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Abstract

According to previous studies, tattooing may express addiction-like behavior. A common problem of tattooed individuals is impulsive
behavior. This study investigated the interaction between response inhibition, impulsiveness and smoking in young, tattooed women. Women
aged 18-35 years with (N=60) and without (N=60) tattoos completed a Go/NoGo task to assess response inhibition and the Barratt Impulsivity
Scale (BIS-11). Significantly higher rates of smoking, higher BIS-11 scores and larger impairment in response inhibition on the Go/NoGo task
were observed in the tattooed women. The tattoo effect in the Go/NoGo task and the BIS-11 measures remained significant after adjustment
for smoking status. Significant correlation was found between slowness of response-time in the Go/NoGo task and the total and non-planning
impulsivity scores of the BIS-11. No significant associations were found between the BIS-11 and number of commission/omission errors and
variability of response time in the Go/NoGo task. This study is the first to demonstrate that tattooed women exhibit lower response inhibition
capacity and higher impulsiveness than non-tattooed controls. Smoking does not explain the psychometric/neurocognitive differences between
tattooed women and controls.
Keywords: Tattoo; The Go/NoGo task; The Barratt Impulsivity Scale; Tobacco smoking.

Introduction
Most studies published in the last 10 years suggested that in
Western societies, especially among youth, tattooing is becoming
more popular [1]. A predisposing factor that may lead to a
tattooing behavior is impulsivity, as a variant of risk-taking actions
[2-5]. Getting a tattoo was associated with impulsivity-related
constructs such as illegal activities, gambling, dropping out of
school, greater numbers of lifetime sexual partners, unprotected
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sex, suicidal attempts, violence and death by homicide [6-14].
In addition, getting a tattoo is associated with alcohol and illicit
drug use disorders [15-19]. Tattoos may express addictive-like
behavior, that may be associated with release of endorphins due to
the painful penetration of the body, anesthetizing and entailing a
positive feeling (see for review: Wohlrab, Stahl, & Kappeler (2007)
[20]). Following this line of evidence, high numbers of tattoos are
associated with addiction to body modification [21].
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Impulsivity is conceptualized as acting without taking into
consideration the negative consequences of the actions, namely,
‘act before you think’ [22]. Impulsivity is the inability to suppress
responses that are inappropriate in a given context [23]. The
ability to control an action is a facet of impulse control that may
prevent further tattooing by allowing one to stop the tattoo getting
behavior. Failure of such control may promote heavy tattooing
due to inability to stop this risk–taking behavior. The Go/NoGo
task was developed to assess response dimension of inhibitory
control by examining the ability to both execute responses to
Go and suppress/inhibit responses to NoGo signals (for further
details see Bari & Robbins (2013) [24]). It was proposed that
behavioral phenomena such as impulsiveness and substance
use disorders should be regarded as a part of the disinhibitory
disorder spectrum [25]. Smoking is prevalent among individuals
with tattoos [26,27]. The association between having tattoos and
smoking seems to be related to addictive behavior [20]. Previous
studies clearly implicate impulsivity as a precursor for smoking
[28-30]. Smoking was also reported to be associated with
impairment of response inhibition [31]. Thus, both impulsiveness
and inhibition may be potential contributors to the relationship
between smoking and tattooing. In addition, smoking behavior
may be a significant confounder of both impulsiveness and
inhibition measures in tattooed populations.
The major questions of the current study were: (1) Do tattooed
women demonstrate worse response inhibition, as measured by
a Go/NoGo task, than women without tattoos? (2) In tattooed
women, is there a significant correlation between impulsiveness
as measured by the Barratt Impulsivity Scale (BIS-11) [32] and
the response inhibition capacity as measured by the Go/NoGo
task performance? (3) Are motor, non-planning and attentional
impulsiveness subscales of the BIS-11 associated with impaired
response inhibition measures in tattooed women? (4) Is smoking
status associated with inhibition impairments in tattooed women?
(5) Which of the response inhibition parameters is a predictor for
tattooing?
Within the Go/NoGo performance test we assessed three
parameters of the response inhibition domain. As tattooing
behavior is associated with impulsiveness it was expected that,
similar to findings of previous studies in participants with
impulsive behavior, the following response characteristics
would be detected in the tattooed women: (i) excessive slowness
in response [33-36], (ii) high rate of commission errors [37]
and, (iii) low omission rate [38,39] and (iv) large variability of
response time [40,41]. Despite accumulating evidence that a
range of impulsive behaviors may be the precursors of tattooing,
the inhibition deficits in these individuals have not been studied.
Moreover, in individuals with tattoos, the association between
response inhibition and self-reported impulsiveness has not
been investigated so far. Although tattooing behavior is often
suggested to be a masculine trait [42] it has been reported that
women comprise about 45-65% of the tattooed population
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[43]. Though the prevalence of body modification increases,
data regarding impulsiveness in non-psychiatric and non-prison
populations are few and controversial, especially in female
populations [44,45]. This investigation of non-psychiatric, nonprison female populations is important because elevated levels of
impulsivity and disinhibition may indicate that tattooing behavior
is associated addictive characteristics.

Material and methods
Sample

As described previously [46] all participants (tattooed and
non-tattooed women) were recruited by means of advertisements
posted at universities, through personal contacts and social
networks (Facebook). They were asked to take part in a research
project investigating decision making styles in both, tattooed
women and those without tattoos. All participants were recruited
throughout the Tel Aviv area between March 2012 and July 2012.
The participants in the two groups (research and control) were
either holding a job, or students or graduates and came from a
similar socioeconomic background. Participation in the study was
voluntary. Compensation for participating in the study consisted
of a free-of-charge consultation regarding their inhibition capacity
and of professional advice regarding their neurocognitive and
personality assessments. The study was approved by the Bar-Ilan
University Review Board (Ramat Gan, Israel) and was conducted
in individual sessions that included an explanation of the study
purpose and aims. Participants then signed consent forms. The
duration of the individual sessions was up to an hour and half. and
the entire lasted for a period of five months.
The study included 60 women with current tattoos (women
who had tattoos that were removed were not included in the
study), aged 18 to 35 years (M=28.4, SD=5.95). Fifty eight percent
of the tattooed women had more than one tattoo. The participants
in the study were either employed or students and graduates
with the following distribution in level of education: high school
diploma or lower – 46.7%, first university degree – 25%, second
university degree– 23.3%, and philosophy degree – 5%.
We analyzed only tattooed women in order to avoid gender
differences on the impulsive measures [47,48]. The exclusion
criteria were neurological disorders, mental retardation, alcohol
and substance abuse or dependence (other than tobacco smoking),
major psychiatric disorders and treatment with any psychiatric
medication. Fifty five percent of the tattooed group were smokers.
A semi-structured interview that included a 20-item measure of
tattooing characteristics was conducted by a researcher (AK). The
control group included 60 non-tattooed women of similar age
range: 18-35 years old (M=28.5, SD=5.43). Education level in the
control group was distributed as follows: high school diploma or
lower – 25%, undergraduate university degree – 28.3%, Master’s
degree – 41.7% and Doctoral degree – 5%. All participants
completed an interview, regarding the following areas: medical
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history, illicit drug use, family and personal psychiatric history.
None of the participants in the control group were maintained on
a psychopharmacologic treatment. Exclusion criteria for the nontattooed control women (C) included any current or past DSM-IVTR axis I psychiatric disorder. Only 10% of participants from this
group smoked regularly.

Instruments

Response inhibition measure: The complex Go/NoGo task
We applied a computerized variant of the Go/NoGo task
(AnimaScan Ltd, Ashdod, Israel, 2000), as described previously
[49]. The Go/NoGo task primarily reflects the ability to suppress a
very potent (but not yet initiated) response. In order to investigate
pure response-inhibition deficits, we used a simple situation and
controlled for confounding factors. To this end, a computerized
version of the tasks was designed so that it involved a minimal
amount of working memory and neutralized stimuli in order
to avoid the possibility of emotional bias on the performance.
Participants were shown a series of stimuli consisting of a red or
a black square, requested to press a button immediately on seeing
a red square (Go signal), and not press it on seeing a black square
(NoGo signal). Since previous studies suggested that the speed at
which stimuli are presented is critical for establishing inhibitory
control on the Go/NoGo task, the squares were displayed on the
screen for a period of 100 ms each. The stimuli were presented in
random order on a computer screen, at a rate of one stimulus every
2000 ms, against a white background. A constant interstimulus
interval was chosen in order to minimize any orienting response
due to unpredictability of stimulus occurrence. The whole
experiment task lasts for 10 min, and each condition (either CPT
or Go/NoGo task) continues for 5 min, without a pause between
them. A total of 300 stimuli were divided into two successive
conditions, each of which contained 150 stimuli. The CPT is a
condition with frequent (80%) NoGo events and the instructions
to participants were to detect the rare Go stimuli (20% frequency)
and respond to them. The Go/NoGo is a condition with frequent
Go (80%) events, and the participants were instructed to avoid
responding to the rare NoGo stimuli (20%). Each participant
performed two blocks in each condition [the CPT condition
included block 1 (75 stimuli) and block 2 (76–150 stimuli); the
Go/NoGo condition included block 3 (151–225 stimuli) and block
4 (226–300 stimuli)]. The order of task conditions was identical
for all participants. It was found that this specific structure of the
task may help to investigate the inhibition ability in situations
involving a shift from rare Go stimuli (as in the CPT) to frequent
Go stimuli (in the Go/NoGo condition).
On the Go trials the participants were instructed to press a
response button “as quickly as possible” every time a red square
was displayed. They responded by pressing a key on a computer
keyboard with a dominant index-finger. They were instructed to
keep their fingers over the key board and be ready to respond
immediately.
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There are two types of errors in this test. Errors of commission,
which occur when the participant responds incorrectly to a
black square; such a response is considered to be a measure of
impulsivity. Errors of omission which occur when the participant
omits pressing the button when a red square appears; such a
response is considered to be a measure of inattention. In our case,
reaction times to Go events were computed for trials in which the
participants responded within 2100 ms of stimulus onset. Failure
to respond to a Go event within a period of more than 2100 ms
of stimulus onset or too quickly to have given consideration to
the stimulus, i.e. less than 250 ms after red stimuli onset, were
considered errors of omission. Errors of commission were
defined as responses that occurred within 2100 ms of a NoGo
stimulus onset. To ensure comprehension of the task instructions,
participants were allowed a practice with 30 stimuli that
familiarized them with the task. At the end of the practice session
they were given feedback on the accuracy of their performance.
Thus, in the practice sessions, accuracy was stressed, and
participants were kept in training until they achieved a perfect
score of 100% correct responses. Only afterwards did they start
the actual test.
Barratt impulsiveness scale (BIS-11)

Trait impulsiveness was measured by the Barratt
Impulsiveness Scale-11th Edition (BIS-11) [50]. The BIS is the most
commonly administered self-assessment scale for impulsiveness,
in both research and clinical settings [32]. The BIS-11 includes
30 statements on a 4-point Likert scale ranging from 1-4: 1=
never/rarely, 2=sometimes, 3=frequently and 4=almost always/
always. The higher the total score, the higher the self-reported
level of impulsivity (total scores range from 30 to 120). The BIS11 reveals three subscales: motor impulsiveness, which reflects
acting without forethought (e.g., I do things without thinking);
non-planning impulsiveness, which reflects emphasis on the
present (e.g., I am more interested in the present than the future);
and attentional impulsiveness, which reflects a reduced ability to
maintain attention on a stimulus (e.g., I do not ‘pay attention’; See
Patton, Stanford, & Barratt. 1995; for a list of items comprising
BIS-11 subscales).
Statistical analysis

The data was analyzed using the SAS v9.4 statistical software
package for Windows (SAS Institute Inc., Cary, NC, USA). In the first
step, the differences in age, education and smoking habit between
groups were examined. Student’s t-test was used to analyze
numerical variables (age and education) and a chi-square (χ2)
test for analyzing the categorical variable (smoking habit). Since
preliminary analysis revealed that the groups differ in education
and smoking habits, a series of repeated measure analyses of
covariance (ANCOVAs) were conducted in the second step, in
order to evaluate differences between groups in trial-to-trial
performance. Those analyses used performance characteristics
(response time, variability of response time, numbers of
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commission and omission errors) as dependent measures, group
(Tattooed and Non-Tattooed) and smoking habit as betweenparticipant factors, condition (“CPT” and “Go/NoGo”) and blocks
(1, 2, 3 and 4) as within-participant factors and education as
covariate. Two conditions of the performance were examined:
(i) CPT as the “target detection” condition, (ii) ‘Go/NoGo’ as the
“inhibition ability” condition. A separate analysis was performed
for the switching from block 2 to block 3 as a measure of remapping
the strategy of responses (from ability to detect and react to, the
Go stimulus to ability to withhold response to the NoGo stimulus).
The third step of the analysis involved correlation analysis that
evaluated the relationship between performance characteristics
of the Go/NoGo task and the behavioral measurements.

Results

Between-group comparison of the socio-demographic
and BIS -11 characteristics
As described previously [46] women with tattoos had
significantly lower level of education than those without tattoos
14.53 ± 2.77 vs. 15.82 ± 2.63 correspondingly (t= 2.60, df= 118,
p = 0.01). They also had a higher rate of smoking than nontattooed women: 55% vs. 10% (χ2 = 27.69, df = 1, p < 0.0001). No
differences in age were found between the two groups: 28.47 ±
5.42 (tattooed) vs. 28.35 ± 5.95 (non-tattooed) (t = 0.11, df = 118,
p = 0.91). Thus, only education and smoking were considered as
covariates. In addition, the tattooed women exhibited significantly
higher scores in all BIS-11 subscales: motor impulsiveness 20.83
± 4.02 (tattooed) vs. 17.57 ± 2.98 (non-tattooed) (F= 13.09, p
= 0.0004), nonblack-of-planning impulsiveness 24.88 ± 3.82
(tattooed) vs. 22.03 ± 3.84 (non-tattooed) (F= 16.01, p = 0.0001),
and attentional impulsiveness BIS-11 subscales 16.91 ± 3.66
(tattooed) vs. 14.42 ± 2.98 (non-tattooed) (F= 13.27, p = 0.0003)
[46]. Smoking correlated significantly only with motor impulsivity
score (F=7.90, p=0.006).

Between-group
performance

comparison

of

the

Go/NoGo

Response time: A repeated measure ANCOVA was conducted
using the groups (tattooed vs. non-tattooed) and smoking status
as between-participants factor, conditions and block as repeat
factors; and education as a covariate and the response time as the
dependent variable. ANCOVA revealed a significant group effect
[F(1,116)=11.13, P=0.001] with effect size η2 = 0.09. Tattooed
women exhibited significantly larger response time than nontattooed women (Table 1 and Figure 1). There was a significant
effect of conditions [F(1,116)=11.33, P=0.001] with effect size η2 =
0.09, showing significant decrease in response time in both groups
when the condition was changed from the CPT to the Go/NoGo
task. No effect of block was present but a significant interaction of
block with group [F(1,116)=4.2, P=0.045] was found with effect
size η2 =0.03, showing that the response time by block between
the tattooed and non-tattooed group is significantly different. The
decrease in response time from block to block in the tattooed
group was faster than in the non-tattooed group. ANCOVA also
revealed a significant smoking effect [F(1,116)=3.98, P=0.048].
Significant interaction was also found between block and smoking
[F(1,115)=9.47, P=0.003] with effect size η2 = 0.07 indicating that
the response time of smoking participants is different from that of
non-smoking participants. Participants who smoke demonstrated
faster decrease in response time than non-smokers (Figure
2). A three-way repeated measure ANCOVA was used with the
group variable (tattooed or non-tattooed) and smoking status as
between-participants factors and with blocks (block 2 and block
3) as repeated factors as well as with education as a covariate to
assess the effect of switch from CPT to Go/NoGo conditions. There
was a significant effect of switch [F(1,115)=12.08, P=0.001] with
effect size η2 =0.08, showing that mean response time in block 2
was higher than in block 3 but there was no significant interaction
effect between group and switch.

Table 1: Adjusted means (and standard errors) of performance on the CPT and the Go/NoGo in tattooed and non-tattooed women.
Variable

CPT

Go/NoGo

Block 1

Block 2

Block 3

Block 4

416.55 (11.61)

389.43 (12.72)

386.51 (13.14)

Reaction Time Variability

391.19 (7.07)

419.44 (12.09)

Tattoo

68.44 (4.96)

64.47 (4.39)

75.99 (4.42)

80.30 (4.78)

Commission

68.26 (8.14)

Tattoo

0.29 (0.07)

1.23 (0.19)

1.11 (0.19)

Omission

0.26 (0.08)

0.19 (0.05)

Tattoo

0.12 (0.04)

0.24 (0.06)

0.56 (0.21)

0.47 (0.16)

Reaction Time
Tattoo

Control
Control
Control
Control

004

0.01 (0.05)

383.13 (7.36)
56.10 (7.21)
0.23 (0.06)
0.05 (0.08)

356.43 (7.75)
74.87 (7.26)
0.84 (0.16)
0.54 (0.18)

336.41 (8.01)
63.17 (7.86)
1.62 (0.22)
0.42 (0.19)
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Figure 1: Mean of response time in tattooed and non-tattooed women.

Figure 2: Mean of response time in smokers and non-smokers.

Variability in response time: A Four – way ANCOVA with
group (tattooed vs. non-tattooed) and smoking status as betweenparticipant factors, with block and condition as within-participant
repeated measures and with variability in response time as a
dependent variable, did not reveal any significant differences for
interactions or main effects (Table 1).

Commission errors: The mean number of commission errors
was significantly lower for the CPT than for the Go/NoGo condition.
A four-way repeated measure ANCOVA revealed a significant
effect for condition [F(1, 115)=8.64, P=0.004] with effect size η2
= 0.07. The number of commissions was significantly less for the
CPT than for the Go/NoGo condition. No significant group effect
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was found. Yet, a marginal interaction effect was found for Group x
Condition [F(1,115)=3.71, p=0.057] with effect size η2 =0.03. The
tattooed and non-tattooed groups had very similar commission
error profiles in the CPT condition but in the Go/NoGo condition
the tattooed group had more commission errors than the nontattooed one.

The effect of smoking habit was significant [F(1,115)=7.17,
P=0.009] with effect size η2 = 0.06. Participants with a smoking
habit had higher numbers of commission errors compared to nonsmokers (Figure 3). A three-way repeated measure ANCOVA was
used with the group (tattooed and non-tattooed) and smoking
status as between-participant factors, blocks (block 2 and block 3)
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as repeated measures, and education as a covariate, to assess the
switch effect between CPT and Go/NoGo conditions. Participants
in both groups showed a significant increase in commission
errors following the switch from the CPT to the Go/NoGo

condition [F(1,115)=6.15, p=0.015], with effect size η2 =0.051. No
significant group effect or interaction between Group and Switch
were found (Figure 4).

Figure 3: Number of commissions in tattooed and non-tattooed women

Figure 4: Number of commissions in smokers and non-smokers.

Omission: A Four – way ANCOVA with group (tattooed vs.
non-tattooed) and smoking habit as between-participant factors,
with block and condition as within-participant repeated measures
and omission as dependent variable, did not reveal significant
differences in interactions or main effects (Table 2). In tattooed
women a significant correlation was found between slowness of
response time in the Go/NoGo and CPT tasks with non-planning
impulsivity scores of the BIS-11 (Table 2). No such correlation was
found in the non-tattooed controls (Table 3).
006

Discussion
The purpose of this study was to determine if impairment in
response inhibition can predict tattooing behavior in a sample
of young women (college students or employed women). Our
hypothesis was that failure to inhibit responses, as measured
by the Go/NoGo task, would be associated with a tattooing
behavior. To the best of our knowledge this is the first study of
response inhibition in tattooed populations. The major finding
of this study was that tattooed women were significantly slower
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on the Go/NoGo task performance than non-tattooed women
(Figure 1). Thus, it seems that in impulsive participants, the
slowness of performance can be a consequence of difficulties in
the organization of stimulus-response schemata [34,35,49,51].

Similar to a previous study [52], the Go/NoGo response slowness
was a more sensitive measure of inhibition impairment than the
number of commission errors (Table 3).

Table 2: Correlation between the BIS-11 scores, the CPT and the Go/NoGo Response Time in the tattooed group.
BIS

CPT

Go/NoGo

Measures

Block 1

Block 2

Block 3

Block 4

BIS Total

0.23

0.21

0.16

0.22

MI

0.06

0.04

0.01

0.06

AI

NPI

0.17
0.30*

0.09

-0.05

0.35**

0.39**

0.03
0.41**

**p < 0.01, *p < 0.05
Note: BIS-11: Barratt impulsivity questionnaire, AI-attentional impulsiveness; MI-motor impulsiveness; NPI-non-planning impulsiveness.
Table 3: Correlation between the BIS-11 scores, the CPT and the Go/NoGo Response Time in the non-tattooed group.
BIS

CPT

Go/NoGo

Measures

Block 1

Block 2

Block 3

Block 4

BIS Total

0.05

0.01

-0.03

0.05

MI

-0.04

0

-0.01

AI

NPI

0.03
0.1

0.05
-0.03

-0.07

-0.07

0.01

0.15

-0.01

Note: BIS-11: Barratt impulsivity questionnaire, AI-attentional impulsiveness; MI-motor impulsiveness; NPI-non-planning impulsiveness.

In our study slow response time in the Go/NoGo task correlated
with the elevated total and the non-planning impulsivity BIS-11
subscale scores. This correlation is not surprising, since the total
BIS-11 score [53] and BIS-11 non-planning impulsivity subscale
are associated with preference of immediate reward (de Wit et
al., 2007) and impaired interference inhibition [41]. Moreover,
elevated scores of the BIS-11 non-planning impulsivity subscale
were reported previously to be associated with a reduction of
grey matter volumes in the right orbitofrontal cortex (OFC) [42].
Both response inhibition control and goal-directed control of
action selection [56] are governed by the OFC. We found that in
the Go/NoGo condition only the tattooed group had tendency to
make more commission errors than the non-tattooed one. Thus,
it appears that impulsiveness among tattooed participants may
be related, at least partially, to response inhibition impairment.
Our finding that smoking status is strongly associated with
tattooing behavior is in accordance with previous studies [23,27].
The main diagnostic characteristic of tobacco use disorder is the
inability to refrain from smoking in spite of being aware of the
adverse consequences. This represents a form of impulsivity with
maladaptive consequences [22]. Similar to previous studies we
found also in our sample that smoking women scored significantly
higher on the BIS-11 than non-smoking women [58,59].
Furthermore, in accordance with previous studies, smokers
demonstrated worse results on the measures of inhibition control
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in the Go/NoGo task than non-smokers [60,61] (Figure 2). The
high level of impulsivity, as measured by both the BIS-11 scores
and the Go/NoGo task, may contribute to the high rate of smoking
in the tattooed women. Tattooing may be part of the addictive
spectrum disorder since some tattooed subject tend to keep
adding tattoos, similar to drug addicts who gradually increase the
drug dosage [20]. However, it should be noted, the multivariate
analyses suggest that the power of this relationship is small
[62,63].

Limitations

This study has several limitations that should be noted
when interpreting the results. Our results may be confined to
young women (aged 18-35 years) and cannot be applicable to
the general population of subjects with tattooing behavior. Also,
we did not examine relevant comorbid Axis I disorder such as
attention-deficit/hyperactivity disorder or personality disorders
in our young tattooed women, which may account for the increase
impulsiveness. In addition, most of our women had relatively few
tattoos. It is possible that heavy tattooing, or coexistence of pursing,
may be associated with more severe inhibition impairments and
higher levels of impulsiveness. Lastly, participants with alcohol
or drug use comorbidities were excluded. The presence of both
tattooing and substance use disorders may have additional impact
on the Go/NoGo performance and on the BIS-11 scoring.
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Conclusion and Future Directions
Despite its limitations, the present study is the first attempt
to clarify the complex relationship between cigarette smoking,
impulsiveness and response inhibition measures in tattooed
women. The current study has demonstrated that tattooed
women exhibited lower response inhibition capacity and higher
impulsiveness than non-tattooed controls. These impairments
provide some evidence of a close association between response
inhibition deficit and non-planning impulsiveness. These results
suggest a justification for further efforts to identify neurocognitive
factors contributing to the high rates of smoking among tattooed
women. A future study should include individuals (men and
women) with and without axis I disorders, including substance
use disorders.
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