1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
J Am Geriatr Soc. Author manuscript; available in PMC 2017 January 01.

-, HHS Public Access
«

Published in final edited form as:
J Am Geriatr Soc. 2016 January ; 64(1): 109-117. doi:10.1111/jgs.13883.

Effects of Comorbid Depression and Diabetes on Cognitive
Decline Among Older Mexican Americans

Brian Downer, PhD!, Benjamin N. Vickers, MS2, Soham Al Snih, MD, PhD3, Mukaila Raji,
MD, MS*4, and Kyriakos S. Markides, PhD?2

luniversity of Texas Medical Branch, Sealy Center on Aging, Galveston, TX
2University of Texas Medical Branch, Preventive Medicine and Community Health, Galveston, TX
SUniversity of Texas Medical Branch, Rehabilitation Sciences, Galveston, TX

4University of Texas Medical Branch, Internal Medicine Geriatrics, Galveston, TX

Abstract

Objectives—To assess the relationship between comorbid depression and diabetes and cognitive
decline among Mexican Americans age 65 and over.

Design—Retrospective cohort study with longitudinal analysis.
Setting—Texas, New Mexico, Colorado, Arizona, and California

Participants—Hispanic Established Populations for the Epidemiologic Study of the Elderly (H-
EPESE).

Measurements—Cognition was assessed using the Mini Mental State Examination (MMSE).
Depression was defined as a score =16 on the Center for Epidemiologic Studies Depression Scale.
Diabetes was defined as according to self-reported history or taking insulin or oral hypoglycemic
medication.

Results—Participants with depression and diabetes, depression only, diabetes only, and neither
condition declined an average of 6.5, 4.4, 7.8, and 4.2 points on the MMSE, respectively, across
the six examination waves. Participants with diabetes or comorbid diabetes and depression
declined an average of 0.18 points per year (P<0.01) and 0.25 points per year, respectively, on the
MMSE compared to participants with neither condition. Depression was associated with
significantly greater cognitive decline (ﬁ;—o.ll, P<0.05) after excluding participants with
baseline cognitive impairment (MMSE<17). The odds for developing severe cognitive impairment
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among participants with diabetes increased by 1.08 times per year (95% CI=1.03 — 1.122) and by
1.08 times per year (95% CI=1.01 — 1.15) for participants with comorbid depression and diabetes
compared to participants with neither of these conditions.

Conclusion—Diabetes and comorbid depression and diabetes are risk factors for cognitive
decline among older Mexican Americans. Interventions that reduce the prevalence of depression
and diabetes among Mexican Americans may decrease the number of older adults who experience
cognitive decline.

Keywords
Cognitive aging; Mexican Americans; Depression; Diabetes

INTRODUCTION

Depressed older adults are at an increased risk for diabetes [1] and diabetes-associated
complications, including diabetic neuropathy [2] and hypoglycemia [3] compared to non-
depressed older adults. Conversely, diabetic older adults are at greater risk for depression
compared to non-diabetic older adults [4]. Older adults with comorbid depression and
diabetes are at greater risk for stroke [5], are more likely to develop physical limitations [6]
and have higher rates of mortality [7] compared to older adults with depression or diabetes
only.

Depression and diabetes are both risk factors for cognitive impairment during old age [8, 9].
Diabetes is associated with an increased occurrence of cerebral infarctions and other brain
abnormalities that contribute to the onset and progression of cognitive decline during old age
[10]. Cardiovascular risk factors are also associated with damage to the frontal lobe and
hippocampus [11], which are two brain regions critical for cognitive functioning. Depression
may play a causal role in cognitive impairment by interacting with the neuropathological
characteristics of Alzheimer’s disease, specifically amyloid plaques and neurofibrillary
tangles [12, 13]. Also, depressed older adults have been observed to have smaller
hippocampal volumes compared to non-depressed older adults [14].

Depression and diabetes have both been identified as independent risk factors for cognitive
impairment among older Hispanics [15, 16], a population with higher rates of cognitive
impairment compared to non-Hispanic whites [17]. High depressive symptoms and diabetes
are also more common among Mexican Americans with cognitive impairment compared to
non-Hispanic whites. In an analysis of 436 Mexican Americans and 633 non-Hispanic white
adults, Mexican Americans diagnosed with either mild cognitive impairment or Alzheimer’s
disease were more likely to be diagnosed with diabetes and exhibited more depressive
symptoms compared to non-Hispanic whites [18]. Despite evidence that diabetes and
depression are both risk factors for cognitive impairment, it is not known if older Mexican
Americans with comorbid depression and diabetes exhibit greater cognitive decline
compared to older adults with only one of these conditions.

The number of Hispanics age 65 and over has increased from 1.7 million (4.5% of total U.S.
population) in 2000 to 2.8 million (5.7% of total U.S. population) in 2009 [19]. Hispanics
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are at an increased risk for diabetes compared to non-Hispanic whites [20]. The Centers for
Disease Control and Prevention estimates the adjusted percentage of Hispanics with diabetes
is 12.8% compared to 7.6% for non-Hispanic whites [21]. Prior research on differences in
the prevalence of depression between Hispanics and non-Hispanic whites has produced
conflicting results with Hispanics being reported to have similar [22], lower [23], and higher
[24] depression prevalence compared to non-Hispanic whites.

The purpose of this study was to assess the relationship between comorbid depression and
diabetes and cognitive decline among Mexican Americans age 65 and older. We hypothesize
that older Mexican Americans with comorbid depression and diabetes will exhibit greater
cognitive decline and be more likely to develop severe cognitive decline compared to
participants with neither of these conditions or only one of these conditions.

METHODS

Sample Population

Measures

The Hispanic Established Populations for the Epidemiologic Study of the Elderly (H-
EPESE) is an ongoing longitudinal cohort study of community-dwelling Mexican
Americans age 65 and over residing in Texas, New Mexico, Colorado, Arizona, and
California [25]. The present analysis used demographic and health status data collected
during the baseline examination (1993-94) and cognitive data collected during six
examinations from 1993-94 to 2006—07. The Institutional Review Board of the University
of Texas Medical Branch approved the study protocol of the H-EPESE.

A visual representation for the selection of the final sample is provided in Figure 1. A total
of 3050 participants were interviewed during the baseline examination, 2873 of which were
interviewed without the assistance of a proxy, and 2852 participants completed the Mini-
Mental State Examination (MMSE). Of the 2852 remaining participants, 2756 had baseline
measures for educational attainment, nativity (being born in the U.S.), smoking, alcohol
consumption, marital status, number of individuals living in the household, depressive
symptoms, diabetes, hypertension, heart disease, stroke, activities of daily living (ADLS),
and instrumental ADLS (IADLs). Participants interviewed with the assistance of a proxy,
did not complete the baseline MMSE, or had missing baseline data for selected variables
(n=294) were excluded from the final sample (n=2756). Participants excluded from the final
sample were older, more likely to be male, to have lower education, to not consume alcohol,
to never have been married, to have reported experiencing a stroke, to be unable to perform
one or more ADLs and IADLs, and less likely to have hypertension than participants
included in the final sample (P<0.05).

Depression and diabetes—Depressive symptoms were measured using the Center for
Epidemiologic Studies Depression Scale (CES-D) [26]. Participants who scored =16 on the
CES-D Scale were determined to have high depressive symptoms and for the purposes of
this study were classified as depressed. Diabetes status during the baseline examination was
determined based on self-reported measures. Participants were classified as having diabetes
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if they responded yes to the question, “Have you ever been told by a doctor that you have
diabetes, sugar in your urine or high blood sugar?” or if they were taking insulin, oral
hypoglycemic or both. Previous research indicates this is a valid and reliable method to
determine diabetes status [27]. This data was used to define depression and diabetes
comorbidity status (no depression or diabetes, depression only, diabetes only, both
depression and diabetes).

Cognition—Cognitive functioning was evaluated during each of the six examinations
using the Spanish and English versions of the MMSE [28]. The MMSE s a frequently used
cognitive assessment in epidemiological studies because it does not require an examiner to
undergo extensive training and can be quickly and easily administered to the recipient [29].
The MMSE measures orientation to time and place, registration, attention and calculation,
recall, language, constructional praxis, and ability to follow verbal commands. The
maximum possible score is 30 points and minimum score is 0 points, with a higher score
indicating more intact cognition.

Data from the MMSE was used to model trajectories of cognitive decline to detect
differences according to diabetes and depression comorbidity status. Since these trajectories
were meant to identify subtle changes in cognitive functioning that may not represent
decline to a clinically meaningful level of cognitive impairment, a second analysis was
conducted to determine if comorbid diabetes and depression was associated with severe
cognitive decline. Participants who had a MMSE total score that declined below 18 points
between any two consecutive examinations were defined as having severe cognitive decline.
The number of incorrect responses on the MMSE is correlated with educational attainment
[30] and previous research indicates that education specific cut offs are appropriate when
using the MMSE to detect cognitive impairment in population studies [31]. Therefore, a
score of 18 was chosen to account for the low educational attainment of the sample
population and to prevent incorrectly classifying participants who had poor performance on
the MMSE due to low educational attainment as having severe cognitive decline.

Covariates—Age, sex, and years of education (0, 1-4, 5-8, =9) were included as
covariates in all analyses. Additional covariates assessed during the baseline examination
included smoking, alcohol consumption, self-reported history of stroke and heart disease,
nativity, marital status, number of people living in the household, ADLs, and IADLs.
Marital status was categorized as never married, not married (separated, divorced, or
widowed), and currently married. Smoking status was defined as never (<100 cigarettes
lifetime), former (>100 cigarettes lifetime but not currently smoking), and current (>100
cigarettes lifetime and currently smoking). Alcohol consumption was defined as abstainer
(never consumed alcohol), former (ho alcohol consumed in the past year), and current
(consumed alcohol in the past year). Stroke and heart disease were each assessed by self-
report. Participants who responded yes to the question, “Has a doctor ever told you that you
had a stroke, a blood clot in the brain, or brain hemorrhage?” or “Has a doctor ever told you
that you had a heart attack, myocardial infarction, or coronary thrombosis?” were classified
as having a stroke and heart disease, respectively. ADLs assessed included ability to walk
across the room, bathing, personal grooming, dressing, eating, getting from a bed to a chair,
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and toileting. IADLs assessed included ability to use a telephone, drive a vehicle, go
shopping, prepare meals, do housework, take medicine, manage money, do heavy house
work, walk up and down stairs, and walk half a mile without help. Participants were
dichotomized according to the reported inability to perform one or more ADLS (yes, no) or
IADLs (yes, no) without assistance. The language (English or Spanish) in which the
interview was administered was recorded during each observation.

Statistical analysis

Analyses were performed using R version 3.1.0 [32]. Descriptive characteristics of the final
sample according to depression and diabetes comorbidity status were analyzed using
analysis of variance and chi-square tests for continuous and categorical variables,
respectively.

Trajectories of cognitive decline according to baseline depression and diabetes comorbidity
status were modeled using mixed-effects regression [33]. This method provides valid
estimates when data is unbalanced due to differences in the number and timing in which
participants are observed. Time was defined as the number of years following the baseline
examination. Random effects for time and intercept were included in all models to allow for
the estimated slope and intercept values for cognition to vary for each participant. A two-
way interaction term between time and comorbid depression and diabetes status was
included in all mixed-effects regression models to assess differences in the trajectory of
cognitive decline according to depression and diabetes comorbidity status. The beta
coefficients for the two-way interaction term are interpreted as the average change per year
on the MMSE according to comorbidity status. Participants who did not have diabetes or
depression were the reference category in all analyses.

Generalized mixed effects models were used to examine the relationship between baseline
depression and diabetes comorbidity status and severe cognitive decline. Time was defined
as the number of years following the baseline examination. Two-way interaction terms
between time and comorbid depression and diabetes status were used to determine if the
odds for severe cognitive decline differed according to depression and diabetes comorbidity
status. The odds ratios for the two-way interaction term are interpreted as the increase or
decrease in odds per year for developing severe cognitive impairment according to
comorbidity status. Participants who did not have depression or diabetes were the reference
category in all analyses.

Three separate linear mixed effects and generalized mixed effects models were conducted.
Model 1 controlled for the effects of age, sex, and education. Model 2 included age, sex, and
education, plus smoking, alcohol consumption, self-reported history of stroke, heart disease,
hypertension, nativity, marital status, number of people living in the household, ability to
perform ADLs and IADLs, and the language in which the interviews were conducted. Model
2 was used to determine if these additional covariates mediate the relationship between
comorbid depression and diabetes status and cognitive decline. A limitation of the MMSE is
it underestimates the rate of cognitive decline for older adults with low cognitive functioning
[34]. Therefore, a third model was used that included all covariates from Model 1 and Model
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2, but excluded participants who scored <17 on the MMSE during the baseline examination
(baseline cognitive impairment).

All generalized mixed effects models controlled for baseline cognitive functioning and the
number of years a participant remained in the H-EPESE. These variables were included as
covariates because participants who remained in the study longer will experience more
cognitive decline as a result of advancing age and therefore be more likely to decline below
18 points. All independent variables in the linear mixed-effects and generalized mixed
effects models were treated as time invariant.

A description of the baseline characteristics of the final sample according to depression and
diabetes comorbidity status is provided in Table 1. A total of 1626 (59.0%) participants had
no depression or diabetes, 458 (16.6%) had depression only, 474 (17.2%) had diabetes only,
and 198 (7.2%) had both depression and diabetes. During the baseline examination,
participants with no depression or diabetes had higher educational attainment, were more
likely to be male, to be a current smoker, to consume alcohol, to never have been married, to
be unable to perform one or more ADLs or IADLs, and were less likely to have a self-
reported history of hypertension, heart disease, and stroke (P <0.05). Participants with
depression only or comorbid depression and diabetes had significantly lower baseline
cognitive functioning compared to participants with no depression and no diabetes (P
<0.05).

A total of 130 participants had impaired baseline cognitive functioning (MMSE <17). These
participants were significantly older, had lower educational attainment, more likely to have
been born in the U.S., to consume alcohol, to be currently married, to reported having a
stroke, to have high depressive symptoms, and to have inability to perform one or more
ADLs or IADLs, and on average had more people living in the household compared to
participants with non-impaired cognitive functioning.

Trajectories of Cognitive decline According to Comorbid Depression and Diabetes Status

A visual representation of the average MMSE scores for each examination wave according
to baseline depression and diabetes comorbidity status is provided in Figure 2. In general,
participants with comorbid depression and diabetes had lower scores on the MMSE at each
examination wave compared to the other comorbidity categories and these differences
appeared to increase over time. Over the course of the six observation waves, participants
with comorbid depression and diabetes declined 6.5 points on the MMSE, whereas
participants with depression declined 4.4 points, participants with diabetes declined 7.8
points, and participants without depression or diabetes declined 4.2 points.

Significant differences in the baseline cognitive functioning according to comorbid
depression and diabetes status were detected after adjusting for covariates (Table 2). Based
on the results from Model 1, participants with only depression scored 0.88 (standard error
[S.E.]=0.20, P<0.01) points lower on the MMSE than participants with no depression or
diabetes during the baseline observation. Participants with comorbid depression and diabetes
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scored 1.13 (S.E.=0.29, P<0.01) points lower on the MMSE during the baseline observation
than participants with neither of these conditions. These differences were reduced and no
longer statistically significant after adjusting for additional covariates (Model 2) and
excluding participants with impaired baseline cognition (Model 3). However, participants
with only diabetes had significantly higher baseline cognition compared to participants with
no depression or diabetes after adjusting for additional covariates (Model 2) and removing
participants with impaired baseline cognition (Model 3).

A visual representation of the cognitive trajectories according to depression and diabetes
comorbidity status adjusted for age, sex, and educational attainment is provided in Figure 3
and the adjusted coefficients are provided in Table 2. Compared to participants with no
depression or diabetes, those with only diabetes declined 0.18 (S.E.=0.05, P<0.01) points
more per year on the MMSE and participants with comorbid depression and diabetes
declined 0.25 (S.E.=0.08, P<0.01) points more per year on the MMSE. Participants with
depression only did not exhibit significantly greater cognitive decline compared to
participants who did not have depression or diabetes (55—0.08 points per year, S.E.=0.05,
P=0.12).

Findings from Model 1 did not change substantially after adjusting for additional covariates
(Model 2) and after excluding participants with impaired baseline cognition (Model 3).
However, participants with only depression declined 0.11 (S.E.=0.05, P=0.05) points more
per year compared to participants without depression and diabetes when cognitively
impaired participants were excluded (Model 3). In addition, participants with comorbid
depression and diabetes declined 0.17 points more per year on the MMSE compared to
participants with depression only, but this difference only approached statistical significance
(S.E.=0.09, P=0.06). Participants with comorbid depression and diabetes did not exhibit
significantly greater cognitive decline compared to participants with diabetes only (% =
-0.08, S.E.=0.09, P=0.39).

Severe Cognitive Decline According to Comorbid Depression and Diabetes Status

A total of 768 participants declined below 18 points on the MMSE between any two
consecutive examinations. Participants classified as having severe cognitive decline were
significantly older, were more likely to be male, had lower education, were less likely to
have been born in the U.S., to consume alcohol, to be married, and were more likely to have
had a stroke, to have diabetes, to be depressed, and to be unable to perform one or more
ADLs and IADLs, compared to participants who did not develop severe cognitive decline
(all P<0.05).

The odds for severe cognitive decline over time according to comorbid depression and
diabetes status are summarized in Table 3. Participants with diabetes or comorbid depression
and diabetes were more likely to develop severe cognitive decline over time compared to
participants with neither condition. After adjusting for age, sex, and education (Model 1),
participants with only diabetes had 1.07 times higher odds per year (95% C.1.=1.03 - 1.12)
for severe cognitive decline compared to participants with no depression or diabetes.
Participants with comorbid depression and diabetes had 1.08 times higher odds per year
(95% C.1.=1.01 - 1.15) for severe cognitive decline compared to participants with neither of
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these conditions. Participants with only depression did not have significantly higher odds for
severe cognitive decline (OR=1.02, 95% CI=0.97 — 1.06). These findings remained
consistent after adjusting for additional covariates (Model 2) and after excluding participants
with a baseline MMSE of <17 (Model 3). However, the increased odds for severe cognitive
decline among participants with comorbid depression and diabetes was no longer significant
after excluding participants with low baseline cognitive functioning (Model 3).

DISCUSSION

This study presents new evidence that older Mexican Americans with diabetes or comorbid
depression and diabetes exhibit significantly greater cognitive decline over an 11-year
period and are more likely to develop severe cognitive impairment compared to those with
neither of these conditions, but not compared to Mexican Americans with depression or
diabetes only. The greater cognitive decline observed for participants with diabetes only or
comorbid depression and diabetes was robust to confounding as indicated by the consistent
findings between the three models presented in Table 2. Participants with high depressive
symptoms exhibited significantly greater cognitive decline but only after participants with
impaired baseline cognition were excluded (Model 3).

The findings from this study indicate there are statistically significant differences in the rate
of cognitive decline according to depression and diabetes comorbidity status, but these
differences may be difficult to detect in a clinical setting. However, these small differences
in cognitive decline can be of clinical importance as previous research indicates that subtle
changes in cognition have been observed among older adults who are in the preclinical
stages of Alzheimer’s disease [35]. In addition, Figure 3 indicates the between group
differences in cognitive functioning increase over time and it is likely that differences in
cognitive functioning according to comorbid depression and diabetes status have greater
clinical significance among older adults who survive to advanced ages.

Findings from the generalized mixed effects model that adjusted for age, sex, and education
(Model 1) indicated Mexican Americans with diabetes or comorbid depression and diabetes
are more likely to develop severe cognitive decline compared to Mexican Americans with
neither condition. However, comorbid depression and diabetes was no longer significantly
associated with severe cognitive decline when excluding participants with baseline cognitive
impairment. Depression and diabetes are associated with hypertension [4], stroke [36], and
heart disease [37] and these health conditions are risk factors for cognitive impairment [38-
40]. Also, it is likely that the observed relationship between comorbid depression and
diabetes and severe cognitive decline is mediated by social and behavioral mechanisms.

Longitudinal studies that have examined the association between late life depression and
risk for dementia report that there is a close temporal relationship between the onset of
depressive symptoms and dementia [41] and that depression may be an early symptom of
dementia [42]. In addition the rate of cognitive decline has been observed to be greater
among older adults with comorbid depression and dementia compared to older adults with
dementia only [43]. In Model 3 we observed that depressed non-diabetics exhibited
significantly greater cognitive decline, but only after excluding participants with impaired
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baseline cognition (MMSE < 17). This provides evidence that depression is associated with
greater cognitive decline among older Mexican Americans who are not cognitively
impaired. This finding could also be a consequence of a floor effect of the MMSE [34],
which limits the ability of the MMSE to detect cognitive decline among older adults with
cognitive impairment [44]. Additional studies that use more comprehensive measures of
cognitive functioning are necessary before any definitive conclusions on the relationship
between depressive symptoms and cognitive decline among older Mexican Americans can
be made.

The findings from the present analysis have significant public health and clinical
implications. Diabetes is highly prevalent among older Mexican Americans with depression
[45]. Prior research indicates Mexican Americans poorly manage depression and diabetes
and are less likely to receive treatment for these conditions than non-Hispanic whites [46].
Cultural differences, attitudes toward seeking treatment for chronic illnesses, and limited
access to medical care all play a significant role in the decreased use of health care services
by Mexican Americans [47]. Promoting the use of health care services for the treatment and
prevention of chronic conditions such as depression and diabetes may decrease the number
of older Mexican Americans that experience cognitive decline later in life.

Our findings are consistent with those reported in previous research on non-Hispanic older
adults. Two separate studies have observed that adults with comorbid depression and
diabetes are at a greater risk for dementia compared to adults with diabetes only [48, 49].
Also, in a study of non-demented adults, participants with comorbid depression and diabetes
had lower overall cognitive functioning, as well as worse performance on measures of
attention, verbal memory, visual memory, and executive functioning compared to non-
depressed diabetics [50].

We observed that participants with comorbid depression and diabetes had greater cognitive
decline compared to participants with depression alone, but this difference only approached
statistical significance. Diabetes and other cardiovascular disease risk factors may contribute
to a subtype of depression called vascular depression [51]. Vascular depression is
characterized by the presence of white matter hyperintensities along with depressive
symptoms [52]. Patients diagnosed with vascular depression also present with impaired
executive functioning [53] and have been observed to have lower cognitive functioning
compared to older adults with nonvascular depression [54].

This study has limitations that need to be acknowledged. Participants were classified as
being diabetic according to self-report and some participants may have been incorrectly
classified. It should also be noted that a score =16 on the CES-D does not represent a
clinical diagnosis of depression and participants may have been incorrectly classified as
depressed or not depressed. Future research can address these limitations by using patient
medical records or biomarkers to validate diabetes and depressive status. Also, the measure
for cognitive functioning was limited to the English and Spanish versions of the MMSE. The
MMSE has been used in other studies of older Hispanics [55, 56], but ethnic and cultural
biases of the MMSE that decrease the accuracy of this measure for assessing the cognitive
functioning of older Mexican Americans have been reported [57]. These biases may
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complicate the interpretation of the findings for the trajectories of cognitive decline
presented Figure 2 and for the increased odds for severe cognitive decline associated with
diabetes and comorbid depression and diabetes. Therefore, our findings that diabetes and
comorbid depression and diabetes are associated with greater cognitive decline need to be
replicated with data collected using cognitive assessments that have been specifically
created for measuring cognition in minority populations, in particular older Mexican
Americans.

In summary, diabetes is associated with greater cognitive decline and increased odds for
severe cognitive decline among older Mexican Americans. Mexican Americans with
comorbid diabetes and depression experienced greater cognitive decline compared to those
with neither of these conditions, but were not more likely to develop severe cognitive
impairment after adjusting for several covariates. Depression may be a risk factor for greater
cognitive decline among Mexican Americans with no cognitive impairment. We did not
detect sufficient evidence that indicates Mexican Americans with comorbid depression and
diabetes experience greater cognitive decline or are more likely to develop severe cognitive
impairment compared to Mexican Americans with depression or diabetes only. Interventions
and clinical treatments that reduce the prevalence and incidence of depression and diabetes
among older Mexican Americans may decrease the number of older adults who experience
cognitive decline.
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Flow chart of selection of final sample Participants who required a proxy to complete or
help complete the interview did not receive the MMSE.
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Figure 2.

Average score on the MMSE for each examination wave according to depression and

Page 15

diabetes comorbidity status. The grey vertical lines represent the 95% confidence interval
for each estimated value. The small standard errors for the estimated values for participants
with neither diabetes nor depression (circle) and for participants with diabetes only (cross)
during examination waves one and two prevent the confidence intervals from being visible.

Participants with depression only are represented with squares and participants with
comorbid depression and diabetes are represented with triangles.
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Figure 3.
Adjusted trajectories of cognitive functioning according to depression and diabetes

comorbidity status. Predicted trajectories of cognitive decline according to depression and
diabetes comorbidity status based on linear mixed effects model that controlled for the
effects of age, gender, and educational attainment. These trajectories represent the average
decline per year on the MMSE according to comorbidity status while adjusting for
sociodemographic characteristics.
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