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Introduction: As tattooing has become a widespread form of body modification, 
concerns about its health safety have grown. Tattoo inks are mixtures of organic 
pigments and metal compounds whose toxicological profile after intradermal 
application remains incompletely understood.
Aim: The aim of this review was to summarise the current knowledge on the health 
complications of tattooing, spanning dermatological, infectious, pigment-migration 
and oncological aspects. A second objective was to assess the quality of the available 
evidence.
Material and method: A narrative review of English-language literature indexed 
in PubMed and Google Scholar up to December 2025 was performed, including 
original studies, reviews, case reports and regulatory documents.
Results: Cutaneous complications are best documented - early inflammatory, 
infectious and allergic reactions, chronic allergy (mainly to red pigment), 
granulomatous and sarcoidal changes, photo-induced reactions and adverse effects 
of laser removal. Blood-borne transmission (HBV, HCV, HIV) is linked mainly to 
non-professional settings; HPV, HSV and rare infective endocarditis also occur. 
Pigment particles, metals and titanium dioxide may migrate to regional lymph 
nodes, with scarce data on systemic distribution. Lymphoma findings are divergent 
and skin cancers within tattoos appear incidental.
Conclusions: Most complications are cutaneous and mild; serious systemic and 
oncological consequences are rare and not confirmed as direct effects. The main 
gaps concern ink toxicology and long-term pigment migration, justifying further 
research, improved regulation and high hygienic and diagnostic standards.
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1. Introduction

Over recent decades, tattooing has ceased to be a phe-
nomenon characteristic only of specific social groups 
and has become a common form of body modifica-
tion in Western countries [1]. This trend is reflected in 
successive Harris Poll surveys conducted in the Uni-
ted States, which showed an increase in the prevalen-
ce of tattoos in the general population from 16% in 
2003 to 21% in 2012 [2]. A further rise in the popu-
larity of tattooing was recorded in subsequent years. 
An Ipsos survey conducted in 2019 showed that 30% 
of adult Americans had at least one tattoo, compared 
with 21% in 2012 [3]. A particularly high prevalence of 
tattoos is observed among young adults. In the Ipsos 
survey, at least one tattoo was reported by 40% of pe-
ople aged 18-34 years, compared with 16% of those 
aged 55 years and older [3]. Along with the growing 
popularity of tattoos, the motivations associated with 
obtaining them are also changing [4]. In a study con-
ducted among tattooed individuals in Poland, the 
most frequently indicated functions of a tattoo were 
expressing one’s own personality, enhancing sexual at-
tractiveness, and perceiving it as a form of art, while 
tattoos were less often associated with provocation or 
belonging to a particular subculture [4]. As the num-
ber of tattooed people increases, growing attention is 
being paid to the potential health consequences as-
sociated with the tattooing [5]. In a nationwide survey 
conducted in German-speaking countries, 7.7% of re-
spondents reported complaints still present 4 weeks 
after obtaining a tattoo, while 6.0% reported persistent 
skin problems related to the tattoo [5].

To understand the mechanisms responsible for 
these complications, a brief description of the tat-
tooing process is necessary. Tattooing consists of in-
troducing pigment into the dermis by means of re-
peated punctures made with ink-coated needles [6]. 
The dye is deposited at a depth of approximately 1.5-2 
mm, mainly in the papillary layer of the dermis [6]. It 
has also been shown that some pigment particles may 
travel beyond the site of administration and reach re-
gional lymph nodes [6]. The chemical composition of 
inks used for tattooing is diverse and includes both 
organic pigments and inorganic metal compounds [7]. 
One of the most commonly used ink components is 
titanium dioxide (TiO₂), used to obtain specific sha-
des when mixed with other dyes [7]. Tattoo inks may 
also contain metals such as nickel, chromium, and co-
balt, which are components of pigments or are present 
as impurities of the manufacturing process [7]. With 
the growing popularity of tattoos, increasing attention 
is being paid to the safety of the inks used to produ-

ce them [8]. Many pigments used in tattoo inks were 
originally developed for industrial applications, such 
as the production of varnishes, printing inks, or pla-
stics, rather than for administration into the human 
body [9]. The safety of these substances when used for 
tattooing has not yet been assessed toxicologically [9]. 
Consequently, attention has been drawn to the need 
to develop effective regulations concerning the com-
ponents of inks used for tattooing [8]. For many years, 
however, tattoo inks were not subject to uniform, spe-
cific regulations at the European Union level, and the 
applicable provisions did not ensure full control of the 
safety of inks and the impurities they contain [8]. The 
need to introduce mandatory regulations led to the 
development of restrictions on substances used in tat-
too and permanent make-up inks under the REACH 
Regulation [8]. Despite progress in the regulation of 
tattoo inks, significant gaps remain in knowledge abo-
ut the safety of their components and the mechanisms 
responsible for the development of adverse effects [8]. 
The most frequently described complications include 
local inflammatory reactions, contact dermatitis, in-
fections, and allergic reactions, although rarer syste-
mic effects have also been reported [8,9].

2. Methodology

This work is a narrative review of the current literature 
on the health complications associated with tattooing. 
To achieve the objectives of the work, a literature re-
view was conducted using the PubMed and Google 
Scholar databases, covering publications published up 
to December 2025.

The search strategy was based on keywords and 
their combinations, including, among others: „tattoo”, 
„tattoo complications”, „tattoo ink”, „tattoo pigments”, 
„allergic reactions”, „infectious complications”, „toxi-
cology”, „lymph node migration”, and „REACH regu-
lation”. The analysis covered publications on the epi-
demiology of tattooing, the composition and safety of 
tattoo inks, the applicable legal regulations, and the 
health complications associated with tattooing, with 
particular emphasis on dermatological and infectious 
complications, the phenomenon of pigment migra-
tion, and the potential oncological risk.

Publications in English were included, with par-
ticular emphasis on clinical studies, epidemiological 
studies, review articles, case reports, and regulatory 
documents. Preliminary selection was based on the 
analysis of titles and abstracts for consistency with the 
aim of the work, after which the full texts of the se-
lected publications were evaluated. Additional sources 
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were identified through analysis of the literature cited 
in the included articles.

The main groups of health complications associa-
ted with tattooing, discussed in detail in the following 
sections, are summarised in Table 1.

Complication 
group Examples Typical time of onset Section

Early 
dermatological

Inflammatory response, bacterial 
infections, early allergic reactions days-weeks 3.1

Late and chronic 
dermatological

Allergic reactions (especially to red 
pigment), granulomatous and sarcoidal 
changes, photo-induced reactions

months-years 3.2

Related to laser 
removal

Pigmentary disturbances, erythema, 
blistering; in addition, formation of 
pigment degradation products with 
potentially harmful effects

after the procedure 
(early and persistent 
symptoms)

3.3

Infectious
Bacterial infections, non-tuberculous 
mycobacteria (NTM), HBV/HCV/HIV, 
HPV, HSV, infective endocarditis

days-years 
(depending on the 
pathogen)

4

Pigment 
migration

Pigment deposition in regional lymph 
nodes, potential systemic distribution chronic (persistent) 5

Oncological Lymphomas; melanoma and other skin 
cancers

years (hypothetical 
association) 6

Table 1. Overview of the main groups of health complications associated with tattooing

Abbreviations: NTM – non-tuberculous mycobacteria; HBV – hepatitis B virus; HCV – hepatitis C virus; HIV – human immuno-
deficiency virus; HPV – human papillomavirus; HSV – herpes simplex virus.

3. Dermatological complications

Dermatological complications constitute an impor-
tant group of adverse effects associated with tattooing 
[10]. They may occur both immediately after the pro-
cedure and develop many months or years after it [10]. 
Their clinical picture is diverse and includes, among 
others, transient inflammatory reactions related to the 
healing process, infections, allergic reactions, granu-
lomatous changes, and exacerbation of existing skin 
diseases [10,11].

3.1 Early complications

3.1.1 Early inflammatory reaction

Immediately after obtaining a tattoo, transient lo-
cal changes are often observed, including pain, red-
ness, and swelling of the skin [11]. These symptoms are 
usually self-limiting and resolve within a few weeks 
during the healing process [11]. Their occurrence is as-
sociated both with the mechanical damage to the skin 
during tattooing and with the presence of substances 
used during the procedure, including ink components 
and diluents [11]. The skin damage associated with tat-

tooing triggers a series of changes occurring within 
the tissues. One of the first stages is the development 
of oedema and the influx of immune cells to the tat-
tooing site [6,10]. The early, physiological inflammatory 
response should be differentiated from bacterial infec-
tion, which, due to its infectious nature, is discussed 
in the section on infectious complications.

3.1.2 Early allergic reactions

The diagnosis of allergic reactions associated with 
tattooing remains a significant diagnostic challenge. 
Various forms of hypersensitivity to ink components 
have been described in the literature, but the degree of 
confirmation of their allergic basis varies [12].

Allergic contact dermatitis (ACD) is an immuno-
logical complication associated with tattooing [13]. This 
reaction develops through a type IV hypersensitivity 
mechanism and may appear either within a few days 
of obtaining a tattoo or many months or years after 
the procedure [12,13]. The risk of its occurrence de-
pends, among other things, on prior sensitisation to a 
given ink component and on processes occurring after 
the implantation of the pigment in the skin, such as its 
degradation or metabolic transformation [12].
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Potential allergens associated with the develop-
ment of ACD include, among others, nickel com-
pounds, methylisothiazolinone, formaldehyde, and 
p-phenylenediamine [13,14]. Clinically, allergic reactions 
most often involve the areas containing a particular 
pigment colour and may manifest as itching, swelling, 
and papular, plaque-like, lichenoid, or hyperkeratotic 
changes [12,15]. In some cases, the clinical picture may 
resemble a skin and soft-tissue infection, which makes 
a correct diagnosis difficult [13].

Rarer forms of hypersensitivity have also been de-
scribed, such as contact urticaria and photoallergic 
reactions associated with the presence of specific ink 
components [12,15]. In isolated cases, skin test results 
suggested the involvement of IgE-dependent mecha-
nisms, and cases of anaphylaxis developing after obta-
ining a tattoo have also been reported in the literature 
[11,12].

3.2 Late and chronic complications

3.2.1 Chronic allergic reactions – the problem of red 
pigment

Chronic allergic reactions are among the best-docu-
mented late complications associated with tattooing 
[16]. They particularly often involve red pigments and 
their shades, such as pink, orange, purple, or maroon 
[16].

In contrast to early hypersensitivity reactions, the-
se changes may develop after many weeks, months, 
or even years after obtaining a tattoo [12]. Historically, 
these reactions were associated mainly with the pre-
sence of cinnabar (mercury sulphide, HgS), whereas 
increasing attention is now being paid to the role of 
organic azo pigments used in red tattoo inks [12,16].

The clinical picture is diverse but most often inc-
ludes itching, swelling, skin thickening, and papular or 
hyperkeratotic changes limited to the area containing 
a particular pigment [10,16]. Histopathological exami-
nations do not reveal a single characteristic pattern 
of allergic reactions associated with tattoos. Licheno-
id, granulomatous, and sarcoidal changes within the 
dermis have been described, as well as patterns re-
sembling cutaneous lymphoma (pseudolymphoma). 
Changes affecting the epidermis, such as acanthosis 
or spongiosis, are observed less frequently [16].

The treatment of chronic allergic reactions remains 
difficult. Topical or intralesional glucocorticosteroids 
are most commonly used, while in treatment-resistant 
cases removal of the pigment or surgical excision of 
the lesion may be necessary [17].

3.2.2 Granulomatous reactions and sarcoidosis

Granulomatous reactions are among the chronic im-
mune responses observed within tattoos. Among 
them, foreign-body granulomas predominate, which 
should be differentiated from both allergic reactions 
and sarcoidal changes [12,18]. Foreign-body granulomas 
arise in response to the presence of pigment particles 
persisting in the skin. The pigment may be recognised 
by the immune system as foreign material, leading to 
the recruitment of macrophages and the formation of 
granulomas intended to wall off this material from the 
surrounding tissues [19]. On histopathological exami-
nation, foreign-body granulomas consist of epithelioid 
cells, lymphocytes, and giant cells containing pigment 
particles [15,17]. Treatment of granulomatous reactions 
is aimed primarily at limiting the chronic inflamma-
tion. Therapy involves potent topical glucocorticoste-
roids or intralesional corticosteroid injections. If the 
lesions persist, removal of the factor sustaining the 
inflammatory reaction may be necessary [17].

A particular form of granulomatous reactions ob-
served within tattoos are sarcoidal reactions. Granulo-
matous changes developing in a tattoo may represent 
a manifestation of systemic sarcoidosis, involving, 
among others, the lungs and the eye [12]. Clinically, 
sarcoidal reactions may manifest as multiple firm pa-
pules or nodules developing within the tattooed skin 
[20]. These reactions may show considerable similarity 
to sarcoidosis in terms of both the clinical and the hi-
stopathological picture [19].

The relationship between tattoo-associated sarcoi-
dal reactions and systemic sarcoidosis remains a mat-
ter of debate. Some authors consider them a separate 
disease entity, while others indicate that they may re-
present an early manifestation of systemic sarcoidosis, 
preceding the development of full-blown disease [19].

The clinical significance of this phenomenon is 
confirmed by data presented by Antonovich and Cal-
len [20]. In a review of 19 reported cases, a tattoo-asso-
ciated sarcoidal reaction led to a diagnosis of systemic 
sarcoidosis in 14 patients [20]. Sarcoidal reactions may 
involve either many pigment colours or be limited to 
a single colour. For this reason, involvement of only 
a specific pigment does not allow sarcoidosis to be 
unambiguously distinguished from an allergic reac-
tion [20].

It is suggested that chronic exposure of the immune 
system to substances contained in the tattoo pigment 
may play a role in the manifestation of sarcoidosis in 
genetically predisposed individuals [20]. For this re-
ason, the presence of sarcoidal changes within a tattoo 
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should prompt further investigation for involvement 
of other organs, since cutaneous manifestations may 
precede the diagnosis of systemic disease or remain its 
only symptom [20].

3.2.3 Photosensitisation and phototoxic reactions

Photo-induced reactions are among the less frequen-
tly described chronic complications associated with 
tattooing. They may develop after exposure of tatto-
oed skin to solar radiation and manifest with local in-
flammatory symptoms [21,22].

Photoallergic reactions associated with the presen-
ce of specific pigments in tattoos have also been de-
scribed in the literature [12].

Historically, particular attention was paid to yellow 
pigments containing cadmium sulphide, which has 
phototoxic properties [22,23]. In Bjornberg’s classic stu-
dy, oedema within the tattoo after exposure to sunli-
ght occurred in 18 of 24 people with yellow tattoos. 
Similar reactions were also observed in some patients 
with red pigments containing small amounts of cad-
mium [22].

More recent studies indicate, however, that com-
plaints related to sun exposure are not limited to 
yellow pigments. In the study by Hutton Carlsen and 
Serup involving 144 people with tattoos, symptoms 
related to sun exposure were reported by 31 partici-
pants, which constituted more than half of all those 
reporting any tattoo-related complaints [21]. These 
reactions most often manifested as swelling, itching, 
burning, pain, and redness of the skin [21]. The authors 
found that complaints related to solar radiation occu-
rred mainly within black, red, and blue tattoos [21].

3.3 Complications associated with laser tattoo 
removal

The growing number of people obtaining tattoos also 
translates into increased interest in procedures for 
their removal [24]. For many years, the basic method of 
laser tattoo removal consisted of devices using Q-swi-
tched technology [24]. The effectiveness of this method, 
however, depends on the properties of the pigment 
used, and some colours remain difficult to remove 
completely [24]. For this reason, increasing attention is 
being paid to picosecond lasers, which may increase 
the efficacy of tattoo removal procedures [24]. The ac-
tion of lasers used for tattoo removal is based on the 
phenomenon of selective photothermolysis, in which 
short pulses of radiation are preferentially absorbed 
by pigment-containing cells, leading to their thermal 
damage [25]. After absorbing the laser energy, the dye 
particles undergo rapid heating and break up into 

smaller fragments [26]. The resulting products can then 
be phagocytosed by macrophages and fibroblasts and 
transported via lymphatic vessels, contributing to the 
gradual removal of pigment from the skin [24,25]. Despi-
te the effectiveness of laser tattoo removal, increasing 
attention is being paid to the safety of the products for-
med during pigment degradation. It has been shown 
that under the influence of laser radiation, organic 
pigments, in particular azo pigments, may decompose 
into numerous chemical compounds with potentially 
unfavourable biological effects [26]. Among the identi-
fied degradation products are, among others, 2-ami-
no-4-nitrotoluene, 3,3’-dichlorobenzidine, and o-to-
luidine, classified as aromatic amines with potential 
carcinogenic activity [26]. Moreover, it has been shown 
that the laser degradation of some pigments may lead 
to the formation of benzene and hydrogen cyanide [7]. 
At the same time, the available toxicological data on 
many pigments used in tattoos remain limited [26]. The 
significance of these observations is not limited to the 
site of laser action. It has been shown that fine pig-
ment particles can be transported to regional lymph 
nodes, where elements associated with pigments, such 
as nickel, chromium, and cadmium, were also detec-
ted [7]. These observations indicate that the effects of 
pigment degradation and elimination are not limited 
to the site of the procedure, and that this process may 
lead to the accumulation of pigment particles and as-
sociated elements beyond the skin [7]. Despite the high 
effectiveness of laser tattoo removal, this procedure is 
not without adverse effects. The most frequently de-
scribed complications include skin pigmentation di-
sorders in the form of hypo- and hyperpigmentation, 
as well as transient erythema, swelling, blistering, and 
procedure-related pain [24,27].

4. Infectious complications

4.1 Bacterial infections

In contrast to the physiological inflammatory respon-
se, which gradually subsides during healing, bacterial 
infections usually develop within a few days of obta-
ining a tattoo [28]. Among the bacterial infections as-
sociated with tattooing most frequently described in 
the literature are cellulitis and skin abscesses [28]. Acute 
purulent infections are caused primarily by Staphylo-
coccus aureus (both MSSA and MRSA strains), less 
often by Streptococcus species and Pseudomonas ae-
ruginosa [28]. In the analysis conducted by Dieckmann 
et al., S. aureus was the most frequently isolated aetio-
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logical agent and was responsible for 81% of the re-
ported cases of tattoo-associated bacterial infection 
[28].

4.2 Infections caused by non-tuberculous my-
cobacteria (NTM)

An important group of tattoo-associated infections are 
those caused by non-tuberculous mycobacteria (NTM). 
Cases of such infections developing after obtaining a 
tattoo are increasingly described in the literature, most 
often associated with the species Mycobacterium che-
lonae and Mycobacterium abscessus [28]. In contrast to 
typical bacterial infections, which usually appear within 
a few days of the procedure, NTM infections most often 
become apparent after several weeks, and sometimes 
even months, after obtaining a tattoo [28]. Skin lesions 
may appear as early as 7-21 days after the procedu-
re, while new eruptions may be observed for a further 
1-4 months [29]. The clinical picture most often includes 
chronic papular, pustular, or nodular lesions limited to 
the tattoo area [28,29]. In the reported cases, standard em-
pirical treatment did not bring clinical improvement, 
which may make rapid diagnosis of the infection diffi-
cult [29]. The most likely source of infection is considered 
to be primarily the use of non-sterile water to dilute the 
ink, as well as contamination of the dye preparation it-
self [28,29]. In the case of persistent skin lesions within a 
freshly obtained tattoo, a skin biopsy together with mi-
crobiological testing for NTM is recommended [29].

4.3 Blood-borne viral diseases – HBV, HCV, HIV

One of the most serious infectious complications asso-
ciated with tattooing is the possibility of transmission 
of blood-borne pathogens, primarily hepatitis B virus 
(HBV), hepatitis C virus (HCV), and human immu-
nodeficiency virus (HIV) [30]. The tattooing process 
involves repeated puncturing of the skin with a needle, 
which, if contaminated equipment is used or disinfec-
tion is performed improperly, may create conditions for 
the transmission of infection [30]. Particular attention is 
paid to HCV infections, as this virus is transmitted ma-
inly through percutaneous contact with infected blood 
[31]. Analysis of the available studies has shown that the 
risk of HCV infection depends largely on the conditions 
in which the tattoo is performed [31]. No clear evidence 
was found indicating an increased risk of infection in 
the case of tattoos performed in professional, supervi-
sed studios [31]. A higher risk was observed, however, in 
situations where tattoos were performed in non-profes-
sional settings, including private homes or prisons [31]. 
These results are confirmed by more recent epidemiolo-
gical studies. In an analysis conducted within the French 

Constances study, obtaining tattoos outside professional 
studios was associated with a more than fourfold higher 
risk of HCV infection (HR 4.14; 95% CI 2.33-7.35), whi-
le obtaining tattoos outside countries with appropriate 
sanitary regulations was associated with an increased 
risk of HBV infection (HR 3.22; 95% CI 1.39-7.44) [32]. 
Additional data are provided by the meta-analysis by 
Lim et al., covering 121 studies assessing the relation-
ship between tattooing and the occurrence of blood-
-borne diseases [30]. The authors demonstrated a higher 
frequency of HCV infections among tattooed people 
compared with people without tattoos (OR 2.37; 95% 
CI 2.04-2.76) [30]. The same analysis also found an in-
creased frequency of HBV (OR 1.55; 95% CI 1.31-1.83) 
and HIV (OR 3.55; 95% CI 2.34-5.39) infections in the 
population of tattooed people [30]. In the case of HBV, the 
risk of transmission is currently partly limited by wide-
spread protective vaccination programmes, which have 
contributed to a significant reduction in the frequency of 
infections in many countries [33]. The results concerning 
HIV should, however, be interpreted with caution. Lim 
et al. point out that some behaviours associated with an 
increased risk of infection, such as a greater number of 
sexual partners or the use of psychoactive substances, 
may occur more frequently in the tattooed population 
and partly influence the observed associations [30]. Re-
gardless of the type of pathogen, adherence to the prin-
ciples of asepsis, the use of single-use equipment, and 
appropriate sanitary control of premises performing 
such procedures are of key importance in the preven-
tion of blood-borne infections associated with tattooing 
[31].

4.4 HPV, HSV, and other rare infectious 
complications associated with tattooing

In addition to blood-borne infections, rarer infectio-
us complications associated with tattooing have also 
been described in the literature, including infections 
with human papillomavirus (HPV), herpes simplex vi-
rus (HSV), and sporadic cases of infective endocarditis 
[34,35]. One of the best-documented viral skin complica-
tions are viral warts developing within a tattoo [34]. Ca-
ses of both common warts (verruca vulgaris) and flat 
warts (verruca plana) developing within a tattoo have 
been described. In the available case reports, viral warts 
were more often located in areas made with black ink 
than within coloured tattoos or non-tattooed skin [36]. 
A characteristic feature of these lesions is a long latency 
period – the average time from obtaining a tattoo to the 
appearance of lesions is about 5 years [37]. The mecha-
nism of their formation has not been unambiguously 
explained. One proposed hypothesis assumes HPV in-
fection during tattooing through contaminated instru-
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ments, ink, the tattoo artist’s saliva, or autoinoculation 
of the virus from an existing wart present on the skin of 
the tattooed person [36]. The authors point out, however, 
that the inoculation theory alone does not fully explain 
the observed predilection of lesions for specific areas of 
the tattoo, especially those made with black ink [36]. An 
alternative explanation is the concept of the so-called 
immunocompromised district proposed by Ruocco et 
al., according to which areas of skin subjected to prior 
trauma or other damaging factors may show persistent 
disturbances of the local immune response, favouring 
the development of infections limited to a given area of 
skin [38]. With regard to tattoos, it is suggested that local 
changes in the immune response may facilitate the de-
velopment of HPV infection within tattooed skin [36,37]. 
Cohen et al. additionally draw attention to the possibi-
lity of the virus being transmitted by the tattoo artist as 
a result of contact with a wart present on an uncovered 
hand, and to the potential transmission of HPV through 
saliva used to dilute pigment during tattooing [34]. Isola-
ted cases of infection or reactivation of herpes simplex 
virus associated with tattooing have also been described 
in the literature [34]. In the reported cases, the lesions 
appeared within a few days of obtaining the tattoo and 
consisted of vesicular eruptions developing within the 
tattooed skin [34,39]. Cases have been described in which 
obtaining a tattoo preceded the reactivation of a pre-
viously experienced HSV infection, suggesting that the 
procedure may act as a triggering factor for recurrence 
of the infection in infected individuals [39]. Among the 
extremely rare but potentially severe complications are 
cases of infective endocarditis observed after body-art 
procedures, including tattooing [35]. Armstrong et al. em-
phasise that this complication occurs sporadically but 
may lead to a severe clinical course, especially in people 
with existing heart defects [35]. For this reason, in people 
with heart defects belonging to groups at increased risk 
of infective endocarditis, the potential risks associated 
with the procedure should be taken into account befo-
re obtaining a tattoo. The possibility of using antibiotic 
prophylaxis in selected groups of patients has also been 
described in the literature [35].

5. Tattoo pigment migration and systemic 
distribution

Although tattoo pigments are introduced into the skin 
with the intention of achieving a permanent aesthetic 
effect, they do not remain solely at the site of admini-
stration [7]. After obtaining a tattoo, some of the pigment 
particles are taken up by phagocytic cells and may be 
transported via lymphatic vessels to regional lymph no-

des [7]. Direct evidence of pigment migration was provi-
ded by the study conducted by Schreiver et al., in which 
skin samples and the corresponding regional lymph no-
des of tattooed people were analysed [7]. The authors de-
monstrated the presence of the same pigments in both 
the skin and the lymph node tissue, confirming their 
movement from the site of administration to the lym-
phatic system [7]. Moreover, the simultaneous transport 
not only of organic pigments but also of heavy metals 
and titanium dioxide (TiO₂) particles to regional lymph 
nodes was demonstrated [7]. In the regional lymph no-
des, the presence of TiO₂ particles was found, as well as 
elements such as nickel and chromium, which may oc-
cur as components or impurities of tattoo inks [7]. The 
authors also observed that smaller pigment particles 
were more frequently detected in the lymph nodes than 
larger aggregates, suggesting that particle size may play 
an important role in the migration process [7].\

Migration of pigments to the lymph nodes was de-
scribed in the literature even before the use of modern 
analytical methods [7]. Anderson et al. presented the case 
of a patient with melanoma in whom, during lympha-
denectomy, enlarged, darkly pigmented lymph nodes 
were found, raising suspicion of metastatic disease [40]. 
Histopathological examination, however, did not reveal 
metastatic disease, and the pigment present in the no-
des turned out to originate from a previously obtained 
tattoo [40]. This observation indicates that the deposition 
of tattoo pigments in the lymph nodes may constitute a 
significant diagnostic challenge, particularly in patients 
being evaluated for cancer [40]. The biological significan-
ce of the long-term accumulation of pigments in the 
lymph nodes remains incompletely understood. In the 
study by Schreiver et al., ultrastructural changes were 
observed in the tissues adjacent to the deposited pig-
ment particles, but their biological significance remains 
unclear [7]. At present, however, there are insufficient 
data to allow an unambiguous assessment of the clinical 
consequences of these observations. The available data 
concerning the further distribution of pigments beyond 
the lymphatic system are considerably more limited. In 
an experimental study conducted on mice, Sepehri et al. 
demonstrated the presence of pigment particles in the 
Kupffer cells of the liver [41]. This observation suggests the 
possibility of some ink components moving to distant 
organs via the bloodstream [41]. The authors emphasise, 
however, that these observations come from an animal 
model and that their significance for human health re-
mains unclear [41]. The available data indicate that some 
tattoo pigments may move beyond the site of admini-
stration and become deposited in regional lymph nodes, 
and potentially also in other tissues of the body [7,41]. At 
the same time, the number of studies on the long-term 

https://doi.org/10.12775/JEHS.2026.95.73995


JEHS

8 DOI: 10.12775/JEHS.2026.95.73995

The Tattoos and the risk of health complications: a narrative review

effects of pigment migration beyond the skin remains 
limited, which is why the actual biological consequences 
of this phenomenon require further research.

6. Oncological risk associated with tat-
tooing

6.1 Tattoos and lymphomas

In recent years, interest has grown in the potential rela-
tionship between tattooing and the risk of developing 
lymphomas [42,43]. Interest in this issue stems, among 
other things, from the observation that some tattoo 
ink components may migrate to regional lymph nodes, 
where they persist for a long time after the procedure 
[7]. A summary of the most important epidemiological 
studies assessing the relationship between tattooing and 
the risk of lymphomas is presented in Table 2.

One of the most important studies assessing this rela-
tionship was the Swedish case-control study conducted 
by Nielsen et al., involving 11,905 participants [42]. The 
authors demonstrated that people with tattoos had a hi-
gher risk of developing malignant lymphoma than non-
-tattooed people (IRR 1.21; 95% CI 0.99-1.48) [42]. The 
highest risk was observed in the period of less than two 
years after obtaining the first tattoo (IRR 1.81; 95% CI 
1.03-3.20) [42]. In the analysis of lymphoma subtypes, the 
highest risk values were recorded for diffuse large B-cell 
lymphoma and follicular lymphoma [42]. The authors 
emphasised, however, that no relationship was observed 
between the size of the area covered by tattoos and the 
risk of disease [42]. Similar observations were presented 
in the Danish twin study published by Clemmensen et 

al. [44]. The authors demonstrated an increased risk of 
lymphoma in people with large tattoos exceeding the 
area of the palm (HR 2.73; 95% CI 1.33-5.60) [44]. The 
authors noted, however, that the mechanisms respon-
sible for the observed relationship remain unclear and 
require further research [44]. Different results were obta-
ined, in turn, in the American case-control study con-
ducted by McCarty et al. [45]. The analysis did not show 
an unambiguous relationship between having a tattoo 
and the overall risk of Hodgkin and non-Hodgkin lym-
phomas [45]. The authors did, however, note elevated 
odds ratios for some rarer subtypes of lymphoprolife-
rative cancers [45]. This relationship was most evident in 
people who had obtained a tattoo more than 10 years 
earlier [45]. The most recent systematic review and me-
ta-analysis conducted by McConnell et al. did not show 
a statistically significant relationship between tattooing 
and the development of non-Hodgkin lymphomas [43]. 
The authors emphasised, however, that the available 
data are characterised by limited methodological quali-
ty and considerable heterogeneity [43]. The current state 
of knowledge therefore does not allow confirmation of a 
cause-and-effect relationship between tattooing and the 
development of lymphomas. The available epidemiolo-
gical studies indicate, however, the possible existence of 
such a relationship, especially with regard to selected 
lymphoma subtypes, which justifies the need for further 
research [42-44].

6.2 Tattoos and melanoma and other skin cancers

Isolated cases of skin cancers developing within tatto-
os have been described in the literature for many years 
[46]. They most often concern malignant melanoma, 
basal cell carcinoma (BCC), squamous cell carcinoma 
(SCC), and keratoacanthoma [46]. Interest in this issue 

Study (year) Study type Population (n) Country Main endpoint Risk measure (95% CI) Authors’ 
conclusion

Nielsen et al. 
(2024) [42]

Population-based 
case-control

11,905 (1,398 
cases / 4,193 
controls)

Sweden Malignant 
lymphoma

IRR 1.21 (0.99-1.48); <2 
years from first tattoo: 1.81 
(1.03-3.20); DLBCL: 1.30 
(0.99-1.71)

Increased risk; 
causality requires 
confirmation

Clemmensen et 
al. (2025) [44]

Twin study 
(cohort and case-
co-twin)

2,367 (cohort) / 
316 (case-co-twin) Denmark

Lymphoma – 
tattoos larger than 
the palm

HR 2.73 (1.33-5.60); without 
size adjustment: no effect 
(HR 1.35; 0.68-2.71)

Increased risk for 
large tattoos

McCarty et al. 
(2024) [45]

Population-based 
case-control

9,020 (820 cases / 
8,200 controls) USA (Utah)

Non-Hodgkin 
lymphoma (NHL) 
overall

OR 0.83 (0.61-1.11); rare 
B-cell NHL (20-60 years): 
2.06 (1.01-4.20)

No overall 
association; signal for 
rarer subtypes

McConnell et al. 
(2025) [43]

Systematic 
review and meta-
analysis

17,941 (4 
observational 
studies)

Meta-analysis 
(various 
countries)

Non-Hodgkin 
lymphoma 
(pooled OR)

OR 1.01 (0.82-1.24); FL: 1.01 
(0.77-1.33); DLBCL: 0.89 
(0.54-1.46)

No significant 
association; low 
quality of evidence

Table 2. Summary of epidemiological studies assessing the relationship between tattooing and the risk of 
lymphomas

Abbreviations: IRR – incidence rate ratio; OR – odds ratio; HR – hazard ratio; CI – confidence interval; NHL – non-Hodgkin 
lymphoma; DLBCL – diffuse large B-cell lymphoma; FL – follicular lymphoma.
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stems both from the reported cases of cancers develo-
ping within tattoos and from questions concerning the 
long-term safety of tattoo pigments [46]. In the review 
conducted by Kluger and Koljonen, a total of 50 cases 
of skin cancers developing within tattoos were identi-
fied, including 23 cases of squamous cell carcinoma or 
keratoacanthoma, 16 cases of melanoma, and 11 cases 
of basal cell carcinoma [46]. The authors emphasised, 
however, that the number of described cases remains 
small compared with the number of people with tatto-
os worldwide [46]. On the basis of the available data, no 
evidence was found to consider a tattoo an independent 
risk factor for the development of skin cancers, and the 
authors considered the observed relationship to be pro-
bably incidental [46]. These conclusions are confirmed 
in newer analyses concerning melanoma developing 
within tattoos. In the literature review conducted by 
Brusasco et al., 43 published cases of melanoma deve-
loping within tattooed skin were identified, and after 
including two new cases of their own, this number rose 
to 45 [47]. The most common location of the lesions was 
the upper limbs and the trunk, and most cases concer-
ned tattoos made with black or blue pigment [47]. The 
authors emphasised, however, that the small number of 
described cases argues rather for an incidental co-occu-
rrence of melanoma and tattoos than for the existence of 
a direct causal relationship [47]. A significant clinical pro-
blem, on the other hand, may be the impeded diagnosis 
of cancerous lesions developing within tattooed skin [47]. 
Benandi et al. point out that tattoo pigment may impe-
de both the clinical and the dermoscopic assessment of 
pigmented lesions [48]. As a potential solution to these 
difficulties, Brusasco et al. indicated the use of reflec-
tance confocal microscopy (RCM) in combination with 
dermoscopy, emphasising that this method may incre-
ase the diagnostic accuracy of melanocytic lesions and 
facilitate the differentiation of melanocytic cells from 
exogenous tattoo pigment, which may reduce the risk of 
diagnostic errors [47]. In turn, Benandi et al. demonstra-
ted that the cases of melanoma developing within tat-
toos described in the literature were characterised by a 
greater average Breslow thickness and a higher propor-
tion of invasive lesions at the time of diagnosis than is 
observed in large population-based melanoma studies, 
which may suggest a risk of delayed diagnosis [48]. The 
current state of knowledge does not allow confirmation 
of a cause-and-effect relationship between tattooing and 
the development of melanoma or other skin cancers 
[46,47]. The available data indicate, however, the need for 
further epidemiological research and for maintaining 
particular diagnostic vigilance in the case of pigmented 
lesions developing within tattoos [47,48].

6.3 Potential carcinogenic mechanisms

Despite growing interest in the potential relationship 
between tattooing and the development of cancers, the 
biological mechanisms that might account for the ob-
served epidemiological associations have not yet been 
elucidated [42]. One of the considered mechanisms is 
the long-term exposure of tissues to compounds with 
potential carcinogenic activity present in some tattoo 
pigments and to their transformation products [46]. Par-
ticular interest is attracted by the products formed as a 
result of the photodegradation of pigments under the 
influence of UV radiation and during laser tattoo re-
moval [46]. The available data do not currently allow an 
unambiguous determination of the clinical significance 
of the proposed carcinogenic mechanisms in humans [9]. 
Another mechanism under consideration is chronic sti-
mulation of the immune system associated with the pre-
sence of pigments in the body [42]. The authors indicate 
that disturbances of the immune response may play a 
role in the pathogenesis of lymphomas, but the involve-
ment of tattoo pigments in this process has not yet been 
proven [42]. The currently proposed mechanisms are hy-
pothetical in nature and do not allow confirmation of a 
cause-and-effect relationship between tattooing and the 
development of cancers [46].

7. Summary

In recent decades, tattooing has become a common 
form of body modification, and the growing popularity 
of the procedure is accompanied by increasing attention 
to its potential health consequences. The literature re-
view conducted shows that the spectrum of complica-
tions associated with tattooing is broad, but their frequ-
ency, severity, and degree of documentation remain 
highly variable.

The best-known and most frequently described 
group are dermatological complications. They include 
both transient early reactions (inflammatory response, 
bacterial infections, early allergic reactions) and late 
and chronic complications, including allergic reactions 
associated primarily with red pigment, granulomatous 
and sarcoidal reactions, and rarer photo-induced reac-
tions. A separate category is formed by complications 
associated with laser tattoo removal, where, alongside 
pigmentation disorders, attention is drawn to potential-
ly harmful pigment degradation products.

An important group are also infectious complica-
tions. The risk of blood-borne infections (HBV, HCV, 
HIV) is associated primarily with obtaining tattoos in 
non-professional conditions and with non-compliance 
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with the principles of asepsis, which emphasises the key 
role of sanitary control, single-use equipment, and pro-
fessional studios. Rarer complications have also been 
described, such as HPV and HSV infections and spora-
dic cases of infective endocarditis.

The available studies indicate that tattoo pigments 
do not remain solely at the site of administration but 
may migrate to regional lymph nodes together with 
metals and titanium dioxide particles. Data on their 
further systemic distribution are, however, limited, and 
the clinical significance of this phenomenon remains 
unclear. These observations have contributed to gro-
wing interest in the potential oncological risk associated 
with tattooing. The results of studies on the relationship 
between tattoos and lymphomas are inconclusive, and 
the reported cases of melanoma and other skin cancers 
developing within tattoos are most likely incidental in 
nature. The current state of knowledge does not allow 
confirmation of a cause-and-effect relationship between 
tattooing and the development of cancers, although the 
impeded diagnosis of pigmented lesions within tattooed 
skin constitutes a real clinical problem.

In summary, most complications associated with tat-
tooing are local and usually mild, and the available data 
indicate that the vast majority of people with tattoos do 
not experience severe adverse effects. The most serious 
systemic complications occur rarely, while with regard 
to oncological risk the current state of knowledge does 
not allow confirmation of a cause-and-effect relation-
ship between tattooing and the development of cancers. 
At the same time, significant gaps remain concerning 
the toxicology of ink components and the long-term 
effects of pigment migration. It should be emphasised 
that a considerable proportion of the available data co-
mes from case reports and observational studies of va-
riable quality, which limits the possibility of establishing 
causal relationships. This indicates the need for further 
epidemiological and mechanistic research, improve-
ment of regulations concerning the composition of inks 
(including under the REACH Regulation), and the ma-
intenance of high safety standards during tattooing and 
of diagnostic vigilance in the assessment of lesions deve-
loping within tattooed skin.
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