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1 | INTRODUCTION

Abstract

Introduction: Understanding the associations among depression, subjective cognitive
decline, and prodromal Alzheimer’s disease (AD) has important implications for both
depression and dementia screening in older adults. The Geriatric Depression Scale
(GDS) is a depression screening tool for older adults that queries memory concerns. To
determine whether depression symptoms on the GDS (15-item version), including self-
reported memory problems, differ by levels of brain amyloid beta (AB), a pathological
hallmark of early stage AD, we investigated potential measurement bias with regard to
ApB level. We also examined measurement bias attributable to level of cognitive func-
tioning and sex as positive controls.

Methods: We examined 3961 cognitively normal older adults from the A4/LEARN
Study. We used the MIMIC (multiple indicators, multiple causes) approach to detect
measurement bias.

Results: We found measurement bias with small-to-moderate range effect sizes in sev-
eral GDS-15 items with respect to A level, cognitive functioning, and sex. There was
negligible impact of measurement bias attributable to Ag level on overall depressive
symptom level.

Discussion: GDS-15 item responses are sensitive to AS burden, cognitive functioning,
and sex over and above what would be expected given the effect of those factors on
depressive symptom severity overall. However, these direct effects for GDS item mea-
surement bias are of small magnitude and do not appreciably impact the validity of
inferences about depression based on the GDS-15.

KEYWORDS

Alzheimer’s disease, amyloid, depression, subjective cognitive decline

pathology.® It remains unclear whether depression is a risk factor for
neurodegenerative dementia versus a consequence of it. Both lifetime

Depression in older adults has been associated with worse subjec- history of depression® and late-life onset depression® are associated
tive and objective cognitive performance,! higher rates of Alzheimer’s with elevated levels of brain amyloid beta (AB), a neuropathological
disease (AD) and related dementias,? and neurodegenerative brain hallmark of AD, suggesting that depression is a risk factor for AD. Con-
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versely, higher baseline brain Ag in cognitively normal older adults has
been associated with up to a 4.5-fold increased likelihood of develop-
ing clinically significant depression symptoms over several years, even
after adjusting for depression history,>¢ suggesting Ag deposition may
be arisk factor for depression.

Subjective cognitive decline (SCD) is also a risk factor for subse-
quent AD and a recognized symptom of depression.” ? SCD, defined as
cognitive complaints in the absence of objective cognitive impairment
on standardized tests,'C increases with age and is commonly reported
in community samples of older adults.!113 Cognitively normal older
adults with SCD may be twice as likely as their peers without SCD to
develop dementia.? SCD has been associated with brain biomarkers of
vascular and neurodegenerative disease and increased dementia risk
before objective cognitive dysfunction can be detected.10.1415

Taken together, the evidence for associations among depression,
SCD, and AD is complex, but has important implications for depres-
sion screening in older adults. For example, it is unclear to what extent
screening for depression in older adults could be biased by the pres-
ence of SCD or AD neuropathology. Successful detection and timely
intervention for depression often rests heavily upon depression symp-
tom questionnaires used in primary care settings. Such measures also
play a critical role in screening and symptom tracking in clinical trials
for the prevention and treatment of AD and related dementias. Given
the co-occurrence of SCD and depression and their associations with
AD, it is critical that we understand their interplay and potential impact
on how older adults respond to common depression self-report mea-
sures, such as the 15-item version of the Geriatric Depression Scale
(GDS-15), which includes a question about memory concerns (“Do you
feel that you have more problems with memory than most?”).16:17

This study investigated measurement bias in GDS-15 items in the
assessment of depression with respect to an objective index of preclini-
cal AD. We looked for evidence of variable item endorsement (differen-
tial item functioning [DIF]) on the basis of AD brain pathology (cerebral
AB burden), as well as sex and cognitive function, other factors known
to interact with self-reported depression, in the individual items com-
prising the GDS-15.18 Sex was examined because older women face
greater depression risk than men, and previous work has found at least
one GDS item exhibited DIF when comparing men and women.'? We
hypothesized that positive endorsement of the GDS memory item (ie,
“I have more problems with memory than most” = YES) would be pre-
dicted by brain cerebral Ag over and above the relationship of cerebral
ABtooverall GDS depression severity and beyond the effects of sex and
cognition. We conducted our investigation using a large sample of cog-

nitively normal older adults.

2 | METHOD

2.1 | Participants
Pre-randomization (ie, screening) data from the Anti-Amyloid Treat-
ment in Asymptomatic Alzheimer’s Disease (A4)/Longitudinal Evalu-

ation of Amyloid Risk and Neurodegeneration (LEARN) Study were

RESEARCH IN CONTEXT

1. Systematic review: The authors conducted a secondary
data analysis using the A4/LEARN Study prerandomiza-
tion data to detect measurement bias in the 15-item
Geriatric Depression Scale (GDS-15) items according to
subjective cognitive decline, cerebral amyloid beta (AB)
burden, cognitive function, and sex in cognitively normal
older adults.

2. Interpretation: GDS-15 item responses are sensitive to
AB burden, cognitive functioning, and sex over and above
what would be expected given the effect of those fac-
tors on depressive symptom severity overall. Most impor-
tantly, persons with high A had a greater probability of
endorsing memory concern on the GDS-15 than those
with low AB.

3. Future directions: Our findings underscore the impor-
tance of considering SCD and cerebral amyloid burden
in the context of depression screening in clinical set-
tings and AD research trials. Further work should inves-
tigate whether the GDS-15 item measurement bias that
we observed is consistent across more diverse samples,
including community and clinical samples with higher
rates of depression.

used for all analyses. The A4 study is a secondary prevention trial of
an anti-amyloid antibody (solanezumab) in clinically normal individu-
als age 65 to 85 years with elevated brain A3 on a positron emission
tomography (PET) scan. The pre-randomization sample includes those
who cleared all trial inclusion and exclusion criteria leading up to the
AB PET scan, which was the final step to determine eligibility. Inclusion
criteria consisted of having a Mini-Mental State Examination?° score
between 25 and 30, global Clinical Dementia Rating?! scale score of O,
Logical Memory 1122 score between 6 to 18, and a study partner. Data
from a total of 3961 participants with available GDS, A3 PET, cognitive
assessment, and demographic data were included in the present analy-

sis. Sample demographics are included in Table 1.

2.2 | Depression assessment

Depressive symptomology was assessed using the 15-item version of
the GDS (GDS-15), which uses a simple “yes/no” self-report format
completed by the participant. The GDS is the most commonly used
screening self-report measure for depression in individuals over the
age of 65 years.2 The 15 items used for this short form of the GDS
were chosen due to their high correlation with depressive symptoms
in previous validation studies.'® The GDS-15 is strongly correlated
(r = .84, P < .001) with the original 30-item GDS. The short form has

a sensitivity of 92% and a specificity of 81% using a cut-off of five.16
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TABLE 1 Participant demographic and clinical characteristics
Overall SUVR >1.1 SUVR <1.1

Characteristic Meanorn (SD or %) Meanorn (SD or %) Meanorn (SD or %)
Number of observations(N [%)]) 3961 (100) 1394 (100) 2567 (100)
Age (mean [SD]) 714 (4.7) 72.1 (4.9) 71.0 (4.6)
Sex (n[%])
Male 1565 (40) 556 (40) 1009 (39)
Female 2396 (60) 838 (60) 1558 (61)
Ethnicity (n [%])
Hispanic or Latinx 140 3) 45 (3) 95 (4)
Not Hispanic or Latinx 3786 (96) 1332 (96) 2454 (96)
Unknown/not reported 35 (1) 17 (1) 18 (<1)
Race (n [%])
American Indian/Alaska Native 9 (<1) 3 (<1) 6 (<1)
Asian 64 (2) 15 (1) 49 (2)
Native Hawaiian/other Pacific Islander 2 (<1) 1 (<1) 1 (<1)
Black or African American 160 (4) 41 (3) 119 (5)
White 3673 (93) 1316 (95) 2357 (93)
Unknown/not reported 26 (1) 10 (1) 16 (1)
Education (years) (mean [SD]) 16.7 (2.7) 16.7 (2.7) 16.7 (2.8)
Total SUVR (range 0.7, 2.1) (mean [SD]) 1.10 (0.20) 1.31 (0.18) 0.98 (0.06)
PACC Total Score Item Normalized 0.1 (2.5) -0.3 (2.6) 0.3 (2.5)

Result Numeric (range -12,7, higher

better) (mean [SD])
GDS score (0-15, higher worse) (mean 1.0 (1.5) 1.0 (1.3) 1.0 (1.5)

[SD])
GDS score of 5 or higher (n [%)]) 125 (3.2) 30 (2.2) 95 (3.7)

Abbreviations: GDS, Geriatric Depression Scale; PACC, Preclinical Alzheimer’s Cognitive Composite; SD, standard deviation; SUVR, standardized uptake

value ratio from amyloid positron emission tomography scan.

The A4 study excluded participants with a history of major depres-
sion based on Diagnostic and Statistical Manual of Mental Disorders
(DSM) criteria during the past 2 years. GDS-15 scores of 10 or higher
at screening were also exclusionary. As such, there is a relatively low
level of clinically significant symptom endorsement on the GDS-15 in
this sample, consistent with other large AD observational studies and
clinical drug trials.

2.3 | Cognitive assessment

Cognitive functioning was assessed using the ADCS-PACC

(Alzheimer’s Disease Cooperative Study-Preclinical Alzheimer
Cognitive Composite)?* total score, a composite of standardized
z scores from tests that assess episodic memory, timed executive
function, and global cognition. The PACC was developed for use in AD
prevention clinical trials and has demonstrated sensitivity to detect
cognitive decline associated with A8 deposition.2* PACC composite

score decreases with worse performance.

2.4 | Amyloid PET neuroimaging

Cerebral AB level was determined by post-processed AS tracer flor-
betapir (18F-AV-45) PET imaging data. PET data processing was
conducted by Invicro LLC. Our analysis used the continuous com-
posite total cerebral amyloid tracer standardized uptake value ratio
(SUVR) calculated using whole cerebellum as the reference region.
For computing model implied characteristic curves, we used an
established florbetapir cut-off of 1.10 to distinguish between AB-
and AB+ participants, as previously described in the literature.2
The cut-off used for determining AB status in the A4 study is not
published.

3 | DATA ANALYSES
All statistical analyses were conducted using Mplus version 8.0
(Muthén & Muthén, Los Angeles, California). We used the MIMIC

(multiple indicators, multiple causes) model to evaluate the GDS-15
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TABLE 2
and direct effects from MIMIC model (DIF model direct effect, k)

Proportion endorsing

Item response proportions by sex, and differences in proportion endorsing expressed as crude standardized effect sizes (Cohen'’s h)

Item Total Men
(Not) satisfied with your life .030 029
Dropped many activities .059 .058
Feel life is empty .021 .018
Get bored .071 .080
(Not) in good spirits .041 .035
Afraid something bad will happen .057 .048
(Not) feel happy .054 .053
Feel helpless .030 .023
Prefer to stay at home .185 .204
Problems with memory .133 146
(Not) wonderful to be alive .036 027
Feel worthless 012 .008
(Not) feel full of energy .250 .258
Feel hopeless .009 .008
Most others are better off .021 015

Indirect effect in underlying depression (female)

Effect size

Crude DIF model
Women h k P
.030 +0.01
.060 +0.01
023 +0.04
.066 -0.05 -0.20 .001
044 +0.05
.063 +0.07
.054 +0.00 -0.21 .001
.035 +0.07
172 -0.08 -0.22 <.001
124 -0.06 -0.11 .04
041 +0.08
.015 +0.07
.245 -0.03 -0.16 .002
.010 +0.02
025 +0.07

d P
+0.26 <.001

Abbreviations: d, Cohen’s d standardized mean difference effect size; DIF, differential item functioning; MIMIC, multiple indicators, multiple causes.

for evidence of measurement bias—or DIF—according to SUVR, level
of cognitive functioning (PACC total score), and sex. This approach
has been used previously to evaluate depression measures for
evidence of DIF.26 DIF occurs when respondents from different
groups (or at different levels of a continuous background variable)
at the same latent trait respond differently to the same item.2” This
approach can be viewed as a kind of multilevel model, in which we
model the dependency of an item response (eg, responding yes/no
to Are you basically satisfied with your life?) on both the underlying
but unobserved latent variable presumed to cause depressive item
responses (eg, depression level) and on background variables (sex,
SUVR, and PACC score). Simultaneously, we regress the latent depres-
sion level on background variables. We iteratively regress GDS-15
item responses on background variables that the model identifies as
potential sources of misfit if not estimated. These direct effects are
evidence of DIF. The DIF effect, x, can be interpreted as an effect
size statistic. More details are available in the supporting information
appendix.

Continuous predictors were mean centered and standardized to
two standard deviation (SD) units, in accordance with recommenda-

tions from Gelman,28

so as to produce an analytic variable with an SD
of 0.5, which is the same scaling as a balanced binary variable.?8 This
means that when comparing predictor effects in a regression model
with a mix of binary and continuous predictors, and the continuous
predictors are standardized to 2SD, the magnitude of the coefficients

will be on a similar scale as those of binary variables. Negative GDS-

15 items were reverse coded, and are identified by “(not)” in the item

descriptions for Tables 2, 3, and 4.

4 | RESULTS

Participant characteristics by A SUVR (elevated vs not elevated) are
shown in Table 1. Total mean SUVR in this cognitively normal sample
was at the elevated threshold of 1.10 (SD = 0.20), and values ranged
from 0.7 to 2.1. PACC scores were significantly lower (indicating worse
performance) among those with elevated SUVR compared to those
with sub-threshold SUVR. Total mean GDS score was 1.0 (SD = 1.50,
range 0-12), which is well below the established positive symptom-
screening cut-off of five. In the overall sample, not feeling full of energy,
preferring to stay at home, and memory concerns were the most com-
monly endorsed GDS indicators of depression. The overall sample item
response frequencies for each GDS-15 item endorsed are shown along-
side the DIF effects by sex in Table 2, by SUVR in Table 3, and by PACC
score in Table 4.

4.1 | Detected differential item functioning
Tables 2, 3, and 4 summarize direct effects by predictor variables:
sex, AB burden (SUVR), and level of cognitive functioning (PACC

score). Overall, we detected 14 DIF effects, and 7 of these describe
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h) and direct effects from MIMIC model (DIF model direct effect, k)

Disease Monitoring

Item response proportions by SUVR, and differences in proportion endorsing expressed as crude standardized effect sizes (Cohen’s

Effect size
Proportion endorsing Crude DIF model
Item Total SUVR >1.1 SUVR<1.1 h k P
(Not) satisfied with your life .030 .025 .032 +0.04
Dropped many activities .059 .057 .060 +0.01
Feel life is empty .021 .019 .022 +0.02
Get bored 071 063 076 +0.05
(Not) in good spirits .041 .039 .041 +0.01
Afraid something bad will happen .057 .056 .057 +0.00
(Not) feel happy .054 .049 .057 +0.04
Feel helpless .030 .029 .030 +0.01
Prefer to stay at home .185 177 .189 +0.03
Problems with memory .133 162 117 -0.13 -0.22 <.001
(Not) wonderful to be alive .036 .040 .033 -0.04 -0.18 .02
Feel worthless 012 .009 .014 +0.05
(Not) feel full of energy 250 .230 261 +0.07
Feel hopeless .009 .012 .008 -0.04 -0.26 .03
Most others are better off .021 019 .023 +0.03
d P
Indirect effect in underlying +0.13 .01

depression (SUVr < 1.1)

Abbreviations: d, Cohen’s d standardized mean difference effect size; DIF, differential item functioning; MIMIC, multiple indicators, multiple causes; SUVR,

standardized uptake value ratio.

trivial effects. We detected no DIF effects that can be considered
medium or large. Item characteristic curves for all 15 items and all DIF
effects are also shown in Figures S1 and S2, respectively, in supporting
information.

Women had a higher mean level of underlying latent depression
severity (d = 0.26, P < .001, Table 2). This would lead us to expect
women to endorse symptoms more commonly than men. This is
observed for most entries in Table 2, but for some symptoms the base
rates of endorsement are similar by sex and many of these are flagged
as having significant DIF effects (direct effects) indicating a lower prob-
ability of endorsement, conditional on underlying level of the latent
trait, for women. Examples include the item “Do you feel happy most of
the time?” (x = -0.21, P = .001). This is one of the positively worded
items in the GDS, and was reversed before analysis (indicated by the
“[not]” in Table 2). The negative coefficient implies that women were
less likely to endorse this item than were men conditional on the under-
lying level of depressive symptom severity (Figure 1B). A similar effect
is observed for bored: this item also had a significant direct effect (x = -
0.20, P =.001). Also similarly, the base rate was higher among men for
prefer to stay at home (x = -.22, P < .001).

We found that persons with low SUVR had a slightly greater level
of depressive symptom burden (d = +0.13, P = .01, Table 3) relative to
persons with higher SUVR, though the overall difference was not clini-

cally meaningful. This would lead to the expectation of slightly higher
base rates for symptom endorsement for the low SUVR group rela-
tive to the comparison group. This was observed, with the exception
of Problems with memory (x = -0.22, P < .001, Table 3, Figure 2), (not)
Wonderful to be alive (x = -0.18, P = .02), and Feel hopeless (x = -0.26,
P =.03). These effects are all around the level of what would be called
small effects in Cohen’s effect size taxonomy?? (.2). Nonetheless, our
hypothesis was confirmed, such that persons with higher A SUVR val-
ues had a greater probability of endorsing memory problems relative to
persons with a lower SUVR at the same level of underlying depressive
symptom severity. We also repeated our analysis using the continuous
SUVR variable as the predictor, and found measurement bias for the
same items with similar effect sizes given a linear rescaling of SUVR,
including the memory item (x = -0.16, P < .001), the Alive item (x = -
0.14, P = .02), and the Hope item (x = -0.20, P = .03). These results
suggest our results are not due to bias introduced by dichotomizing
SUVR.

Some of the largest DIF effects were observed for the relation-
ship between cognitive performance level (PACC score, Table 4) and
the GDS items Do you (not) feel happy most of the time (x = 0.35,
P <.001) and Do you think it is (not) wonderful to be alive now (x = 0.26,
P =.001). The indirect effect according to low versus high PACC score
was -.40, implying a small to medium effect size and overall lower
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TABLE 4 Item response proportions by PACC score, and differences in proportion endorsing expressed as crude standardized effect sizes
(Cohen’s h) and direct effects from MIMIC model (DIF model direct effect, k)

Effect size
Proportion endorsing Crude DIF model
PACC score
Item Total Low High h k P
(Not) satisfied with your life .030 .036 .023 -0.08
Dropped many activities .059 074 .044 -0.13
Feel life is empty .021 .028 014 -0.10
Get bored 071 .081 061 -0.08
(Not) in good spirits .041 .045 .037 -0.04 +0.16 .04
Afraid something bad will happen .057 .065 .048 -0.07
(Not) feel happy 054 .053 .055 +0.01 +0.35 <.001
Feel helpless .030 .039 .021 -0.11
Prefer to stay at home .185 192 177 -0.04 +0.14 .005
Problems with memory .133 167 .097 -0.21 -0.18 <.001
(Not) wonderful to be alive .036 .035 .037 -0.04 +0.26 .001
Feel worthless 012 .016 .008 -0.07
(Not) feel full of energy .250 261 .239 -0.05 +0.14 .005
Feel hopeless .009 .010 .009 -0.01
Most others are better off 021 024 .018 -0.04
d P
Indirect effect in underlying depression (high PACC score) -.40 <.001

Abbreviations: d, Cohen’s d standardized mean difference effect size; DIF, differential item functioning; MIMIC, multiple indicators, multiple causes; PACC,
Preclinical Alzheimer’s Cognitive Composite.

Notes: Low and high group expected proportions, and effect size statistics, are estimated from a logistic regression model with the item response as the
dependent variable, and the PACC score included as a linear predictor. The “low” expected proportion corresponds to the expectation at a PACC score 1
standard deviation below the mean, and the “high” expected proportion corresponds to that at 1 standard deviation above the mean.
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FIGURE 1 Model-implied item characteristic curve for Geriatric Depression Scale “happy” and for persons with “high” versus “low” cognitive
performance on the Preclinical Alzheimer’s Cognitive Composite (PACC) a continuous predictor (panel A) and sex as a categorical predictor (panel
B). The y-axis indicates the expected proportion endorsing the item, and the x-axis indicates increasing levels of depression symptom severity.
Individuals with higher cognitive performance on the PACC are more likely to endorse (not) being happy relative to those with lower cognition
holding constant the underlying depressive symptom severity. Women are more likely than men to endorse (not) being happy
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attributable to AB burden in our sample was of small magnitude and did
not appreciably impact the validity of inferences based on the GDS-15.
Overall, our findings suggest that the GDS-15 is an appropriate self-
report measure to use for screening for depression symptoms in older
adults who may have subjective cognitive decline and those with pre-

Interestingly, lower A3 burden was associated with slightly higher
levels of depression symptomology overall, and the reason for this find-
ing is unclear. In contrast, A burden was also associated with direct
effects in two items assessing hopelessness, such that increased A was
associated with greater endorsement of feelings of hopelessness, hold-

ing underlying depression severity constant. Hopelessness is a core
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FIGURE 2 Model-implied item characteristic curve for Geriatric
Depression Scale “memory” and for persons with “high” versus “low”
amyloid beta (AB) standard uptake value ratio (SUVR) as the
dichotomous predictor. The y-axis indicates the expected proportion
endorsing the item, and the x-axis indicates increasing levels of
depression symptom severity. Individuals with a higher A3 SUVR are
more likely to endorse having worse memory than most at a lower
level of underlying depressive symptom severity than persons with a
low SUVR

probability of endorsing depressive symptoms with better cognitive
performance. The positive coefficients imply that individuals who
achieve a high PACC score have a higher probability of endorsing these
symptoms at a given underlying level of depressive symptom severity

than do persons with a low PACC score (Figure 1A).

5 | DISCUSSION

Depression and SCD screening in older adults at risk for AD provides
an opportunity for early intervention to improve emotional and cogni-
tive health outcomes in older adults.3%3! Using a large sample of cog-
nitively normal older adults screening for an AD prevention trial, our
analyses show that AB burden influences symptom endorsement on a
widely used depression self-report measure.

As hypothesized, mild measurement bias attributable to Ag bur-
den was shown for the GDS-15 memory item indicating that, holding
overall depression symptom level constant, persons with high A had
a greater probability of endorsing memory concern than those with
low AB. Memory item measurement bias attributable to A was greater
than memory item measurement bias attributable to cognition or sex.
Our finding is consistent with the literature, which suggests a linear
relationship between SCD and cerebral AB deposition in persons with
preclinical or prodromal AD.2432 |t is possible this could mean that in
some cases when GDS-15 symptomology endorsement is borderline
clinically significant (eg, a score of 5), persons with higher levels of AS
burden may endorse the GDS memory item pushing them into the clin-

ically depressed range. However, the direct effect of measurement bias

symptom of depression and apathy and may be less likely to be elevated
due to medical conditions in the elderly compared to more somatic-
oriented symptoms (eg, reduced energy).

It is well established in the literature that depression is often
strongly associated with cognitive decline. Our finding of measurement
bias on GDS-15 hopelessness items related to A burden lends support
to the idea that, in addition to the relationship between depression and
cognitive decline, a separate link may also exist between core depres-
sion symptoms and A pathology. Others have failed to find associ-
ations between GDS-15 reported depression symptomology and AS
pathology;33 however, ours is the first analysis to consider this ques-
tion at the level of individual scale items. It is possible that changes
in brain connectivity shared between depression and AS deposition
encompassing the default mode network, and areas such as the insula
and cingulate may contribute to an association between depression
and Ag burden.®43> Our finding could also potentially be explained by
an effect of family history, with the hypothesis being that older adults
with a strong family history of dementia feel more hopeless about their
own futures and are also more likely to have elevated AB. This may be
particularly true in the A4 study screening sample representing indi-
viduals who are motivated to try an experimental medication for the
prevention of AD.

We also found small magnitude measurement bias attributable
to sex and cognitive function on some GDS-15 items. Women had a
greater likelihood of endorsing depression symptoms overall, though
men were more likely to endorse boredom and a desire to stay at home
compared to women at the same underlying level of depression. Lower
cognitive performance was associated with higher levels of depression
symptomology overall, and this was also true for the memory item,
indicating that lower levels of SCD were associated with better cog-
nitive performance, as predicted. A few GDS-15 items demonstrated
effects in the opposite direction (eg, items: happy, alive) of the overall
association between depression and cognitive performance. Upon
closer inspection, these items appeared to have complex, non-linear
relationships to cognition, which could potentially be explored by
different advanced analytic techniques, which are outside the scope
of this article. However, the impact of measurement bias attributable
to sex and cognitive function on overall depressive symptom level in
this sample was negligible. These findings are consistent with recent
studies that found small magnitude measurement bias attributable

to age, sex, and cognitive functioning in a more representative
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sample of Italian older adults.'81? While we found more items with
measurement bias, this is likely because of our much larger sample
size. Taken together, while some measurement bias in GDS-15 item
functioning may exist in relation to sex and cognitive function, it does
not seem to appreciably impact the validity of inferences based on the
GDS-15.

While we observed measurement bias in memory item functioning
related to both brain AB level and cognitive performance, it may be
worth noting that memory item measurement bias related to AB
level was greater than memory item measurement bias related to
cognitive performance. This could in part be explained by the literature
suggesting that SCD is associated with hypoconnectivity and overall
better cognitive performance in cognitively normal older adults at risk
for AD, despite lower immediate memory and global cognition when
followed over time.3¢ We would expect the strength of the association
between SCD endorsement and cognitive performance to increase
with the progression of AD from the preclinical to early symptomatic

stages.

5.1 | Limitations and future directions

The main limitations to this investigation pertain to the sample used,
which consisted of individuals who were in screening for an AD preven-
tion drug trial (the A4 study), and were therefore not necessarily rep-
resentative of older adults in the United States more broadly. Indeed,
the sample was primarily White and educated beyond high school. Fac-
tors such as knowledge about AD, positive family history of AD, and
subjective cognitive decline may be more prevalent in this sample rela-
tive to the general population, as these factors have been shown to be
motivating factors for intentions to screen for AD or participate in AD
research.37:38

The low level of depression symptomology reported in this sample
limits our ability to draw conclusions about associations among depres-
sion symptoms, SCD, and AS levels, at least insofar as we were unable
to examine them in a sample with higher rates of clinically significant
symptom endorsement. Specifically, the analysis of measurement bias
that we conducted is entirely dependent on the range of data in this
sample. The DIF effects we observed for our variables of interest may
be different in a clinical sample of depressed older adults. However, the
mean GDS score of 1 and SD of 1.5 in our sample is consistent with
other samples of cognitively normal older adults used in AD clinical
research.?3? Additionally, we found similar results for measurement
bias due to sex as Chiesi et al., who used a more representative com-
munity sample in their investigations of the GDS-15, suggesting that
our findings may be generalizable.181?

Our analysis was limited to cross-sectional data, and therefore
we were unable to conduct any longitudinal analysis of associations
between self-reported depression symptoms, including memory com-
plaints and hopelessness, cognitive function, sex, and brain Ag levels.
Longitudinal investigations, such that of Harrington et al. discussed

previously, are critical to understanding the temporal unfolding of

relations among brain changes in AD, depression, and SCD.% A recent
longitudinal analysis from the German Study on Aging, Cognition,
and Dementia found that higher levels of SCD preceded both future
objective memory decline and an increase in depression symptoms,
suggesting that screening for SCD and depression symptoms may be
particularly important in preclinical AD samples.?

5.2 | Concluding remarks

This study investigated whether self-reported depression symptoms
on the GDS-15 differ by brain AS burden through an investigation of
potential measurement bias with regard to cerebral AS level in a large
sample of cognitively normal older adults from the A4/LEARN Study.
After adjustment for depressive symptom severity (GDS total score),
we found that GDS-15 item responses are sensitive to AS burden, cog-
nitive functioning, and sex over and above what would be expected
given the effect of those factors on depressive symptom severity over-
all. Persons with high AB had a greater probability of endorsing mem-
ory concern than those with low Ag, but the impact of measurement
bias attributable to AB level on overall depressive symptom level was
negligible. While our findings raise important questions for future
research on the relationship between AS and self-reported depression
and memory concerns, the direct effects that were found in this study
are of small magnitude and do not appreciably impact the validity of
inferences based on the GDS-15.
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