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Abstract 
Background:  Little is known about how depressive symptoms and glial fibrillary acid protein (GFAP) concentrations taken together may influ-
ence cognitive functioning. Understanding this relationship may inform strategies for screening and early intervention to decrease the rate of 
cognitive decline.
Methods:  This study sample includes 1 169 participants from the Chicago Health and Aging Project (CHAP), consisting of 60% Black partici-
pants and 40% White participants, and 63% female participants and 37% male participants. CHAP is a population-based cohort study of older 
adults with a mean age of 77 years. Linear mixed-effects regression models tested the main effects of depressive symptoms and GFAP concen-
trations and their interactions on baseline cognitive function and cognitive decline over time. Models included adjustments for age, race, sex, 
education, chronic medical conditions, body mass index, smoking status, alcohol use, and their interactions with time.
Results:  The interaction of depressive symptomology and GFAP (β = −0.105 [standard error = 0.038], p = .006) on global cognitive function 
was statistically significant. Participants with depressive symptoms including and above the cutoff and high log of GFAP concentrations had 
more cognitive decline over time, followed by participants with depressive symptoms below the cutoff and high log of GFAP concentrations, 
depressive symptom scores including and above the cutoff and low log of GFAP concentrations, and depressive symptom scores below the 
cutoff and low log of GFAP concentrations.
Conclusions:  Depressive symptoms have an additive effect on the association between the log of GFAP and baseline global cognitive 
function.
Keywords: Biomarkers, Cognitive aging, Depression

Approximately 25% of older adults experience both depression 
and cognitive impairment. These 2 conditions taken together 
may be indicative of another condition, such as hypothyroidism 
or vascular dementia. In other instances, they may be fairly in-
dependent but co-occurring conditions. Further, individuals with 
depression may have cognitive difficulty as a symptom of depres-
sion. Individuals with dementia may experience both cognitive 
and physical symptoms that are similar to those who have de-
pression. Cognitive difficulty may also point to dementia due to 
pathophysiological variations which occur with depression (1). 
However, it is somewhat unclear whether or not depression mag-
nifies the risk of dementia or is an early indicator of variations 
in the brain related to dementia (2). This study aims to increase 
the understanding of the role of depression or whether it is a 
prodrome, comorbidity, or risk factor for cognitive function and 
cognitive decline by examining the association between baseline 
depression and cognitive function and between experiencing de-
pression initially and subsequent cognitive decline over time.

Greater levels of glial fibrillary acidic protein (GFAP) mea-
sured in cerebrospinal fluid have been found in participants 
with unipolar depression (3). GFAP measured in serum may 
be used to determine the severity of depression and enhance 
diagnostic procedures for major depressive disorder (4). 
Higher serum-measured GFAP levels are associated with 
cognitive decline and brain structure alterations (5). GFAP 
measured in plasma may identify Alzheimer’s disease (AD) 
pathology in individuals with mild cognitive impairment 
(MCI) (6). Concentrations of plasma-measured GFAP may be 
higher in individuals with greater amyloid-β (Aβ) in the brain 
(7). Increased levels of plasma-measured GFAP are related 
to poor memory and microstructure of white matter (8). 
Although we found studies examining associations between 
depression and cognitive decline, GFAP and depression, and 
GFAP and cognitive decline, we did not find papers that eval-
uated the relationship between all 3. It is important to under-
stand this relationship longitudinally to determine strategies 
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for early detection and intervention. We hypothesize that 
depression is an effect modifier in the association between 
GFAP and cognitive decline. Does the number of depressive 
symptoms differentially affect the relationship between GFAP 
and cognitive decline?

Method
This study is a secondary analysis of a portion of data collected 
in the Chicago Health and Aging Project (CHAP). CHAP is 
a population-based cohort study focused on AD and other 
prevalent conditions in older adults. Study participants were 
recruited via door-to-door census in 4 Chicago area neighbor-
hoods. Data were collected every 3 years from 1993 to 2012. 
Home interviews were conducted, and a clinical evaluation 
was implemented with a stratified random sample of home 
interview participants. Clinical evaluation participants were 
asked to provide blood samples (5,9,10). Eligible study par-
ticipants for this analysis had 1 blood sample assayed which 
is the baseline for this study sample and completed a mini-
mum of 2 cognitive function assessments. The measures of 
focus for this study are described later.

Depressive Symptoms
Depressive symptoms were determined using an adapted, 
10-item version of the Center for Epidemiologic Studies—
Depression (CES-D). For each of the 10 items, participants 
respond to the following question: Have you felt this way 
much of the time during the past week? with 1 = Yes and 2 
= No. The items consist of the following statements: I was 
happy; I enjoyed life; I felt sad; I felt lonely; I felt depressed; 
I could not get going; My sleep was restless; I felt like every-
thing I did was an effort; I felt that people disliked me; People 
were unfriendly. A score was calculated summing responses 
which were indicative of depressive symptoms, ranging from 
0 to 10, with 0–2 or <3 or below the cutoff symptoms and 
3–0 or ≥3 defined as including and above the cutoff (11–13).

Covariates
Demographic characteristics, alcohol use in grams per day, 
current and former smoking status, and presence or absence 
of chronic conditions were collected through self-report. Body 
mass index (BMI) was calculated. Demographic characteris-
tics are defined as date of birth/age, sex, race, and education, 
and chronic medical conditions include diabetes, cardiovas-
cular conditions, stroke, fractured or broken hip, hyperten-
sion, and cancer (14–16).

Serum-Measured GFAP
A single blood draw was conducted in the home. Samples 
were then transferred within a 2-hour window to a biore-
pository freezer (−80°C) at Rush University Medical Center. 
Samples that were not thawed were submitted to Quanterix 
Corporation. GFAP was assayed in duplicates. The average 
of duplicate measurements had a coefficient of variation of 
3.0%. The lower and upper limits of quantification were 28.1 
and 6411.5 pg/mL, respectively (5,17).

Cognitive Function
Global cognitive function was determined using a summary 
score of the East Boston Memory Test: Immediate Recall and 
Delayed Recall, which measures episodic memory; the Mini-
Mental State Examination; and the Symbol Digit Modalities 

Test (modified, oral version), which measures perceptual speed 
(16, 18–21). z-Scores were calculated from the baseline means 
and standard deviations of each of the 4 measures. The mean 
of the z-scores for all 4 measures was computed to develop the 
global cognitive function score (15,16). Scores were standard-
ized by mean and standard deviation of the complete CHAP 
population at baseline and not the subset in this study.

Statistical Analyses
Analyses were conducted using SAS version 9.4 (SAS Institute, 
Cary, NC). We conducted descriptive statistics to examine 
the baseline sample. We implemented collinearity diagnos-
tics including correlation and variance inflation factor (VIF) 
between GFAP and depression. Separate linear mixed-effects 
regression models were conducted to test the associations 
between the log of GFAP (continuous variable) and global 
cognitive function and global cognitive decline and depressive 
symptom status (categorical variable) and global cognitive 
function and global cognitive decline. This was done to estab-
lish whether or not either predicts global cognitive function 
and decline as expected. Another model was implemented 
with both the log of GFAP and depressive symptoms as main 
effects to determine if each is independently associated with 
global cognitive function and decline. A separate model was 
conducted to examine the interaction of depression and the 
log of GFAP on the baseline level of global cognitive func-
tion and on global cognitive decline. Similar models were 
conducted examining associations with episodic memory and 
with perceptual speed at baseline and over time. For stratified 
analysis by depressive symptom status, linear mixed-effects 
regression models were conducted to examine the associa-
tions between the log of GFAP on the same cognitive func-
tion outcomes and the decline in these outcomes. All models 
were adjusted for age, race, sex, education, BMI, current and 
former smoking, alcohol use, chronic medical conditions, 
and each of their interactions with time. Models included 
person-specific intercepts and slopes with an unstructured 
correlation matrix structure. For regression analyses, we use 
an adjusted p value for multiple comparisons of p = .05/2 
primary predictors *3 outcomes = .008. R version 4.0.3 was 
used to create a figure which shows a global cognitive decline 
over time for 4 groups: low CES-D, low GFAP; low CES-D, 
high GFAP; high CES-D, low GFAP; and high CES-D, high 
GFAP. Low GFAP was defined by the 10th percentile and 
high GFAP was defined by the 90th percentile for the figure. 
CES-D was defined the same as for the models: <3 or >=3.

Results
Baseline Descriptive Characteristics
The CHAP study consisted of 10 802 participants. A subset 
of 5 565 participants had serum samples, and 1 327 partici-
pants had samples that were assayed. Of these, 1 169 partic-
ipants completed 2 or more cognitive assessments after the 
blood draw, which is the total number of participants in this 
study. Table 1 describes the baseline sample characteristics 
in total and by CES-D/depressive symptom status: below the 
cutoff (<3) versus including and above the cutoff (≥3). The 
geometric mean of GFAP for participants with more depres-
sive symptoms is higher than for participants with scores 
below the cutoff. Individuals with more depressive symptoms 
are more likely to be female, Black, have diabetes, and have 
hypertension compared to participants with fewer depressive 
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symptoms. The mean follow-up period for participants in this 
study is 10.1  ±  4.9 years. Collinearity diagnostics between 
baseline CES-D and the log of GFAP showed a correlation of 
r = 0.0145 and VIF = 1.07 for baseline CES-D and VIF = 1.30 
for the log of GFAP, suggesting that collinearity is less likely 
between baseline CES-D and the log of GFAP. Supplementary 
Table 1 compares the baseline characteristics of the 1  327 
participants with biomarker measurement to the 9 475 partic-
ipants without biomarker measurement. There were statisti-
cally significant differences with the following characteristics: 
education, chronic conditions, smoking status, CES-D, GFAP, 
and cognitive measures.

Baseline and Longitudinal Associations Main 
Effects With Global Cognition
Table 2 shows statistically significant associations between 
the log of GFAP (β = −0.312; standard error [SE] = 0.080; p = 
.000) and global cognitive function and depressive symptoms 
(β = −0.049; SE = 0.009; p = .000) and global cognitive func-
tion. There is a statistically significant association between the 
log of GFAP (β = −0.072; SE = 0.016; p = .000) and global 
cognitive decline but not with depressive symptoms (β = 
−0.005; SE = 0.002; p = .015) and global cognitive decline. 
The model that includes both main effects of the log of GFAP 
and depressive symptoms showed statistically significant 
associations. These results indicate that the log of GFAP (β = 
−0.298; SE = 0.080; p = .000) and depressive symptoms (β = 
−0.047; SE = 0.009; p = .000) are independently associated 
with global cognitive function. This model also shows a sta-
tistically significant association between the log of GFAP (β 

= −0.071; SE = 0.016; p = .000) and global cognitive decline 
but not for depressive symptoms (β = −0.004; SE = 0.002; p = 
.018) and global cognitive decline.

Testing Interactions at Baseline and Longitudinally
Table 2 also indicates the results of models which tested for 
the interaction of depression symptoms and the log of GFAP 
on cognitive function outcomes and the interaction of depres-
sion and the log of GFAP and time on the decline in cognitive 
outcomes. The interaction of CES-D and the log of GFAP on 
baseline level of global cognitive function (β = −0.105; SE = 
0.038; p = .006) was statistically significant but this interac-
tion was not statistically significant (β = −0.013; SE = 0.008; 
p = .111) on global cognitive decline. This interaction was 
also not statistically significant for episodic memory or per-
ceptual speed at baseline or over time.

Stratified Analyses by CES-D Cutoff at Baseline and 
Longitudinally
Table 3 describes the results of the stratified analysis cate-
gorized by depressive symptoms status: below CES-D score 
cutoff versus including and above cutoff and examines the 
associations between the log of GFAP and cognitive function 
outcomes. For participants with CES-D scores including and 
above the cutoff (β = −0.781; SE = 0.198; p = .000), there is 
a statistically significant association between the log of GFAP 
and global cognitive function at baseline. The association 
between the log of GFAP and global cognitive decline is statis-
tically significant for participants with CES-D scores below the 
cutoff (β = −0.069; SE = 0.017; p = .000). Among participants 

Table 1. Baseline Characteristics: Total Sample and by CES-D Symptom Status

Variable Overall, N = 1 169* CES-D <3, N = 925 CES-D ≥3, N = 244 

Age, mean (SD) 77.4 (6.0) 77.2 (6.0) 78.4 (6.1)

Education, mean (SD) 12.6 (3.5) 12.8 (3.5) 11.8 (3.5)

Female, n (%) 734 (63) 556 (60) 178 (73)

Black, n (%) 704 (60) 530 (57) 174 (71)

Chronic conditions, mean (SD) 1.31 (1.02) 1.26 (1.01) 1.50 (1.00)

Diabetes, n (%) 259 (22) 182 (20) 77 (32)

Cardiovascular conditions, n (%) 164 (14) 133 (14) 31 (13)

Stroke, n (%) 120 (10) 90 (9.7) 30 (12)

Fractures or broken hip, n (%) 47 (4.0) 34 (3.7) 13 (5.3)

Hypertension, n (%) 694 (59) 532 (58) 162 (66)

Cancer, n (%) 246 (21) 192 (21) 54 (22)

BMI, mean (SD) 27.5 (5.6) 27.5 (5.5) 27.8 (5.8)

Alcohol (grams), mean (SD) 5.0 (13.7) 5.8 (14.8) 2.0 (7.6)

Former smokers, n (%) 457 (39) 365 (39) 92 (38)

Current smokers, n (%) 106 (9.1) 86 (9.3) 20 (8.2)

CES-D, mean (SD) 1.43 (1.90) 0.61 (0.75) 4.54 (1.69)

GFAP (pg/mL), median (IQR) 224 (157–326) 222 (155–322) 250 (169–351)

GFAP > 232 pg/mL, n (%) 562 (48) 431 (47) 131 (54)

Global cognitive function, mean (SD) 0.21 (0.68) 0.28 (0.64) −0.08 (0.73)

Episodic memory, mean (SD) 0.19 (0.83) 0.25 (0.81) −0.06 (0.86)

MMSE, mean (SD) 26.7 (3.6) 27.1 (3.2) 25.2 (4.5)

Perceptual speed, mean (SD) 0.24 (0.90) 0.34 (0.88) −0.14 (0.87)

Time in study, mean (SD) 6.4 (3.7) 6.6 (3.7) −5.8 (3.5)

*Mean (SD); n (%); Median (IQR). BMI = body mass index; CES-D = Center for Epidemiologic Studies—Depression; GFAP = glial fibrillary acid protein; 
IQR = interquartile range; MMSE = Mini-Mental State Examination; SD = standard deviation.

http://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/glad129#supplementary-data
http://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/glad129#supplementary-data
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with depressive symptoms including and above the cutoff, the 
association between the log of GFAP and baseline episodic 
memory is statistically significant (β = −0.924; SE = 242; p = 
.000). For participants with depressive symptoms below the 
cutoff, the association between the log of GFAP and decline 
in episodic memory is statistically significant (β = −0.071; SE 
= 0.021; p = .001). Participants with CES-D scores below the 
cutoff showed a statistically significant association between 
the log of GFAP and baseline perceptual speed (β = −0.300; 
SE = 0.111; p = .007).

Longitudinal Trend
Figure 1 plots the log of GFAP concentrations in pg/mL cat-
egorized as low at the 10th percentile and high at the 90th 
percentile and depressive symptom status of below versus 
including and above cutoff. Participants with CES-D scores 

including and above the cutoff and high log of GFAP con-
centrations experienced more cognitive decline over time, 
followed by participants with CES-D scores below the cutoff 
and high log of GFAP concentrations, CES-D scores includ-
ing and above the cutoff and low log of GFAP concentra-
tions,  and CES-D scores below the cutoff and low log of 
GFAP concentrations. The shading represents changing confi-
dence intervals over time.

Discussion
Study findings indicate an additive effect of depressive 
symptomology in the association between the log of GFAP 
and global cognitive function. However, we did not find 
that the interaction between depressive symptoms and the 
log of GFAP to be statistically significant over time. Our 
results suggest that depressive comorbidity may worsen 

Table 2. Associations Between Depressive Symptoms, Log of GFAP, and Baseline Cognitive Function and Cognitive Decline

Global cognition

Subjects 1 160 1 162 1 159 1 159

Total observations 3 505 3 509 3 500 3 500

 β SE p Value β SE p Value β SE p Value β SE p Value 

Log GFAP −0.313 0.080 .000 −0.298 0.079 .000 −0.144 0.097 .136

Log GFAP × time −0.072 0.016 .000 −0.071 0.016 .000 −0.052 0.019 .007

 � CES-D −0.049 0.009 .000 −0.047 0.009 .000 0.206 0.092 .025

 � CES-D × time −0.046 0.002 .015 −0.004 0.002 .018 0.026 0.019 .172

 � CES-D × Log GFAP −0.105 0.038 .006

 � CES-D × Log GFAP × time −0.013 0.008 .111

Episodic memory

Subjects 1 151 1 153 1 150 1 150

Total observations 3 457 3 461 3 452 3 452

 β SE p Value β SE p Value β SE p Value β SE p Value 

 � Log GFAP −0.305 0.104 .003 −0.288 0.103 .005 −0.126 0.126 .319

 � Log GFAP × time −0.068 0.020 .001 −0.068 0.020 .001 −0.055 0.024 .023

 � CES-D −0.050 0.012 .000 −0.048 0.012 .000 0.219 0.120 .067

 � CES-D × time −0.002 0.002 .399 −0.002 0.002 .417 0.021 0.024 .367

 � CES-D × Log GFAP −0.111 0.050 .026

 � CES-D × Log GFAP × time −0.010 0.010 .325

Perceptual speed

Subjects 1 122 1 124 1 121 1 121

Total observations 3 370 3 374 3 365 3 365

 β SE p Value β SE p Value β SE p Value β SE p Value 

 � Log GFAP −0.270 0.101 .008 −0.265 0.100 .008 −0.200 0.123 .103

 � Log GFAP × time −0.040 0.016 .012 −0.041 0.016 .011 −0.049 0.020 .014

 � CES-D −0.051 0.012 .000 −0.050 0.012 .000 0.062 0.121 .606

 � CES-D × time −0.004 0.002 .043 −0.004 0.002 .043 −0.018 0.020 .375

 � CES-D × Log GFAP- −0.047 0.051 .350

 � CES-D × Log GFAP × time 0.006 0.009 .488

Notes: Models were adjusted for age, race, sex, education, BMI, current and former smoking, alcohol use, chronic medical conditions, and each of their 
interactions with time for the longitudinal models. BMI = body mass index; CES-D = Center for Epidemiologic Studies—Depression; GFAP = glial fibrillary 
acid protein; SE = standard error.
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cognitive function. These results suggest that, in addi-
tion to screening for cognitive impairment, screening for 
depression and evaluating blood biomarker levels may 
inform individualized AD risk and the determination of 
early intervention strategies to slow the disease course. 
Blood biomarker assessment is relatively inexpensive (5), 
and depression screening is often part of standard clinical 
practice, which supports the feasibility of implementation 
as part of risk assessment.

Study results did not show statistically significant asso-
ciations between the interaction of the log of GFAP and 
CES-D on decline in cognitive outcomes. This may be 
because GFAP is driving the association over time, as 
suggested by the figure. This might also be because the 
sample of participants with CES-D scores including and 
above the cutoff is smaller than the sample of participants 
with CES-D scores above the cutoff. Timing of onset of 
depression: late life versus early life might explain study 
findings, as timing of onset could mean different patho-
genesis, although we do not have access to onset time (22). 
There is a mechanistic relationship between depression and 
cognitive difficulty. Individuals with the comorbid condi-
tions, MCI, and major depressive disorder show volumetric 
reductions in several brain regions including the amygdala, 
thalamus, superior temporal gyrus, hippocampus, and infe-
rior temporal gyrus (23).

Additional factors to consider in the associations between 
GFAP concentrations, depression, and cognitive function-
ing include depression severity and duration. However, the 
one longitudinal study found did not report a relationship 
between depression severity or duration and decline in global 
cognition. The results of this study did indicate that depres-
sion that is chronic and decline in cognition may have similar 
brain pathology in the subcortical region (24). Our findings 
suggest that the addition of a blood biomarker profile may 
offer clinical insight into the relationship between depression 
and cognitive impairment and inform the prediction of cog-
nitive decline. Evaluating GFAP concentrations may be both 
diagnostically important and a way to determine suitable 
early interventions (5).Ta
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Figure 1. Global cognitive decline over time by Center for Epidemiologic 
Studies—Depression (CES-D) and glial fibrillary acid protein (GFAP).
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Study Limitations
This study has several limitations. We used an adapted ver-
sion of the CES-D to measure depressive symptoms and 
there are other more robust ways to assess for depression. 
Our study sample was limited to 2 racial groups in a specified 
area of the United States. The sample size for the group with 
CES-D scores including and above the cutoff is smaller than 
the sample size of the group with CES-D scores below the cut-
off. Time of onset of depression is not taken into account in 
examining associations in this study. Finally, the global cogni-
tive function measure does not include all cognitive domains. 
Elevated GFAP concentrations have been linked to depres-
sion, so there is a possibility of collinearity (3). However, col-
linearity diagnostics indicate that this possibility is unlikely.

Strengths
This may be the first study to examine the role of depres-
sion in the relationship between GFAP and cognitive decline. 
This analysis leverages a population-based, bi-racial cohort of 
older adult participants with multiple measurement points of 
cognitive performance.

Future Directions
Future research should focus on examining specific individ-
ual depressive symptoms, as well as severity and timing of 
onset of depression, in the relation between GFAP and global 
cognitive decline and individual tests of cognitive decline. 
Additional work should evaluate demographic differences by 
race, ethnicity, sex, and socioeconomic status when exploring 
depressive symptoms, GFAP, and cognitive decline, which will 
improve the generalizability of study findings.

Supplementary Material
Supplementary data are available at The Journals of 
Gerontology, Series A: Biological Sciences and Medical 
Sciences online.
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