Neurochem Res (2007) 32:1749-1756
DOI 10.1007/s11064-007-9385-y

ORIGINAL PAPER

Inflammation, Depression and Dementia: Are they Connected?

Brian E. Leonard

Accepted: 10 May 2007/ Published online: 20 August 2007
© Springer Science+Business Media, LLC 2007

Abstract Chronic inflammation is now considered to be
central to the pathogenesis not only of such medical dis-
orders as cardiovascular disease, multiple sclerosis,
diabetes and cancer but also of major depression. If chronic
inflammatory changes are a common feature of depression,
this could predispose depressed patients to neurodegener-
ative changes in later life. Indeed there is now clinical
evidence that depression is a common antecedent of Alz-
heimer’s disease and may be an early manifestation of
dementia before the cognitive declines becomes apparent.
This review summarises the evidence that links chronic
low grade inflammation with changes in brain structure that
could precipitate neurodegenerative changes associated
with Alzheimer’s disease and other dementias. For exam-
ple, neuronal loss is a common feature of major depression
and dementia. It is hypothesised that the progress from
depression to dementia could result from the activation of
macrophages in the blood, and microglia in the brain, that
release pro-inflammatory cytokines. Such cytokines stim-
ulate a cascade of inflammatory changes (such as an
increase in prostaglandin E2, nitric oxide in addition to
more pro-inflammatory cytokines) and a hypersecretion of
cortisol. The latter steroid inhibits protein synthesis thereby
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reducing the synthesis of neurotrophic factors and pre-
venting reairto damages neuronal networks. In addition,
neurotoxic end products of the tryptophan-kynurenine
pathway, such as quinolinic acid, accumulate in astrocytes
and neurons in both depression and dementia. Thus
increased neurodegeneration, reduced neuroprotection and
neuronal repair are common pathological features of major
depression and dementia. Such changes may help to
explain why major depression is a frequent prelude to
dementia in later life.
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Introduction

Anecdotal accounts of psychological distress that causes
physical ill health have appeared in the literature for cen-
turies. In more recent times, epidemiological studies have
confirmed that there is an increase in the prevalence of
coronary heart disease, osteoporosis, diabetes and dementia
associated with chronic stressful life events and major
depression. In the past, emphasis has been largely placed
on the role of the monoamine neurotransmitters as the
cause of the pathophysiological changes that occur in
depression and following chronic stress [1]. However, it is
now apparent that the endocrine and immune systems play
an important role in the pathology of these disorders [2].
The idea that chronic stress has a negative impact on
mental health was developed by Hans Seyle in 1936 when
he proposed that the hypothalamic-pituitary-adrenal (HPA)
axis played a major role in co-ordinating the stress
response. The damaging consequences of chronic stress
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was at first thought to be due to the hypersecretion of the
glucocorticoids. This view was supported by the observa-
tion that disorders of the adrenal and pituitary glands were
frequently associated with changes in the mental state of
the patient. However, studies of the effects of chronic stress
demonstrated that a maladaption of the immune and neu-
rotransmitter systems occurred in addition to those
associated with the HPA axis. Thus chronic inflammatory
changes are known to occur in major depression and are
often associated with cardiac disease, hypertension, dia-
betes and different types of autoimmune disease [3, 4].

It would be anticipated that chronic cortisolaemia would
result in the suppression of the immune system in patients
with depression. However, in the past 15 years there has
been an important paradigm shift in the understanding of
the role of the immune system in depression. There is
evidence that activation, rather than suppression, of the
innate immune system occurs [5]. The reduced impact of
the glucocorticoids on the immune system has been ascri-
bed to the development of glucocorticoid receptor
resistance [6]. Chronic inflammation is now considered to
be central to the pathogenesis not only of depression but
also of cardiovascular disease, diabetes and cancer, con-
ditions that are frequently comorbid with major depression
[7].

If chronic inflammatory changes are a common feature
of major depression, what could be the long-term outcome?
Depression has ‘been indicated as a common antecedent of
Alzheimer’s disease and may be an early manifestation of
dementia before the cognitive decline becomes apparent
[8]. It has been estimated that patients with mild cognitive
impairment associated with depression have more than
twice the risk of developing dementia than those who are
not depressed. This suggests that depression may be a
prodrome of dementia [9]. The purpose of this article is to
review the evidence that links chronic low grade inflam-
mation with changes in brain structure and function that
could precipitate neurodegeneration associated with Alz-
heimer’s disease and other dementias.

Evidence for increased inflammation in depression

Patients with major depression who do not suffer from a
medical condition have raised pro-inflammatory cytokines,
increased acute phase proteins and an increased expression
of chemokines and adhesion molecules in the plasma or
serum [6, 10]. Of the pro-inflammatory cytokines that are
raised, interleukin-6 (IL-6), C-reactive protein [6, 11], and
to a lesser extent IL-1 and tumour necrosis factor
alpha(TNF), have been shown to be raised in both the
blood and cerebrospinal fluid (CSF) [12, 13]. Of the acute
phase proteins, alpha-1 acid glycoprotein, alpha-1
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antichymotrypsin and haptoglobulin have been reported to
increase in the plasma of untreated depressed patients [10].
In this study, the concentrations of the positive acute phase
proteins was found to increase while those of the negative
acute phase proteins were decreased.

In addition to the changes in the pro-inflammatory
cytokines, the anti-inflammatory cytokines, such as IL-4
and IL-10, decrease in the plasma of depressed patients [6].
Recent studies have also shown that some depressed
patients have abnormal allelic variants of the genes for IL-1
beta and TNF. These abnormal variants are associated with
an increased risk of depression and a reduced ‘respon-
siveness to antidepressant treatments [14, 15].

While there is now a substantial body of evidence
associating an increase in pro-inflammatory cytokines in
major depression, there is also evidence that qualitatively
similar changes also occur in milder forms of the disorder
and also in patients suffering from fatigue and severe
insomnia [16, 17]. A common feature of all these condi-
tions is a reduced threshold to stress and therefore it seems
likely that the stress-induced increase in corticotrophin
releasing factor (CRF) plays a role in increasing the release
of the cytokines from activated ‘macrophages both in the
periphery and in the brain (see review by Leonard and
Song, 18). It must be noted that not all studies have found
an association between inflammation and the pathogenesis
of depression [19, 20] while in some studies the association
between inflammation and the symptoms of depression is
substantially reduced when factors such as the body mass
index, gender and personality are factored into the corre-
lation [21]. Some studies have also failed to find a
correlation between the severity of the symptoms of
depression and the increase in the inflammatory status [22].

Such inconsistencies suggest that inflammation con-
tributes to the pathogenesis of some, but not all, depressed
patients. It is also apparent that when statistically signifi-
cant changes do occur, there is considerable variability in
the inflammatory parameters that are determined, the sig-
nificance of the difference between the patients and the
control population being attributed to a subgroup of
patients only [23].

In addition to the changes in the pro-inflammatory
cytokines, there is also evidence that effective antide-
pressant treatment largely attenuates the inflammatory
changes [24, 25]. Furthermore, the number of T helper, T-
memory and activated T-cells, macrophages and mono-
cytes that act as a source of the cytokines are also
increased in depression. This suggests that, in depression,
there is an imbalance between the inflammatory and anti-
inflammatory arms of the cellular immune system, those
cytokines from the Thl lymphocytes (such as interferon
alpha, IFN) being predominant over those from the anti-
inflammatory Th2 cells (such as IL-10). There is also
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evidence that transforming growth factor beta-1 (TGF)
from Th3 lymphocytes plays a role in re-establishing the
balance between the Thl and Th2 pathways in those
patients who respond effectively to antidepressant treat-
ment [25].

Support for the macrophage theory of depression,
originally suggested by Smith [26], comes from studies in
patients with various types of cancer, or hepatitis, who
have been treated with IFN. IFN is a potent inducer of
other pro-inflammatory cytokines including IL-6, TNF
and IL-1. The therapeutic treatment of patients with IFN
frequently results in a depressed mood, anxiety, sleep
disturbance, loss of libido, lack of motivation and deficits
in short term memory. These cardinal symptoms of
depression are attenuated by chronic antidepressant
treatment [27]. The changes induced by IFN in otherwise
psychiatrically normal patients are probably a conse-
quence of changes in the endocrine, neurotransmitter and
immune systems rather than being a reflection of the
pathological condition for which IFN was being admin-
istered [28]. Depression is also frequently associated with
inflammatory diseases such as multiple sclerosis [29],
allergies of different types [30], and rheumatoid arthritis
[31], diseases in which pro-inflammatory cytokines are
over-expressed [32].

The interpretation of the effects of IFN on the mood
state of cancer and hepatitis patients rests not only on the
direct action of three inflammatory mediators on neural
function but also on its indirect effects on tryptophan
metabolism. It is now known that pro-inflammatory
cytokines induce indoleamine 2,3-dioxygenase (IDO) and
tryptophan dioxygenase (TDO) activity. IDO is widely
distributed in the periphery and in the brain while TDO is
largely confined to the liver. These enzymes metabolise
tryptophan through the kynurenine pathway, the end
products being the neurotoxins quinolinic acid (QA) and
3-hydroxykynurenine (3-HK). Both of these end products
are N-methyl-D-aspartate (NMDA) receptor agonists and
therefore likely to induce apoptosis by stimulating neu-
ronal glutamate receptors. Tryptophan can also be
metabolised to kynurenic acid which acts as an antagonist
of NMDA receptors and is thus neuroprotective. Pro-
inflammatory cytokines associated with depression and
depressed mood states are known to enhance the pathway
leading to QA and 3-HK [27, 33-35]. There is evidence
that the neurotoxins cause metabolic changes in the basal
ganglia [36] and affect information processing via the
cingulate cortex. The changes in the cingulate cortex may
represent an increased sensitivity of the patient to conflict
and negative life events [37]. These observations lend
further support to the hypothesis that inflammatory
changes play an important role in the pathogenesis of
major depression.

Inflammatory changes in dementia with particular
emphasis on Alzheimer’s disease

The neuropathological characteristics of Alzheimer’s dis-
ease include synaptic loss, neuronal cell death, reactive
astrogliosis, in addition to the well established markers
neurofibrillary tangles and amyloid plaques [38]. The
neuritic plaques contain aggregated beta-amylaloid (Ab)
that is assumed to impair neuronal function in addition to
inducing the inflammatory response [39, 40]. It is also
worthy of note that many of the neuropathological changes
have also been found in elderly depressed patients (see
below).

A variety of cytokines have been implicated in the
pathophysiology of Alzheimer’s disease. For example,
although there is good evidence that the concentration of
IL-1 is increased in the brain of the patient, the precise role
of this pro-inflammatory cytokine in Alzheimer’s disease is
incompletely defined. It is known that IL-linduces the
expression of inducible nitric oxide synthase (iNOS) by
astrocytes which could indirectly potentiate NMDA
induced neurotoxicity [41]. Experimental studies, in which
IL-1 was administered intracerebroventricularly into rats
over a period of 7 days, clearly demonstrated changes in
the turnover of brain monoamines (decrease in noradren-
aline and an increase in serotonin and dopamine), a rise in
the plasma concentration of PGE2 and a decrease in the
anti-inflammatory cytokine IL-10 [42]. The cognitive def-
icit and the increase in depressive and anxiety-like
behaviours also suggested that [L-1 may play an important
role in both depression and dementia. However, in addition
to the neurotoxic changes that elevated concentrations of
IL-1 may cause in the brain, it must be emphasised that the
neurotoxic changes are concentration related. Thus at
physiologically relevant concentrations, IL-1 has been
shown to be neuroprotective [43, 44]. Similar effects have
been observed for IL-6 and TNF, cytokines that are also
elevated in Alzheimer’s disease [45, 46]. In addition, to the
increase in IL-1, there is evidence of polymorphic forms of
IL-1 alpha and beta that may be risk factors not only for
Alzheimer’s disease but also for the age of onset of the
disease [47, 48].

In the brain, the expression of IL-6 is localised in neu-
rons, astrocytes and microglia [49, 50, 51] and occurs
widely associated with both diffuse and neuritic plaques.
While there is no consensus regarding the role of IL-6 in
Alzheimer’s disease, it is widely acknowledged that IL-6
influences the expression of other cytokines and inflam-
matory mediators. Thus IL-6 drives the acute phase
response that contributes to neuronal injury [45]. In vitro
studies have also shown that IL-6 enhances NMDA-
induced neurotoxicity, possibly by promoting an increase
in calcium influx [52]. This finding suggests that
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combination of activated NMDA receptors and the pres-
ence of Ab and IL-6 results in a potentiation of the
neurotoxic assault on the brain of the patient with Alz-
heimer’s disease.

TNF, is also raised in the CSF of patients with Alzhei-
mer’s disease [53], although not all investigators have
reported an increase in this cytokine [54]. There is evi-
dence that Ab and IFN enhance the synthesis and release of
NO and TNF from microglia [55], while a combination of
TNF and IFN synergistically increase the synthesis of Ab
[56] thus adding to neuronal damage. It has also been
demonstrated that, in Alzheimer’s disease, there are several
polymorphic forms of the TNF gene that are linked to an
increased risk of the APOE4 allele increasing the incidence
of the disorder [57]. However, not all studies have con-
firmed this [58].

Other cytokines that are increased in the brain of the
Alzheimer patient include the macrophage colony stimu-
lating factor (M-CSF), a cytokine that is responsible for
inducing the proliferation, migration and activation of
microglia [57, 58]. Experimental studies have shown that
M-CSF, in vitro, causes the augmentation of Ab induced
cytokine, chemokine and NO synthesis [59]. Such obser-
vations suggest that, by activating the microglia, M-CSF
promotes the inflammatory responses that enhance the
neurotoxic changes.

The TGF beta family of Th3 cytokines are expressed in
neurons, astrocytes and microglia [60] and have anti-
inflammatory, and possible neuroprotective, properties by
enhancing the synthesis of the anti-inflammatory cytokines.
The increase of TGF in Alzheimer patients has been
ascribed to a reaction against the increased inflammatory
changes [61]. It is also possible that TGF induces the
clearance of Ab plaques by microglia that could form the
basis for the neuroprotective potential of this cytokine.

In summary, the available evidence suggests that the
changes in pro-inflammatory cytokines are qualitatively,
and possibly quantitatively, similar in both major depres-
sion and Alzheimer’s disease. This does not explain why
there are important differences in the extent of the brain
damage in these disorders; in Alzheimers disease multiple
brain regions are affected while in major depression the
neurodegenerative changes are largely restricted to the
hippocampus, frontal cortex, temporal lobes and the
amygdala. Nevertheless, there is also evidence that, in
Alzheimer’s disease, there is a profound atrophy of the
hippocampus, frontal and parietal cortices [62] and that the
incidence of depression is reported to occur in approxi-
mately 50% of patients with this disorder [63]. Other
clinical studies have also reported that depressed patients
with significant cognitive impairment have more than a
three-fold greater risk of developing dementia than those
who do not show a significant cognitive impairment.
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Possible links between chronic depression and dementia
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Fig. 1 Possible links between chronic depression and demen-
tia.NFT’s = neurofibrillary tangles, bA = beta amyloid, APOE
4 = apolipoprotein E4 (+) = increase; (—) = decrease

Finally, there is clinical evidence that patients with a his-
tory of major depression before the onset of Alzheimer’s
disease have a higher density of Ab plaques and NFTs in
the hippocampus than those who develop the late onset
form of Alzheimer’s and who had ever suffered from
depression earlier in life [64].

Increase in endogenous neurotoxins in depression and
dementia

In addition to the damaging impact of the various inflam-
matory mediators, the glucocorticoids and the reduction in
neuronal repair due to the decrease in neurotrophic factors,
it is also evident that endogenous neurotoxins produced as
end products of the trypytophan-kynurenine pathway may
contribute to the brain damage seen in depression and
dementia. As has already been mentioned, the kynurenine
pathway is stimulated by the pro-inflammatory cytokines
[65, 66]; both tryptophan 2,3 dioxygenase in the liver and
indoleamine 2,3 dioxygenase (IDO), that is more widely
distributed, being activated by these cytokines. In depres-
sion and Alzheimer’s disease, activation of TDO and IDO
not only lead to an increase in the synthesis of the neuro-
toxins 3-hydroxykynurenine (3-OHK) and quinolinic acid
(QA) but also a reduction in serotonin synthesis. The main
steps in the metabolism of tryptophan through the kynur-
enine pathway are summarised in Fig. 1.

The neurotoxic effects of QA and 3-OHK reside in their
ability to stimulate NMDA receptors in contrast to kynur-
enine, that is reduced in depression and dementia, that acts
as an antagonist of NMDA receptors and therefore confers
some neuroprotective effects [67, 68]. Activated microglia
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that occur in both depression and dementia as a conse-
quence of the inflammatory changes, act as a local source
of QA and 3-OHK [65] whereas astrocytes metabolise
these neurotoxins [69] and also act as a major source of
kynurenic acid, the neuroprotective component of the ky-
nurenine pathway. As QA and 3-OHK are toxic to
astrocytes in the range of concentrations that are associated
with depression and dementia, the ratio of astrocytes to
microglia decreases in both of these disorders. This further
exposes neurons to the effects of the neurotoxins.

Although most attention has been directed towards the
neurotoxic effects of Ab and NFT in Alzheimer’s disease,
there is evidence that the kynurenine pathway also plays a
pathological role, together with oxidative stress and lipid
peroxidation of the neuronal membranes [70]. A decrease
in the concentration of kynurenic acid has been detected in
the CSF of patients with Alzheimer’s [71]. In addition, the
activity of IDO was found to increase in Alzheimer’s, a
change that is correlated with an altered immune and
oxidative stress response [71, 72]. Recently it has also been
shown that the concentration of kynurenic acid in the red
blood cells of patients with Alzheimer’s was significantly
decreased while those of kynurenine, the precursor of 3-
OHK and QA, was unchanged [73]. This suggests that the
neurodegenerative arm of the kynurenine pathway is
increased in dementia, thereby representing a qualitatively
similar change to that occurring in patients with major
depression.

A comment on the effects of antidepressants on
neurodegeneration

In recent years there has been a major paradigm shift in
explaining the mode of action of antidepressants from the
modulation of monoamine neurotransmitters (the Amine
Theory) to the repair of damaged neuronal networks (see
Leonard and Myint, 74). Thus there is both clinical and
experimental evidence that exposure to severe stress during
critical periods of brain development (for example, early
childhood trauma) have lasting effects on brain structure
and function [75]. This suggests that depression is associ-
ated with compromised information processing involving
the formation of neuronal networks. If dysfunctional net-
works form the pathological basis of depression, how do
antidepressants counteract such changes? Malberg et al.
[76] have provided an explanation by demonstrating that
antidepressants increase the number of new hippocampal
neurons in the rat brain, changes that are correlated with
improved behavioural function [77]. These results suggest
that the chronic effects of antidepressants are associated
with the repair, and possible construction, of new neuronal
networks [78]. Such a process requires both the elimination

Table 1 Summary of the cytokine related immune changes in
depression and dementia

Immune parameter Depression Dementia
Pro-inflammatory cytokine IL-1 (+) IL-1 (+)
IL-6 (+) IL-6 (+)
TNF (+) TNF (+)
IFN (+) IFN (+)
Anti-inflammatory cytokine IL-4 (—) IL-4 (7-)
IL-10 (—) IL-10 (?—)
1IL-13 (—) IL-13 (?-)
TGF beta (—) TGF beta (+)
Other inflammatory mediators PGE2 (+) PGE2 (+)
NO (+) NO (+)
M-CSF (?7+) M-CSF (+)
MCP 1 (+) MCP 1 (?)
Ab and NFT’s (M) (+++)
Neurodegenerative branch:
Kynurenine pathway* (++) (++)
Cortisol +) (+)

M-CSF = macrophage colony stimulating factor, MCP 1 = macro-
phage chemoattractant protein, (+) increased, (-) decreased, (?)
insufficient published data, Ab = beta amyloid, NFT’s = neurofibril-
lary tangles. References cited in text

of redundant parts of the neuronal network by apoptosis as
well as the repair of damaged portions of the network by
the increase in neurotrophic factors such as brain derived
neurotrophic factor [79] and the synthesis of new neurons.
Antidepressants are known to enhance axonal and dendritic
sprouting [80, 81], changes that are initiated by the syn-
thesis of neurotrophic factors that are vital for the selection
and stabilisation of synaptic contacts [82].

From this brief summary, it is hypothesised that effec-
tive antidepressant treatments, irrespective of their nature,
may improve neurotransmitter function secondarily to their
effects in repairing damaged neuronal networks. However,
the efficacy of antidepressant treatments appear to depend
on the phase of development of depression. As is apparent
in Alzheimer’s disease, in depression once neuronal dam-
age has reached a stage at which the functional integrity of
specific brain regions cannot be reversed, antidepressant
treatment becomes minimally effective. This has been the
subject of a recent review [74].

Conclusion

Table 1 summarises some of the inflammatory changes that
have been shown to occur in depression and dementia,
particularly Alzheimer’s disease. Such changes may help to
explain why chronic major depression is frequently a pre-
lude to the onset of different forms of dementia in later life.
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From the evidence presented in this review, it is
apparent that neuronal loss is a common feature of major
depression and dementia. It is hypothetised that the pro-
gress of depression to dementia could result from the
chronic inflammatory changes that are linked to the acti-
vation of macrophages in the blood and microglia in the
brain. The neurodegenerative changes in both depression
and dementia are associated with the increase in the pro-
inflammatory cytokines and other inflammatory mediators
such as PGE2 and NO, hypercortosolaemia and the
accumulation of such neurotoxins as quinolinic acid and
3-hydroxykynurenine, the end products of the cytokine
activated tryptophan-kynurenine pathway. The activation
of the microglia by the pro-inflammatory cytokines, and
the apoptosis of the astrocytes that leads to a reduction in
the synthesis of the neuroprotective agent kynurenic acid,
further adds to the neurodegenerative changes. Thus
increased neurodegeneration, reduced neuroprotection and
neuronal repair are common pathological features of both
chronic major depression, Alzheimer’s disease and pos-
sibly other forms of dementia. Such changes may help to
explain why major depression is often a prelude to
dementia in later life.
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