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 ABSTRACT
To help defi ne the relationships among infl ammation, 
Alzheimer disease, and depression, the Texas Alzheimer’s 
Research Consortium analyzed an array of infl ammatory 
biomarkers in a cohort of patients with Alzheimer disease 
and in controls. Infl ammation severity was highly correlated 
with earlier age at onset of Alzheimer disease and was 
also associated with cognitive decline. The relationship 
between infl ammation and depression was not as clear, 
and it varied with aspects of depression, gender, and the 
presence of Alzheimer disease. 

T he relationships among infl ammation, Alz-
heimer disease, and depression have been the 
subject of recent research at several centers. 
Alzheimer disease and depression appear to be 

linked by several genetic and infl ammatory processes, 
although the exact nature of the relationship is not 
clearly understood. The two disorders also share risk 
factors for vascular disease. This article reviews the 
current state of knowledge about infl ammation and 
its implications for Alzheimer disease and depres-
sion, and it presents recent fi ndings from the Texas 
Alzheimer’s Research Consortium, which assessed an 
array of infl ammatory markers in a cohort of patients 
with Alzheimer disease. 

  INFLAMMATION MAY MEDIATE DEPRESSION, 
COGNITIVE DECLINE, AND DEMENTIA 

Alzheimer disease and depression share several vascu-
lar disease risk factors and appear to be linked through 
complex and integrated processes. The link may 
be mediated by long-term infl ammatory processes. 
Hypothalamic-pituitary-adrenal (HPA) axis dysfunc-

tion, chronic infl ammation, and a defi cit in neuro-
trophin signaling all may play roles in the pathogen-
esis of depression and Alzheimer disease.1 Excessive 
release of glucocorticoids subsequent to HPA-axis 
dysfunction in chronic depression appears to damage 
the hippocampus: hippocampal atrophy is a feature in 
both depression and dementia, and recurrent depres-
sion is associated with greater atrophy. The direction 
of infl uence—whether depression leads to the factors 
that increase the risk of Alzheimer disease or the 
other way around—remains a controversial topic.

Symptoms of depression tend to appear early in 
Alzheimer disease and increase as dementia pro-
gresses to moderate severity. In advanced dementia, 
depression symptoms tend to decline, although this 
may refl ect the diffi culty in assessing depression at 
advanced stages of dementia.2

Numerous reports have linked infl ammation to 
cognitive dysfunction or decline, as well as to the 
development of Alzheimer disease.3–5 Evidence sug-
gests that infl ammation is a key mediator between 
cardiovascular risk factors and Alzheimer disease, 
although this is also still controversial. 

  FINDINGS FROM THE TEXAS ALZHEIMER’S 
RESEARCH CONSORTIUM

The Texas Alzheimer’s Research Consortium, com-
posed of fi ve medical centers, is pursuing a longitu-
dinal, multi-institutional study of Alzheimer disease. 
The group recently published the results of a study 
assessing whether infl ammatory markers were over- or 
underexpressed in patients with Alzheimer disease, 
and whether biomarkers could predict Alzheimer dis-
ease status and the age at onset of the disease.4 The 
analysis included 197 patients with Alzheimer disease 
and 203 control subjects. The evaluation consisted 
of cognitive assessment, DNA analysis for human 
genome-wide association studies, and protein micro-
array analysis from blood. Cardiovascular risk factors 
were also measured, including serum lipids and blood 
factors for diabetes risk. The goal was to better under-
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stand the pathophysiology of cognitive decline and 
predict conversion of mild cognitive impairment to 
Alzheimer disease.

Researchers analyzed the levels of 34 infl am-
matory-related markers (Table) in the patient and 
control groups. Proteins were quantifi ed by Rules-
Based Medicine via Luminex, a multiplex fl uorescent 
immunoassay using colored microspheres linked 
to protein-specifi c antibodies; this technology per-

mits simultaneous measurement of several hundred 
proteins. 

Signifi cant differences were found in the study 
groups. For example, the median age in the Alzheimer 
group was signifi cantly higher than in controls (79 vs 
70 years, P < .0001), an issue that is being addressed 
as subjects are replaced due to attrition. The median 
educational level was higher in the control group (14 
vs 16 years, P < .0001) than in the Alzheimer group. 
Subjects in the Alzheimer group were signifi cantly 
more likely (P < .001) to carry at least one copy of 
the APOE �4 allele. 

Infl ammation is associated with Alzheimer disease 
The investigators applied principal component analy-
sis to the data and found that infl ammation correlated 
with onset of Alzheimer disease and with cognitive 
decline. Greater degrees of infl ammation were asso-
ciated with earlier age at onset of Alzheimer disease 
(Figure).4 The association was highly signifi cant: risk 
of Alzheimer disease doubled with each increase in 
the score value of infl ammation. 

Degree of infl ammation also correlated with 
Mini-Mental State Examination (MMSE) scores. 
Subjects with a high infl ammatory score had a more 
accelerated decline in MMSE scores over a 3-year 
period than those with a low infl ammatory score. The 
association was signifi cant, although not as dramatic 
as the association between infl ammation and age at 
onset of Alzheimer disease.

The investigators concluded that their fi ndings, 
while considered preliminary, suggest the existence 

TABLE 
Infl ammatory biomarkers panel

Alpha-1 antitrypsin Intercellular adhesion molecule-1 Matrix metalloproteinase-3
Alpha-2 macroglobulin Interferon gamma RANTES
Beta-2 microglobulin  Interleukin (IL)-10 Stem cell factor
Brain-derived neurotrophic factor  IL-12p40 Tissue inhibitor of metalloproteinase-1
C-reactive protein IL-15 Tumor necrosis factor (TNF) RII
Complement 3 IL-1ra TNF-alpha
Eotaxin IL-3 TNF-beta
Factor VII IL-5 Vascular cell adhesion molecule-1
Ferritin IL-7 Vitamin D binding protein
Fibrinogen IL-8 Vascular endothelial growth factor 
Granulocyte colony-stimulating factor Monocyte chemotactic protein-1 von Willebrand factor
Haptoglobin

RANTES = regulated upon activation, normal T-cell expressed and secreted
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FIGURE. Principal component analysis showed that the degree 
of infl ammation correlated with age at onset of Alzheimer disease. 
Greater degrees of infl ammation were associated with early age at 
onset.4
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of an infl ammatory endophenotype associated with 
Alzheimer disease. The fi ndings need to be validated 
in other populations, including ethnic groups other 
than Caucasian. The Consortium also will evalu-
ate whether infl ammatory biomarkers are associated 
with progression of mild cognitive impairment to 
Alzheimer disease. 

Infl ammation has a mixed association with depression
In a study whose results are not yet published, the 
Texas Consortium also examined the association 
between infl ammatory markers and depression. Four 
subscales of depression were used, derived from the 
Geriatric Depression Scale (GDS) 30: dysphoria 
(consisting of 11 items), meaninglessness (seven 
items), apathy and withdrawal (six items), and cogni-
tive impairment (six items).5 

The GDS30 results as a whole suggested a trend 
toward an association between depression and infl am-
matory biomarkers, but the association was not sig-
nifi cant. When the results were examined by subscale, 
however, striking differences were found between 
Alzheimer patients and the control group. For example, 
apathy was signifi cantly associated with the C-reactive 
protein level, and the assocation was much stronger in 
patients with Alzheimer disease than in controls. Fur-
ther, the association of apathy with C-reactive protein 
level was more signifi cant in women than in men. 

Other associations were found between several of 
the infl ammatory and antiinfl ammatory cytokines 
and the various subscales; the relationship between 
infl ammatory factors and depression appears to be 
complex and often gender-specifi c.

Infl ammation-depression link is suggestive, 
not linear
Despite the relationships suggested by the data, no 
simple linear relationship was identifi ed to indicate 
that more infl ammation leads to more depression in 
Alzheimer disease. The relationship between infl am-
mation and depression in Alzheimer disease appears 
to involve a complex interplay between many physi-
ologic processes. 

The effect of infl ammation also varies with gender 
and with cognitive impairment. The mechanism that 
underlies these relationships remains to be deter-
mined and will be the focus of further studies with 
the Texas Alzheimer’s Research Consortium. 
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