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Abstract

Background: It seems that the core neural regions and cognitive processes implicated in obsessive-compulsive
disorder (OCD) pathophysiology may overlap with those involved in humor appreciation. However, to date, there
have been no studies that have explored humor appreciation in OCD. The purpose of the present work was to
investigate humor appreciation in a group of patients with OCD.

Methods: We examined 25 patients with OCD and 25 healthy controls, matched by age, education, and gender.
We administered Penn’s Humor Appreciation Test (PHAT), a computerized test comprising captionless cartoons by
Mordillo. Each set of stimuli consisted of two almost identical drawings, one of which was funny due to the
alteration of a detail in the cartoon, whereas the other was not funny. Severity of psychopathology was evaluated
with the Yale-Brown Obsessive Compulsive Scale (Y-BOCS).

Results: No significant effect for group, gender or group × gender interaction was found on the PHAT scores. In
OCD patients, humor appreciation was not significantly associated with age of onset, duration of illness, and
obsessions, but correlated significantly with compulsions.

Conclusions: Humor appreciation, based on captionless cartoons in OCD, does not seem to be deficient
compared to healthy subjects but may be related to illness characteristics.

Introduction
Data from structural and functional imaging studies in
obsessive-compulsive disorder (OCD) have suggested
abnormalities in the orbitofrontal cortex, anterior cingu-
late, caudate, and thalamus, structures linked by well
described neuroanatomic circuits [1,2]. Findings of pre-
vious studies addressing neuropsychological functioning
in patients with OCD, however, have not presented a
clear and specific neuropsychological profile for these
patients. There is some evidence for visuospatial and
verbal memory dysfunction in OCD, owing to an under-
lying executive deficit in the ability to organize neces-
sary strategies to encode the presented information
[3,4]. Mean effect sizes on fluency, set shifting, planning,
and problem solving abilities point to large overall dif-
ferences between OCD patients and healthy controls,
indicating poorer performance in patients [3,4]. With

regard to attention, some aspects such as attention span,
sustained attention, and selective attention seem to be
unaffected, whereas speed of information processing was
impaired in about half of the studies. However, an ana-
lysis of the effect sizes for medicated and unmedicated
samples has implicated, at least partially, the intake of
psychotropic medications in slowing information proces-
sing in these patients [4].
It seems that core neural regions implicated in OCD

pathophysiology might overlap with those involved in
humor appreciation. In fact, exploration of the neuroa-
natomical mechanisms of humor appreciation has
yielded evidence for the involvement of both the left
and the right hemispheres. Specifically, one study
reported activation of the right inferior frontal gyrus,
the left superior temporal gyrus, the left middle tem-
poral gyrus, and the left cerebellum [5]. Additionally,
Ramachandran and Blakeslee [6] have proposed a
‘laughter circuit’ involving regions of the limbic system
also involved in emotions (hypothalamus, mammillary
bodies, and cingulate gyrus); moreover, the amygdala
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seems to play a key role in giving humor an emotional
dimension [5]. Some evidence suggests that cognitive
processing of humorous material involves different
neural networks based on the modality (that is, verbal vs
non-verbal), as well as the logical mechanisms (that is,
visual puns, semantic or theory of mind cartoons) on
which the stimuli are based. The right frontal region has
been implicated in the appreciation of jokes, and both
right and left frontal regions have been implicated in
non-verbal cartoon appreciation [7]. Increased activation
of the anterior medial prefrontal cortex, bilateral super-
ior frontal gyri and temporal-parietal junctions has been
reported during the processing of incongruity resolution
humorous cartoons as compared with the processing of
nonsense humorous cartoons [8]. Semantic humorous
cartoons evoked the same pattern of brain activation as
in incongruity resolution processing, while visual puns
led to increased activation of extrastriate cortex and the-
ory of mind non-verbal cartoons provoked increased
activation of the medial prefrontal cortex and the tem-
poral-parietal junctions [9].
Moreover, basic cognitive processes implicated in OCD

pathophysiology might overlap with those involved in
humor appreciation. The frontal lobes have been linked
with several cognitive processes (that is, working mem-
ory, mental shifting, abstract thinking) that would appear
to be critical in humor appreciation and expression.
Researchers have found a significant relationship between
performance on a verbal humor appreciation task and
measures of working memory, mental shifting, and verbal
abstraction, whereas a non-verbal humor appreciation
task was related to working memory and visual search
and scanning in patients with frontal lesions [7].
Given the neuroanatomical regions and cognitive

functions involved in OCD and in humor appreciation,
it is conceivable that patients with OCD might demon-
strate impairment in this cognitive ability. Only one
study to date, however, has explored humor appreciation
in OCD [10]. In this study, unmedicated patients with
OCD exhibited significantly slower initial velocities of
involuntary laughing movements, as well as a lower fre-
quency of laughing reactions, while watching a non-ver-
bal humorous movie (Mr. Bean), than healthy controls.
These findings could not be accounted for by differences
in emotional reaction time and judgments of the funni-
ness of the movie. Therefore, our purpose in undertak-
ing the present study was to investigate the appreciation
of incongruous details in the visual depiction of humor
in a group of Greek patients with OCD.

Methods
Participants
Participants were 25 (ten male) outpatients with a diag-
nosis of OCD and 25 (14 male) healthy controls.

Participants in the two groups gave their informed con-
sent and experimenters adhered to international ethical
standards relating to research participation. Patients
with OCD were recruited from a community mental
health center, while the healthy participants were
recruited from the community by word of mouth. All
patients were diagnosed according to Diagnostic and
Statistical Manual of Mental Disorders, 4th edition
(DSM-IV) criteria [11]. Diagnosis was confirmed with
the Greek version (translation/adaptation to the Greek
language by S Beratis) of the Mini International Neurop-
sychiatric Interview (4.4) (MINI) [12]. Severity of OCD
symptoms was measured with the Yale-Brown Obsessive
Compulsive Scale (Y-BOCS) [13,14]. At the time of the
study, 18 patients were receiving antidepressants (six of
them were also coadministered atypical antipsychotics),
while the other seven were free of medication. Demo-
graphic characteristics of the two groups, as well as
patient clinical data are presented in Table 1.
Exclusion criteria for both groups included neurologi-

cal and developmental disorders, a history of head
injury, alcohol or drug abuse during the 6-month period
prior to testing, and any physical illness that may have
affected their cognitive performance. Additional criteria
for healthy participants were a history of a psychiatric
disorder or treatment; all healthy participants were
screened during a semistructured interview before enter-
ing the study.

Humor appreciation
We administered Penn’s Humor Appreciation Test
(PHAT), a computerized test comprising 20 pairs of
captionless cartoons by Mordillo [15]. His style of
humor involved an incongruous detail in the visual
depiction, specifically, an anomalous detail in an other-
wise typical scene or the main character being unaware
of a peculiar detail in his/her world to which the

Table 1 Participant demographic characteristics, clinical
data and test scores

Variables Patients with
OCD (n = 25)

Healthy
controls (n = 25)

Age 32.68 (± 8.95) 33.40 (± 7.31)

Sex: M/F 10/15 14/11

Level of education (years) 12.44 (± 2.96) 11.96 (± 1.67)

Duration of illness (years) 14.08 (± 9.92) -

Age of onset 18.28 (± 7.74) -

Y-BOCS:

Obsessions 11.56 (± 5.63) -

Compulsions 9.44 (± 6.96) -

Total 21.00 (± 11.35) -

PHAT 16.92 (± 2.00) 16.32 (± 2.15)

OCD = obsessive-compulsive disorder; PHAT = Penn’s Humor Appreciation
Test; Y-BOCS = Yale-Brown Obsessive Compulsive Scale.
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observer was privy. Consequently, appreciation of these
cartoons required the perception of anomalous informa-
tion and/or the comprehension of the depicted charac-
ter’s mental state. Each set of stimuli consisted of two
almost identical drawings, one of which (the original)
was funny, whereas the other was designed not to be
funny by alteration of a central element in the cartoon.
Each pair was presented as a single unit on a computer
screen at the same time. For example, in one cartoon an
astronaut has landed on an uninhabited planet and is
putting up a flagpole to indicate that he is the first to
land there, while in an identical cartoon, unbeknownst
to him, he has landed on a big balloon. In another item,
one cartoon shows two lovers kissing as their swings
meet in the middle. In an identical cartoon, the two
lovers’ swings are completely covered by a spider web.
Examinees made a forced choice for each pair, choosing
which one of the two cartoons was funnier, or, alterna-
tively, indicated whether they thought they were equally
funny. The dependent measure was the number of cor-
rect responses defined as choosing the funnier of the
two cartoons in the pair.
Normative data for the PHAT were based on 17

healthy normal volunteers and were used in the evalua-
tion of the effects of a double-blind administration of
three stimulant medications (caffeine, dextroampheta-
mine, and modafinil) or placebo on the ability to appreci-
ate humor, including visual (cartoons) stimuli, following
49.5 h of sleep deprivation [16]. Moreover, the PHAT has
been found to successfully discriminate patients with
schizophrenia [17], but not remitted patients with bipolar
disorder I [18], from healthy controls.

Statistical analysis
Group comparisons (patients with OCD and healthy
controls) were conducted with two-tailed t tests for con-
tinuous data, and with c2 tests for categorical data. A
univariate general linear model was conducted in order
to examine potential group and gender differences. We
investigated correlations of performance on the PHAT
with age of onset and duration of illness, as well as with
the scores on the Y-BOCS by using two-way Pearson
coefficients. Additionally, multiple stepwise regression
analysis was performed using the PHAT score as an
independent variable and the compulsion subscale and
total scores on the Y-BOCS as dependent variables.

Results
Patients with OCD and healthy individuals did not differ
significantly in age (t(48) = 0.31, P = 0.76), level of edu-
cation (t(48) = -0.71, P = 0.48), and male-to-female ratio
(c2 (1) = 1.28, P = 0.26).
We found no effect for group (F(1,46) = 1.547, P =

0.22) or gender (F(1,46) = 2.038, P = 0.16), or a group ×

gender interaction (F(1,46) = 0.038, P = 0.84) on PHAT
performance (Table 1). Patients with OCD receiving
treatment with selective serotonin reuptake inhibitors
(SSRIs) did not differ significantly from patients who
were medication free (t(23) = -1.254, P = 0.222).
Correlations within the OCD group failed to reveal

any significant relationships between PHAT perfor-
mance and age of onset (r(25) = -0.17, P = 0.41) or
duration of illness (r(25) = -0.17, P = 0.41). Regarding
severity of psychopathology, as measured by the Y-
BOCS, performance on the PHAT yielded a significant
negative correlation with the compulsion subscale (r(25)
= -0.44, P = 0.027) and total score (r(25) = -0.40, P =
0.048), but not with the obsession subscale (r(25) =
-0.26, P = 0.21). The compulsion subscale (B = -0.127)
had a significant influence on PHAT performance (ΔR =
5.548, df = 23, P = 0.027), explaining 19.4% of the total
variance.

Discussion
We found that humor recognition in captionless cartoons
by a group of patients with OCD did not differ from that
of age-matched, education-matched and gender-matched
healthy controls. To the best of our knowledge, this
study is only the second addressing humor appreciation,
an exclusively human ability that contributes to building
and maintaining social relationships [19], in OCD, a dis-
order with detrimental effects on social relationships and
role functioning [20]. Similarly, Mergl et al. [10] found
no differences between OCD patients and healthy indivi-
duals in their assessment of the funniness of non-verbal
humorous movies, a variable that is similar to the proce-
dure involved in the PHAT. Unmedicated patients with
OCD in their study, however, were slower in showing
initial involuntary laughing movements and had fewer
laughing reactions than the control group, which were
normalized after 10 weeks of treatment with sertraline
[10]. In our study, no differences were observed on the
PHAT score between patients receiving and those not
receiving SSRI medication.
In the present study, performance on humor apprecia-

tion correlated with severity of compulsion among
patients, with poorer performance associated with
increased severity. Our findings were partially in accor-
dance with those of the Mergl et al. study [10], where
total and compulsion Y-BOCS scores were found to cor-
relate with the assessment of the ‘funniness’ of Mr. Bean
movies. They also reported less frequent laughing as
OCD symptom severity increased.
Both genders share an extensive humor response

strategy as indicated by recruitment of similar brain
regions in men and women: the temporal-occipital junc-
tion and temporal pole, as well as the inferior frontal
gyrus. However, women activate the left prefrontal
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cortex and mesolimbic regions, including the nucleus
accumbens to a greater degree than men. These results
indicate sex-specific differences in the neural response
to humor [21]. However, gender had no effect, nor did
it interact with group, on PHAT.
Humor processing probably involves distinct networks

for the cognitive and affective component of humor
[22]. It has been proposed that the dorsolateral prefron-
tal cortex might mediate comprehension of the cognitive
component of humor recognition, while the medial pre-
frontal cortex might mediate the affective component of
humor appreciation [23]. Moreover, in a recent func-
tional imaging study, the medial prefrontal cortex was
suggested as part of a network involved in processing
the affective component of humor [24]. Available evi-
dence from neuroimaging in patients with OCD has
pointed to an orbitofrontal dysfunction rather than a
dorsolateral or medial ventral prefrontal cortical involve-
ment [1,2]. Also, neuropsychological studies [1,4] have
suggested that performance of patients with OCD is
impaired compared to those of healthy controls on set
shifting tasks that are believed to be primarily sensitive
to orbitofrontal dysfunction (Object Alternation Test
[25] and Delayed Alternation Test [26]) and not to dor-
solateral prefrontal damage (Wisconsin Card Sorting
Task [27]). The PHAT is a task in which examinees are
instructed to choose which one of the two cartoons that
are presented to them is the funnier, thus, presumably,
it is related to the affective humor appreciation compo-
nent and, consequently, to medial ventral prefrontal cor-
tex function. As dysfunction of the medial ventral
prefrontal cortex is not ubiquitous in OCD, it was not
surprising that patients with OCD responded to the
PHAT in a manner similar to that of healthy controls.
The present study has certain limitations. Given that

the MINI does not give a detailed evaluation of all
DSM-IV axis I and II diagnoses, a possible comorbidity
of OCD with other mental disorders, specifically anxiety
or personality disorders, cannot be ruled out. Moreover,
the evaluation of healthy controls was not based on a
structured interview, leaving the possibility that some
past or present mental disorders were not detected.
Finally, no information about the general intellectual or
specific cognitive functioning that may influence humor
understanding regarding our research participant was
available.
In summary, while humor appreciation based on cap-

tionless cartoons is not deficient in OCD, it appears to
be related to illness characteristics.

Author details
1First Department of Psychiatry, School of Medicine, Aristotle University of
Thessaloniki, Thessaloniki, Greece. 2Laboratory of Cognitive Neuroscience,
School of Psychology, Aristotle University of Thessaloniki, Thessaloniki,

Greece. 3Community Mental Health Center, Northwest District of
Thessaloniki, Thessaloniki, Greece. 4Department of Clinical and Theoretical
Mental Health, School of Medicine, Semmelweis University, Budapest,
Hungary. 5Second Department of Psychiatry, School of Medicine, Aristotle
University of Thessaloniki, Thessaloniki, Greece.

Authors’ contributions
VPB designed the study, participated in data analysis and in writing the
paper. MHK and MG participated in data collection and management. AA
and KF participated in conceiving and designing the study and interpreting
the data. XG participated in interpreting the data and writing the paper. GG
participated in data analysis and writing the paper.

Competing interests
The authors declare that they have no competing interests.

Received: 13 July 2011 Accepted: 21 November 2011
Published: 21 November 2011

References
1. Chamberlain SR, Blackwell AD, Fineberg NA, Robbins TW, Sahakian BJ: The

neuropsychology of obsessive compulsive disorder: the importance of
failures in cognitive and behavioural inhibition as candidate
endophenotypic markers. Neurosci Biobehav Rev 2005, 29:399-419.

2. Saxena S, Rauch SL: Functional neuroimaging and the neuroanatomy of
obsessive-compulsive disorder. Psychiatr Clin North Am 2000, 23:563-586.

3. Greisberg S, McKay D: Neuropsychology of obsessive-compulsive disorder:
a review and treatment implications. Clin Psychol Rev 2003, 23:95-117.

4. Kuelz AK, Hohagen F, Voderholzer U: Neuropsychological performance in
obsessive-compulsive disorder: a critical review. Biol Psychol 2004,
65:185-236.

5. Bartolo A, Benuzzi F, Nocetti L, Baraldi P, Nichelli P: Humor comprehension
and appreciation: an FMRI study. J Cogn Neurosci 2006, 18:1789-1798.

6. Ramachandran VS, Blakeslee S: Phantoms In The Brain New York, NY: William
Morrow and Company, Inc; 1998.

7. Shammi P, Stuss DT: Humor appreciation: a role of the right frontal lobe.
Brain 1999, 122:657-666.

8. Samson AC, Hempelmann CF, Huber O, Zysset S: Neural substrates of
incongruity-resolution and nonsense humor. Neuropsychologia 2009,
47:1023-1033.

9. Samson AC, Zysset S, Huber O: Cognitive humor processing: different
logical mechanisms in non-verbal cartoons-an fMRI study. Soc Neurosci
2008, 3:125-140.

10. Mergl R, Vogel M, Mavrogiorgou P, Göbel C, Zaudig M, Hegerl U, Juckel G:
Kinematical analysis of emotionally induced facial expressions in patient
with obsessive-compulsive disorder. Psychol Med 2003, 33:1453-1462.

11. American Psychiatric Association: Diagnostic and Statistical Manual of Mental
Disorders. 4 edition. Washington DC: American Psychiatric Association Press;
1994.

12. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E,
Hergueta T, Baker R, Dunbar GC: The Mini-International Neuropsychiatric
Interview (M.I.N.I.): the development and validation of a structured
diagnostic psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry
1998, 59(Suppl 20):22-33.

13. Goodman WK, Price LH, Rasmussen SA, Mazure C, Delgado P, Heninger GR,
Charney DS: The Yale-Brown Obsessive Compulsive Scale. II. Validity. Arch
Gen Psychiatry 1989, 46:1012-1016.

14. Goodman WK, Price LH, Rasmussen SA, Mazure C, Fleischmann RL, Hill CL,
Heninger GR, Charney DS: The Yale-Brown Obsessive Compulsive Scale. I.
Development, use, and reliability. Arch Gen Psychiatry 1989, 46:1006-1011.

15. Gur RC, Hagendoorn M: Har-Har: a test of humor appreciation with
verbal and nonverbal subtests. [http://www.uphs.upenn.edu/bbl].

16. Killgore WD, McBride SA, Killgore DB, Balkin TJ: The effects of caffeine,
dextroamphetamine, and modafinil on humor appreciation during sleep
deprivation. Sleep 2006, 29:841-847.

17. Bozikas VP, Kosmidis MH, Giannakou M, Anezoulaki D, Petrikis P, Fokas K,
Karavatos A: Humor appreciation deficit in schizophrenia: the relevance
of basic neurocognitive functioning. J Nerv Ment Dis 2007, 195:325-331.

18. Bozikas VP, Kosmidis MH, Tonia T, Garyfallos G, Focas K, Karavatos A: Humor
appreciation in remitted patients with bipolar disorder. J Nerv Ment Dis
2007, 195:773-775.

Bozikas et al. Annals of General Psychiatry 2011, 10:31
http://www.annals-general-psychiatry.com/content/10/1/31

Page 4 of 5

http://www.ncbi.nlm.nih.gov/pubmed/15820546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15820546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15820546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15820546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10986728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10986728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12559996?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12559996?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14757309?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14757309?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17069470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17069470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10219779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19046978?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19046978?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18633854?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18633854?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14672254?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14672254?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9881538?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9881538?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9881538?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2510699?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2684084?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2684084?dopt=Abstract
http://www.uphs.upenn.edu/bbl
http://www.ncbi.nlm.nih.gov/pubmed/16796223?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16796223?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16796223?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17435483?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17435483?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17984779?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17984779?dopt=Abstract


19. Brownwell HH, Gardner H: Neuropsychological insights into humor. In
Laughing Matters: A Serious Look at Humor. Edited by: Durant J, Miller J.
New York, NY: Wiley; 1988:17-34.

20. Koran LM: Quality of life in obsessive-compulsive disorder. Psychiatr Clin
North Am 2000, 23:509-517.

21. Azim E, Mobbs D, Jo B, Menon V, Reiss AL: Sex differences in brain
activation elicited by humor. Proc Natl Acad Sci USA 2005,
102:16496-16501.

22. Uekermann J, Channon S, Daum I: Humor processing, mentalizing, and
executive function in normal aging. J Int Neuropsychol Soc 2006,
12:184-191.

23. Shammi P, Stuss DT: The effects of normal aging on humor appreciation.
J Int Neuropsychol Soc 2003, 9:855-863.

24. Goel V, Dolan RJ: The functional anatomy of humor: segregating
cognitive and affective components. Nat Neurosci 2001, 4:237-238.

25. Freedman M: Object alternation and orbitofrontal system dysfunction in
Alzheimer’s and Parkinson’s disease. Brain Cogn 1990, 14:134-143.

26. Freedman M, Oscar-Berman M: Bilateral frontal lobe disease and selective
delayed response deficits in humans. Behav Neurosci 1986, 100:337-342.

27. Heaton RK, Gur RC, Mandal MK, Salloum JB, Gur RE, Scheider F: Wisconsin
Card Sorting Test: Revised and Expanded Odessa, FL: Psychological
Assessment Resources; 1993.

doi:10.1186/1744-859X-10-31
Cite this article as: Bozikas et al.: Humor appreciation of captionless
cartoons in obsessive-compulsive disorder. Annals of General Psychiatry
2011 10:31.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Bozikas et al. Annals of General Psychiatry 2011, 10:31
http://www.annals-general-psychiatry.com/content/10/1/31

Page 5 of 5

http://www.ncbi.nlm.nih.gov/pubmed/10986724?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16275931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16275931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16573852?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16573852?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14632244?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11224538?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11224538?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2285509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2285509?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3730139?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3730139?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Participants
	Humor appreciation
	Statistical analysis

	Results
	Discussion
	Author details
	Authors' contributions
	Competing interests
	References

