and our analysis indicated an association between nickel allergy
and incident wheezing and asthma. The observed associations differed between males and females, but
confidence intervals were still overlapping thus not indicating effect modification by sex.
We observed strong effect estimates for nickel allergy and incident wheezing in males and females. The
analyses of incident wheezing as the outcome had more statistical power than the analyses of incident
asthma. Wheezing is a more sensitive means to assess asthma but the results may be less specific [32]. In
our analysis, the statistical power of the analyses of incident asthma was limited. Due to the small number
of participants, stratification for atopy was not possible. Regarding incident rhinoconjunctivitis, we
observed no significant association with self-reported nickel allergy or pierced ears in either males or
females. When stratifying for smoking status (never-smoker/ever-smoker) as a risk factor for contact
allergy as well as wheezing, associations were stronger for never-smokers (table S9).
So far, three studies have investigated the association between contact allergy and atopy in a general
population, with two of them analysing adolescents [4, 22] and the other analysing a broader age range
(15–69 years) [21]. Nickel allergy as most prevalent contact allergy was investigated separately in these
studies. Patch tests were used to determine nickel allergy [4, 21, 22]. In accordance with the results of our
analysis of incident rhinoconjunctivitis, none of these studies found an association between nickel allergy
and atopy. None of these studies used asthma symptoms or wheezing as a standalone outcome. Asthma
and rhinoconjunctivitis share IgE-mediated inflammatory mechanisms but there are still differences that
may explain our results showing no association for incident rhinoconjunctivitis but for incident wheezing/
asthma. For severe asthma other mechanisms, not mediated by IgE are known. Additionally, asthma is
more likely to occur due to low molecular weight agents than rhinitis, and the intensity of inflammation in
asthma and rhinitis may differ [33–35]. Two other studies focussing on the coexistence of contact allergies
in general in patients with allergic rhinitis and asthma found an inverse association between contact

TABLE 3 Adjusted and unadjusted multiple logistic regression model for the association of self-reported nickel allergy and
pierced ears with incident asthma for males and females; imputed data, excluding those with asthma at baseline
Male (n=801)
Incident asthma#
Nickel allergy
Never
Ever
Pierced ears
No
Yes

Female (n=1124)

cOR (95%CI)

aOR¶ (95%CI)

Incident asthma#

cOR (95%CI)

aOR¶ (95%CI)

11 (1.5%) out of 727
4 (7.1%) out of 56

1
4.67 (1.44–15.18)

1
4.34 (1.22–15.41)

15 (2.0%) out of 747
7 (2.0%) out of 346

1
1.04 (0.41–2.6)

1
0.93 (0.37–2.38)

9 (1.4%) out of 648
6 (4.0%) out of 149

1
3.19 (1.11–9.11)

1
3.19 (0.91–11.15)

2 (1.9%) out of 103
20 (2.0%) out of 1019

1
1.03 (0.24–4.47)

1
0.96 (0.21–4.33)

cOR: crude odds ratio; aOR: adjusted odds ratio. #: obtained from nonimputed data; ¶: adjusted for potential confounders (smoking status,
parental socioeconomic status (SES), participant’s SES, study centre and parental history of asthma).
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TABLE 4 Adjusted and unadjusted multiple logistic regression model for the association of self-reported nickel allergy and
pierced ears with incident rhinoconjunctivitis for males and females; imputed data, excluding those with rhinoconjunctivitis at
baseline
Male (n=666)

Female (n=912)

Incident
rhinoconjunctivitis#

cOR (95%CI)

aOR¶ (95%CI)

Incident
rhinoconjunctivitis#

cOR (95%CI)

aOR¶ (95%CI)

Nickel
allergy
Never
Ever

84 (13.8%) out of 607
8 (18.2%) out of 44

1
1.33
(0.60–2.99)

1
1.29
(0.56–2.94)

89 (14.3%) out of 622
41 (15.4%) out of 267

1
1.12
(0.75–1.67)

1
1.14
(0.76–1.71)

Pierced ears
No
Yes

79 (14.4%) out of 547
16 (13.09%) out of 115

1
0.97
(0.54–1.73)

1
1.08
(0.58–2.02)

9 (11.2%) out of 80
122 (14.7%) out of 830

1
1.35
(0.65–2.77)

1
1.43
(0.69–2.97)

cOR: crude odds ratio; aOR: adjusted odds ratio. #: obtained from nonimputed data; ¶: adjusted for potential confounders (smoking status,
parental socioeconomic status (SES), participant’s SES, study centre and parental history of asthma).

allergies and atopic dermatitis, allergic rhinitis, allergic conjunctivitis and asthma [23, 36]. Nonetheless, a
case–control study among 40 asthmatics and nonasthmatics indicated higher odds of sensitisation to nickel
among cases compared to controls [24]. An increased frequency of contact allergy in atopics may be due
to an altered cell-mediated immunity and a lower threshold for developing contact allergy in atopics [3,
36]. Case reports about asthma and rhinitis in association with occupational nickel exposure or
work-related nickel allergy showed that the inhalation of nickel can cause respiratory symptoms [13–18].
The major strength of our study is the longitudinal design, which provides the opportunity to follow the
participants over a long time. Due to our definition of the exposures and our outcome definitions we can
ensure that the exposure preceded the outcomes. A negative aspect of the long follow-up time of our study
is the loss of participants, which may cause selection bias. Previous analysis showed that participants with
atopic diseases in ISAAC II and those whose parents had allergic diseases were more likely to participate
in the follow-up studies [26]. In our study sample, selection bias should be limited though, since in a
nonresponder analysis considering the outcomes and the exposures, we did not observe statistically
significant differences between participants and nonparticipants (data not shown).
We analysed the association between self-reported nickel allergy and incident wheezing, asthma and
rhinoconjunctivitis based on questionnaire answers and not based on objective measurements. Our
variables are thereby susceptible to differential misclassification. The definitions of the outcome variables
were based on standardised and validated questions from ISAAC, which were used throughout the
different study phases [28]. The question on whether the participants have nickel allergy was integrated
later in the SOLAR questionnaire. Studies analysing the validity of self-reported nickel allergy found a
positive predictive value (PPV) ranging from 32% to 71%; thus, the validity of self-reported nickel allergy
is rather low but still reasonable [5, 37, 38]. As part of the clinical examination in SOLAR II, 288
participants were patch tested for nickel sulfate. With a PPV of 44%, the validity of self-reported nickel
allergy is thus in accordance to the findings of other studies. In general, comparing patch tests to
self-reports revealed that self-reports overestimate the prevalence of nickel allergy [5, 37, 38]. In
population-based studies, the response decreases when clinical examinations are involved. For patch tests,
participants must visit the clinic twice (first to apply the patch and then to read the patch test). As a
result, only 14% of the participants answering the SOLAR II questionnaire agreed to the test.
Because of the adoption of the nickel directive in 1994, the nickel release of consumer objects should be
limited and pierced ears should not be associated with nickel allergy anymore. After the nickel legislation,
there was indeed a decrease in the observed prevalence of nickel allergy in females aged 18–35 years and
in dermatitis patients [39]. Unfortunately, there was no further decrease. Investigation has shown that ear
piercings still exceed the nickel release threshold and therefore, nickel allergy remains highly prevalent [39,
40]. Pierced ears can still be considered an indirect measurement for nickel allergy. In our analysis, the
statistical power of pierced ears in females was very low as piercing ears was common among them. This
may explain why we observed an association of pierced ears with incident wheezing only in male
participants. Contrary to our expectations, no effect modification could be proven due to overlapping
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confidence intervals. Furthermore, the participants were asked whether they have pierced ears and not if
they wear earrings. This may lead to systematic bias in our analysis.
Unmeasured confounding should be limited but cannot be excluded in our study. We adjusted for the
most important confounders known from literature. Occupation could be considered an additional
confounder. The literature concerning occupational risk factors for nickel allergy is based on just a
number of jobs with very specific nickel exposures. Therefore, and since our study population consisted of
a young age group that was just at the beginning of work life, we did not consider occupation as a
potential confounder [19, 41]. Because we analysed data from young German adults, our results are not
fully generalisable to other age groups and countries.
Overall, our results indicate that self-reported nickel allergy is associated with incident wheezing in young
German males and females. Even though nickel allergy and asthma belong to two different
hypersensitivity types with different mechanisms, our results indicate an association. It is important to
further investigate whether this association is due to environmental or genetic predisposition, or due to an
overlap of the mechanisms.
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