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Abstract

Objective: Older adults with type 2 diabetes (T2D) are at increased risk for depression, cognitive
decline and dementia compared to those without T2D. Little is known about the association of
simultaneous changes in depression symptoms and cognitive decline over time.

Methods: Subjects [n=1021; mean age 71.6 (SD=4.6); 41.2% female] were initially cognitively
normal participants of the Israel Diabetes and Cognitive Decline (IDCD) study who underwent
evaluations of depression and cognition approximately every 18 months. Cognitive tests were
summarized into four cognitive domains: episodic memory, attention/working memaory, executive
functions and semantic categorization. The average of the z-scores of the four domains defined
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global cognition. Depression symptoms were assessed using the Geriatric Depression Scale
(GDS), 15-item version. We fit a random coefficients model of changes in depression and in
cognitive functions, adjusting for baseline sociodemographic and cardiovascular variables.

Results: “ Higher number of depression symptoms at baseline was significantly associated with
lower baseline cognitive scores in global cognition (estimate=-0.1175, SE= 0.021, DF=1014, t=
-5.59; p<0.001), executive functions (estimate=—0.186, SE=0.036, DF=1013, t=-5.15; p=<0.001),
semantic categorization (estimate=—0.155, SE=0.029, DF=1008, t=—5.3; p<0.001) and episodic
memory (estimate=-0.08165, SE=0.027, DF=1035, t=—2.92; p=0.0036), but not with rate of
decline in any cognitive domain. During follow-up, a larger increase in number of depression
symptoms, was associated with worse cognitive outcomes in global cognition (estimate=—0.1053,
SE=0.027, DF=1612, t=-3.77; p=0.0002), semantic categorization (estimate=—0.123, SE=0,036,
DF=1583, t=-3.36; p=0.0008) and in episodic memory (estimate=—0.165, SE=0.055, DF=1622, t=
-3.02; p=0.003), but the size of this effect was constant over time. Conclusion: In elderly with
T2D, increase in depression symptoms over time is associated with parallel cognitive decline,
indicating that the natural course of the two conditions progresses concurrently and suggesting
common underlying mechanisms”.

Keywords
trajectories; depression; cognition; older adults; type 2 diabetes

OBJECTIVE

Depression, especially in old age, has been consistently associated with increased dementia
incidence (1, 2), though it is still unclear whether depression is a risk or causal factor for
dementia or merely a presenting symptom (3). The evidence on the relationship of
depression, and specifically its subtle presentations, with clinical entities that precede
dementia, namely cognitive decline and mild cognitive impairment (MCI), is less consistent,
with the majority of evidence indicating that depression and depression symptoms predict
incident MCI (4);(5) and faster cognitive decline (6). However, several studies suggest no
such associations (7);(8), an association only for certain depression-related symptoms (9) or
only for some types of cognitive outcomes (e.g. amnestic versus non-amnestic MCI (9)).
The simultaneous changes in depression and cognitive decline, which better reflect the
natural course of both conditions, have rarely been studied. Clear understanding of the
relationships between the course of depression and the course of cognitive decline may have
important value for prediction of dementia and indication of optimal time points for
administration of dementia- prevention strategies.

Patients with type 2 diabetes (T2D) are at increased risk for both impaired cognition
(cognitive decline, MCI and dementia) and depression. The prevalence of depression in
patients with T2D is 2-3 times higher compared to people without T2D (10). Depression in
T2D, even if not fulfilling criteria for major depressive disorder (11), is associated with
faster cognitive decline. The accelerating prevalence of T2D with age, combined with the
increased risk for depression and dementia in T2D, the potential role of depression in poor
cognitive outcomes (12), and the urgent need to develop dementia prevention strategies,
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stress the importance of examining whether depression and its trajectories can predict
cognitive changes that precede dementia in patients with T2D.

In the present study, we examined the relationships between simultaneous changes over time
in depression and cognition in >1000 initially cognitively normal older adults (=65 years
old) with T2D, participants of the Israel Diabetes and Cognitive Decline (IDCD) study (13).
Participants underwent structured evaluations of depression symptoms and cognitive
function every18- months for a median follow-up of 48 months.

METHODS:

Participants

The IDCD is a collaboration of the Icahn School of Medicine at Mount Sinai, NY, the Sheba
Medical Center, Israel, and the Maccabi Healthcare Services (MHS), Israel. The study was
approved by all three IRB committees and all participants signed informed consent.

Participants are patients with T2D aged =65, who are engaged in the longitudinal IDCD
study, investigating the relationship of long-term T2D characteristics and cognitive decline.
The IDCD methods have been described in detail elsewhere (13). Briefly, IDCD participants
were selected randomly from the ~11,000 elderly with T2D listed in the diabetes registry of
MHS, the second largest HMO in Israel. The diabetes registry was established in 1998 to
facilitate T2D management and improve its treatment. Entry criteria to the registry are any
of the following: (1)

HbAlc > 55.7s mmol/mol (7.25%), (2) Glucose >200 mg/dl on two exams more than three
months apart, (3) purchase of anti-diabetic medication twice within 3 months supported by a
HbAlc > 47.4 mmol/mol (6.5%) or Glucose > 125 mg/dl within half a year, (4) diagnosis of
T2D (ICD9 code) by a general practitioner, internist, endocrinologist, ophthalmologist, or
diabetes advisor, supported by a HbAlc > 47.4 mmol/mol (6.5%), or Glucose > 125 mg/dI
within half a year.

Eligibility criteria to the IDCD were: being listed in the MHS diabetes registry, T2D
diagnosis, living in the central area of Israel, age =65 years, being identified as cognitively
normal at baseline (based on a multidisciplinary weekly consensus conference), absence of
major medical, psychiatric, or neurological diagnoses that may affect cognitive performance,
having =3 HbA1c measurements in the diabetes registry, Hebrew fluency, and availability of
an informant.

Participants’ recruitment process has been described in detail previously (13). In short, the
MHS diabetes registry is thoroughly screened for identification of potential participants,
excluding anyone with an ICD code for dementia, treatment with cholinesterase inhibitors,
or with a major psychiatric or neurological condition (e.g., schizophrenia or Parkinson’s
disease) that could affect cognitive performance. The MHS team contacts potential
participants and asks for their participation after determining Hebrew fluency and
availability of an informant. Consenting individuals undergo a thorough cognitive
assessment (described below). Questionnaires for measurement of participants’ cognitive
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and functional performance, presence of depression and behavioral disturbances are also
administered. All participants’ neuropsychological data, including the results of the
cognitive battery administered, the score of the Clinical Dementia Rating (CDR) scale and
results of the affective assessments, are discussed by a multidisciplinary consensus
conference team in order to define cognitive status (i.e. cognitively normal, MCI, or
dementia and their subtypes). If the participant is cognitively normal at baseline, follow up
interviews, identical on procedures and content to the baseline assessment, are performed at
18 months intervals. Participants diagnosed as MCI or dementia at baseline, are not included
in the study, however, those who convert from a status of normal cognition to MCI during
follow up, continue their participation in the study until conversion to dementia.

Assessment of depressive symptoms: Presence of depression symptoms is evaluated
using the 15-item version of the Geriatric Depression Scale (GDS) (14), a self-reported,
easily administered scale. This questionnaire is suitable for large scale studies of depression
and advantageous in the context of elderly with T2D since it has little focus on somatic
symptoms which could be confounded by diabetes symptoms such as neuropathy (14). GDS
data is collected at every IDCD visit.

Cognitive Assessment: A thorough neuropsychological battery is administered by
experienced and certified interviewers which are blind to the diabetes related data (13). This
battery covers four cognitive domains: (1) Memory [Alzheimer’s Disease Assessment Scale
(ADAS) Word List Immediate Recall, Delayed Recall, and Recognition], (2) Attention/
working memory [Diamond Cancellation, Digit Span forward, and backward], (3) Executive
functions [Trails Making Test A and B, Digit Symbol Substitution Test], and (4) Semantic
categorization [Similarities, Letter and Category Fluency]. Composite measures of the four
cognitive domains are calculated at baseline by converting each test score to a z-score and
then averaging the z-scores. An overall measure averaging the four cognitive domain scores
is computed (global cognition). At each follow up, the same coefficients are used to
calculate the follow up respective score.

Clinical Dementia Rating Scale (CDR)(15): this scale is administered to participants
and their informants. It assesses cognitive and functional abilities in the areas of memory,
orientation, judgment and problem solving, social activities, home and time free and
personal care. The scores of each of these areas are combined to obtain a composite score
ranging from 0 to 3 (O=cognitively normal; 0.5= questionable dementia, >1=increasing
degrees of severity of dementia).

Statistical analysis: Descriptive data are reported as N (percent) or mean (standard
deviation), as appropriate. Unadjusted bivariate analyses included #test, one-way ANOVA or
Chi-square tests to compare group differences on sociodemographic and clinical variables,
as appropriate. The sociodemographic variables included baseline age, gender, and years of
education. The cardiovascular variables included baseline BMI, hemoglobin Alc (HbAlc),
systolic blood pressure (SBP), diastolic blood pressure (DBP), total cholesterol,
triglycerides, and creatinine. Diabetes duration was also used as a variable.
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The primary objective of the analysis is to assess the longitudinal association of humber of
depression symptoms as measured by the GDS with cognitive decline. We examined the
effect of every additional one-point increase in number of depression symptoms on change
of global cognition and each of the cognitive domains. We used a random coefficients model
to describe the trend of cognitive z scores over the follow-up period. It was assumed that the
trajectory of the cognitive data was linear and the coefficients of intercept and slope were
unique to each participant. In this type of model, the participant term and the participant by
time interaction term are both included as random effects. In addition, it has the flexibility to
incorporate data that are measured at different time points for different participants.
Conceptually, the model assumed that, after accounting for the baseline covariates, the
cognitive z score at the time of assessment could be explained by a participant’s baseline
GDS, the extent of change in GDS from baseline, time of the follow-up visit, and two 2-way
interaction terms between baseline GDS and time and between change of GDS and time.
The baseline GDS and time interaction allowed us to assess how much baseline GDS affects
cognition over time. A significant negative interaction suggests that for participants who had
high baseline GDS score (i.e. more depressive symptoms), the decline in cognition was
greater over time than participants who had low baseline GDS score, controlling for the
GDS change and other baseline covariates (age, gender, years of education, BMI, HbAlc,
SBP, DBP, total cholesterol, triglycerides and creatinine). Similarly, the GDS change and
time interaction allowed us to assess whether the effect of GDS change on cognition,
changes over time. For example, if an increase in GDS (i.e. more depressive symptoms)
during the initial follow-up was associated with decrease in cognitive function, then a
significant negative interaction with time would suggest that this effect increased over time.
Two sets of random coefficients models were fit. The first model adjusted for the
sociodemographic variables (Model 1). The second model further adjusted for the
cardiovascular covariates and diabetes duration (Model 2). Lastly, we assume that missing
data and dropouts were at random, that is the unobserved data could be predicted using the
covariates considered in the model through the EM algorithm. Model diagnostics for mixed
models were applied. Studentized residuals appear random and normally distributed.

Statistical analysis was conducted using SAS 9.4 (SAS Institute, Cary, NC). Two-sided p-
value < 0.01 was defined as the significance level in all statistical tests to adjust for five
cognitive outcomes.

Description of the sample:

The analyses included 1026 initially non-demented IDCD participants. Mean age at baseline
was 71.6 (SD=4.7) years, 41.3% were female with an average of 13.2 (SD=3.6) years of
education, mean MMSE score at baseline was 28.0 (SD=1.8) and the range was 24-30. All
cases were determined to be cognitively normal at baseline by the multidisciplinary
consensus conference team (see above). Thus, the MMSE scores are consistent with normal
cognitive status. Mean GDS at baseline was 2.2 (SD=2.4) and the range was 0.0-14.0. Only
10.2% of participants had a score >5, suggesting that most participants did not suffer from
depression symptoms of clinical significance. Other baseline characteristics of the sample
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are described in Table 1. Data from all participants and all assessments were used for
analysis. The median follow-up time was 48 months [IQR: 24~54 months]. Over time,
subjects declined in global cognitive function (annual slope of Z score change —0.106; SE
0.009; DF=854; t ==11.27; p<0.0001). Increase in number of GDS symptoms at the follow
up visits ranged between 43-50% of participants.

We compared participants who dropped out from the study after baseline to those who
remained in the study for at least one follow- up visit. The groups did not differ in the
majority of baseline characteristics: age, sex, education, T2D duration, GDS score, percent
participants with GDS>5, total cholesterol levels, triglycerides levels, creatinine levels,
diastolic blood pressure and BMI. Those who dropped out, had minimally lower MMSE
scores, slightly higher HbAlc and systolic blood pressure levels (supplemental table 1);
these differences however, are not of clinical significance.

nal associations of number of depression symptoms with cognition:

As depicted in Table 2, at baseline, a higher number of depression symptoms was associated
with lower cognitive scores in global cognition, executive functions, semantic categorization
and episodic memory, and approached significance for working memory/attention (Table 2,
model 1). These results remained essentially unchanged when adjusting for additional
covariates (Table 2, model 2).

Longitudinal associations of number of depression symptoms with cognitive decline:

As depicted in Table 2, a higher GDS score at baseline was not associated with rate of
decline in any of the cognitive domains or with global cognition (Table 2). However,
increases in number of depression symptoms during follow-up were associated with poorer
outcomes in global cognition, semantic categorization and in episodic memory, but did not
reach statistical significance in executive functions and working memory/attention (Table 3,
model 1). In the fully adjusted model (Table 3, model 2), the relationships of increases in
number of depression symptoms with cognition in global cognition, semantic categorization
and episodic memory remained significant. The association of increase in depression
symptoms over time on cognition was constant (i.e., the interactions of time with change in
depression score were not significant; table 3, figure 1) for all cognitive outcomes, except for
semantic categorization, which approached significance after adjustment for multiple
comparisons.

CONCLUSIONS:

In a cohort of initially cognitively normal older adults with T2D, higher number of
depression symptoms at baseline was associated cross-sectionally, with lower performance
in global cognition and in the specific domains of executive function, semantic
categorization and episodic memory. Number of depression symptoms at baseline was not
associated with decline in global cognition or in any of the specific cognitive domains.
However, increasing number of depression symptoms over time was consistently associated
with worse cognitive outcomes in global cognition and in the domains of episodic memory
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and semantic categorization; there was no interaction with time, i.e. the extent of decrease in
cognitive function paralleled the increase in GDS score, but did not accelerate over time.

In accordance with the present results, previous studies on the relationship of depression
with cognition in general populations (not necessarily with T2D), have quite consistently
demonstrated a cross-sectional relationship of depression, with worse cognitive functioning-
either global or in specific cognitive domains (6);(16);(17);(18). Evidence on the
longitudinal relationships of depression with cognitive outcomes have been more complex.
In contrast to our results, depression at baseline, even at sub-syndromal levels (19), was
associated in some studies with worse cognitive outcomes over time (6);(18);(20). Others
however, demonstrated that only moderate to severe (21), or persistent (16);(17) depression
predict greater cognitive decline at follow up. In accordance with our results, in the Cache
County study, baseline depression was not associated with worsening over time in cognitive
performance (7). In this study, depression was measured with the NPI-depression scale, with
a mean baseline score of 0.09 (SD=0.57), which, similarly to the IDCD baseline depression
score, is lower than the score considered to be of potential clinical significance.

In the context of T2D, participants who have T2D combined with depression at baseline, had
faster cognitive decline (22) and increased risk for dementia (23) compared to those with
only one of these conditions or neither. In our study, mean GDS score at baseline was below
the score considered to be of clinical significance, with only 10.2% of participants above the
threshold of clinical depression (GDS>5), and follow duration was relatively short (48
months), potentially explaining discrepancies from studies of longer duration or more severe
forms of depression at baseline (24);(25). We found significant associations between the
increase in depressive symptoms during follow up, rather than their number at baseline, with
worse cognitive outcomes. Since increase in depression symptoms was associated with a
parallel (rather than accelerated) rate of concomitant cognitive decline, we speculate that
depression or its underlying neuropathology do not necessarily exacerbate the pathology
underlying cognitive decline, but, rather, that depression and cognitive impairment result
from similar underlying mechanisms, or that the pathologies underlying each condition, tend
to evolve co-temporaneously.

We are not aware of studies examining the simultaneous relationship of changes in
depression with changes in cognition in T2D. In community dwelling elderly, not
necessarily with T2D, trajectories of depression were better predictors of longitudinal
changes in cognition than depression measured at baseline (26). Importantly, these
relationships have been demonstrated over the full range of depression scores and
specifically, in those with a low and moderate rather than high grade depression trajectories
(26), stressing the value of sub-syndromal depression.

Several mechanisms may explain the relationship of depression and cognition in old age.
Similar to its association with cognitive function, Alzheimer’s disease (AD) pathology has
been shown to predict incident mood disorders (27). This explanation may be less relevant in
T2D patients who do not have greater extent of AD neuropathology compared to non-T2D
individuals (28). Brain atrophy, not necessarily due to AD neuropathology, has consistently
been demonstrated in T2D (29), even in dementia free middle-aged adults (30). Brain
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atrophy is also associated with depression, even at subsyndromal levels (31), possibly
suggesting that atrophy may underlie depression in T2D. The atrophy observed in T2D has
also been associated with worse cognitive functioning in most studies (32), potentially
pointing to a common underlying neuropathological mechanism. According to the vascular
depression hypothesis (33), cerebrovascular risk factors (including T2D), lead to
cerebrovascular pathology, subsequently resulting in late life depression. In line with this
notion, cerebrovascular risk factors during midlife predicted depressive symptomatology in
later life and, in older adults, presence of depression symptoms was associated with volume
of white matter hyperintensities (34). In T2D, cerebrovascular disease was the complication
most strongly associated with incident depression symptoms (35) and with cognitive
impairment and dementia (36) suggesting an additional common pathology for the two
conditions and possibly explaining our results of simultaneous increases over time of
depression symptoms with cognitive decline.

In an era of lack of disease modifying treatments for dementia, and a very modest
symptomatic effect of approved anti-dementia medications, the role of dementia prevention
is increasingly recognized. This has led the field to examine risk factors for dementia and its
preceding states. Depression has quite consistently been demonstrated to be a risk factor for
dementia (37), but the role of more subtle forms of depression has been inconsistent.
Moreover, the effect of antidepressant treatments on dementia prevention has not been
consistently demonstrated (38). Our results and those of others highlight the importance of
trajectories of depression symptoms over time in predicting cognitive decline in non-
demented individuals with T2D and stress the importance of looking at decline in specific
cognitive domains rather than global cognitive function as candidates for dementia
prevention interventions. Future studies should examine whether different depression
phenotypes (in terms of severity and specific symptoms) should be treated differently in
order to prevent cognitive decline and dementia.

The main limitation of the study is definition of depression based on the GDS score rather
than clinical diagnosis. Nevertheless, this tool enabled measurement of very subtle
symptoms which may have been missed in a clinical assessment (which is usually directed
towards detection of depression with clinical significance) and has reliably been associated
with major depression (39). The GDS has been commonly used as a screening tool for
depression, even at sub- syndromal levels (40) in older adults. The results of this study may
not necessarily be generalizable to all patients with T2D, as IDCD participants are relatively
well educated, cognitively normal, mostly without clinically significant affective symptoms,
with a fairly narrow range of GDS and MMSE scores and with well-controlled diabetes
[(mean HbALc value of 6.8% (SD=0.8%)]. Also, the effect sizes detected are small.
Nevertheless, they are consistent, withstand in most cases multiple comparisons, and should
be discussed in the context of the population studied: if the longitudinal relationships
between depression and cognition were detected in this population, the findings could
potentially be more pronounced in another sample with poorly-controlled diabetes, higher
degrees of depression and cognitive impairment. It is plausible that the discrepancies
between cross- sectional and longitudinal relationships of depression symptoms and
cognitive outcomes may result from confounders that were not measured in the present
study, such as life history of depression (age of onset, number, duration and severity of
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symptoms), comorbid anxiety or other medical comorbidities. Nevertheless, the
relationships found withstood adjustment for a large number of demographic, T2D and
health- related factors as well as adjustment for multiple comparisons.

The present study adds to the results of previous studies in several ways. First, we examined
the relationship of subtle depression symptoms with cognition specifically in a sample of
T2D patients, which are prone to cognitive decline but differ from other populations in terms
of the underlying mechanisms. By administering a comprehensive cognitive assessment
battery, we were able to show that different cognitive domains are not homogenously
associated with depressive symptoms. We measured depression symptoms longitudinally
and showed that the extent of depression symptoms over time, which reflects the natural
course of depression, compared to a single time measurement, was associated with
accelerated parallel cognitive decline. Additional strengths of the study include the large
cohort of patients with a well- validated diagnosis of T2D and availability of long-term
information on numerous potential confounders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS
What is the primary question addressed by this study?

The present study examined the relationships between simultaneous changes over time in
depression and cognition in >1000 initially cognitively normal older adults (=65 years
old) with T2D.

What is the main finding of this study?

In a cohort of initially cognitively normal older adults with T2D, higher number of
depression symptoms at baseline was associated cross-sectionally, with lower
performance in global cognition and in the specific domains of executive function,
semantic categorization and episodic memory, but not with cognitive decline at follow up.

Increasing number of depression symptoms over time was consistently associated with
worse cognitive outcomes in global cognition and in the domains of episodic memory
and semantic categorization.

What is the meaning of the finding?

Our results highlight the importance of trajectories of depression symptoms over time in
predicting cognitive decline in non-demented individuals with T2D and stress the
importance of looking at decline in specific cognitive domains rather than global
cognitive function as candidates for dementia prevention interventions.
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Figure 1: Associations of increase in depression symptoms with decrease in cognitive function
over time

* Visual representation of Table 3; Model 2. The bars represent the size of the effect of every
additional one-point increase in number of depression symptoms on change of z score, by
cognitive domain and by time (18, 36 and 54 months after baseline). P-values <0.01 in the
figure, represent a significant change in z score from baseline due to the one-point increase
in GDS from baseline. For example, for global cognition, one-point increase in GDS from
baseline to 18 months was associated with a significant decline of 0.095 in the z-score,

whereas one-point increase in GDS from baseline to 36 months was associated with a

significant decline of 0.084 in z score, and so forth. This is interpreted as follows: increases
in number of depression symptoms were associated with changes in global cognition, but the
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extent of these changes over time remained similar (p=0.381 of the change and time
interaction — see table 3).
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Table 1:
Participant’s baseline characteristics

Variable n Mean SD  Minimum Maximum
Age at b.l.* (years) 1017 71.6 4.7 61.0 85.0
Sex (% female) 1025 41.3%
Education (years) 1012 13.2 3.6 0.0 26.0
T2D duration (years) 1026 9.8 4.4 0.3 19.9
MMSE* at b.l. 1025 28.0 18 24.0 30.0
GDS* score at b.l. 1023 2.2 24 0.0 14.0
% GDS>5ath.l. 1026  10.2
Cholesterol (mg/dl) 1026 1785 253 93.5 278.3
Triglycerides (mg/dl) 1026  156.8 615 414 707.4
Creatinine (mg/dl) 1022 1.0 0.2 0.3 3.2
HbAlc* (%) 1025 6.8 0.8 3.9 10.0
SBP* (mm Hg) 1024 1344 9.7 99.9 171.4
DBP* (mm Hg) 1024 768 49 5.7 95.7
BMI* (Kg/m?) 995 283 43 7.9 50.0

Page 15

b.I= baseline; GDS=geriatric depression scale; MMSE= mini mental state examination; HbAlc=hemoglobin Alc; SBP= systolic blood pressure;
DBP= diastolic blood pressure; BMI= body mass index
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The associations of GDS score at baseline with baseline cognitive function and with cognitive decline

Table 2:

model 1
cognitive domain effect estimate | SE DF tvalue | p
Overall cognitive score *GDS bl -0.1175 0.02102 1014 | -5.59 <.0001
GDS bl - tyr | -0.00060 | 0.000348 | 1495 | -1.72 0.0854
Executive functions GDS bl -0.1863 0.03617 1013 | -5.15 <.0001
GDS bl - tyr | -0.00086 | 0.000676 | 729 -1.28 0.2019
Working memory/ attention | GDS bl -0.04562 | 0.02709 1028 | -1.68 0.0924
GDS bl - tyr | -0.0005 0.000564 | 1495 | —-0.89 0.3736
Semantic categorization GDS bl -0.1551 0.02927 1008 | -5.3 <.0001
GDS bl - tyr | -0.0001 0.000448 | 1479 | -0.23 0.8175
Episodic memory GDS bl -0.08165 | 0.02795 | 1035 | -2.92 | 0.0036
GDS bl - tyr | -0.00141 | 0.000708 | 719 -2 0.0462
model 2
cognitive domain effect estimate | SE DF tvalue | p
Overall cognitive score GDS bl -0.1170 0.02142 971 -5.46 <.0001
GDS bl - tyr | -0.00053 | 0.000358 | 693 -1.48 0.1387
Executive functions GDS bl -0.1781 0.03647 971 -4.88 <.0001
GDS bl - tyr | -0.00084 | 0.00069 714 -1.21 0.2257
Working memory/ attention | GDS bl -0.05381 | 0.0279 984 -1.93 0.0541
GDS bl - tyr | -0.00021 | 0.000573 | 1441 | -0.37 0.7146
Semantic categorization GDS bl -0.1512 0.02972 968 -5.09 <.0001
GDS bl - tyr | -0.00008 | 0.000456 | 1429 | -0.18 0.8582
Episodic memory GDS bl -0.08547 | 0.02866 | 992 | -2.98 | 0.0029
GDS bl - tyr | -0.00127 | 0.00073 701 -1.74 0.829
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*

GDS bl is the GDS score at baseline and ¢is the follow-up time in year. GDS bl - #yr is the interaction term. A non-significant GDS bl - ¢yr
interaction suggests that the effect of baseline GDS on cognition is constant over time. Because the coefficient for GDS bl is negative, a significant
positive interaction indicates that the effect of baseline GDS on cognition diminishes over time, whereas a significant negative interaction indicates
that the effect worsens over time. Controlling for other covariates and assuming no change in GDS during follow-up, every x increase in baseline
GDS is associated with B GDSbI - (x) + B GDSbl - #yr - (x #) change in cognitive z score. For example, for episodic memory domain, if subject A
had a baseline GDS score 2 points higher than subject B, then the z score for subject A would be 0.082 -2 + 0.001 - 2 -1 = 0.162 (Model 1) lower
than subject B at follow-up Year 1, and 0.082:2 + 0.001 - 2 -3 = 0.170 at year 3.

Model 1: controlling for age, sex, education

Model 2: controlling for age, sex, education, diabetes duration, cholesterol, creatinine, HbAlc, triglycerides, systolic and diastolic blood pressure,

BMI at baseline.
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The effect of GDS change on changes in cognition over time

Table 3:

model 1
cognitive domain effect estimate | SE DF tvalue | p
overall GDS A -0.1053 0.02791 1612 | -3.77 0.0002
GDS A -t | 0.000549 | 0.000650 | 1521 | 0.84 0.3988
executive functions GDS A -0.07939 | 0.05061 1354 | -1.57 0.1169
GDSA -t | —0.00062 | 0.00123 1416 | -05 0.6146
working memory/ attention | GDS A -0.07628 | 0.04542 1716 | -1.68 0.0932
GDS A -t | 0.000658 | 0.001064 | 1545 | 0.62 0.5365
semantic categorization GDS A -0.1227 0.03649 1583 | -3.36 0.0008
GDS A -t | 0.002018 | 0.000848 | 1512 | 2.38 0.0175
Episodic memory GDS A -0.1653 0.05481 1622 | -3.02 0.0026
GDS A - ¢ | 0.000122 | 0.001318 | 1340 | 0.09 0.9263
model 2
cognitive domain effect estimate | SE DF tvalue | p
overall GDS A -0.1052 0.02839 1428 | -3.70 0.0002
GDS A -t | 0.000580 | 0.000662 | 1210 | 0.88 0.3806
executive functions GDS A -0.07813 | 0.05131 1304 | -1.52 0.1281
GDSA -t | —0.00073 | 0.001248 | 1377 | -0.59 0.5586
working memory/ attention | GDS A -0.07605 | 0.0458 1645 | -1.66 0.097
GDS A - ¢ | 0.000712 | 0.001071 | 1488 | 0.66 0.5064
semantic categorization GDS A -0.1279 0.0368 1531 | -3.48 0.0005
GDS A -t | 0.002173 | 0.000855 | 1461 | 2.54 0.0112
Episodic memory GDS A -0.1526 0.05542 1530 | -2.75 0.006
GDS A -t | —0.00007 | 0.00134 1324 | -0.05 0.9581
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GDS A is the change in GDS score from baseline ant tis the follow-up time in years. GDS A -¢yr is the interaction term. A non-significant GDS A -
tyr interaction suggests that the effect of

GDS change on cognition is constant over time. Because the coefficient for GDS A is negative, a significant positive interaction indicates that the
effect of GDS change on cognitive decline diminishes over time, whereas a significant negative interaction indicates that the effect of GDS change
on cognitive decline worsens over time. Controlling for baseline GDS and other covariates, every x increase in GDS at follow-up time #period is
associated with B GDSA - () + B GDSA - tyr - (x # change in cognitive z score. For example, let’s assume subject A had greater worsening in
depression symptoms than subject B during follow-up (e.g., baseline scores were the same for subjects A and B, but the depression score was 2-
point higher for subject A than for subject B at year 1 and also at year 3), then, in the semantic categorization domain, the z score at year 1 for
subject A would be 0.252 (-0.128 -2 + 0.002 - 2 -1 = -0.252) lower than that of subject B, controlling for baseline GDS and covariates. At year 3,

the difference is 0.244 (-0.128 -2 + 0.002 - 2 -3 = -0.244). The narrowing difference (0.252 vs 0.244) is the result of a positive GDS A - t yr

interaction.

Model 1: controlling for age, sex, education

Model 2: controlling for age, sex, education, diabetes duration, cholesterol, creatinine, HbAlc, triglycerides, systolic and diastolic blood pressure,

BMI at baseline.
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