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Abstract
Body art that lesions the skin can result in infection, making tattoos and piercings inherently risky forms of expression.
Evolutionary theorists have posited two complementary hypotheses for the popularity of tattooing and piercing in the face of
less dangerous options. The Bhuman canvas hypothesis^ suggests that tattooing and piercing may be hard-to-fake conscious or
unconscious advertisements of fitness or affiliations. The Bupping the ante hypothesis^ proposes that tattooing and piercing are
costly honest signals of good genes in that they injure the body to show howwell it heals. We sampled two student populations in
the USA to test three related predictions: (1) intercollegiate athletes would be tattooed and pierced at higher rates than other
undergraduates to signal fitness, (2) athletes would be more likely to get college- or pro sports-related tattoos than other students,
and (3) tattooed or pierced intercollegiate athletes would have lower rates of tattoo- and piercing-related medical complications.
We used chi-square and separate logistic regressions of athlete status on tattooing, piercing, and related complications. Study 1
(n = 524) did not find support for predictions but included only a small number of athletes with body modifications. Study 2 (n =
6004) found no main effect for athletes but did find an interaction effect for athletes-by-gender (p = .005). Athletes were also
more likely to have college- and pro sports-related tattoos, and football players and male swimmers/divers were more likely to be
tattooed in general than other undergraduates (p < .05). Finally, we found positive relationships between tattooing/BMI and BMI/
tattooing complications (p < .01), supporting a costly honest signaling function irrespective of athlete status. Both hypotheses
were falsified for piercing. Our findings support tattooing as a fitness and affiliation signal that is highly context-dependent.
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Introduction

Tattooing and piercing are interesting forms of body decoration
because they simultaneously draw attention to the body and
injure it. Body decoration is ubiquitous in humans and appears
among other organisms as well (Kohler 1925; MacKinnon
1978), which suggests body décor represents a phenotypic
gambit (Lynn andMedeiros 2017), or behavior with underlying
adaptive functions (Grafen 1991). Themany uses andmeanings
of tattooing and piercing suggest social selection pressures may
be operating to maintain their continued practice. Social

selection is a type of natural selection that accounts for dynam-
ics of cooperation that maximize reproductive fitness
(Roughgarden 2009). As hypothesized for hunting (Hawkes
and Bliege Bird 2002), tattooing and piercing may have been
used to demonstrate social prestige and maximize fitness
(Carmen et al. 2012; Koziel et al. 2010; Lynn and Medeiros
2017;Wohlrab et al. 2009a).We examine tattooing and piercing
in a prestigious class of people in a contemporary US setting.
By comparing tattooing and piercing in elite athletes to similar
non-athletes, we may be able to determine if, indeed, such body
modifications help more fit individuals show off their pheno-
types and affiliations.

Cultural tattooing and piercing practices go back thousands of
years as indicated by these body modifications found on ancient
mummies; jewelry and implements found at ancient sites; and
sculptures, paintings, and other artifacts that attest to their antiq-
uity (DeMello 2000, 2007; Deter-Wolf et al. 2016; Gilbert 2000).
Anthropologists have long speculated that tattooing arose as an
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elaboration of body painting and therapeutic scarification
(Hambly 2009 [1925]; Rivers 2001 [1923]). Evidence from the
Middle Stone Age in Africa suggests hominid ancestors were
processing pigment 280,000 years ago (ya) (McBrearty and
Brooks 2000), and materials found at sites in Europe from the
Upper Paleolithic (12,000–40,000 ya) may have been used for
tattooing (Gilbert 2000; Krutak 2007). Crosses tattooed on Ötzi,
the 5300-year-old mummy found frozen in the Alps, suggest
ancient therapeutic applications (Krutak 1999; Pabst et al.
2009). Piercing is also found around the world. Numerous ex-
amples of ear piercings, plugs, and studs have been found among
ancient Egyptian sites. Scythians in the north Black Sea practiced
piercing on male and female infants in a manner still observed in
India, where piercing ornaments serve various purposes and sig-
nal different meanings on different ears (Rush 2005). Some of
these modifications have taken place in environments where
pathogen exposure is high andmay indicate resistance to disease,
but others seem connected only to social syntax (Ludvico and
Kurland 1995). Contemporary tattooing is highly individualistic
and conducted largely in hygienic ways. Evolutionary explana-
tions for tattooing and piercing must therefore rectify this diver-
sity of practices.

Evolutionary Hypotheses for Tattooing and Piercing

The human canvas hypothesis proposes that tattooing and pierc-
ing have occurred cross-culturally because of the way they inte-
grate human symbolic communication to convey personal or
social information (Carmen et al. 2012). In much the same way
that the cave paintings in Le Chauvet allowed humans to express
symbolic thought 31,000 ya, tattoos and body piercings provide
individuals in the modern world with the opportunity to display
aspects of their inner psyches to be visible to others. Additionally,
the imagery selected for a tattoo can symbolize affiliation with
particular groups. These means of communication may seem
counterintuitive because of the injury they present the body
(Sosis et al. 2007) and the availability of non-invasive cosmetics,
body paint, physical training, clothing, hairstyles, and another
décor. However, the relative permanence of tattoos and piercing
indicate commitment or sincerity that is hard to fake (Bulbulia
2008; Sosis 2006).

The upping the ante hypothesis suggests that, while non-
invasive body décor may obscure signs that a person is less
than fit (e.g., hiding skin blemishes), tattoos and piercings
actually challenge the body’s immune system by increasing
vulnerability to infection and ability to recover (Carmen et al.
2012). When poker players Bup the ante,^ they are raising the
stakes and taking risks. In some cases, this is because players
are holding great hands of cards, so the increased bets dem-
onstrate honest signals of the quality of the cards. In other
cases, players may be bluffing and do not actually possess
the cards to back up the bets they are making (i.e., dishonest
signals). Modern sanitation and hygiene standards for

tattooing and piercing in many developed countries are high,
and infection rates are low; however, safety regulations and
enforcement are inconsistent, and serious infections do occur
(Kluger and Koljonen 2012; Kluger et al. 2013; Laux et al.
2015; Wohlrab et al. 2009b). Thus, these practices can also be
seen as upping the ante or handicapping the individual for
fitness displays (Wohlrab et al. 2009a). Successful tattoos
and piercings may indicate fitness, such as through pain tol-
erance or resistance to infection. On the other hand, trying to
bluff about fitness through body modifications can backfire.
For instance, immunodeficient individuals have higher risks
of developing complications from tattooing, or individuals
with few tattoos who use numbing creams may be scorned
in the tattooing community. The idea that people need to
Bearn^ tattoos by experiencing the pain is viewed as being
cheated by numbing cream (e.g., http://www.bigtattooplanet.
com/forums/tattoo-talk/17245-numbing-cream-against). In
both cases, individuals gamble on their body modification
displays increasing their fitness.

Tattooing and piercing have been specifically linked to indi-
vidual identity formation (Edgerton and Dingman 1963; Horne
et al. 2007; Stirn 2007; Sweetman 1999). Several studies have
indicated high rates of tattooing and piercing among undergrad-
uate college students (Forbes 2001; Horne et al. 2007; King and
Vidourek 2013; Manuel and Sheehan 2007; Mayers et al. 2002;
Mayers and Chiffriller 2008; Resenhoeft et al. 2008), who are in
the prime years of forming self-identities. These body modifica-
tions are increasingly acceptable aspects of mainstream identity,
as studies of tattooing in the labor force suggest. Tattoos may
even be considered an asset if they are generally associated with
the occupation (for instance, if the occupation brands itself as
Bedgy^) (Timming 2017), as they are with some professional
athletics (Kluger 2015).

Furthermore, studies of coalitional psychology in sports sug-
gest that the in-group loyalty, intergroup competition, and interest
and economy that grow up around teams (i.e., sports fandom) are
exaptations of cognitive dispositions evolved for small-scalewar-
fare (Deaner et al. 2012; Kniffin and Sugiyama 2018; Kruger
et al. 2018; Lombardo 2012; Sugiyama et al. 2018; Winegard
and Deaner 2010). Humans are sensitive to markers of such
alliances and visual symbols of them, especially to successful
coalitions and the commensurate benefits of or being associated
with success (Kruger et al. 2018; Winegard and Deaner 2010).
Marks that signify winners, like sports jerseys or the more per-
manent tribute of a tattoo, may be worn by others to ally them-
selves with those winners, which said winners may allow or
encourage because it appears prosocial and enhances the reputa-
tions of such winners (Barbaro et al. 2018).

Are Tattoos and Piercings Fitness Indicators?

Few studies have examined whether elite groups such as highly
trained athletes are more likely to take the Brisk^ to advertise
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their phenotype or status through tattooing and piercing, though
some have linked tattooing in general with advertising fitness.
Koziel et al. (2010) found tattooing positively associated with
bilateral symmetry, an indication of developmental health and
vigor. Mayers and colleagues (2002; Mayers and Chiffriller
2008) conducted two prevalence studies of tattooing and pierc-
ing in US undergraduates and compared athletes to non-athletes
within the samples. In the first study (n = 481), they found that
male athletes were more likely to be tattooed than male non-
athletes but no such difference in females (Mayers et al. 2002).
However, in a follow-up (n = 650) at the same upstate NewYork
institution, there were no differences among any groups (Mayers
and Chiffriller 2008). Similarly, a study of 997 Black and
Hispanic US student-athletes awaiting pre-participation sports
exams found relatively low rates of men (10%) and women
(6%) were tattooed (Benjamins et al. 2006). These studies pro-
vide mixed support for the human canvas hypothesis. To test for
a role of tattooing as an indicator of fitness beyond drawing
attention to the body, Lynn et al. (2016) compared tattooing
experience to biomarkers of stress and immune response and
found that normal stress-induced immunosuppression while be-
ing tattooed is relaxed in individuals with high tattoo experience,
suggesting an upping the ante effect. However, the sample was
small, mostly women, and did not indicate whether
heavy tattooing primed this effect or was simply more likely
among people with better immune systems.

Hypotheses Development

The current study extends this research by testing the human
canvas and upping the ante hypotheses among undergraduates
across the USA and at a flagship state research institutionwith a
large intercollegiate athletic program. We predict that intercol-
legiate athletes (ICAs) will (1) be tattooed at a higher rate than
other undergraduates to draw attention to their fitness, (2) be
more likely than other undergraduates to signal their athletic
affiliation with college or sports tattoos, and (3) have lower
rates of tattoo- and piercing-related medical complications than
other undergraduates because of their enhanced fitness.

Prediction 1 As scholars have noted, there are distinctive gen-
der differences in participation, performance, observation, and
resource command of sports cross-culturally. These differ-
ences suggest a role of competitive athletics—or, more gener-
ally, physical Bcontests^—in sexual selection, competition for
status, training for combat and hunting, or a combination of
these (De De Block and Dewitte 2009; Deaner et al. 2012;
Kurzban and Leary 2001; Lombardo 2012; Miller 2001; Van
Vugt 2009). Studies suggest that people consider athletes
more attractive than non-athletes (Schulte-Hostedde et al.
2008, 2012) and that athletes report having more sexual part-
ners (Faurie et al. 2004).

Possible fitness signaling of athletes is difficult to parse out
because many people engage in physical activities who are not
ICAs, from weekend games of Ultimate Frisbee or golf to in-
tramural (i.e., club) sports to daily gymworkouts. Furthermore,
not all intercollegiate athletic programs are created equal, as
some may be highly competitive while it is relatively easy to
be a walk-on for others. Some studies have even found team-
sport athletes (e.g., soccer) more attractive than individualized
sports athletes (e.g., cross-country) (Schulte-Hostedde et al.
2008), though replication results have varied (Schulte-
Hostedde et al. 2012). However, ICAs, especially those who
have Blettered^ or received a cloth school initial to wear as an
insignia of achievement, are generally considered the best of
best. Koziel et al. (2010) suggest that tattoos may enhance
signals of physical quality, such as low fluctuating asymmetry
(i.e., high bilateral symmetry), so it follows that ICAs may
increase their competitive edge or signal status through body
modifications. Hence,we predict that ICAs will be tattooed and
pierced at higher rates than other undergraduates to highlight
or draw attention to their physiques and fitness.

Prediction 2 Athletic teams resemble tribal groups in some
ritualized war behaviors (e.g., Maori haka) and in their use
of visual symbols (and often adopt names of native groups to
evoke these) for group identification. These may be as impor-
tant in distinguishing friend from foe in a chaotic skirmish or
competition as they are as markers of status (Lynn and
Medeiros 2017; Winegard and Deaner 2010). Furthermore,
they may render the wearer ferocious, as Darwin (1997
[1839]) noted of the Maori tā moko. College- and sports-re-
lated tattoos may also serve as Bpride-displays.^ Pride is one
of the affective mechanisms that motivate status-seeking be-
havior and a fitness-relevant feature of human sociality
(Cheng et al. 2010). Therefore, we predict that ICAs will be
more likely than other students to specifically signal their
membership on teams through college- or sports-related tat-
toos, especially if the team or university carries prestige.

Prediction 3 The exercise entailed in athletics generally leads
to better overall health relative to non-athletes. A study of
5398 living alumnae found that former college athletes had a
significantly lower risk of some cancers than non-athletes
(Frisch et al. 1985). Studies find athletes displaymore efficient
brain function than sedentary subjects in verbal memory and
reaction time tests (Zhao et al. 2016). Regular exercise has
long-term benefits in reducing susceptibility to infectious
and non-communicable diseases, delays the aging of the im-
mune system, and, most relevant to the present study, in-
creases responses to bacterial and viral antigens immediately
following exercise (Campbell and Turner 2018). Thus, we
predict that ICAs will report fewer tattoo- or piercing-
related medical complications because athletes are generally
healthier than other undergraduates.
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Study 1: Methods

Materials

We conducted two studies using the Body Art Study
Questionnaire (BASQ) (Mayers et al. 2002). BASQ is a ten-
item survey comprising single-item queries about tattooing
(e.g., BDo you have or have you ever had any body tattoos?^),
piercing (e.g., BDo you have or have you ever had any body
piercings?^), associated medical complications (e.g., BIf you
now have or have ever had a tattoo/body piercing, have you
suffered any medical complications?^), and removal of tattooing
and piercing among US undergraduates (e.g., BIndicate the area
from which a tattoo/piercing has been removed.^), including an
item to determine if respondents are ICAs in specific sports (BAre
you an intercollegiate athlete?^). All items are answered with
dichotomous yes/no responses. The survey was piloted and ad-
ministered to a sample of US undergraduates (Mayers et al.
2002) and retested via the same recruiting techniques and uni-
versity 5 years later (Mayers and Chiffriller 2008). Results of the
two surveys were similar and consistent with other studies of
body art prevalence among US undergraduates (Mayers and
Chiffriller 2008), suggesting the BASQ is a reliable and valid
instrument for the stated purpose. We also added items querying
college or university and about tattoos related to one’s college/
university or a professional sports team.

We used Qualtrics online survey software (Provo, UT) to
administer the survey nationally using convenience sampling
with the snowball method via social media and email.
Protocols were approved by the University of Alabama
Institutional Review Board (#16-OR-007).

Participants

The survey was completed by 821 respondents, but 297 were
removed due to inaccurate or incomplete responses. The final
sample included 524 (77%) women, 153 men (22%), and 7
non-binary genders (1%) aged 18–57 (mean ± SD = 21.3 ±
4.03). Mean (± SD) BMI was 24.7 (± 5.30) with 5% catego-
rized as underweight, 50% as normal/healthy, 19% as over-
weight, and 13% as obese. Respondents were from 78 differ-
ent colleges or universities from all nine US census regions.
Over half (59%) were from the East South Central and South
Atlantic regions, suggesting that sampling was most success-
ful in the authors’ home region despite national recruitment.
There were 33 (4.1%) ICAs in the sample (71% women; aged
18–39, mean ± SD = 21.3 ± 4.15). Mean BMI for these ath-
letes was 23.8 ± 3.85.

Analysis

We downloaded survey data to IBM SPSS version 25
(Armonk, NY) and reversed items so 0 = no and 1 = yes.

We determined descriptive statistics (mean ± SD) for demo-
graphic data and frequency (%) for other items. We calculated
BMI (mean ± SD = 25 ± 5.70) using ((weight (lbs)/[height
(in)]2) × 703) and determined the frequencies of respondents
having an underweight BMI (≤ 18.5), in the healthy/normal
range (18.5–24.9), overweight (25.0–29.9), and obese (≥
30.0), according to Centers for Disease Control and
Prevention (CDC 2017) standards. We used chi-square (χ2)
and Fisher’s exact tests to examine tattooing/piercing status
with regard to gender, age, class standing, related medical
complications, and ICA status. We conducted separate binary
logistic regressions on tattooing, piercing, and related medical
complications to test the hypothesis that body modifications
signal fitness. Intercollegiate athlete status was the indepen-
dent variable, with gender, age, class standing, BMI, and US
region as control variables. Values were considered significant
if p < .05. We tested for interaction effects by standardizing
associated independent and dependent variables and covari-
ates and creating cross-product variables, but there were no
significant interactions in study 1 so are not reported further.

Results

Piercings were significantly more common than tattoos in the
sample (Table 1), and tattoos and piercings were more com-
mon among women than men or other genders (p < .001).
There were no differences for tattoos or piercings by age,
but undergraduate seniors and juniors were most likely to be
tattooed and pierced, respectively (p < .001).

To test prediction 1, that ICAs would be tattooed and
pierced at higher rates than other undergraduates, we com-
pared them using χ2. There were no differences regarding
tattooing, piercing, removals, or related medical complica-
tions. To test a possible relationship to fitness, we used binary
logistic regression to examine the relationship of tattooing and
piercing in ICAs with regard to BMI (Table 2). We regressed
on tattoo status (0 = not tattooed, 1 = tattooed), with ICA
status (0 = non-ICA, 1 = ICA), gender (1 = woman, 2 =
man, 3 = non-binary), age, class standing (1 = freshman, 2 =
sophomore, 3 = junior, 4 = senior, 5 = fifth year+), BMI, and
US region (1 = Pacific, 2 =Mountain, 3 =West North Central,
4 = East North Central, 5 = Middle Atlantic, 6 = New
England, 7 = West South Central, 8 = East South Central, 9
= South Atlantic) as covariates. This model was statistically
significant (χ2 = 84.859, p < .01, r2 = .12). Gender, class
standing, and BMI were significant predictors, indicating that
upper-class undergraduate women with greater BMI were
more likely to be tattooed. However, there was no relationship
for ICA status. Chi-square analysis of tattooing by BMI quar-
tiles indicates lower rates of tattooing than expected for un-
derweight and normal BMI respondents and higher than ex-
pected for overweight and obese respondents (p < .001). We
conducted secondary regression on ICAs alone, including
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gender, age, class standing, and BMI as a quartiles variable, to
determine if fitness played any role for tattooing in athletes,
but BMI was not a significant predictor.

The regression model for the full sample on piercing (0 = not
pierced, 1 = pierced) was also significant (χ2 = 145.433, p< .01,
r2 = .19), but gender was the only significant predictor, indicating
that women were more likely to be pierced (Table 2).

Prediction 2, that ICAs would be more likely to get college-
related tattoos, was not testable in this sample, as there were
only a few respondents who had college-related tattoos (n = 6),
none with pro sports tattoos, and no differences by gender or
athlete status.

Prediction 3, that tattooed and pierced ICAs would have
lower rates of related medical complications, was only par-
tially testable with logistic regression because of the limited
number of respondents with tattoo-related complications. The
model for piercing complications included tattooing and
piercing as additional covariates to determine if getting a tat-
too or piercing increased risk of infection independent of other
health-related factors (0 = no complications, 1 = complica-
tions). As Table 2 indicates, regression on piercing-related

medical complications was significant (χ2 = 31.645, p < .01),
but the amount of variation explained was small (r2 = .05).
Class standing was the only significant predictor, suggesting
that complications were more common with age.

Discussion

We tested the predictions consistent with the human canvas
hypothesis that ICAs would draw attention to their group af-
filiations by tattooing and piercing at a higher rate than other
undergraduates and be more likely to get tattoos related to
their teams or university. Only one of these predictions was
testable in this sample, as there were few cases of college- or
sports-related tattoos. However, as there was no indication that
ICAs were tattooed or pierced at higher rates than other un-
dergraduates, there was no support for the human canvas hy-
pothesis. We tested the upping the ante hypothesis via the
prediction that athletes would have generally lower rates of
tattooing or piercing complications. There was no statistical
difference in medical complications between these groups.
However, the number of tattoo-related medical complications
was too low to reliably test with logistic regression.

Both hypotheses were falsified with regard to piercing.
Relationships with piercing suggest that it is largely a gen-
dered practice—people may collect more piercings with age
when they are college-aged adults—and that piercings are
susceptible to infections regardless of underlying health.

Study 2: Methods

Procedures and Materials

Because the number ICAs in study 1 was small, we repeated
the protocol exclusively at the University of Alabama (UA),
which has a large intercollegiate athletics program. Nearly half

Table 2 Coefficients of logistic regressions on being tattooed, pierced,
and tattoo- and piercing-related medical complications

Tattooed*** Pierced*** Piercing complications**

Age .039 .228 − .124

Class standing .466*** .109 .269*

BMI .333*** .038 .155

US region .286* .212 .004

Gender .363*** 1.045*** .177

ICA status .111 .036 .308

Tattooed .227

Pierced − 11.415

Constant − .607*** .197* 8.751

*p < .05, **p < .01, ***p < .001

Table 1 Distribution and associations of tattoos, piercings, and related medical complications

Total % (n),
100% (684)

Tattooed,
38% (258)

Pierced, 56%
(384)a**

Tattoo-related medical
complication, 1% (4)

Piercing-related medical
complication, 15% (99)**

Gender Women 77% (524) 83% (215)** 93% (355)** 50% (2) 94% (93)**

Men 22% (153) 15% (38) 6% (24) 25% (1) 5% (5)

Non-binary 1% (7) 2% (5) 1% (5) 25% (1) 1% (1)

Class standing Freshmen 22% (147) 16% (40) 22% (83) 0 18% (18)

Sophomore 24% (167) 17% (43) 18% (76) 0 11% (11)

Junior 24% (164) 24% (61) 26% (98)** 50% (2) 22% (22)

Senior 22% (148) 30% (78)** 23% (88) 50% (2) 33% (33)

Fifth year 8% (51) 13% (33) 9% (35) 0 13% (13)

Intercollegiate athletes 5% (33) 3% (8) 4% (16) 0 2% (2)

a Not including earlobes for women, per Mayers et al. (2002)

*p < .05; **p < .01
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of UA’s students are regional locals who have grown up in an
era of repeated national championships in football and other
sports, which inspires many university-related tattoos (Lynn
and Medeiros 2017). For instance, in just the past 10 years,
UA has won nationally in football five times, three times in
golf, twice in gymnastics, and once in softball.

To ensure that the elicitation of ICA responses was random,
we obtained email addresses for nearly all 31,514 undergradu-
ates enrolled at UA (82% of enrollment in fall 2017) through a
data request to the UA registrar and emailed the undergraduates
directly using the Qualtrics survey software. No compensation
or incentives were provided, so to increase the response rate, we
set up Qualtrics to automatically resend the survey 3 days and
7 days later to students who had not previously responded.
Nonetheless, the survey was anonymous, as URL information
was not collected, and all protocols were approved by the UA
Institutional Review Board (#16-OR-007-R2).

We used the sameBASQ survey (Mayers et al. 2002) as study
1 with a few changes. We removed a caveat from the original
survey that excluded earlobe piercings for women from the data
collected. We believe this was a relic in the Mayers studies
(Mayers et al. 2002; Mayers and Chiffriller 2008) related to the
commonness of female earlobe piercings and the relative rarity of
male earlobe piercings but that not including female earlobe
piercings in our survey might cause medical complications in
earlobes to be confused or underreported.

Participants and Analysis

The survey was started by 6537 respondents. We excluded 537
because they did not consent or did not complete the survey
appropriately. The final sample included 4173 women and
1767 men, aged 18–62 (mean ± SD = 20.4 ± 3.10). BMI mean
(± SD) was 24.6 (± 5.70), with 4% of the sample categorized as
underweight, 61% as healthy/normal, 23% as overweight, and
12% as obese. Intercollegiate athletes comprised 5% (286) of
the sample (64% women; aged 18–34, mean ± SD = 20.2 ±

2.01), which is 50% of the total UA student-athlete population.
Mean BMI for these athletes was 24.9 ± 12.36.

We followed study 1 procedures for the analysis.
Significant interaction effects were graphed at ± 1 SD follow-
ing Dawson (2014) to facilitate the interpretation.

Results

As Table 3 indicates, 36% of the sample was tattooed, while
94% were pierced. Women were significantly more likely to
be tattooed or pierced than men (p < .001), and most of those
with a piercing included ears (95%, including earlobes).
Piercing-related complications were more common than
tattoo-related ones and more likely to occur among women.
There were statistically significant differences in tattooing and
piercing by class standing, but these differences do not follow
a clear pattern.

Six percent (n = 92) women, 7% (32) men, and 9% (1) non-
binary gender respondents reported having college-related tat-
toos, while 1% (11) of women, 2% (11) of men, and 9% (1) of
non-binary gender reported pro sports-related tattoos. These
rates were significantly higher for men and non-binary gender
and lower for women than expected by χ2 analysis (p < .001).
Among ICAs, 15% (16) had college-related tattoos, which was
also significantly higher than expected (p < .05), but, when ex-
amined by sport, only baseball players (p = .006) were more
likely than other undergraduates to signal their school affiliation
through their tattoo. Rowers were significantly less likely to be
tattooed than were other undergraduates (Table 4). There were
no other significant differences for tattooing. Piercing was more
likely among rowers and volleyball players than among other
students, whereas baseball and football players and swimmers/
divers were less likely to be pierced.

To test our prediction that ICAs were more likely to high-
light their fitness with tattoos or piercings than other under-
graduates (prediction 1), we conducted separate hierarchical
logistic regressions on tattooing and piercing (Table 5). We

Table 3 Distribution and associations of tattoos, piercings, and related medical conditions. Percentages calculated by column

Total % (n),
100% (6004)

Tattooed,
36% (2172)

Pierced,
66% (3932)

Tattoo-related
complication, 4% (22)

Piercing-related
complication, 7% (425)

Gender Women 70% (4208)* 78% (1696)** 94% (3712)** 50% (11)** 97% (412)*

Men 30% (1776) 22% (487) 5% (212) 50% (11) 3% (11)

Non-binary <1% (28) <1% (12) < 1% (13) 0 <1% (2)

College standing Freshman 25% (1503)** 20% (441)** 25% (997)** 18% (4) 23% (99)

Sophomore 24% (1440) 24% (512) 25% (979)** 41% (9) 25% (107)

Junior 23% (1354) 25% (545)** 22% (863) 9% (2) 22% (95)

Senior 22% (1330) 24% (526) 23% (915) 18% (4) 24% (100)

Fifth year 6% (333) 7% (148) 5% (178) 14% (3) 6% (24)

Intercollegiate athletes 5% (286) 2% (110) 5% (175) 10% (2) 6% (24)

*p < .05, **p < .01, ***p < .001
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used standardized variables to create a cross-product of ICA-
by-gender to test for interaction effects. The model for
tattooing was significant with main effects of age, class stand-
ing, gender, and BMI. There was no main effect for ICAs, but
there was a significant ICA-by-gender interaction effect. The
model for piercing was also significant with main effects for
gender and BMI. We graphed the ICA-by-gender interaction
on tattooing at ± 1 SD to determine the effect direction. As
Fig. 1 shows, womenweremore likely thanmen to be tattooed
in general; however, among men, ICAs were more likely to be
tattooed than non-ICAs; and among women, non-ICAs were
more likely to be tattooed than ICAs.

We used the same covariates and interaction variables
relative to college- and pro sports-related tattoos to test our

prediction that ICAs would be more likely than other under-
graduates to advertise their affiliation with their teams or
sports through such tattoos (prediction 2) (Table 6). The mod-
el for college-related tattoos was significant with main effects
for age, class standing, and ICA status and an ICA-by-gender
interaction effect. The model for having a pro sports-related
tattoo was also significant with main effects of class standing,
gender, and ICA status. Both models suggest upper-class ICA
men were more likely to get both types of tattoos compared to
other students. Graphing the interaction effect for the college-
related tattoos model (Fig. 2) confirms this, showing that

Table 4 Distribution of tattooing, piercing, and related complications by intercollegiate sport and comparisons with non-tattooed/pierced/complication
within each sport (χ2, Fisher’s exact). Percentages calculated by row

Total
(n = 286)

Tattooed,
39% (110)

Pierced,
61% (175)

Tattoo-related
complication, 1% (1)

Piercing-related
complication, 8% (24)

Women’s only Gymnastics 3 33% (1) 100% (3) 0 33% (1)

Rowing 35 20% (7)* 86% (30)* 0 14% (5)

Soccer 31 32% (10) 71% (22) 0 3% (1)

Softball 9 44% (4) 89% (8) 0 0

Volleyball 22 32% (7) 86% (19)* 0 9% (2)

Men’s only Baseball 14 50% (7) 14% (2)*** 0 0

Football 31 48% (15) 19% (6)*** 0 3% (1)

Women’s/men’s Basketball 23 52% (12) 57% (13) 4% (1) 9% (2)

Cross country 22 18% (4) 50% (11) 0 5% (1)

Golf 6 17% (1) 33% (2) 0 0

Swimming/diving 26 54% (14) 39% (10)** 0 8% (2)

Tennis 11 25% (3) 46% (5) 0 18% (2)

Track and field 35 43% (15) 63% (22) 0 11% (4)

In accordance with Title IX regulations that women’s and men’s intercollegiate athletics receive parity in funding, UA has 21 intercollegiate teams; five
programs only have women’s teams. Men’s football receives significantly more funding than other sports, so there are only two programs with men-only
teams. Other programs have men’s teams and women’s teams (i.e., they are not co-ed). Swimming and diving are separate teams, though our survey
unintentionally grouped them together

*p < .05, **p < .01, ***p < .001

Table 5 Logistic regressions on being tattooed or pierced by age,
undergraduate class standing, BMI, gender, intercollegiate athlete (ICA)
status, and ICA status-by-gender

Tattooed*** Pierced**

Age .124*** .037

Class standing .119*** − .032
BMI .125*** .138*

Gender .283** 1.833***

ICA status .055 .004

ICA status-x-gender − .099** − .046
Constant − .576*** .821***

*p < .05, **p < .01, ***p < .001
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Fig. 1 Intercollegiate athlete status-by-gender interaction effect on being
tattooed at ± 1 SD (two-way interaction with categorical moderator;
http://www.jeremydawson.co.uk/slopes.htm)
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among ICAs, men were more likely than women to get
college-related tattoos.

We tested our prediction that ICAs would have lower rates
of the tattoo- and piercing-related medical complications (pre-
diction 3) using the same regression models as previous anal-
yses, save including being tattooed or pierced as covariates
(Table 7). The tattooing complications model was significant
with a main BMI effect, while the piercing complications
model was significant with a main gender effect. The majority
(90%) of tattoo complications occurred among non-ICA re-
spondents categorized as overweight or obese (p = .007). We
conducted further analysis of tattoo complications and BMI to
determine what body types had the greater effect. Chi-square
of BMI quartiles and tattoo complications indicates that lower
BMI respondents had significantly fewer and higher BMI had
significantly more complications than expected (p = .001).
Figure 3 illustrates these differences. Figure 3a shows the total
respondents in each category who currently have or have ever
had any tattoos, and Fig. 3b shows the subset of those who
have suffered any related medical complications.

Finally, we replaced ICA status (no/yes) in the models with
specific sports to determine if, when controlling for other factors,
respective athletes were more likely to be tattooed, pierced, or
have relevant complications compared to other undergraduates.
Only football (p= .036) and swimming/diving (p = .028) were
significantly more likely to be tattooed, while rowers were less
likely (p = .023). While football is a male-only sport, we com-
pared male and female swimmers/divers and found the effect
maintains for men only (p = .039). Basketball (p = .041) was
positively associated with tattoo-related complications (it was
the only sport with one athlete reporting a tattoo-related medical
complication), while only tennis (p= .038) was significantly re-
lated to piercing complications.

Discussion

We conducted study 2 to obtain a larger sample of ICAs and
retest our study predictions that athletes would advertise their
fitness and college or sports affiliations with tattooing and
piercingmore than other undergraduates. Unlike study 1, there
was support for both predictions for the human canvas hy-
pothesis. We found a significant interaction effect indicating
that, among men, athletes were more likely to be tattooed than
non-athletes but that, among women, the opposite was true—
non-athletes were the more likely to be tattooed. There was no
main effect for being an ICA in general. Furthermore, we
found significant effects for football players and swimmers/
divers on tattooing. We can only speculate that the cultures of
these sports are tattoo-positive, at least for men. Since
tattooing and piercing rates in general populations tend to be
more common amongwomen thanmen (Laumann and Derick
2006; Mayers et al. 2002; Stirn et al. 2006), this emphasis for
men stands out and may provide support for a social selection
effect consistent with the human canvas hypothesis. In this
sample, ICAs were more likely to advertise their college affil-
iation and favored pro sports teams through tattooing, partic-
ularly among men. Among sports, baseball players were most
likely to bear college-related tattoos.

Additionally, we found a significant positive association
between BMI and tattoos, as well as between BMI and tattoo
complications. Piercing and BMI were also significantly pos-
itively associated, but BMI and piercing complications were
not. There was no relationship with ICA status, so our third
prediction was unsupported. However, as noted, the relation-
ship among BMI, tattooing, and tattooing complications sug-
gest the human canvas model may also be relevant to people
with generally larger body types, though not necessarily ath-
letes. BMI is a general indication of body classification but
does not distinguish between body fat and muscle; thus, the
categories for adult BMI may not apply to athletes (CDC
2017). The higher than expected rates of tattooing among
overweight and obese body types suggest people may try to
draw attention to muscular physiques or enhance their bodies

Table 6 Logistic regressions on college- and pro sports-related tattoos
by age, undergraduate class standing, BMI, gender, intercollegiate ath-
letes (ICA) status, and ICA status-by-gender

College-related
tattoos***

Pro sports-related
tattoos**

Age − .256* − .353

Class standing .251* .813**

BMI .240** .310

Gender − .011 − .486*

ICA status .176* .346**

ICA status-x-gender − .147* .191

Constant − 2.934*** − 5.040***

*p < .05, **p < .01, ***p < .001
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Fig. 2 Intercollegiate athlete status-by-gender interaction effect on
college-related tattoos at ± 1 SD (two-way interaction with categorical
moderator; http://www.jeremydawson.co.uk/slopes.htm)
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in ways other than physique. However, consistent with costly
honest signaling theory (Zahavi and Zahavi 1999), high BMI
has health costs and can increase the risk of infection among
those who are overweight or obese (Falagas and Kompoti
2006; Manna and Jain 2015; Martí et al. 2001). Thus,
tattooing may enhance body appearance up to a certain point,
beyond which it may draw attention to relatively poorer im-
mune response.

General Discussion

We tested the human canvas and upping the ante hypotheses for
tattooing and piercing as cultural patterns formed through evo-
lutionary influences. The human canvas hypothesis suggests
that the long tradition of tattooing throughout human history
can be seen as conveying symbolic thought, individuality, or
group affiliation. The upping the ante hypothesis pertains to the
risks surrounding tattooing and body piercings (Carmen et al.
2012). Our predictions were that, as high fitness exemplars,
intercollegiate athletes (ICAs) would (1) get tattooed and
pierced at higher rates than other undergraduates to advertise
their fitness (consciously or unconsciously), (2) get more
college- or sports-related tattoos to indicate their affiliations
or prestige (i.e., the human canvas hypothesis), and (3) have
fewer tattoo- and piercing-related medical complications,
highlighting their health (i.e., the upping the ante hypothesis).

Tattooing the Human Canvas

Consistent with other studies of tattooing and piercing
prevalence among undergraduates and athletes, we found
mixed results. In study 1, our findings mirrored those of
Benjamins et al. (2006) and Mayers and Chiffriller (2008) in

that ICAs as a group were no more likely than other under-
graduates to get tattooed or pierced. However, in study 2, we
found, similar to Mayers et al. (2002), that among men, ath-
letes were more likely than non-athletes to be tattooed. This
finding is consistent with sexual selection theory; Puts (2010)
speculates, for instance, that female choice may drive alterna-
tive strategies to fighting ability as part of male contest com-
petition. Kniffin and Palacio (2018) find that contact sports
like football involve more Btrash-talking^ and Btrolling,^
which are other alternative contest strategies. Tattoos, trash-
talking, trolling, face painting, and mouth guards with teeth on
them are all ways of looking fierce to Bget in the heads^ of the
opposing players.

Football players in study 2 were more likely to be tattooed
than other athletes, which may also be significant because
UA’s football team has the most prestige of any of its athletics.
College football has been likened to a civil religion in the US
South (Bain-Selbo 2009), and UA has dominated the sport on
and off for decades, with 17 national championships in
75 years—five such titles in the past 9 years alone and final-
four finishes in all but one of the other 4 years. Although
football players did not report college or sports tattoos more
than others, highlighting themselves with tattooing may nev-
ertheless be part of individual Bpride-displays^ (Cheng et al.
2010). Winning athletes are frequently celebrated in media for
their appearances as much as for their skills, including maga-
zine spreads (e.g., ESPN the Magazine’s BBody Issues^) and
articles specifically about athlete tattoos (former Alabama
football stars A.J. McCarron, Jesse Williams, and Reuben
Foster were frequently noted in the press for their tattoos).

Winning contest competitions has been found to result in
increases in testosterone and self-perceived mate value in
males as well, leading them to engage in increased risk behav-
ior (Longman et al. 2018). Numerous studies have linked
tattooing with sensation-seeking and risk-taking (e.g.,
Carroll et al. 2002; King and Vidourek 2013; Roberts and
Ryan 2002; Wohlrab et al. 2007). Pride is also associated with
dominance and aggression (Cheng et al. 2010), in which fe-
male and male viewers attribute to tattooed males (Miłkowska
et al. 2018; Wohlrab et al. 2009a). If sports invoke the
coalitional psychology evolved for small-scale warfare
(Deaner et al. 2012; Kruger et al. 2018; Winegard and
Deaner 2010), football more closely resembles combat and
invokes dominance than other sports (Pedersen and Cooke
2006; Reed 1913), and soldiers and sailors throughout history
have worn tattoos to advertise their toughness (Govenar 2000;
Parry 2006 [1933]; Steward 1990; Tuttle and Vale 1989).

On the other hand, college- and pro sports-related tattoos
were more likely among ICAs than other undergraduates in
study 2 and among UA baseball players more than other
sports, despite the baseball team having a losing record.
Though ironic, college-related tattoos among baseball players
at UAmaymean little more than it does in football players and

Table 7 Coefficients of binary logistic regressions on being tattooed,
pierced, and tattoo- and piercing-related medical complications

Tattoo
complicationsa***

Piercing
complicationsa**

Age .091 .096

Class standing − .086 .023

BMI .552** .039

Gender − .106 .479**

ICA status − 1.108 .051

Tattooed .014

Pierced .435

ICA status-x-gender 2.586 .094

Constant − 5.354 − 2.384***

a Tattooing and piercing excluded from respective models because of lack
of variance

*p < .05, **p < .01, ***p < .001
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Fig. 3 Tattoos and tattoo-related medical complications by intercollegiate
athlete (ICA) status, BMI category, and gender. The top row of each graph
is non-IGA, and the bottom is ICA. a Sum of respondents who currently

have or have ever had a tattoo. b Sum of respondents who have ever
suffered a tattoo-related medical complication

Evolutionary Psychological Science



male swimmers/divers, serving as an alternative contest
strategy. In a study of future alliance formation among
former combat adversaries, Barbaro et al. (2018) find that
losers of agonistic encounters were generally interested in
allying with winners. By contrast, winners were likely to ally
with losers only if there were witnesses to the interaction, as a
form of reputation management. College-related tattoos that
are emblematic of someone else’s success may force that in-
teraction, serving as a surrogate to direct witnessing and rep-
resent an alliance with the winning person or, in this case,
football team. For instance, we did not ask unital when they
received their tattoos and know that some students get tattooed
before becoming UA-affiliated athletes (for example, Reuben
Foster infamously had an Auburn tattoo before committing to
play for UA).

College- and sports-related tattoos may generally be more
common among those wishing to advertise their affiliation
with the pride of their community, as a by-product of
warfare-selected coalitional psychology. For instance, our in-
ternet searches for college-related tattoos when giving presen-
tations about this study indicate that there are numerous ex-
amples of college fan tattoos for schools with national cham-
pionship teams, like Alabama, Auburn, or Clemson, whereas
few (e.g., University of North Carolina Wilmington) to none
(e.g., Southern Mississippi University) could be found for
other schools. Winegard and Deaner (2010) find that sports
fandom positively correlates with group-binding traits, such as
loyalty, authority, and purity, particularly among males. We
were surprised at the relatively low rate of college- and pro
sports-related tattoos in study 1, given our non-random inter-
net searches. By contrast, we did not expect the rate of pro
sports-related tattoos to be so high in study 2, as Alabama has
no professional athletic teams. However, in the past few years,
the percentage of out-of-state students has increased. We did
not query the content of those tattoos or the sports they related
to but acknowledge that fan affiliations are not simply about
pride-in-place. Sports loyalties can be inspired by family, peer
group, aspirations, previous residence, legacy, performance,
uniform colors, personality, or other types of loyalties
(Bauer et al. 2008).

Upping the Ante Through Tattoos

We found an upping-the-ante effect irrespective of athlete sta-
tus, which prevailed more in women, suggesting that tattooing
may also be an alternative means of signaling health (Carmen
et al. 2012;Wohlrab et al. 2009a) and not inherently tied to the
coalitional psychology of team sports. The relationship among
tattooing, BMI, and tattoo complications noted to some degree
in both studies may relate to tattooing and piercing being
redundant ways to draw attention to ICAs, who are already
considered fit based on their athletic status. Tattooing may be
an alternate means to signal fitness not just in the context of

direct contest strategies but as an alternative signal to them
(Lynn and Medeiros 2017). Not all fit individuals at universi-
ties are ICAs. Furthermore, body projects through tattooing
and other use (cosmetics, clothing, etc.) can complement per-
sonality and the diverse factors that lend a person cultural
capital—a form of power or influence through the manipula-
tion and deployment of culturally salient symbols (Bourdieu
1986)—thus making them more attractive to those whose
values are aligned. Consistent with the strategic pluralism the-
ory (Gangestad and Simpson 2000), people vary in mating
strategies depending on goals, current personal circumstances,
and environmental conditions, among other factors.

The need to have signals to emphasize quality when conspic-
uous consumption is not possible may explain the widespread
appearance of tattooing among lower socioeconomic groups,
where tattooing is consistently associated with being Bat-risk^
for negative life consequences (e.g., Laumann and Derick
2006). The association between tattooing and negative risk ap-
pears to be largely part of a constellation of associated traits
related to fast life history strategies (Del Giudice et al. 2015;
Promislow and Harvey 1990). Where wealth may be lacking,
conspicuous consumption is difficult (Sundie et al. 2011).
Tattooing practices, on the other hand, enable individuals to in-
vest relatively small amounts of money periodically and demon-
strate fitness by healing well from injuries and drawing attention
to their bodies. Piercing was not associated with fitness factors
but appears to be primarily gendered behavior, consistent with
other studies (e.g., Laumann and Derick 2006).

Our finding that tattoos up the ante where other signs of
fitness may not be obvious puts several studies of the signaling
functions of tattooing into context. Ludvico and Kurland’s
(1995) prediction that tattooing would occur at higher rates
where pathogenicity was a greater threat as a way of drawing
attention to fitness was not supported in a study of the ethnologic
record. Instead, they found tattooing predicted by sexual selec-
tion independent of pathogenicity, suggesting a social selection
effect. Koziel et al. (2010) found tattooing but not piercing pos-
itively correlated with bilateral symmetry, a well-established sign
of developmental fitness. Research by Lynn et al. (2016) found
that tattooing positively associated with an immunological prim-
ing effect when controlling for body density.While in the current
study we found an association between high BMI and an in-
creased chance of complications from tattooing, this finding
might suggest that individual BMI is directly related to the prob-
ability of receiving tattoo complications.

However, tattooing appears to be a graded signal, given
overall low rates of related medical complications in our stud-
ies and others (Mayers et al. 2002; Mayers and Chiffriller
2008), especially relative to piercing complications, which
has much higher associated complication rates. Ninety-eight
percent of people with overweight or obese phenotypes in
both of our studies had no tattoo complications. The literature
on BMI consistently indicates that normative standards are
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based on narrow ranges of body types, underrepresenting hu-
man diversity (Long et al. 1998). There is also a considerable
literature on metabolically healthy obesity, and it is unclear
what factors contribute to negative risks and which ones
may be protective (Phillips 2013). Alternatively, the relation-
ship between BMI and tattoo complications could reflect the
association between low socioeconomic status and high BMI
in developed countries, particularly for women (McLaren
2007). While college students overall represent a privileged
class, individuals within this group with lower socioeconomic
status may have relatively poorer health, consistent with gen-
eral patterns (Marmot and Wilkinson 2005), and be more sus-
ceptible to complications from tattoos and piercing. This is
supported by a positive bivariate correlation between tattoo-
and piercing-related complications in study 1 (p < .01) and
partial correlation when controlling for BMI in study 2
(p < .04). Future research that assesses socioeconomic status
is needed to clarify this observed relationship.

It is also worth noting that the generally higher rates of
tattooing among women in the current studies contrast with
some other ideas about the signaling function of tattooing. For
instance, Koziel et al. (2010) and Wohlrab et al. (2009a) sug-
gest that tattoos may be an indicator of heightened masculin-
ity, which is reported to increase the attractiveness of men
only. However, in our studies, women reported much higher
prevalence of tattooing (85% in study 1 and 78% in study 2)
compared to men (15% in study 1 and 22% in study 2). These
results indicate that future research should delve further into
the varying cues of attractiveness that are being conveyed
through tattooing, regardless of gender, as well as the plurality
of taste among raters and changes in taste across rater lifespans
(Morgan 2013).

Limitations

While our findings support evolutionary theories of tattooing,
these data should be viewed cautiously with respect to several
caveats. We used a short survey that takes minimal time to
complete to increase compliance and ensure large samples.
However, this format limited the amount and type of data
we could collect and our ability to analyze factors that may
influence tattooing, piercing, and complications, such as
tattooing and piercing size or extent, body fat, sanitation and
hygiene conditions, socioeconomic status, substance use,
physical activity, and other health indicators. Healing of tat-
toos may result in trade-offs with other biological systems that
we also did not collect data on. Furthermore, we did not ana-
lyze locations of tattoos on the body, so the communicative
functions of tattoos may be more limited than our findings
suggest. Other US tattoo studies (Horne et al. 2007; Sanders
and Vail 2008) have found, for instance, that men are more
likely than women to receive tattoos on arms and other pub-
licly visible locations to advertise group affiliations;

meanwhile, women are more likely than men to focus on
personal enhancement and get tattoos on areas considered
private and only shown under special circumstances.
Nevertheless, when such tattoos are shown (e.g., one partici-
pant later revealed a BRoll Tide^ tattoo to us on the inside of
her lower lip), they still convey group pride and affiliation.

Finally, we used a convenience approach and sampled col-
lege students, so we can only generalize to an educated elite
subset of the public (Henrich et al. 2010). Tattooing may ac-
tually be a more important signal among those less educated
since education is also an alternate signal of quality (Spence
1973). Undergraduate students are a large demographic in the
USA, but they are less Bat-risk^ than those without college
educations or the means to enter college. We would therefore
also predict that tattooing may be less common among grad-
uate students or people with advanced degrees relative to un-
dergraduates because these degrees serve as signals of fitness.
People use a cross-section of communicative signals in their
lives, some of which are complementary, such as athletes get-
ting tattoos to symbolize their winning team; others may sig-
nal multiple psychosocial domains. For instance, fraternity/
sorority, military, and religious affiliations are also popular
tattoos. It may still be that fans are likely to get a sports tattoo,
since their affiliation is not already self-evident, while athletes
may be likely to broadcast other aspects of their lives (Lynn
and Medeiros 2017), factors that our survey approach did not
account for. Alternatively, it may be that while tattoos are
generally used to signal health in a general population, foot-
ball players and male swimmers and divers get them at higher
rates because of subcultural or fandom-associated factors
within or around those sports.

Conclusion

Our analyses of undergraduate samples suggest that, depend-
ing on the context, tattooing may signal fitness and affiliations
or play a role as complementary to or where other signals of
fitness are not being used. We found that men in intercolle-
giate sports are more likely than other students to be tattooed
and that intercollegiate athletes are more likely to bear college
and pro sports-related tattoos, which support the human can-
vas hypothesis of tattooing. There was support as well for the
upping of the ante hypothesis of tattooing among undergrad-
uates in general, but not athletes per se. Our data suggest a
costly honest signaling effect because there appears to be a
benefit for fit phenotypes of tattooing but a higher rate of
tattoo-related infection for those who are less healthy.
Further research into the evolutionary science of body use
might reveal the multiple ways in which fitness can be
displayed and how culture and biology have interacted
throughout our evolutionary history.
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