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ABSTRACT

Serum-based biomarkers and GDS-30 score and subscales of depressive symptoms were examined in a cross-sectional
sample of 81 elderly men drawn from the TARCC cohort. Measurements included neuropsychological assessment and
serum. Thirty three patients met consensus diagnosis for probable AD and forty eight were cognitively intact. Although
initial regression analysis of all subjects showed significant relationships between depression and specific biomarkers,
analyses based on diagnosis indicated that none of the biomarkers were significantly associated with depression among
the controls. Among AD males MIF was significantly associated with total GDS scores and subscales of dysphoria,
meaninglessness, and cognitive impairment. TNF-o, was significantly associated with the apathy in AD males. Higher
levels of MIF were associated with less depression in AD men. TNF-o. was positively associated with degree of apathy.
This study suggests the importance of cognitive status, gender and subtypes of depression when investigating bio-
markers and depression in the elderly.
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1. Introduction higher number of AD patients experience symptoms of
depression compared to non-demented patients. Numer-
ous studies have focused on identifying biomarkers asso-
ciated with depression and/or AD (review; [5]). These

efforts have failed to produce a clear-cut picture of the

Depression occurs among the elderly population at the
rate of 10% - 15% [1] with lifetime prevalence of over
40% among men and women over 70 years of age [2].
Lifetime prevalence is even higher among geriatric fe-

male samples in prospective studies (43%, [2]), men
however tended not to report impairment in mixed-gen-
der late-life depression studies [3]. Additionally, late-life
depression has been detected in both cognitively intact
individuals and patients with Alzheimer’s disease (AD)
and has significant negative impact by promoting dis-
ability, increased mortality, reduced cognitive capacity
and quality of life, and even suicide.

Similar to late-life depression, cognitive impairment
also has a high prevalence rate among geriatric popula-
tions. Starkstein and colleagues [4] suggested that a slighter
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relationship between biomarkers, depression and AD.

1.1. Current Understanding of Biomarkers,
Late-Life Depression, and Alzheimer’s
Disease

Late-life depression has been associated with increased
levels of a variety of proinflammatory cytokines [6]. Cur-
rent research on biomarkers in late-life depression among
cognitively intact individuals has identified a number of
potential biomarkers ([7]): Interleukin-6 (IL-6, [8]);
IL-10 [9,10]; IL-1 [11]; C-reactive protein (CRP; [12]);
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tumor necrosis factor (TNF)-a [13]; and Macrophage
migration inhibitory factor (MIF) [14,15]. Additionally,
brain-derived neurotropic factor (BDNF), known to pro-
mote the development of serotonergic neurons with
mood-related effects [16], has been found to significantly

impact expression of depression in mild AD patients [17].

Other biomarkers such as ICAM-1 have been more fre-
quently associated with depressive symptoms in vascular
models of late-life depression [18-20]. Apolipoprotein E
[APOE &4 allele] status has been associated with level of
cognitive impairment in elderly patients [21] with affec-
tive states being related to cognition only among non-
carriers of the APOE4 allele [22].

1.2. Current Limitations

The biomarkers for late-life depression discussed above
have been implicated in both healthy controls and patient
samples, but results remain inconsistent. The majority of
studies have been limited to evaluating depression in
either AD or cognitively intact elders; examinations of
markers for late life depression in both normal controls
and AD patients are lacking. Significantly, prior studies
have focused on relationships between cerebrospinal
fluid or serum biomarkers and depression in elderly
women alone [23] or in mixed gender samples [14,16,21,
24-27], but not yet in men alone. In addition, prior stud-
ies have used global depression scores rather than exam-
ined specific subcategories or clusters of symptoms. Past
research in our laboratory has demonstrated significant
value in the use of symptom clusters along with global
depression scores [17,28].

1.3. Current Purpose

To address the lack of data on the relationship of bio-
markers to depression in elderly demented and non-de-
mented men, the present study seeks to 1) evaluate se-
rum-based biomarkers in men; 2) examine biomarker
differences in cognitively intact and AD men; 3) assess
both global depression scores and subscale scores in each
group, 4) identify markers that are associated with level
of cognitive function and depressive symptoms.

2. Methods
2.1. Sample

The sample was drawn from men enrolled in the Longi-
tudinal Research Cohort of the Texas Alzheimer’s Re-
search and Care Consortium (TARCC) who met the di-
agnostic criteria for mild AD or were evaluated as cogni-
tively normal and had complete biomarker and depres-
sion data. To reduce the effect of stage of decline only
AD men with a Clinical Dementia Rating scale global
score of <1.0 were included in the sample. Eighty-one
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men met the criteria with 33 diagnosed with mild AD
and 48 evaluated as cognitively intact (normal controls;
NC). The methodology of the TARCC project has been
described in detail elsewhere [29]. Briefly, the TARCC
project is a longitudinal multi-site study of a cohort of
AD patients and normal controls where each participant
undergoes an annual evaluation that includes a medical
examination, interview, neuropsychological testing, and
blood draw. AD patients met consensus diagnosis for
probable AD based on NINCDS-ADRDA criteria. The
TARCC project received Institutional Review Board
approval and all participants and/or caregivers provided
written informed consent.

2.2. Assessment

The Geriatric Depression Scale (GDS 30) was adminis-
tered as part of the TARCC neuropsychology core bat-
tery. In addition to the GDS, the battery consists of
common instruments administered as part of the estab-
lished Alzheimer’s disease clinical/research platforms at
each participating institution and includes digit span
(WAIS-R, WAIS-III, WMS-R), Trail Making Test, WMS
Logical Memory and Visual Reproduction (WMS-R and
WMS-III), Boston Naming Test (30- and 60-item ver-
sions), verbal fluency (FAS), Clock Drawing Test, the
American National Adult Reading Test (AMNART),
Mini-Mental State Examination (MMSE), and ratings on
the Clinical Dementia Rating scale (CDR).

2.3. Description of Subscales on the Geriatric
Depression Scale

The Geriatric Depression Scale (GDS-30; [30]) was the
first depression scale designed specifically for older
populations [30] and has been widely used primarily as a
screening instrument in clinical and research settings. A
recent factor analytic study [31] identified a four-factor
solution underlying the scale: dysphoria; meaningless-
ness; apathy; and cognitive impairment. The dysphoria
factor contains 11 items primarily associated with a sad
mood. The meaninglessness factor consists of seven
items that reflect an appraisal of the meaning (or lack
thereof) in one’s life. The apathy factor is made up of six
items that reflect a lack of motivation or initiative. The
cognitive impairment factor consists of six items that
reflect difficulty and concern with cognitive processes.

2.4. Assays

Non-fasting blood samples were collected in serum-
separating tubes during clinical evaluations, allowed to
clot at room temperature for 30 minutes, centrifuged,
aliquoted, and stored at —80°C in plastic vials. Batched
specimens from either baseline or year-one follow-up
exams were sent frozen to Rules Based Medicine (RBM,
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www.rulesbasedmedicine.com, Austin, TX) where they
were thawed for assay without additional freeze-thaw
cycles using the RBM multiplexed immunoassay human
Multi-Analyte Profile (humanMAP). Individual proteins
were quantified with immunoassays on colored micro-
spheres. Information regarding the least detectable dose
(LDD), inter-run coefficient of variation, dynamic range,
overall spiked standard recovery, and cross-reactivity with
other humanMAP analytes can be readily obtained from
RBM. IL-6 levels were measured, but were below the
detectable range and were not included in the analysis.

2.5. Data Analysis

Analyses of the data were performed using SPSS version
17.0. For total GDS score and each of the four GDS sub-
scale scores One-way ANOVA compared cognitively
intact and AD male (Table 1). Stepwise regression mod-
eling was used to evaluate the link between total GDS
score and each subscale (dysphoria, apathy, meaning-
lessness, and cognitive impairment) by level of cognitive
impairment (AD or cognitively intact). Items on the GDS
30 were scored (0 = absence and 1 = presence of symp-
tom) and then added for composite subscale scores. In-
dependent variables for the regression analysis included
biomarkers (CRP, IL-10, IL-1a, TNF-a, ICAM-1, BDNF,
and MIF). All analyses were conducted using log trans-
formed values of the biomarkers. ApoE4 status was
coded (carrier or non-carrier). Covariates were age and
years of formal education. Significance level was set at
0.05.

3. Results
3.1. Sample

Demographic data are presented in Table 2. Normal con-
trols were on average 71.10 years of age (SD = 8.5) and
76.15 (SD = 8.56) for the AD group. The control sample
had an average of 16.77 (3.391) years of education and
the AD sample 13.58 (3.562) years. There was a signifi-
cant difference on both age (p = 0.001) and education (p
= 0.001) with the AD sample being both older and less
educated. The majority of participants were Caucasian
(98%) with black or African American (1.5%) the next
largest group.

3.2. Significant Biomarkers in Elderly Men

Independent t-tests of total GDS scores revealed no sig-
nificant differences between cases vs. controls on levels
of CRP, IL-10, TNF-a, ICAM-1, BDNF, or MIF, al-
though there was a significant difference between the
groups on IL-la with significantly higher levels found
for controls. The results of the regression analysis (Table
3) for the total sample regardless of cognitive status re-
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vealed that MIF and level of TNF-a were associated with
total GDS scores and also individual subscales. Higher
MIF levels were inversely related to total GDS (t = —2.64,
p <0.01; R* = 0.056), level of Dysphoria (1 = —4.81, p <
0.001; R* = 0.227), Meaninglessness (t =—3.13, p < 0.01;
R? = 0.110), and perceived level of Cognitive Impair-
ment (1 = -2.71, p < 0.01; R* = 0.085). Level of TNF-a
was predictive of Apathy (= 2.23, p <0.05; R* = 0.059).

Regression analysis conducted separately for cases and
controls revealed that none of the biomarkers were useful
in predicting depressive symptoms in cognitively intact
men. However for AD males (Table 4), MIF was sig-
nificantly associated with total GDS scores ( =-2.731, p
<0.021; R* = 0.118), and the subscale scores of Dyspho-
ria (f =—5.68, p < 0.000; R* = 0.510), Meaninglessness (¢
= -2.77, p = 0.009; R* = 0.198), and Cognitive Impair-
ment (1 =-2.317, p = 0.027; R* = 0.148). Level of Cog-
nitive Impairment was also related to MIF and CRP, (¢ =
—3.031, p = 0.005; R* = 0.260). TNF-a was significantly
associated with the Apathy (1 = 2.08, p = 0.046; R* =
0.123) subscale for AD males.

4. Discussion

The current study is the first to examine the relationship
between serum-based biomarkers and symptoms of de-
pression in cognitively normal and AD males. Bio-
markers were not significant predictors of depressive
symptoms in cognitively intact males. This may partly
account for the dearth of literature in this population, as
negative findings typically remain unpublished. In a
combined male sample (cognitively intact and AD), MIF
and TNF-a were associated with depressive symptoms.
More importantly, among the AD group, MIF was a sig-
nificant predictor of total depression score and all sub-
scales except apathy. While other biomarkers such as
ICAM have been linked with symptoms of apathy, MIF
has not been useful in predicting apathy in the past. In
fact, in a mixed sample report, with a small sample size
of (n = 18 patients and 38 normal controls), MIF did not
contribute any variance in predicting late-life depression
[14]. While the role of MIF is unknown in the disease
progression of patients with AD and late-life depression,
it has been implicated in depression in a recent animal
study [15], suggesting that MIF plays an inverse role in
relation to depression. Likewise, the current findings
suggest that increased MIF levels are negatively associ-
ated with depressive symptoms. It is important to note
that MIF levels have also been associated with risk for
AD [32] which could account for the finding of a rela-
tionship between MIF and depressive symptoms in AD
males. However there was no significant difference in
MIF levels between AD and control males (p = 0.792).
Additionally, post hoc analysis of the relationship between
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Table 1. GDS subscale means and standard deviations.

GDS 30 Dys Mgl Apathy CI
NC 2.47(2.817) 0.67 (1.405) 0.35 (1.305) 0.91 (1.628) 0.86 (1.434)
AD 6.72 (5.483) 1.90 (2.610) 0.86 (1.528) 1.62 (1.237) 2.14 (1.481)

Dys = dysphoria; Mgl = meaninglessness; CI = cognitive impairment.

Table 2. Demographics of the study group.

AD (N =33) Control (N =48) p value
Age (Year, Mean/SD) 76.1 (8.6) 71.1 (8.5) 0.001
Education (Mean/SD) 13.58 (3.56) 16.77 (3.39) 0.001
APOE Carriers (Yes/No) 26/7 10/38 0.001
MMSE (Mean/SD) 21.88 (4.980) 29.25(1.473) 0.001
SD = standard deviation.
Table 3. All males N = 81.
Scale Biomarker R? P t 95% Conf Int
GDS 30 MIF 0.056 —0.437 0.009 —2.642 —0.764 to —0.109
Dys MIF 0.227 —0.609 0.001 —4.814 —0.861 to —0.357
Mgl MIF 0.110 -0.277 0.002 -3.131 —0.454 to —0.101
Apathy TNFa 0.059 +0.269 0.029 2.226 0.028 to 0.509
CI MIF 0.085 —0.265 0.008 -2.714 —0.459 to —0.071

Dys = dysphoria; Mgl = meaninglessness; CI = cognitive impairment; Conf Int = confidence Interval of regression equation.

Table 4. AD N = 33.

Scale Biomarker R’ p t 95% Conf Int
GDS 30 MIF 0.118 -0.713 0.008 -2.731 —1.236 t0 —0.190
Dys MIF 0.510 -1.132 0.000 —5.678 -1.539t0 —0.725
Mgl MIF 0.198 —0.409 0.009 —2.769 —0.710 to —0.108

Apathy TNFa 0.123 0.046 2.083 0.010 to 0.915
CI MIF 0.148 —0.348 0.027 -2.317 —0.654 to —0.042
MIF+ —0.495 0.005 -3.031 —0.760 to —0.150
CRP 0.260 —0.435 0.041 —2.135 —0.851 to —0.019

Dys = dysphoria; Mgl = meaninglessness; CI = cognitive impairment; Conf Int = confidence Interval of regression equation.

MIF and measures of cognitive functioning revealed no
significant relationships on any of the cognitive measures
in the TARCC battery for AD males suggesting that MIF
levels are related to mood but not level of cognitive im-
pairment in AD males. The negative relationship be-
tween CRP and Cognitive Impairment in the second sig-
nificant regression model is puzzling in that higher CRP
has been related to increased depression in other studies.
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Since the CI subscale assesses perceived cognitive de-
cline, it may be that level of CRP is in some way related
to level of awareness of decline. In a mixed- sample
study, TNF-a was positively associated with depressive
symptoms in healthy elderly men and women [6], which
is consistent with current findings. Accordingly, our data
suggest that TNF-a does have a positive relationship with
Apathy in AD male patients.
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Differences in current and prior findings are attribut-
able, at least partly, to effects of mixed gender analysis,
which may have obscured significant findings. In addi-
tion, methodological differences are also attributable to
differences in prior findings. The present study is not
only one of the first to evaluate AD and control males
only, but also is the first to examine this significant ques-
tion using subclassifications of depression rather than
only global symptoms. These differences are significant
because symptoms of depression have been known to
manifest differently in women and men. For instance,
women are more likely to report dysphoria, appetite dis-
turbances, and fatigue although both men and women
experiences similar levels of subjective, social, and oc-
cupational impairment [32].

The current study is also unique in that it evaluated
both cognitively intact and AD samples. The present re-
search advocates for the importance of continuing to ex-
plore inflammatory processes in older patients with and
without cognitive impairment across gender. Current data
also suggest the value of using subscales rather than
global depression scores as outcome measures.

5. Study Limitations

Limitations to the current study include small and uneven
sample sizes. Efforts to replicate the current findings are
important for the current understanding of biomarkers in
late-life depression among cognitively impaired and un-
impaired elders. The present study suffers from its
cross-sectional nature and relatively small sample of in-
dividuals with a higher level of depressive symptoms.
The overall level of depressive symptoms was low and
the small number of patients with at least mild depression
reflects a sampling bias in the TARCC cohort where in-
dividuals with high initial levels of depression were ex-
cluded from the study. The current study did not use di-
agnostic criteria to determine the presence of depressive
symptoms but rather relied on scores as a measure of
depression. It may well be that individuals with higher
levels of symptoms or a Major Depressive Disorder may
present with a distinct biomarker profile. Another limita-
tion is the absence of IL-6 in the current analysis. While
some studies have suggested the significance of IL-6,
findings have not been consistent. Among the character-
istics of the sample, the AD group, on average, was older
and less well educated than the cognitively intact group.
Despite it limitations, the present study is the first to spe-
cifically examine the relationship between males, cogni-
tive status, clusters of depressive symptoms and bio-
markers. Additional efforts are warranted in this research
area to utilize biomarkers to more accurately predict late-
life depression among males and females with varying
cognitive capacities and varying levels of depression.
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