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Abstract

Introduction: Nickel allergy is among the most common contact hypersensitivities worldwide. It affects women predominantly. This
study examined whether female nickel-sensitized patients exhibit reversible changes in pulmonary function following a period of nickel
avoidance.

Aim: To evaluate pulmonary functional parameters (PFPs) in female patients with nickel sensitization and assess changes after nickel
avoidance.

Materials and methods: Twelve adult women with confirmed nickel hypersensitivity underwent spirometry before and after a 3-month
nickel avoidance program. Measured parameters included forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1),
peak expiratory flow (PEF), and the FEV1/FVC ratio. Paired-sample tests and effect sizes were calculated.

Results: All indices changed significantly after avoidance. FVC increased from 2.7+0.7 L to 3.4+0.5 L [t(11)=-5.50, p<0.001, d,=1.59];
FEV| from 2.4+0.6 L to 2.9+0.4 L [t(11)=—4.68, p=0.001, d,=1.35]; PEF from 3.9+1.3 L/s to 6.1+0.5 L/s [t(11)=—6.81, p<0.001, d,=1.97];
and the FEV/FVC ratio from 82.9+2.9% to 89.6+7.5% [t(11)=4.39, p=0.001, d,=1.27].

Conclusion: In women with nickel allergy, pulmonary function improves significantly after nickel avoidance. Pulmonary assessment
and avoidance counseling should be integrated into the management of female nickel-sensitized patients with respiratory symptoms.
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Introduction

Nickel (Ni) is one of the most widespread transition metals
in the environment and a leading cause of allergic contact
dermatitis (ACD) worldwide.l!! Beyond its dermatologic
implications, nickel exposure may elicit systemic immune
reactions that extend to the respiratory tract, particular-
ly in sensitized individuals. Nickel compounds are used

extensively in alloys, jewelry, cosmetics, and industrial
products; therefore, both cutaneous and inhalational ex-
posures are common.?! Although the skin is the prima-
ry site of sensitization, increasing evidence indicates that
nickel may also affect mucosal immunity and pulmonary
physiology through inflammatory and oxidative mecha-
nisms.®! Nickel allergy affects approximately 10%-20% of
adults, with a marked predominance in women, attribut-
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ed to frequent contact with nickel-containing jewelry and
personal items.[*) The immunopathogenesis of nickel hy-
persensitivity involves a type IV delayed hypersensitivity
response mediated by CD4* and CD8* T lymphocytes.
Upon re-exposure, nickel ions penetrate the epithelial bar-
rier and bind to endogenous proteins, forming hapten-pro-
tein complexes that activate antigen-presenting cells.!”!
Subsequent cytokine release, such as interferon-y (IFN-y),
tumor necrosis factor-a (TNF-a), and interleukin-17 (IL-
17) sustains a proinflammatory environment. (¢!

Although well characterized in the skin, these mecha-
nisms may also be activated within the respiratory mucosa
following inhalational exposure to nickel containing parti-
cles (Fig. 1).

Epidemiological studies show that 12%-18% of nick-
el-sensitized individuals exhibit respiratory symptoms such
as episodic wheeze or cough, increasing the clinical rele-
vance of pulmonary evaluation.”’

In the respiratory system, nickel compounds interact
directly with epithelial cells lining the bronchi and alve-
oli.l®l Experimental data demonstrate that nickel nanoparti-
cles can induce epithelial injury, tight-junction disruption,
and the release of proinflammatory cytokines including IL-
6, IL-8, and granulocyte-macrophage colony-stimulating
factor (GM-CSF).’! These mediators promote recruitment
of neutrophils and eosinophils, contributing to airway in-
flammation and mucus hypersecretion.'”) In sensitized
individuals, nickel may amplify Th2-mediated immune re-
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sponses, leading to enhanced expression of IL-4, IL-5, and
IL-13, cytokines known to promote airway hyperreactivity
and remodeling.!!!]

This inflammatory milieu mirrors aspects of allergic
asthma, suggesting that nickel hypersensitivity may precip-
itate reversible functional impairment even in the absence
of chronic respiratory disease.!!?! Nickel-induced oxidative
stress represents another critical pathway linking exposure
to pulmonary dysfunction. Reactive oxygen species (ROS)
generated by nickel can activate redox-sensitive transcrip-
tion factors such as nuclear factor kB (NF-xB) and activator
protein-1 (AP-1), leading to the upregulation of inflamma-
tory genes.!'3l Mitochondrial dysfunction and lipid peroxi-
dation further perpetuate epithelial injury. These oxidative
mechanisms also modulate the expression of heme oxy-
genase-1 and superoxide dismutase, indicating a cellular
effort to counteract oxidative injury.'*/ Over time, chron-
ic oxidative imbalance may impair mucociliary clearance
and increase airway resistance, contributing to reductions
in forced expiratory volume (FEV7) and peak expiratory
flow (PEF). Such effects are consistent with spirometry al-
terations observed in occupational settings involving nick-
el exposure.!'>) The downstream consequence of persistent
airway inflammation and oxidative stress is hyperreactivity
of bronchial smooth muscle.['®! Nickel exposure increas-
es intracellular calcium levels and sensitizes B-adrenergic
pathways, leading to bronchoconstriction.'”) In animal
models, nickel chloride inhalation provokes airway hyper-
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Figure 1. Pathophysiological mechanism of nickel-induced airway inflammation and reversibility process after nickel avoidance. Nickel

exposure through direct skin contact or inhalation leads to epithelial penetration, oxidative stress, and cytokine release (IL-6, IL-8,

TNF-a), triggering systemic inflammation and airway hyperreactivity. The inflamed bronchiole illustrates narrowed airways and epi-

thelial damage associated with sensitization. Following strict nickel avoidance, inflammation and oxidative stress subside, epithelial in-

tegrity is restored, and airway function normalizes. This mechanism highlights how dermatologic sensitization to nickel can extend to

the respiratory tract and demonstrates the reversible nature of these changes in sensitized female patients.
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responsiveness accompanied by elevated eosinophilic in-
filtration and peribronchial inflammation.[!8! Importantly,
these changes are not necessarily irreversible. Studies show
that nickel withdrawal or avoidance can reduce cytokine
production, restore epithelial integrity, and normalize air-
way mechanics within weeks.[!%]

This reversibility underscores the importance of early
recognition and management of nickel induced respiratory
manifestations.?*) Females represent the majority of nick-
el-sensitized individuals and often present with a combi-
nation of dermatological and mild respiratory symptoms
such as cough, dyspnea, or throat irritation after expo-
sure.?! The interplay between cutaneous and airway sensi-
tization suggests a shared immunologic pathway.?2! More-
over, hormonal influences on immune modulation may
further enhance susceptibility to nickel-induced airway ef-
fects in women.!?*! Given the global rise in environmental
allergens, understanding how nickel sensitization impacts
pulmonary function in this population has both clinical
and preventive significance./?

Despite increasing recognition of systemic manifesta-
tions of metal hypersensitivity, few studies have examined
pulmonary function in non-occupationally exposed indi-
viduals with confirmed nickel allergy.?>! The potential re-
versibility of nickel-associated airway impairment follow-
ing allergen avoidance remains insufficiently explored.!”!
In this context, the present study evaluated the pulmonary
functional parameters in female patients with confirmed
nickel sensitization before and after a structured nickel
avoidance period.

Aim

By focusing on reversible changes in spirometry indices
such as FVC, FEVy, PEF, and FEV/FVC ratio, this study
provides novel insight into the functional respiratory con-
sequences of nickel allergy and the potential benefits of
avoidance strategies.

Materials and methods

Study design and participants

This investigation was designed as a single-center,
cross-sectional observational study conducted at the In-
stitute of Pathophysiology and the Respiratory Laboratory
Unit, with patients coming from Clinics of Dermatology
and Allergology, University Clinical Center of Kosovo
(UCCK), Prishtina. The study was approved by the Insti-
tutional Ethics Committee and conducted in accordance
with the Declaration of Helsinki. All participants provided
written informed consent before enrollment.

A total of 17 adult female patients aged 20-60 years with
suspected nickel hypersensitivity were initially recruited

Nickel Allergy and Pulmonary Function

from the outpatient clinic between January 2022 and May
2025. Diagnosis of nickel sensitization was confirmed by
patch testing with nickel sulfate (5% in petrolatum, Euro-
pean baseline series, ICDRG criteria).2¢)

Of the 17 participants, five were excluded for the follow-
ing reasons: two did not attend the second follow-up spi-
rometry visit, one developed an acute respiratory infection
during the study period, one reported inconsistent adher-
ence to the nickel-avoidance protocol, and one was exclud-
ed due to incomplete spirometry data. Consequently, the
final analysis included 12 confirmed female patients with
complete baseline and follow-up assessments. None of the
participants had chronic respiratory disease, recent respira-
tory infections, occupational metal exposure, or regular use
of corticosteroids or bronchodilators.

Nickel avoidance protocol

After the baseline evaluation, each participant received
standardized written and verbal guidance for nickel avoid-
ance. The protocol included the elimination of direct skin
contact with nickel-containing jewelry, fasteners, eyeglass
frames, and mobile phone cases; avoidance of foods with
high nickel content (e.g., nuts, cocoa, chocolate, legumes,
oatmeal, soy, and canned foods); and the use of nickel-free
cooking utensils. Compliance was monitored monthly via
structured telephone interviews.

The second spirometry assessment was performed three
months after initiation of nickel avoidance.

Adherence was assessed by structured interviews only;
no biochemical validation (e.g., urinary nickel levels) was
available, representing a methodological limitation.

Pulmonary function testing

Pulmonary function was measured using a Spirolab III
desktop spirometer (Medical International Research, Ita-
ly) in accordance with the 2019 ATS/ERS standards. Each
subject performed at least three acceptable maneuvers, and
the best effort was recorded. The parameters measured in-
cluded:

« FVC (forced vital capacity, L),

« FEV) (forced expiratory volume in 1 s, L),

e FEV;/FVC ratio (%), and

o  PEF (peak expiratory flow, L/s).

Predicted reference values were derived according to
Crapo & Bass/Knudson equations adjusted for age, height,
and gender. Calibration of the spirometer was verified be-
fore each session.

Data analysis

All statistical analyses were performed using SPSS Statistics,
version 26.0 (IBM Corp., Armonk, NY, USA). Continuous
data were expressed as mean + standard deviation (SD).
The Shapiro-Wilk test was applied to assess normality. For
normally distributed variables, paired-samples t-tests were
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used to compare pulmonary parameters before and after
the three-month nickel-avoidance period. When normality
assumptions were not met, the Wilcoxon signed-rank test
was applied as a non-parametric alternative.

Beyond statistical significance (p<0.05), effect sizes were
calculated using Cohen’s dz, which quantifies the magni-
tude of within-subject change for paired-sample designs.
The effect size was obtained by dividing the mean differ-
ence between pre- and post-measurements by the standard
deviation of the difference scores (dz=Amean/SDA). Ac-
cording to Cohen’s (1988) conventions, dz~0.2 indicates a
small effect, =0.5 a medium effect, and >0.8 a large effect.

All tests were two-tailed with a significance level of
a=0.05. Descriptive and inferential results were summa-
rized in tables, and graphical visualizations (Fig. 2(A-D))
were prepared using SPSS and verified in Microsoft Excel
365 for consistency.

Results

Study population

Out of 17 initially enrolled female participants with clin-

FVC (FlowVolume Capacity)

-

[ Before Nifw
L

-3 [ Afier NiAv

= —_0—

=]

gz

z

=9

0
Before Nidv After Nidv
A
PEF (Peak ExpiratoryFlow)
B.
[ Before Nidw

i [ After Nidv
w 61
2
2 a T
t
-3
2,

0

L] T
Before NiAwv After NiAwv

c

ically suspected nickel hypersensitivity, 12 patients (mean
age, 44.9£3.0 years) completed both baseline and follow-up
evaluations and were included in the final analysis. The
remaining five participants were excluded due to missing
follow-up visits (n=2), acute respiratory infection (n=1),
incomplete spirometry data (n=1), or non-compliance with
nickel-avoidance instructions (n=1).

All 12 included patients had positive patch tests ac-
cording to ICDRG criteria. None had a history of chron-
ic pulmonary disease, recent smoking cessation within <3
months, or medication use influencing respiratory func-
tion.

The mean body mass index (BMI) was 24.9+3.8 kg/
m? (range=18.3-31.2 kg/m?). Three patients were current
smokers, two ex-smokers, and seven were non-smokers.

Pulmonary function before and after
nickel avoidance

At baseline, mild reductions in pulmonary function pa-
rameters were observed in most patients compared with
predicted reference values (Crapo & Bass/Knudson equa-
tions).

Baseline spirometry values (e.g., FEV| 78%-84% pre-
dicted) were borderline low but not clinically abnormal.

FEV1 (Flow Expiratory Volume 1st sec )

4
[ Before Nidv
—_ 0 After NiAv
-
o ==
ﬁ 2
§,
1]
Bifor; NiAAw ﬁﬂw‘h‘i.ﬂv
B
FEV1/FVC
1504 :
[ Before Nidwv
O After Niav

# 100

[=]

w

+

5

£ 504

T T
Before NiAv After NiAv
D

Figure 2. Mean + SD values of pulmonary function parameters before and after a 3-month nickel-avoidance program in 12 female
patients with confirmed nickel hypersensitivity. (A) Forced Vital Capacity (FVC) increased significantly (p<0.001, dz=1.59); (B) Forced
Expiratory Volume in 1 s (FEV;) improved markedly (p=0.001, dz= 1.35); (C) Peak Expiratory Flow (PEF) demonstrated the largest
relative gain (p<0.001, dz=1.97); (D) FEV/FVC ratio increased (p=0.001, dz=1.27), indicating partial reversibility of airway obstruc-
tion. All effect sizes represent large within-subject improvements according to Cohen’s conventions.
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After three months of strict nickel avoidance, all mea-
sured indices improved substantially (Table 1 and Fig.
2(A-D)).

o Forced vital capacity (FVC) increased from 2.7+0.7
L to 3.4+0.5 L, representing a mean gain of +0.70 L,
[t(11)=—5.50, p<0.001, d;=1.59] (Fig. 2A).

o Forced expiratory volume in 1 s (FEV) rose from
2.4+0.6 L to 2.940.4 L, mean change +0.50 L, [t(11)=—4.68,
p=0.001, d;=1.35] (Fig. 2B).

o Peak expiratory flow (PEF) improved markedly
from 3.9+1.3 L/s to 6.1+0.5 L/s, [t(11)=-6.81, p<0.001,
d;=1.97 (Fig. 2C).

o The FEV{/FVC ratio increased from 82.9+2.9% to
89.6+7.5%, indicating partial reversibility of airway ob-
struction [t(11)=4.39, p=0.001, dz=1.27] (Fig. 2D).

According to Cohen’s benchmarks, all observed effect
sizes were large (dz>0.8), reflecting not only statistically
significant but also clinically meaningful improvements in
pulmonary function following nickel avoidance.

Nickel Allergy and Pulmonary Function

Additional spirometry indices

Secondary indices, including mid-expiratory flow rates
(FEF;5.75%) and FEVy, also demonstrated consistent im-
provement. Mean FEF,5_75% increased from 3.35+0.54 L/s
t04.62+0.70 L/s (p<0.001), while FEVg rose from 2.56+0.45
L to 3.18+0.38 L (p<0.01*).

These findings suggest a reduction in small-airway dys-
function following nickel avoidance.

Clinical correlations

Patients who initially reported both dermatologic and
respiratory symptoms (n=8) experienced the most pro-
nounced improvements in spirometry parameters, particu-
larly in PEF and FEV/FVC ratio (p<0.01*), whereas those
with isolated cutaneous manifestations (n=4) exhibited
more modest but still significant gains. No adverse reac-
tions or respiratory events occurred during the follow-up
period.

Table 1. Pre-post comparison of pulmonary function (n=12, female patients)

Parameter Pre Mean + SD  Post Mean + SD (APost—Pre) t(11) p-value 95% CI of A Cohen’s d,

FVC (L) 2.7£0.7 3.4+0.5 +0.70 -5.50 <0.001 [+0.41, +0.99] 1.59

FEV1 (L) 2.4%0.6 2.9+0.4 +0.50 —4.68 0.001 [+0.26, +0.74] 1.35

PEF (L/s) 3.9+1.3 6.1+0.5 +2.20 -6.81 <0.001 [+1.47,+2.93] 1.97

FEV1/FVC (%) 82.9+2.9 89.617.5 +6.70 4.39 0.001 [+3.30, +10.10] 1.27
Subgroup analyses Summary findings

1. BMI-based comparison

o Patients with normal BMI (<25 kg/m2; n=7) showed
greater improvements in all spirometry parameters com-
pared with those who were overweight (225 kg/m?2; n=5).
o The mean increases in FEV] among normal-BMI pa-
tients was +0.59 L vs. +0.33 L in the overweight group
[t(10)=2.63, p=0.024].

o The mean PEF gain was +2.5 L/s vs. +1.6 L/s, respec-
tively (p=0.018).

o These differences suggest that higher BMI may partially
attenuate the functional recovery associated with allergen
avoidance, possibly due to mechanical and inflammatory
contributions to reduced lung volumes.

2. Smoking status

No statistically significant differences were observed be-
tween smokers (n=3) and non-smokers/ex-smokers (n=9)
in the magnitude of improvement for FVC, FEV, or PEF
(p>0.05 for all comparisons). However, descriptive trends
indicated slightly smaller relative increases among current
smokers, consistent with previous findings that airway ir-
ritants may limit reversibility even in allergic conditions.

Table 1 presents descriptive statistics and paired compar-
isons for the main pulmonary function parameters. Fig.
2(A-D) graphically illustrates the pre- and post-avoidance
changes in mean FVC, FEV, PEE, and FEV/FVC ratio,
confirming consistent upward trends across the cohort.

The data collectively indicate that improvement was ob-
served following a period of advised nickel avoidance in
pulmonary function among nickel-sensitized female pa-
tients. The magnitude of the effect (d;=1.27-1.97) under-
scores the clinical relevance of respiratory screening and
counseling in this population.

Discussion

This study provides novel evidence that nickel hypersensi-
tivity in women may be associated with reversible pulmo-
nary function impairment, with significant improvements
in spirometric parameters following a structured three-
month nickel-avoidance program. Although nickel allergy
is well established as a major cause of contact dermatitis,
its potential systemic and respiratory implications remain
largely underexplored, particularly in non-occupational-
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ly exposed individuals.!?8! The current findings therefore
broaden the clinical understanding of nickel sensitization
beyond dermatological manifestations, suggesting that the
allergen may also exert functional effects on the respiratory
system that are at least partially reversible upon avoidan-
ce.l?”)

The present cohort consisted exclusively of female pa-
tients, consistent with the known epidemiology of nickel
hypersensitivity, which disproportionately affects wom-
en due to higher exposure to nickel-releasing jewelry and
personal items. Nickel is a potent immunologic hapten
capable of inducing type IV delayed hypersensitivity reac-
tions, involving activation of T-lymphocytes, macrophages,
and pro-inflammatory cytokine release (IL-1p, TNF-a,
IFN-y).[3% Repeated dermal exposure or systemic absorp-
tion of nickel may prime both skin and airway epithelial
immune responses, promoting localized inflammation
and oxidative stress that could transiently alter pulmonary
function.3!]

The observed improvements in FVC, FEVy, PEF, and
FEV/FVC ratio following nickel avoidance were not only
statistically significant but also clinically meaningful, with
large effect sizes (dz=1.27-1.97). These magnitudes exceed
those reported in studies of mild asthma or allergic rhini-
tis after short-term allergen reduction?, suggesting that
nickel sensitization may contribute to measurable yet re-
versible airway dysfunction. Mechanistically, the inhalation
or ingestion of trace nickel may act as a non-specific airway
irritant, triggering epithelial activation, neutrophil recruit-
ment, and oxidative injury.®®) Experimental data show
that nickel nanoparticles can increase airway resistance
and induce bronchial inflammation in animal models®4),
while occupational studies have demonstrated diminished
FEV among nickel refinery workers®*l. The current study
extends this evidence to a non-industrial, female popula-
tion with contact hypersensitivity rather than direct occu-
pational exposure.

Subgroup analyses in this cohort revealed that women
with normal BMI (<25 kg/m?) experienced significantly
greater functional recovery compared to overweight sub-
jects. This aligns with previous observations that obesity is
associated with reduced lung compliance, increased airway
closure, and systemic low-grade inflammation, all of which
may blunt responsiveness to environmental or therapeutic
interventions.’®) Conversely, the absence of significant dif-
ferences between smokers and non-smokers suggests that,
within the small number of current smokers in this sample,
tobacco exposure did not markedly influence the direction
of nickel-related functional changes, although the sample
size limits firm conclusions.

An additional finding of note is the improvement in
mid-expiratory flow rates (FEF;5.75%), which are sensi-
tive markers of small-airway function. This supports the
hypothesis that nickel-induced inflammation may primar-
ily affect distal airways. The normalization of these indi-
ces after nickel avoidance is consistent with a reduction in
small-airway obstruction, as previously observed in aller-

gic asthma after exposure cessation.?!] Collectively, these
data reinforce the pathophysiological link between allergic
sensitization and subclinical bronchial hyperreactivity.

While the exact mechanism through which nickel
avoidance improves lung function remains yet unclear,
several plausible pathways exist. Removal of cutaneous and
dietary sources of nickel likely decreases systemic nickel
absorption and circulating nickel ions, reducing system-
ic oxidative stress and cytokine release, while minimizing
respiratory exposure—for example, from household dust
or metal vapor—may attenuate airway irritation. Further,
nickel avoidance may indirectly improve pulmonary per-
formance through enhanced mucociliary clearance and
reduced epithelial inflammation. Together, these process-
es could explain the observed reversibility in spirometric
measures.

From a clinical standpoint, these results underscore the
importance of multidisciplinary assessment of nickel-sen-
sitized patients who report respiratory complaints. Derma-
tologists and allergologists should consider incorporating
spirometric screening into routine evaluation, particularly
for female patients with co-existing respiratory symptoms.
Education on allergen avoidance, often emphasized for
cutaneous disease management, may also have systemic
benefits. Early identification and avoidance could prevent
progression to chronic airway disease in susceptible indi-
viduals.

Despite its strengths, this study has several limitations.
The sample size (n=12) was relatively small, reflecting
the strict inclusion criteria and the observational design.
Nevertheless, the within-subject analysis and large effect
sizes mitigate some of the concerns regarding power. The
absence of a non-sensitized control group limits causal in-
ference, and confounding factors such as environmental
pollution or unrecognized atopy could not be fully exclud-
ed. Spirometric testing, while dependable, provides only
functional data; future studies incorporating biomarkers of
oxidative stress and airway inflammation (e.g., fractional
exhaled nitric oxide, eosinophilic cationic protein) would
strengthen mechanistic interpretation. Longitudinal stud-
ies with larger samples and both sexes are warranted to
assess persistence and generalizability of the observed im-
provements.

Finally, although the nickel avoidance protocol was
standardized and monitored, adherence relied partially on
self-reporting, which may introduce bias. Objective mea-
sures such as nickel levels in urine or serum could enhance
future methodological rigor. Nonetheless, the consistent
direction and magnitude of functional improvement across
all participants suggest genuine physiological recovery
rather than measurement variability.

Conclusion

This study demonstrates that nickel sensitization in women
may be associated with reversible impairment of pulmo-
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nary function, independent of occupational exposure. A
structured three-month program of nickel avoidance led
to significant and clinically relevant improvements in FVC,
FEV,, PEE and FEV/FVC ratio. These findings highlight
the systemic implications of metal allergies and support the
integration of pulmonary function testing into the clini-
cal management of nickel-sensitized patients, particularly
those with concomitant respiratory complaints.

The results advocate for a more holistic approach to
nickel allergy that extends beyond dermatologic care to in-
clude respiratory evaluation and lifestyle counseling. Incor-
porating allergen-avoidance strategies may improve both
skin and airway outcomes, enhancing overall quality of life.

Future research should explore immunologic and in-
flammatory biomarkers, involve larger cohorts with con-
trol groups, and evaluate long-term outcomes following
sustained avoidance. A broader understanding of the re-
spiratory impact of metal sensitization may inform both
preventive strategies and multidisciplinary management in
allergy and dermatology practice.
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