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Editorial

Illness comorbidity as a biomarker?

Hymie Anisman, PhD; Shawn Hayley, PhD

Department of Neuroscience, Carleton University, Ottawa, Ont.

Physical illnesses can be markers for subsequent psycho -
logical disturbances, and conversely, mental health problems
can be markers of later physical pathologies. More import -
antly, the presence of one condition can limit treatment effi-
cacy with respect to other pathological conditions. In this re-
gard, illnesses frequently do not appear in isolation of one
another, and more often than not, one or more additional ill-
nesses may be associated with the primary disease or disor-
der. These comorbid disorders might coexist independently;
one condition might arise as a result of the other, or one con-
dition might be associated with a predisposition to the sec-
ond without being causally related to it.1 Comorbidity is ex-
ceptionally common with regard to physical illnesses;
diabetes, like obesity, is often predictive of heart disease.
Likewise, physical illnesses, such as heart disease and multi-
ple sclerosis (MS), are associated with subsequent depressive
disorder. Conversely, psychiatric illnesses, such as depres-
sion and schizophrenia, are comorbid with numerous im-
munological disorders, addiction, neurodegenerative disor-
ders, metabolic syndrome and obesity.2,3

Psychiatric comorbidities can come about through several
processes. An illness, such as heart disease or MS, may pro-
mote depression as individuals find their lifestyle being al-
tered or because of the existential threat imposed. Con-
versely, depression, which is a fairly severe stressor, places
considerable strain on an individual, culminating in inflam-
matory immune dysregulation that exacerbates MS symp-
toms and may influence the course of heart disease. It would
be understandable to find depressive symptoms manifested
after an MS or Parkinson disease diagnosis;4 however, de-
pressive disorders often precede diagnoses of these ill-
nesses,5,6 and depression in patients is more common than
would ordinarily be expected in illnesses of a chronic nature.4

Comorbidity can also occur because an illness might 
give rise to neuroendocrine, neurotransmitter or cytokine
changes that lead to a second disorder (e.g., among obese in-
dividuals, adipokines released from adipose tissue might
promote depression) or because several disorders might
have common underlying mechanisms. For instance, ele-
vated cytokines may be a common denominator linking de-
pression to cardiovascular disease, diabetes, Parkinson dis-

ease and, in some instances, cancer.2,7 The fact that these ill-
nesses have some common mechanisms associated with
them does not necessarily imply that the etiological path-
way(s) leading to these common features are the same. For
example, altered levels of brain inflammatory factors could
come about as a result of systemic infection or as a result of
stressor experiences, but both might culminate in major de-
pressive disorder. Similarly, in addition to the disturbances
of dopamine neurons in the substantia nigra responsible for
motor symptoms of Parkinson disease, serotonergic and nor -
adrenergic neurons degenerate to a considerable degree,8

which might contribute to depression. It is sometimes the
case that a single etiological factor could cause 2 very differ-
ent outcomes (e.g., smoking causes gum disease and heart
disease), but these comorbid conditions might be entirely in-
dependent of one another.
The nature of the comorbid conditions expressed may have

important clinical ramifications and fundamental implica-
tions regarding research focused on defining the processes
that lead to disease and on the development of potential
treatments. From the clinical side, when comorbid conditions
are identified, decisions need to be made so that treatment of
one illness does not aggravate the other. Likewise, the extent
to which focus is placed on the secondary condition must be
considered. For instance, it has been reported that anxiety
and depression were accompanied by a poorer response to
neoadjuvant chemotherapy for breast cancer (administration
of therapeutic agents before initiating the primary treatment,
e.g., hormone treatment administered before radical treat-
ments).9 Likewise, it has been reported that stroke is fre-
quently followed by depressive illness and that the presence
of depression signals a poor prognosis for recovery from
stroke.10 Interestingly, the same genes that often have been as-
sociated with major depression (e.g., short alleles for the sero-
tonin transporter, 5-HTT, and the val66met brain-derived
neurotrophic factor [BDNF] polymorphism) have also been
associated with the occurrence of post-stroke depression.11 In
addition, following stroke, inflammation (reflected by ele-
vated cytokine levels) is exceptionally high in the brain, and
it has been suggested that intervention to deal with inflamma-
tion might enhance stroke recovery.12 Essentially, to realize
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more efficient treatment outcomes for stroke patients, par -
ticular attention ought to be devoted to dealing with the co-
morbid depression or its underlying processes as well as the
chronic distress that accompanies stroke, which may place
excessive strain (allostatic overload) on adaptive biological
coping systems.13

In recent years there have been calls for 2 interlinked lines
of research: one to define the biomarkers that are predictive
of illness development or recurrence and one for the identifi-
cation of appropriate individualized treatment strategies. The
identification of biomarkers holds promise for predicting
later pathologies and for tailoring individualized treatments.
In this regard, it is likely that specific biological patterns or
“signatures” that characterize a particular comorbid state will
be more informative than consideration of specific individual
markers in isolation of one another. It has been suggested
that inflammatory cytokine signatures can be used to deter-
mine the likelihood that patients with Parkinson disease
might experience comorbid depression,14 just as responses to
a combined dexamethasone/corticotropin-releasing hor-
mone challenge might predict later responses to antidepres-
sant medication.15 In some instances, as in the case of cyto -
kines, biological substrates may be highly pleiotropic,
redundant in many of their actions, and disease nonspecific
(associated with several immune and circulatory conditions).
Yet, by assessing multianalyte disease profiles, altered cyto -
kine levels might be useful as an adjunctive tool or “add-on”
for clinical diagnostics.
Biomarkers can be indicative of more than just illness vul-

nerability, as they can also point to the efficacy of particular
treatment strategies and might also predict illness recurrence.
In particular, just as depression influences the course of re-
covery from other illnesses, it is equally possible that the
presence of substrates associated with some pathological con-
ditions might limit the effectiveness of treatments that would
otherwise attenuate depressive illness. In fact, in animals, in-
flammation provoked through administration of a bacterial
endotoxin reduced the antidepressant efficacy of fluoxetine,16

and in humans, higher levels of inflammatory markers, par-
ticularly proinflammatory cytokines, were more apt to be as-
sociated with treatment resistance in response to selective
serotonin reuptake inhibitors (SSRIs).17

Besides inflammatory processes, substantial attention has
been devoted to the possibility that disturbed neuroplasticity
contributes to the development of depression. Reduced hip-
pocampal volume in patients with depression has been re-
ported,18 and animal studies indicated reduced neurogenesis
and morphological abnormalities in stressor-based models of
the disorder.19 In its capacity to influence neuronal growth,
BDNF has been identified as a potentially important sub-
strate in relation to depressive illness,20 as have other growth
factors. Several studies have also suggested that changes in
peripheral BDNF levels are reflective of brain concentrations
of this trophic factor and, hence, might hold particular utility
as a biomarker.21 A major caveat to this, however, is that
BDNF (like cytokines) is not disease specific, having been im-
plicated in numerous pathologies of central or peripheral ori-
gin.22 Thus, once again, multianalyte profiling would be a

useful approach wherein BDNF would be one factor (albeit
one with potentially considerable weight) contributing to
some overall chemical signature.
Consideration of biomarkers leads into the topical issue

of individualized treatments. One could use biomarkers as a
screen to guide how specific individual treatments could be
designed. This approach is reinforced by the perspective
that drug treatments have not been overwhelmingly suc-
cessful (e.g., in the case of antidepressants), and some
 clinicians/ researchers have maintained that the effective-
ness of SSRIs and serotonin–norepinephrine reuptake in-
hibitors are only a touch better than placebo. Of course, this
often voiced critique ought to be a bit muted given that the
odds of improvement are much better when a multitargeted
approach is used, as opposed to using single compounds as
in most drug trials.23

The less than stellar effectiveness of specific pharmacother-
apy is not unique to treatments of mental disorders. In gen-
eral, analgesics have a positive effect in 80% or more of pa-
tients; treatment efficacy for asthma and arrhythmia is about
60%; for diabetes, migraine and rheumatism it is 50%; for os-
teoporosis, hepatitis C and urinary incontinence it is 40%–
50%; and for cancer it is down at about 25%.24 Thus, for these
disorders, as in the case of mental illness, there has been an
increasing desire to identify the most effective treatment
strategies based on individual characteristics. In this regard,
an eminently reasonable tack would be one that entails an
 endophenotype-like approach in which specific illness symp-
toms (or clusters) would be tied to particular genetic factors,
and these in turn, would be aligned with the most efficacious
treatments.25

Strictly speaking, an endophenotype is state-independent
and thus should be apparent irrespective of whether the ill-
ness is currently present. That said, it would not be surpris-
ing to find that certain biomarkers would be most apparent
when an individual’s system is under challenge (e.g., the ex-
tent of a biological change or the time for normalization of
these outcomes), much like indices of cardiovascular prob-
lems are more apparent using a stress test than under resting
conditions. Thus, the presence of particular markers (as well
as symptoms or clusters of symptoms) might have implica-
tions for the subsequent development of illness and for the
treatments that might be most efficacious. Likewise, given
the frequency of comorbid illnesses and the possibility that
they have common underlying features, the inclusion of ill-
ness might be useful as a biomarker for the evolution of other
conditions. Essentially, illnesses, such as heart disease or cer-
tain immune-related disorders, particularly if accompanied
by inflammatory changes, might be predictive of subsequent
psychopathology and could potentially presage the treatment
strategies that would be most efficacious.
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