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Abstract
Objective: Bipolar affective disorder (BPAD) is clinically and genetically heterogeneous and
the affected phenotype is poorly defined, hampering studies of its genetic basis. Studies of
specific, familial, clinical indicators of BPAD may be useful for identifying heritable forms.
Homogeneous forms of the disease may be identified in patients (candidate symptom
approach) and some vulnerability markers may be sought in unaffected relatives of patients
(intermediate traits or endophenotypes). Physical anhedonia is considered a possible candidate
symptom and endophenotype in schizophrenia, but has never been specifically investigated in
BPAD.
Methods: Physical anhedonia scores (measured using Chapman‟s physical anhedonia scale)
were compared in 351 euthymic bipolar patients, 130 of their first-degree relatives and 170
healthy controls with no personal or familial history of schizophrenia, mood disorders and
suicidal behavior. We investigated intra-familial resemblance of physical anhedonia and
compared the progressive and clinical characteristics of hedonic and anhedonic bipolar
probands.
Results: Physical anhedonia was a stable trait in normothymic bipolar patients and significant
intra-familial correlation of physical anhedonia scores was observed in bipolar families.
However, physical anhedonia scores were similar in unaffected relatives and controls and the
clinical characteristics of anhedonic and hedonic patients did not differ significantly. PA was
not associated with an increased familial risk of bipolar disorder.
Conclusions: Physical anhedonia is a stable, familial dimension in BPAD families. It can not
be considered an endophenotype, because unaffected relatives of bipolar patients and healthy
controls have similar physical anhedonia scores. It also can not be considered a candidate
symptom, because it does not identify a homogeneous clinical and familial subgroup of
bipolar patients. Considering previous studies, physical anhedonia might be a specific
candidate symptom (and endophenotype) to schizophrenia. However, the validation of this
hypothesis requires replication studies in bipolar disorder and schizophrenia and further
investigations in other psychiatric diseases (in particular across the mood disorder spectrum).

Key Words: Physical anhedonia, bipolar affective disorder, endophenotype, candidate
symptoms, familial resemblance
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INTRODUCTION
Identification of the genetic basis of bipolar affective disorder (BPAD) is hampered by the
absence of a valid definition for the affected phenotype and the questionable clinical and
genetic homogeneity of the disease. Indeed, the categorical diagnoses proposed by DSM-IV
and ICD-10 have no proven aetiological validity (1, 2). Quantitative variables may provide a
more precise and genetically valid definition of the phenotype. Such quantitative variables
may be more closely related to the underlying genetic predisposition than discrete phenotypes.
The “candidate symptom approach” for use in affected subjects and the “endophenotype
approach” for use in unaffected relatives have been proposed as methods of clarifying the
heritable phenotype in psychiatric genetics (3). The candidate symptom approach aims at
identifying narrow clinical characteristics that are most likely to be associated with a disease
genotype and that show a simpler pattern of inheritance (3). An endophenotype is a subclinical quantitative trait, also called intermediate phenotype, which correlates with the main
trait of interest and can be used to define the trait or its underlying genetic mechanism more
accurately (3).
Ribot first described anhedonia in 1896 as a decrease in the ability to feel pleasure (4).
Chapman et al. (5) defined more precisely physical anhedonia as the inability to experience
pleasure in response to physical stimuli. Physical anhedonia is suspected to be a trait-like
characteristic and significantly differs from state-related anhedonia that is observed during
depressive episodes (6) and that represents a core symptom of major depressive episode as
defined in DSM-IV(1).
Physical anhedonia has been studied as a marker of vulnerability to schizophrenia and to
endogenous depressions (7-10). However, conflicting results have been obtained, with some
studies failing to distinguish schizophrenic subjects from patients with other diagnosis,
particularly those with depression and other affective disorders with psychotic features. It has
therefore been suggested that physical anhedonia may be a marker of predisposition to
“functional psychosis” in general, rather than schizophrenia specifically (10) and that this
dimension may be related to genetic loading for general psychopathology, but not for
schizophrenia in particular (11, 12).
Physical anhedonia has recently been shown to be of potential value as a marker in studies of
the genetic component of schizophrenia. Schürhoff et al. (13) identified a subgroup of
schizophrenic patients with a high level of physical anhedonia. This sub-form of the disease
was characterized by a greater familial risk of schizophrenia and schizophrenia spectrum
3
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disorders and a high level of physical anhedonia among first-degree relatives. The authors
also demonstrated the existence of intra-familial resemblance in the level of physical
anhedonia. Therefore, physical anhedonia has been proposed as an endophenotype and a
candidate symptom for schizophrenia.
In this study, we aimed at (i) investigating the familial nature of physical anhedonia in bipolar
patients‟ families by an intra-familial correlation method, (ii) comparing the physical
anhedonia scores of probands, their unaffected first-degree relatives and healthy controls and
(iii) determining whether a high level of physical anhedonia in bipolar patients was associated
with specific clinical characteristics and a greater familial risk of psychopathology among
first-degree relatives.

MATERIALS AND METHODS
Subjects
Bipolar patients fulfilled DSM-IV (14) criteria for bipolar disorder type I or II and were
interviewed by trained psychiatrists, using the French version of the Diagnostic Interview for
Genetic Studies (DIGS) (15). Patients were recruited just before discharge of a hospitalisation
for a (hypo)manic or major depressive episode or during their prospective follow-up in our
psychiatric department. One major inclusion criteria was to be normothymic at the inclusion
(i.e. having a MADRS scale score (16) and a Mania Rating Scale score (17) of no more than
five).
First-degree relatives of bipolar patients were interviewed using the DIGS to assess DSM-IV
axis I diagnoses. We also used the Family Interview for Genetic Studies (FIGS) (18) to
investigate familial history of psychiatric disorders. Only families with at least two
informative members (the proband and at least one first-degree relative) were considered for
familial analyses. Best estimate procedures were applied to determine the psychiatric
diagnosis of first-degree relatives.
Controls were randomly selected from blood donors at the blood transfusion centres at the
Pitié-Salpétrière and Henri Mondor hospitals in Paris and Créteil. Controls were of French
origin and were evaluated with the DIGS by a trained psychiatrist. To be included in the
study, they had to be free of personal and first-degree familial history of mood disorders,
schizophrenia spectrum disorders and suicide attempt.
Each participant was evaluated using the French version (19, 20) of the revised Physical
Anhedonia Scale (PAS) developed by Chapman (5). The Physical Anhedonia Scale assesses
the experience of pleasure in response to physical stimuli (taste, sight, touch and smell). It is a
4
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61 items self-report questionnaire, with yes or no answers, each question being scored 0 or 1,
the total score ranging from 0 to 61. For example, subjects were asked to answer yes or no to
the following question : “the beauty of sunsets is greatly overrated”. Higher scores on the
physical anhedonia scale indicate greater physical anhedonia levels.
The Research Ethics Board of the Pitié-Salpétrière Hospital reviewed and approved this study.
Written informed consent was obtained after complete description of the study to the subjects.

Data analysis
The significance of differences between groups was assessed using chi-squared tests for
discrete variables and a two-tailed t-test for continuous variables. Non-parametric tests were
used for continuous variables having distributions significantly far from normal distributions.
Correlation between age and PAS score has been calculated using Spearman correlation.
Bipolar patients, their first-degree relatives and controls were not matched for sociodemographic variables (age, sex, educational level). Educational level was stratified to give
three categories (I: below Bachelor‟s degree level, II: Bachelor‟s degree level, III: above
Bachelor‟s degree level). As previous studies in different French populations (general
population and students) have reported conflicting results regarding the potential effects of
age, sex and educational level on PAS scores (21, 22), the effect of each variable on PAS
scores were tested in each group by means of ANOVA. Considering these two arguments
(unmatched groups and conflicting results in the literature), these variables were then taken
into account as potential confounding factors.
We tested intra-familial correlation for physical anhedonia by means of the intra-class
correlation method described by Fisher et al. (23) (for details, see (13)).
Bipolar probands were then classified as hedonic or anhedonic (dichotomous variable)
according to the operational definition of Edell and Chapman (24). An individual was defined
as anhedonic if its score was greater than the mean plus two standard deviations (calculated in
the control group). An individual was defined as hedonic if its score was lower than the mean
plus one half the standard deviation (calculated in the control group). We compared the course
of the disease (age at onset, duration of illness), the clinical characteristics (type of bipolar
disorder, suicidal behaviour, psychotic features, comorbidities with anxiety disorder and
addictive disorders) and the familial history of bipolar disorder among first-degree relatives
between these two groups.
The stability of PAS scores over time in a given individual was tested in a sub-sample of fifty
patients, using Spearman‟s rank correlation coefficient.
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Bonferroni‟s correction has been used since multiple testing was performed.

RESULTS
We included 651 subjects in this study: 351 bipolar patients (143 men, 208 women, mean age
42.6 +/-13.9 years; 260 type I bipolar patients, 91 type II bipolar patients; mean age at onset
26.5 +/-11.1 years), 130 of their first-degree relatives (54 men, 76 women, mean age 47.9 +/17.3 years) and 170 healthy controls (98 men, 72 women, mean age 42.7 +/-9.7 years).
We included 41 mothers, 28 fathers, 21 siblings and 20 offspring in the relatives group. The
relatives came from 74 families (37 families including 2 subjects, 22 families including 3
subjects and 15 including 4 or 5 subjects). Clinical evaluation of relatives with the DIGS
identified lifetime mood disorders in 62 of 130 relatives (47.6%). Type I or II bipolar
disorders were found in 28 relatives (21.5%) and major depressive episode (single or
recurrent) in 34 relatives (26.1%). Anxiety disorders were found in 25.8% of the relatives and
substance abuse/dependence in 10.1% of the relatives.
The stability of PAS scores over time in individual patients was studied in a subgroup of 50
bipolar patients. These patients were evaluated 2.6 (+/-1.9) years after their initial evaluation,
with each questionnaire being completed during a normothymic period. Spearman‟s rank
correlation coefficients showed that PAS score was stable in individuals (=0.73 ; p<0.0001).
This result remained significant after correction for multiple testing.
PAS scores (mean +/- SD) were given for the three groups in table 2. For bipolar patients,
neuroleptic treatment at inclusion did not influence significantly PAS scores (Mann-Whitney
U=8686; p=0.13). The PAS score of our control group was comparable to those obtained in
various French populations, especially those recruited among general population (22, 25). It
should be noted that the control group studied by Schurhoff et al. (13) was included in ours.
Their respective mean PAS scores were similar : 16.8 (7.6) (n=94) versus 15.9 (+/-7.6)
(n=170). Mean PAS score for bipolar patients (17.0 +/-9.0) was lower than that obtained in
the schizophrenic patients (21.3 +/-9.6) that we studied in a previous study of physical
anhedonia (13).
Bipolar probands, first-degree relatives and controls significantly differed in terms of age at
interview (Kruskall-Wallis test H=14.1, df=2, p=0.0009), sex ratio (χ2=14.1, df=2, p=0.0008)
and educational level (χ2=25.92 ; df=4; p<0.0001) (see table I). We found a significant effect
of age on PAS scores in bipolar patients (p=0.006), in relatives (p=0.03) but not in controls
(p=0.12). Age at interview and PA score were significantly correlated in bipolar probands
(r=0.16, p=0.004) and relatives (r=0.24, p=0.006) but not in controls (r=0.07, p=0.33). A
6
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significant effect of sex on PAS scores was observed for relatives (p=0.004) but not for
bipolar patients (p=0.95) nor for controls (p=0.13). We found a significant effect of
educational level in the three groups (bipolar patients p=0.0001, relatives p=0.01 and controls
p=0.01). Age, sex and educational level were included as independent variables in
multivariate analyses.
As PAS scores in bipolar patients and first-degree relatives were not normally distributed
whereas those of the controls were (Shapiro-Wilk‟s test: p<0.0001; p=0.002; p=0.10
respectively), non-parametric tests were used to assess differences between groups. In
comparisons of patients, relatives and controls, we used two different categories of relatives:
all relatives and unaffected relatives (i.e. those with no mood disorder). PAS scores were not
significantly different in bipolar patients, relatives and controls, for analyses taking into
account all relatives (Kruskall-Wallis test H=0.43; df=2 ; p=0.80) and for those restricted to
unaffected relatives (Kruskall-Wallis test H=0.43; df=2 ; p=0.78) (see Table II).
We carried out multivariate analysis on the subgroup of unaffected (absence of mood
disorder) relatives to overcome the potential bias associated with the inclusion of affected
first-degree relatives. Following the inclusion of age, sex and educational level in the
multivariate model, no difference in PAS score was observed between bipolar probands,
unaffected relatives and controls (ANCOVA F=0.11; df=2; p=0.89).
An intra-familial correlation for PAS scores was observed if all relatives were considered
(Fisher intra-class correlation coefficient ρ=0.25, F=1.95, p=0.0004, ANOVA) or if only
unaffected first-degree relatives were taken into account (ρ =0.21, F=1.63, p=0.03, ANOVA).
As PAS scores of spouses were correlated (25 parental couples included) (ρ=0.38; F=2.27;
p=0.02 ANOVA), we performed a last correlation analysis after having randomly excluded
one parent for each pair and retaining only the unaffected relatives. The intra-familial
resemblance for PAS remained significant (ρ=0.36; F=2.28; p=0.0002 ANOVA), even after
correction for multiple testing.
We used Chapman‟s operational definition (24) to assign bipolar patients to two groups
according to physical anhedonia level. Anhedonic (n=34; PAS score ≥ 31) and hedonic
(n=249; PAS score ≤ 20) bipolar patients differed significantly in terms of age at interview (ttest p=0.03) but not in terms of sex ratio (χ2 test, p=0.33). Age at onset and duration of the
illness were similar for anhedonic and hedonic bipolar patients, who also did not differ in
terms of type I / II bipolar disorder ratio, presence of psychotic features during episodes,
personal history of suicide attempt (violent or not), alcohol and/or substance abuse, panic and
anxiety disorders (see table III). Comparisons between relatives of anhedonic and hedonic
7
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bipolar probands showed a similar frequency of bipolar disorder among relatives (21% versus
22%; χ2 test p=0.94). The frequency of mood disorders (including bipolar disorder, unipolar
disorder and major depressive episode) was similar in relatives of anhedonic bipolar probands
and hedonic bipolar probands (47% versus 48% ; χ2 test p=0.94), as was the frequency of
other DSM-IV axis I diagnoses: alcohol abuse/dependence (11% versus 5% ; χ2 test p=0.40),
cannabis abuse/dependence (5% versus 7% ; χ2 test p=0.74), anxiety disorders (21% versus
27% ; χ2 test p=0.59).

DISCUSSION
This is the first study to investigate physical anhedonia in a large sample of bipolar patients
and their first-degree relatives. The main results of this study is that physical anhedonia is a
familial dimension in bipolar patients‟ families and that physical anhedonia scores did not
differ between bipolar patients, their first degree relatives (whatever their disease status was)
and healthy controls.
Physical anhedonia was found to be a stable trait in euthymic bipolar patients. This stability
over time is consistent with results obtained in schizophrenic patients (26) and in control
subjects (21, 27).
Physical anhedonia was clearly familial, suggesting that this psychological dimension is
determined by familial factors (environmental and/or genetic). Genetic factors have been
implicated in physical anhedonia in twin studies (28, 29). The intra-familial correlation
observed for physical anhedonia is consistent with the results obtained in schizophrenic
patients (12, 13) and in controls (11, 27). Our results suggest that physical anhedonia is a
familial trait, partly under the control of genetic factors and probably inherited independently
of DSM-IV axis I diagnosis, as it is observed in the general population and in bipolar or
schizophrenic patients.
Physical anhedonia did not distinguish unaffected relatives of bipolar patients from controls,
suggesting that this dimension is not a phenotypic marker related to predisposition to bipolar
affective disorder (i.e. an endophenotype). Furthermore, the level of physical anhedonia did
not identify a homogeneous clinical subgroup of bipolar patients with an increased familial
risk. Clinical profile was no more severe in bipolar patients with a high level of physical
anhedonia than in other patients, as previously suggested (10). The trait physical anhedonia is
therefore not associated with a specific phenotypic expression of bipolar disorder and cannot
be considered a candidate symptom.
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Interestingly, we found that the physical anhedonia levels of spouses were significantly
correlated, whereas previous studies identified no such correlation (11, 30). This resemblance
between spouses may reflect assortative mating (31, 32) or may be due to marital interaction
and geographic/social stratification (31). As it has been demonstrated in various populations
that physical anhedonia was stable over time, this dimension is not likely to be influenced by
changes in marital status. However, marital interaction can not be completely ruled out as the
influence of marital status on physical anhedonia over-time stability has never be investigated.
Geographic stratification is also unlikely as samples were recruited in the same geographic
area. However, as educational level influenced physical anhedonia, the intra-parental
correlation for physical anhedonia may be explained by spouses having similar educational
levels. Indeed, 68% of parental couples were concordant for educational level.
In a previous study, we reported that physical anhedonia may be considered a candidate
symptom and an endophenotype in schizophrenia (13). Considering these results and the
present data, it may be suggested that this characteristic may be specific to schizophrenia.
However, this interpretation reserves some comments. First, results that we obtained in
schizophrenia may be interpreted as a false positive and were not replicated in other samples
of schizophrenic patients. Second, to our knowledge, physical anhedonia has never been
investigated in samples of remitted unipolar patients, but only in symptomatic patients (33).
Thus, replication studies in independent samples of bipolar and schizophrenic patients and
investigations in other mood spectrum disorders (such as unipolar disorder) may shed some
light to this issue.
Some schizotypal traits might be shared between schizophrenia and bipolar disorder.
Schizotypy is usually referred to a „liability‟ to schizophrenia, but it could also be more
generally referred to a non-specific „psychosis-proneness‟ (34). Relatively little is known
about the specificity of these dimension to schizophrenia. However, it should be mentioned
that literature is somehow confusing as schizotypal characteristics are sometimes defined as
those characteristics of schizotypal personality disorder (primarily positive symptom-focused)
and sometimes defined in terms of pre-syndromal schizophrenia symptoms, including
positive, negative, and disorganization symptoms. These dimensions are likely to be assessed
using different questionnaires and generate various sub-dimensions. Therefore, our results are
difficult to interpret in regards of previous data because of differences across assessment
procedures and because schizotypy is a multidimensional concept. In spite of these
methodological limitations, it should be mentioned that it has been demonstrated that bipolar
patients displayed significantly more schizotypal features than controls (35). Similarly, the
9
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Schizotypal Personality Questionnaire (36) did not discriminate between schizophrenic and
bipolar patients (34). Finally, delusional proneness (37) appeared to be an inherited dimension
common to both schizophrenia and bipolar disorder (38). Therefore, it should be useful to
study different schizotypal measures since some of them may be specifically associated with
schizophrenia while others may be shared between schizophrenia and bipolar disorder.

CONCLUSION
Physical anhedonia is a stable heritable trait displaying intra-familial correlation in bipolar
families. This dimension cannot be considered an endophenotype in BPAD as it does not
distinguish control subjects from individuals with a higher risk of bipolar disorder (unaffected
first-degree relatives). Our results also suggest that physical anhedonia is not a candidate
symptom in BPAD as different levels of physical anhedonia do not identify a subgroup of
bipolar patients with specific clinical and familial characteristics. These results suggest that
physical anhedonia may not constitute a shared marker of predisposition to both
schizophrenia and bipolar disorder. In order to further address the specificity of physical
anhedonia to schizophrenia, replication studies are required in independent samples of bipolar
and schizophrenic patients and need to be extended to samples of patients with other mood
spectrum disorders.
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T a b le III : C o m p a ris o n o f a n h e d o n ic a n d h e d o n ic b ip o la r p ro b a n d s

S a m p le c h a ra c te ris tic s
N u m b e r (% )
A g e m e a n (S D )
S e x (% o f m a le )
B ip o la r typ e I
A g e a t o n s e t m e a n (S D )
D u ra tio n o f illn e s s m e a n (S D )
F a m ilia l h is to ry o f b ip o la r d is o rd e r
P s yc h o tic fe a tu re s d u rin g e p is o d e s
S u ic id e a tte m p t
V io le n t s u ic id e a tte m p t
A lc o h o l a b u s e /d e p e n d e n c e
A n y s u b s ta n c e a b u s e /d e p e n d e n c e *
P a n ic c o m o rb id ity **
A n x ie ty c o m o rb id ity ***
R e la tive s ' P A S s c o re s m e a n (S D )

B ip o la r p ro b a n d s (n = 2 8 3 )
H e d o n ic
2 4 9 (8 8 % )
4 1 .4 (1 3 .9 )
4 1 .3 %
7 3 .5 %
2 6 .3 (9 .8 )
1 5 .1 (1 2 .1 )
4 2 .1 %
6 0 .8 %
4 0 .1 %
2 5 .2 %
1 9 .8 %
2 6 .2 %
1 4 .7 %
2 8 .8 %
1 2 .7 (4 .9 )

A n h e d o n ic
3 4 (1 2 % )
4 6 .6 (1 3 .6 )
2 6 .5 %
7 0 .6 %
2 7 .1 (1 1 .0 )
1 9 .5 (1 1 .8 )
4 8 .4 %
4 6 .9 %
3 7 .5 %
7 .7 %
1 5 .6 %
1 8 .8 %
2 2 .6 %
4 1 .9 %
2 9 .1 (6 .4 )

p

0 .0 4 °
0 .0 9
0 .7 1
0 .7 0
0 .0 5 °
0 .5 0
0 .1 2
0 .7 7
0 .1 6
0 .5 7
0 .3 6
0 .2 5
0 .1 3
0 .0 0 0 1

* : s u b s ta n c e s in c lu d in g a lc o h o l, o p ia te s , c a n n a b is ,
** : c o m o rb id p a n ic d is o rd e r w ith o r w ith o u t a g o ra p h o b ia
*** : c o m o rb id p a n ic d is o rd e r w ith o r w ith o u t a g o ra p h o b ia , s p e c ific a n d s o c ia l p h o b ia s ,
o b s e s s ive -c o m p u ls ive d is o rd e r a n d g e n e ra lis e d a n x ie ty d is o rd e r
° : n o n s ig n ific a n t a fte r B o n fe rro n i c o rre c tio n
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