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Synergistic Associations of Depressive Symptoms and
Executive Functions With Longitudinal Trajectories of
Diabetes Biomarkers Among Urban-Dwelling Adults
Without Diabetes
Tasneem Khambaty, PhD, Daniel K. Leibel, MA, Leslie I. Katzel, MD, PhD, Michele K. Evans, MD,
Alan B. Zonderman, PhD, and Shari R. Waldstein, PhD

ABSTRACT

Objective: Depressive symptoms and executive functions (EFs) have recently emerged as novel risk factors for type 2 diabetes, but it is
unknown if these factors interact to influence diabetes pathophysiology across the life span. We examined the synergistic associations of
depressive symptoms and EFs with longitudinal trajectories of diabetes diagnostic criteria among middle-aged and older adults without
diabetes.
Methods: Participants were 1257 African American and White, urban-dwelling adults from the Healthy Aging in Neighborhoods of Di-
versity across the Life Span study who were assessed up to three times over a 13-year period (2004–2017). At baseline, participants com-
pleted the Center for Epidemiological Studies—Depression scale and measures of EFs—Trail Making Test Part B, verbal fluency, and
Digit Span Backward—for a composite EFs score, and provided blood samples at each follow-up for glycated hemoglobin and fasting
serum glucose.
Results: A total of 155 and 220 individuals developed diabetes or prediabetes at wave 3 and wave 4, respectively. Linear mixed-effects
regression models adjusting for sociodemographic factors, diabetes risk factors, and antidepressant medications revealed significant three-
way interactions of Center for Epidemiological Studies—Depression, EFs, and age on change in glycated hemoglobin (b = −0.0001,
p = .005) and in fasting serum glucose (b = −0.0004, p < .001), such that among individuals with lower but not higher EFs, elevated depressive
symptoms were associated with steeper age-related increases in diabetes biomarkers over time.
Conclusions: Depressive symptoms and lower EFs may interactively accelerate trajectories of key diagnostic criteria, thereby increasing
the risk for earlier diabetes incidence. Identifying individuals in this high-risk group may be an important clinical priority for earlier inter-
vention, which has the promise of preventing or delaying this debilitating disease.
Key words: diabetes risk, depressive symptoms, executive functions, longitudinal cohort study, life course perspective, prevention.

INTRODUCTION

Type 2 diabetes is a chronic degenerative endocrine disease that
is highly prevalent worldwide, is among the leading causes of

death, and results in high financial costs, lost productivity, and se-
vere complications and disability (1). Recent studies indicate that
the average age of diabetes diagnosis and onset of complications
is decreasing (2), and that diabetes-related complications and func-
tional status declines are occurring at earlier stages of disease path-
ophysiology (2–5). This research highlights the critical need to
examine diabetes development and progression across the life span
and determine novel factors contributing to earlier diabetes risk.

Although obesity, hypertension, poor diet, and physical inac-
tivity are well-established risk factors for diabetes, they do not ac-
count for all the variance in the disease (6). Increases in depressive
symptoms and decline in executive functions (EFs)—one domain
of overall cognitive ability—are already established as two particularly

debilitating sequelae of diabetes (7,8), but have more recently
emerged as factors that precede and confer risk for diabetes devel-
opment (7,9–15). Depressive symptoms are increasingly being
considered vital to diabetes risk as an independent risk factor for
the disease. Case in point, a recent meta-analysis of longitudinal
studies revealed that depressed adults have up to a 60% greater
risk of developing diabetes than nondepressed adults (9). Research
has also shown that patients with depression have a 5 to 6 years’
earlier diabetes onset than those without a history of depression
(10). Moreover, depression shares a bidirectional relationship with
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socioeconomic factors such as poverty (16), which further exacer-
bate the effects of depression on diabetes risk. All in all, studies
have concluded that depressive symptoms tend to begin early in
life and, through a combination of biological, behavioral, and so-
cioeconomic pathways, increase the risk of diabetes development
throughout the life course (7).

EFs—the effortful mental processes required for reasoning,
planning, organization, and complex attention, and cognitive flex-
ibility (17)—are emerging as another important risk factor for dia-
betes onset. Because EFs are directly implicated in an individual’s
ability to maintain energy balance through self-monitoring and im-
pulse control (17), individuals with lower levels of EFs are more
likely to become overweight and to develop obesity, the principal
risk factor for diabetes. Indeed, EFs have been shown to precede
and predict obesity (11). Moreover, studies demonstrate that systems-
level socioeconomic factors such as poverty and racial and other
discrimination directly and indirectly impair cognitive capacity
(18,19). In the context of these socioeconomic factors and/or lack
of resources, obesity prevention may also not be possible, leading
to increased severity or faster progression. Decrements in EFs are
also independently associated with insulin resistance (20), hyper-
tension (21), and higher systemic inflammation (22), which reflect
the metabolic, vascular, and inflammatory systems involved in di-
abetes etiology. Furthermore, prior studies have observed deficits
in EFs among individuals in prediabetic stages, among those with
recent screen-detected diabetes, and even before diagnosis (12–15).
These studies give credence to the notion that decrements in cogni-
tive function may not only manifest very early in diabetes patho-
physiology but may also precede and contribute to diabetes onset.

What is currently unclear is how depressive symptoms and EFs
might interact to influence diabetes incidence and progression
across the life span. Of particular concern is whether synergistic in-
fluences of depressive symptoms and lower EFs might accelerate
diabetes trajectories, thus contributing to earlier diabetes risk and
greater morbidity earlier in the life span. There is reason to expect
such influence. Depressive symptoms and decrements in EFs are
often comorbid and exacerbate one another (23). In addition, they
share similar behavioral, neurobiological, and inflammatory path-
ways that may have a higher combined influence on diabetes risk
(6). Understanding the combined influence of these factors will
shed light on the yet murky temporal relations among these factors
and has critical implications for informing risk prediction models
and the earlier detection of at-risk individuals who may benefit
from preventative interventions.

Consequently, the objective of this study was to examine the
synergistic associations of depressive symptoms and EFs with
longitudinal trajectories of two diagnostic criteria for diabetes,
namely, glycated hemoglobin (HbA1c) and fasting serum glucose
(FG), among middle-aged and older adults without diabetes at
baseline, using data from the Baltimore-based epidemiological co-
hort study Healthy Aging in Neighborhoods of Diversity across
the Life Span (HANDLS). Significant interactions of depressive
symptoms and EFs were hypothesized such that adults with higher
depressive symptoms and lower EFs would show a greater age-
related increase in diabetes-related outcomes. Overall, this study
aims to gain a deeper understanding of the psychological and neu-
rocognitive mechanisms preceding and underlying the emergence
of diabetes and its progression, and determine novel factors con-
tributing to earlier diabetes onset.

METHODS

Participants and Parent Study Procedures
HANDLS is an ongoing longitudinal investigation of age-related health
disparities attributable to race and socioeconomic status (24). The HANDLS
sample is a fixed cohort of urban-dwelling adults drawn from 13 neighbor-
hoods (contiguous census tracts) in the city of Baltimore, MD. Neighbor-
hoods were selected for their likelihood of yielding participants who were
African American or White men and women who had annual household in-
comes above or below 125%of the 2004 federal poverty level. All HANDLS
participants self-identified their race as African American or White and were
between the ages of 30 and 64 years at baseline. The institutional review
board at the National Institutes of Health approved the HANDLS protocol.

Baseline data collection for HANDLS (wave 1) occurred between 2004
and 2009. After initial selection, participants were excluded from further
participation in the larger HANDLS study if they were unable to provide
informed consent, were pregnant, were within 6 months of active cancer
treatment, self-reported a diagnosis of AIDS, were unable to provide valid
government-issued identification, or did not have a verifiable address. Med-
ical history, physical examination, physical performance battery, cognitive
testing, and other assessment were collected within participants’ households
and on medical research vehicles (MRVs) located within participants’ neigh-
borhoods. The next two waves of complete data collection occurred on
MRVs between 2009–2013 (wave 3) and 2013–2017 (wave 4).

In total, 3720 participants were enrolled in HANDLS, of whom 2799
completed the MRV visit at wave 1, 2468 completed wave 3, and 2147
completed wave 4. For the present study’s data analyses, participants were
excluded from the study if they had a history of diabetes or prediabetes at
baseline based on a self-reported diabetes diagnosis, self-reported use of di-
abetes medications, and/or FG ≥100 mg/dl). In addition, participants’ data
were excluded if they reported any of the following conditions at each
wave: stroke, heart failure, dementia, HIV/AIDS, schizophrenia, epilepsy,
multiple sclerosis, or Parkinson disease. In addition, participants who be-
came pregnant between two waves had their data excluded at the latter
wave (applies to waves 3 and 4 only). Of note, to avoid biasing the data
set, if a participant met the inclusion criteria at an earlier wave but later de-
veloped one of these conditions before a later wave, the former data were
included in the study, whereas the latter data were excluded. In the present
study, there were 1257 participants (57.2% female, 57.0%African American,
37.9% living in poverty) with data for all predictors and at least one outcome
at one or more waves. Of note, we did not exclude participants who had data
at only one time point, as this is not necessary in linear mixed-effects re-
gression (25), and doing so would have risked biasing the sample. There-
fore, the present study’s sample comprised 1144 participants with wave 1
data, 827 participants with wave 3 data, and 652 with wave 4 data. There
were 501 participants with data at all three waves. Binary logistic regres-
sion was used to examine sociodemographic differences between partici-
pants with data at all three HANDLS waves and those with data at only
one or two HANDLS waves. Participants with complete data were signif-
icantly younger (b = −0.02, p = .008) and had higher literacy (b = 0.02,
p = .031), but demonstrated no difference in sex (b = −0.09, p = .440), race
(b = −0.03, p = .825), or poverty status (b = −0.08 p = .524). Supplementary
Table S1 (Supplemental Digital Content, http://links.lww.com/PSYMED/
A822) presents characteristics of participants with complete data at all waves.

Measures

Primary Predictor Variables

Depressive Symptoms
Depressive symptoms were assessed with the widely established 20-item
Center for Epidemiologic Studies—Depression (CES-D) scale (26), which
has strong psychometric properties and has been used across wide age
ranges (26,27). The CES-D scale was administered during the household
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interview at baseline. Participants responded to items on a 4-point scale
ranging from 0 (rarely) to 3 (mostly). Possible scores ranged from 0 to 60,
with higher scores indicating greater depressive symptoms.

Executive Functions
To assess a broad construct of EFs, a composite score was computed from
the summation of standardized scores from three neuropsychological tests
of EF-related domains: a) cognitive flexibility, as measured by the Trail
Making Test Part B; b) working memory, as measured by the Digit Span
Backward test; and c) category verbal fluency, as measured by the Animal
Naming test. All tests were administered using standard procedures on the
MRVat baseline. We used an EF composite score given previous literature
demonstrating that composite measures of broader domains are more reli-
able than individual cognitive tests (25,28). Of note, the commonly applied
time cutoff for Trail Making Test Part B is 300 seconds (29). However, we
extended the cutoff to 600 seconds to allow for greater variability in task
performance. Given skewness in this variable, it was log-transformed to
normalize the distribution.

Outcome Variables

HbA1c and FG
Changes in HbA1c (in percent) and FG (in milligrams per deciliter) were
modeled as the primary outcome variables in the present study. Blood
was drawn on the MRVs after participants fasted overnight. Blood samples
were sent to Quest Diagnostics (Nichols Institute Chantilly, Centreville,
Virginia; www.questdiagnostics.com) for analysis using standard laboratory
procedures and equipment. HbA1c wasmeasured using the immunoturbidim-
etric method, and FG was measured using a spectrophotometer (AU5400
Immuno Chemistry Analyzer; Olympus, Center Valley, Pennsylvania).

Adjustment Variables

Sociodemographic Information
Participants reported their age, biological sex (0, women; 1, men), self-
identified race (0, White; 1, African American), and annual household
income at baseline. Annual household income at baseline (adjusted for
household size) was used to determine a participant’s poverty status
using a cutoff of 125% of the 2004 Health and Human Services poverty
guidelines (0, household income above poverty cutoff; 1, household in-
come below poverty cutoff ). Participants also completed the Wide
Range Achievement Test, Third Edition (WRAT-3), a widely adminis-
tered measure of literacy, on the MRV at baseline. The WRAT-3 Word
Reading subtest was used as a proxy for quality of education in the
present study.

Sensitivity Variables
Antidepressant medication, lifetime cigarette use, lifetime alcohol use, hy-
pertension, waist circumference, and diabetes diagnoses were examined as
additional covariates in sensitivity analyses. During the MRV visits, partic-
ipants completed a comprehensivemedical history assessment and physical
examination with a physician or nurse practitioner. Participants self-reported
current antidepressant medication use during the medical history assessment
(coded as 0 [no] and 1 [yes]). Participants self-reported cigarette smoking and
alcohol use history (at all waves) during the medical history assessment,
which were dichotomized for the present analyses (coded as 0 [never used
regularly] and 1 [ever used regularly]). Hypertension (assessed at all waves
on the MRVs) was diagnosed based on self-reported diagnosis, self-reported
use of antihypertensive medications (diuretics, blockers, angiotensin inhibi-
tors, or vasodilators), and/or resting systolic blood pressure ≥140 mm Hg
or diastolic blood pressure ≥90 mm Hg. Hypertension was modeled as a di-
chotomous variable (coded as 0 [no] and 1 [yes]) in the present study. Waist
circumference was measured in centimeters. Finally, new diabetes diagnoses
at waves subsequent to baseline were determined using the same criteria that
were used to exclude participants at baseline (see the previous section, Partic-
ipants and Parent Study Procedures). Thus, for participants without diabetes

at baseline, a diabetes diagnosis at waves 3 or 4 was included as an additional
dichotomous covariate (coded as 0 [no] and 1 [yes]).

Statistical Analysis

Main Analyses
Statistical analyses were conducted using the “lme4” package within R ver-
sion 3.5.2 (30,31). Linear mixed-effects regression models, with the inter-
cept modeled as a random effect, were used to examine prospective interac-
tive relations of a) CES-D by age, b) EF by age, and c) CES-D byEF by age
with HbA1c and FG in separate, parallel models. We used a growth model
formulation in which change in the HbA1c and FG is assessed by time,
which is indexed by age in our analyses. Sex, self-identified race, poverty
status, and literacy were modeled as adjustment variables in all analyses.
Significant interactions (i.e., p < .05) were then probed and plotted to assist
with interpretation.

Sensitivity Analyses
Subsequent sensitivity analyses for models that yielded significant interaction
effects were conducted through hierarchical entry of additional adjustment
variables. Changes in significance of the interaction effect were monitored
across steps. Analyses proceeded in the following order: a) antidepressant
medication use, lifetime cigarette use, and lifetime alcohol use (model 2);
b) hypertension and waist circumference (model 3); and c) diabetes diagno-
sis at waves 3 and 4 (model 4) to understand whether new diagnoses after
the baseline visit had any impact on our results. Of note, the antidepressant
medication use variable was time-invariant given our inclusion of data col-
lected only at baseline. Finally, all analyses were rerun after excluding partic-
ipants who hadwave 1 HbA1c ≥5.7% at baseline, but whowere not classified
as having diabetes or prediabetes by history or FG values.

RESULTS

Descriptive Results
As shown in Table 1, the sample was predominantly middle aged,
with the mean (standard deviation [SD]) age varying from 47 (9.3)
years at baseline and 55 (9.0) years at wave 4. Slightly more than
half of the sample consisted of women (57%) and of African
Americans (57%). Consistent with the sample design of the HANDLS
study, 38% of the sample had annual household incomes below 125%
of the federal poverty level. The literacy level of the sample based
on theWRAT-3Word Reading score was in the 15 to 57 range. Re-
garding our primary predictor variables, the mean (SD) CES-D
score for the sample at baseline of 14.7 (11.4) was below the
well-established cutoff score of 16 signifying clinically significant
depression symptoms. Accordingly, roughly 10% of the sample
endorsed taking antidepressant medications. Regarding our primary
outcome variables, the mean HbA1c values varied from the normal
range at baseline (M [SD] = 5.6% [0.5%]) to the prediabetic
range at wave 4 (M [SD] = 5.8% [0.8%]), whereas the mean FG
values remained in the normal range from baseline (M [SD]= 89.3
[6.7] mg/dl) to wave 4 (M [SD] = 95.6 [26.4] mg/dl). There were
157 participants diagnosed with diabetes or prediabetes at wave 3
(18.9% of wave 3 study sample) and an additional 64 participants
at wave 4 (9.8% of wave 4 study sample). Supplementary Table S2
(Supplemental Digital Content, http://links.lww.com/PSYMED/
A822) presents the bivariate correlations between depressive symp-
toms, EF, and our primary outcome variables at each wave (and
change therein). Depressive symptoms were significantly correlated
with FG at wave 1 (r = −0.07), whereas EFs was significantly cor-
related with HbA1c at all waves (r values = −0.14, −0.09, −0.08,
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respectively) and with FG at wave 3 (r = −0.08). Finally, regarding
diabetes risk factors included as covariates, between 34% (wave 1)
and 53% (wave 4) of the sample had hypertension and a majority
had a history of regular cigarette (66%–72%) and/or alcohol
(85%–89%) use. Participants in the sample had averagewaist circum-
ferences between 96.7 cm at baseline and 101.0 cm at wave 4. Al-
though not included as a covariate, body mass indexes were pre-
dominantly in the overweight range between baseline (M [SD]= 28.5
[7.1] kg/m2) and wave 4 (M [SD] = 29.7 [7.3] kg/m2).

CES-D Predicting Age-Related HbA1c and FG
Trajectories
In the base models, findings revealed significant two-way interac-
tions of CES-D by age with HbA1c (b = 0.0003, p = .041) and FG
(b = 0.01, p = .011; Table 2). As shown in Figure 1, greater depres-
sive symptoms were associated with steeper age-related increases
in HbA1c and FG. Sensitivity analyses revealed that the two-way
interaction of CES-D by age with HbA1c and with FG remained
significant in model 2 ( p values < .05) after adjustment for antide-
pressant medications, lifetime cigarette use, and lifetime alcohol
use. When hypertension and waist circumference were added in
model 3, this interaction was attenuated to nonsignificance in the
model predicting HbA1c (b = 0.0003, p = .051; Table 2) but remained
significant in the model predicting FG (b = 0.01, p = .013). After
additional adjustment for diabetes diagnosis at waves 3 and 4 in
model 4, the CES-D by age interaction remained nonsignificant

for HbA1c (b = 0.0002, p = .097; Table 2) and significant for FG
(b = 0.01, p = .033).

EF Predicting Age-Related HbA1c and FG Trajectories
Next, analyses revealed nonsignificant two-way interactions of
EF by age with HbA1c (b = 0.0003, p = .689) and FG (b = −0.01,
p = .489; Table 3) in the base models. As such, subsequent sensitiv-
ity analyses were not conducted.

CES-D by EF Interactions Predicting Age-Related
HbA1c and FG Trajectories
Finally, analyses revealed a significant three-way interaction of
CES-D by EFs by age with HbA1c (b = −0.0002, p = .012) and
FG (b = −0.01, p = .006; Table 4) in base models. As shown in
Figure 2, among those with lower EFs, greater depressive symp-
toms were associated with steeper age-related increases in HbA1c

and FG. Similar but less pronounced trends were observed among
those with average EF. In contrast, no differences in age-related
HbA1c or FG trajectories as a function of depressive symptoms
were observed among those with higher EF. Sensitivity analyses
(Table 4) revealed that the significant three-way interaction of
CES-D by EF by age with HbA1c and FG remained significant after
further adjustment for a) antidepressant medications, lifetime cigarette
use, and lifetime alcohol use in model 2 (HbA1c: b = −0.0002,
p = .012; FG: b = −0.01, p = .006); b) hypertension and waist circum-
ference in model 3 (HbA1c: b = −0.0001, p = .011; FG: b = −0.004,

TABLE 1. Participant Characteristics (N = 1257)

Wave 1 Wave 3 Wave 4

Time-invariant variablesa

African Americans, n (%) 716 (57.0) — —

Women, n (%) 719 (57.2) — —

Below 125% poverty level, n (%) 476 (37.9) — —

Literacy: WRAT-3 word reading, M (SD) 42.8 (7.8) — —

Depressive symptoms, M (SD) 14.7 (11.4) — —

Executive functions composite, M (SD) 0.3 (2.3) — —

TMT-B (nontransformed), M (SD), s 127.8 (132.8) — —

Digit Span Backward, M (SD) 5.7 (2.3) — —

Animal Naming, M (SD) 19.1 (5.5) — —

Antidepressant medications, M (SD), % 123 (9.8) — —

Time-varying variablesb

Age, M (SD), y 46.8 (9.3) 51.8 (8.9) 55.1 (9.0)

Waist circumference, M (SD), cm 96.7 (31.3) 99.1 (15.8) 101.9 (16.7)

BMI, M (SD), kg/m2 28.5 (7.1) 29.0 (7.1) 29.6 (7.3)

Hypertension, n (%) 396 (34.6) 375 (45.3) 341 (52.3)

Cigarette user, ever, n (%) 757 (66.2) 566 (68.3) 470 (72.1)

Alcohol user, ever, n (%) 971 (84.9) 729 (88.1) 581 (89.1)

HbA1c, M (SD), % 5.6 (0.5) 5.3 (0.6) 5.8 (0.8)

Fasting glucose, M (SD), mg/dl 89.3 (6.7) 92.7 (17.8) 95.6 (26.5)

Diabetes or prediabetes diagnosis, n (%) — 155 (18.7) 220 (33.7)

WRAT-3 = Wide Range Achievement Test, Third Edition; M (SD) = mean (standard deviation); TMT-B = Trail Making Test Part B; HbA1c = hemoglobin A1c.
aRace, sex, poverty status, literacy, depressive symptoms, executive functioning, and antidepressant medication use were collected at wave 1 only and were available for all
participants.
bAge, waist circumference, hypertension, cigarette use, alcohol use, HbA1c, and fasting glucose were time-varying and sample sizes varied across waves because of incomplete
data: n (wave 1) = 1144; n (wave 3) = 827; n (wave 4) = 652.
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p = .006); and c) diabetes diagnosis at follow-up waves in model 4
(HbA1c: b = −0.0001, p = .037; FG: b = −0.003, p = .037). Among
the covariates included in this fully adjusted model 4, race, waist
circumference, and diabetes diagnosis at follow-up remained pre-
dictive of both age-related HbA1c and FG trajectories.

Sensitivity Analyses With HbA1c Exclusion at Baseline
There were 487 participants with wave 1 HbA1c ≥5.7% who were
not diagnosed with diabetes or prediabetes by history or FG values.
These participants were excluded, and analyses were rerun with the re-
maining sample of 770 participants (56.5% women, 46.4% African
American, 35.8% living in poverty; see Supplementary Table S3
[Supplemental Digital Content, http://links.lww.com/PSYMED/

A822] for subsample participant characteristics). In this subsam-
ple, two-way interaction of CES-D by age with HbA1c and FG be-
came nonsignificant ( p ≥ .05) in base models and after adjustment
for covariates (Supplementary Table S4, http://links.lww.com/
PSYMED/A822). The EF by age interaction with HbA1c and FG
remained nonsignificant in base models ( p ≥ .05), consistent with
the findings in the overall sample (Supplementary Table S5, http://
links.lww.com/PSYMED/A822). Nonetheless, in this reduced sam-
ple, the three-way interaction of CES-D by EF by age remained
significant in base models with HbA1c (b = −0.0001, p = .012)
and FG (b = −0.01, p = .006; Supplementary Table S6, http://
links.lww.com/PSYMED/A822). Greater depressive symptoms
were associated with steeper age-related increases in HbA1c and

TABLE 2. Relations of Depressive Symptoms With Age-Related Trajectories of Glycated Hemoglobin and Fasting Glucose in the
HANDLS Study (N = 1257)

(a) Glycated Hemoglobin Model 1a Model 2b Model 3c Model 4d

Depressive symptoms by age 0.0003* 0.0003* 0.0003 0.0002

Depressive symptoms 0.003* 0.003* 0.003 0.002

Age 0.01*** 0.01*** 0.01*** 0.003

Race (0, White; 1, AA) 0.17*** 0.17*** 0.16*** 0.16***

Sex (0, women; 1, men) −0.02 −0.02 −0.01 −0.02
Poverty status (0, above; 1, below) 0.02 0.02 0.02 0.01

WRAT-3 Word Reading −0.004 −0.004 −0.003 −0.004
Antidepressant medication use (0, no; 1, yes) 0.01 −0.01 0.00004

Cigarette use (0, never; 1, ever) 0.004 0.01 0.01

Alcohol use (0, never; 1, ever) −0.05 −0.04 −0.05
Hypertension (0, no; 1, yes) 0.09*** 0.08**

Waist circumference 0.002*** 0.002***

Diabetes diagnosis at follow-up wave (0, no; 1, yes) 0.40***

(b) Fasting Glucose Model 1a Model 2b Model 3c Model 4c

Depressive symptoms by age 0.01** 0.01* 0.01* 0.01*

Depressive symptoms 0.09* 0.09* 0.08* 0.05

Age 0.15* 0.15* 0.11 −0.08
Race (0, White; 1, AA) −1.37 −1.42 −1.50 −1.87*
Sex (0, women; 1, men) 3.15*** 3.12** 3.25*** 2.82***

Poverty status (0, above; 1, below) −0.25 −0.28 −0.31 −0.91
WRAT-3 Word Reading −0.08 −0.08 −0.07 −0.07
Antidepressant medication use (0, no; 1, yes) −0.59 −1.08 −0.65
Cigarette use (0, never; 1, ever) 0.09 0.24 0.10

Alcohol use (0, never; 1, ever) −0.22 −0.11 −0.71
Hypertension (0, no; 1, yes) 1.72* 1.01

Waist circumference 0.05*** 0.03*

Diabetes diagnosis at follow-up wave (0, no; 1, yes) 18.22***

HANDLS = Healthy Aging in Neighborhoods of Diversity across the Life Span; AA = African American; WRAT-3 = Wide Range Achievement Test, Third Edition.

*p < .05.

**p < .01.

***p < .001.
aModel 1 adjusts for age, self-identified race, sex, poverty status, and literacy.
bModel 2 adjusts for all covariates in model 1 and additionally adjusts for antidepressant medication use, lifetime cigarette use, and lifetime alcohol use.
cModel 3 adjusts for all covariates in models 1 and 2, and additionally adjusts for hypertension and waist circumference.
dModel 4 adjusts for all covariates in models 1, 2, and 3, and additionally adjusts for diabetes diagnosis at waves 3 and 4.
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FG among those with lower EF; conversely, there were no differ-
ences in age-related changes in these markers among those with
average or higher EF. Consistent with analyses in the overall
sample, findings revealed that the significant three-way interac-
tion of CES-D by EF by age with HbA1c and FG remained signif-
icant after further adjustment for a) antidepressant medications,
lifetime cigarette use, and lifetime alcohol use in model 2 (HbA1c:
b = −0.0001, p = .001; FG: b = −0.0001, p < .001); b) hypertension
and waist circumference in model 3 (HbA1c: b = −0.0001,
p = .001; FG: b = −0.01, p < .001); and c) diabetes diagnosis at
follow-up waves in model 4 (HbA1c: b = −0.0001, p = .005; FG:
b = −0.003, p < .001).

DISCUSSION
To our knowledge, this is the first study to examine the interactive
longitudinal relations of depressive symptoms and EFs to age-
related changes in key diabetes biomarkers among a diverse sample
of adults initially free of diabetes. Our primary analyses revealed in-
teractions between depressive symptoms and EFs predicting longi-
tudinal trajectories of diabetes biomarkers—HbA1c and FG—for
13 years of follow-up. This interaction was significant in models
adjusted for sociodemographic factors and literacy and remained
significant after further adjustments for substance use, antidepressant
medications, and diabetes risk factors hypertension and waist circum-
ference. In addition, new diabetes diagnoses during follow-up—155
individuals at wave 3 and 220 individuals at wave 4—did not
seem to be driving the overall effect, and either diabetes biomarker
outcome demonstrated consistent patterns or results. These results
indicate that among individuals with low EF, elevated depressive
symptoms are associated with steeper age-related increases in
FG and HbA1c over time. In contrast, among those with higher
EF, no differences in age-related trajectories of diabetes biomark-
ers were observed as a function of depressive symptoms. These
findings suggest that depressive symptoms and lower EF may in-
teractively accelerate diabetes pathophysiology and increase the
risk of earlier diabetes onset.

Our observed findings showing significant two-way interactions
of depressive symptoms by age are in line with the well-established
literature and meta-analyses that demonstrate the deleterious effects
of both elevated depressive symptoms and clinical depression on di-
abetes incidence (9,32) and its chief precursor insulin resistance
(33). It is relatively more novel to view variability in cognitive func-
tion and particularly in EFs as a potential risk factor for diabetes

onset, although several hypothesized mechanisms give credence
to this possibility (11,20–22) and several prior studies, but not all
(34), have either directly or indirectly provided evidence for this
prospective association. Among the few studies that have directly
linked neurocognitive domains to diabetes risk, Mõttus et al. (35)
demonstrated that lower general cognitive ability in adolescence
predicted the risk of developing diabetes in middle adulthood. In
another study, Murdock et al. (22) demonstrated that measures
of inhibitory control and fluid reasoning, but not measures of
working memory, or processing speed predicted the increased risk
of diabetes. Relatively more studies have demonstrated indirect
EF-to-diabetes links, principally through obesity. Obesity has been
connected to cognitive decline across the life span, and various
studies have shown that EFs precede and predict obesity (11), sug-
gesting that lower EFs in conjunction with obesity pathophysiology

FIGURE 1. Plots illustrating the association of elevated depressive symptomswith steeper age-related increases in (A) HbA1c and (B) FG.

TABLE 3. Relations of Executive Functions With Age-Related
Trajectories of Glycated Hemoglobin and Fasting Glucose in
the HANDLS Study (N = 1257)

(a) Glycated Hemoglobin b SE p

Executive functions by age 0.0003 0.001 .688

Executive functions 0.01 0.01 .450

Age 0.01 0.001 <.001

Race (0, White; 1, AA) 0.17 0.03 <.001

Sex (0, women; 1, men) −0.03 0.03 .372

Poverty status (0, above; 1, below) 0.04 0.03 .266

WRAT-3 Word Reading −0.01 0.003 .025

(b) Fasting Glucose b SE p

Executive functions by age −0.01 0.02 .489

Executive functions 0.11 0.26 .663

Age 0.28 0.04 <.001

Race (0, White; 1, AA) −1.56 0.96 .106

Sex (0, women; 1, men) 2.99 0.90 .001

Poverty status (0, above; 1, below) 0.18 0.94 .845

WRAT-3 Word Reading −0.12 0.07 .099

HANDLS = Healthy Aging in Neighborhoods of Diversity across the Life Span;
AA = African American; WRAT-3 = Wide Range Achievement Test, Third Edition.

Models adjust for age, self-identified race, sex, poverty status, and literacy.
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can precipitate diabetes incidence. These studies do not align with the
lack of significant EF by age interaction on diabetes risk trajectories
observed in the present study. It is possible that the discrepancy

between these prior studies and our findings is related to differ-
ences in the characteristics of the study samples or to differences
in the measurement of key variables.

TABLE 4. Independent and Interactive Relations of Depressive Symptoms and EFs With Age-Related Trajectories of Glycated
Hemoglobin and Fasting Glucose in the HANDLS Study (N = 1257)

(a) Glycated Hemoglobin Model 1a Model 2b Model 3c Model 4d

Depressive symptoms by EF by age −0.0002* −0.0002* −0.0001* −0.0001*
Depressive symptoms by EF −0.001 −0.001 −0.001 −0.001
Depressive symptoms by age 0.0003* 0.0003* 0.0003* 0.0003*

EF by age 0.003* 0.003* 0.003* 0.002*

Depressive symptoms 0.003 0.003 0.003 0.002

EF 0.02 0.02 0.02 0.01

Age 0.01*** 0.01*** 0.01** 0.002

Race (0, White; 1, AA) 0.18*** 0.18*** 0.17*** 0.16***

Sex (0, women; 1, men) −0.02 −0.02 −0.01 −0.02
Poverty status (0, above; 1, below) 0.03 0.02 0.02 0.01

WRAT-3 Word Reading −0.01* −0.01* −0.01 −0.004
Antidepressant medication use (0, no; 1, yes) 0.01 −0.01 0.01

Cigarette use (0, never; 1, ever) 0.004 0.01 0.01

Alcohol use (0, never; 1, ever) −0.05 −0.04 −0.01
Hypertension (0, no; 1, yes) 0.09*** 0.08**

Waist circumference 0.02*** 0.02***

Diabetes diagnosis at follow-up wave (0, no; 1, yes) 0.39***

(b) Fasting Glucose Model 1a Model 2b Model 3c Model 4d

Depressive symptoms by EF by age −0.01** −0.01** −0.004** 0.003*

Depressive symptoms by EF −0.03 −0.03 −0.03 −0.02
Depressive symptoms by age 0.01** 0.01* 0.01* 0.01*

EF by age 0.06* 0.06* 0.06* 0.05

Depressive symptoms 0.08 0.08 0.08 0.04

EF 0.59 0.60 0.59 0.21

Age 0.14* 0.14* 0.10 −0.11
Race (0, White; 1, AA) −1.18 −1.23 −1.30 −1.84*
Sex (0, women; 1, men) 3.19*** 3.16*** 3.28*** 2.86***

Poverty status (0, above; 1, below) −1.72 −0.20 −0.23 −0.91
WRAT-3 Word Reading −0.11 −0.11 −0.10 −0.08
Antidepressant medication use (0, no; 1, yes) −0.64 −1.11 −0.62
Cigarette use (0, never; 1, ever) 0.11 0.25 0.10

Alcohol use (0, never; 1, ever) 0.23 0.13 −0.70
Hypertension (0, no; 1, yes) 1.67* 0.99

Waist circumference 0.05*** 0.03*

Diabetes diagnosis at follow-up wave (0, no; 1, yes) 18.15***

HANDLS = Healthy Aging in Neighborhoods of Diversity across the Life Span; EF = executive function; AA = African American; WRAT-3 = Wide Range Achievement Test,
Third Edition.

*p < .05.

**p < .01.

***p < .001.
aModel 1 adjusts for age, self-identified race, sex, poverty status, and literacy.
bModel 2 adjusts for all covariates in model 1 and additionally adjusts for antidepressant medication use, lifetime cigarette use, and lifetime alcohol use.
cModel 3 adjusts for all covariates in models 1 and 2, and additionally adjusts for hypertension, and waist circumference.
dModel 4 adjusts for all covariates in models 1, 2, and 3, and additionally adjusts for diabetes diagnosis at waves 3 and 4.
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To our knowledge, no prior study has examined the synergistic
effects of depressive symptoms and EF on diabetes incidence.
Among individuals with diabetes, a larger literature has demon-
strated complex interrelations among depressive symptoms, EFs,
and diabetes (36). Adults with diabetes exhibit clinical depression
at twice the rate of adults without diabetes, underscoring the bidi-
rectional depression-diabetes association. Adults with diabetes
also show neurophysiological alterations in the prefrontal cortex
and consequent deficits in EFs, as do individuals with depression
(37). A few recent studies report that adults with comorbid diabe-
tes and depression have a greater rate of decline in EFs and overall
cognitive function than adults with either condition alone (38,39).
In turn, worsening executive functioning in diabetes is likely to
impair glycemic control and diabetes self-management (38,40).
Given that a majority of these studies have not examined these
three conditions together, the temporal relations among these three
conditions and their underlying mechanisms are not yet clearly un-
derstood (41).

Although the mechanisms underlying the synergistic associa-
tions of depressive symptoms and low EFs on diabetes pathology
are likely to include the contributions of socioeconomic, biological,

and behavioral factors, and parsing apart the complex causal path-
ways remains a major challenge, there seem several possibilities as
to how depressive symptoms and EFs might interact to promote dia-
betes pathology. A first possibility is the direct influence of depression
on EF. There is now considerable evidence linking depression
with cognitive impairment, including data indicating that depres-
sive symptoms precede declines in cognition across the life span
(41). In fact, the National Institute of Mental Health’s Research
Domain Criteria (42) has established cognitive impairment to be a
core domain of a diagnosis for major depressive disorder. The over-
all evidence indicates that depression has a particularly deleterious
effect on higher-order EFs such as planning, monitoring, reasoning,
and self-regulation (43). In addition, rumination in depression can de-
plete working memory resources (44). From a behavioral standpoint,
common maladaptive health behaviors associated with elevated de-
pressive symptoms, such as a lack of a healthy diet, being sedentary,
and smoking and alcohol use, can also negatively impact executive
functioning (12,41). Although these negative health behaviors as-
sociated with depression impair glucose metabolism and insulin
sensitivity, these preclinical conditions themselves can impair ex-
ecutive functioning (41). In turn, depressive symptoms and EFs

FIGURE 2. Plots disentangling the significant three-way interaction of CES-D by EF by age with diabetes biomarkers in basemodels. Top
row: greater depressive symptoms associated with steeper age-related increases in HbA1c and FG among those with lower EF. Middle row:
less pronounced, trends observed among those with average EF. Bottom row: no differences in age-related HbA1c or FG trajectories as a
function of depressive symptoms observed among those with higher EF.
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share similar behavioral, neurobiological, and inflammatory path-
ways that may have a higher combined influence on diabetes risk
(6). Just as likely, these affective and cognitive symptoms could
further impair an individual’s ability to undertake health behaviors
that could worsen the management of the metabolic risk factors
linked to diabetes incidence.

A second possibility is that these synergistic effects occur
through obesity, which is correlated with both elevated depressive
symptoms and reduced cognitive performance including attention
and psychomotor skills (34,45). Studies report that when elevated
depressive symptoms are present in conjunction with lower EF,
particularly inhibitory control, the resulting effect is weight gain
(46,47). Thus, the concurrent presence of both negative affective
and cognitive symptoms could increase the rate of weight gain
over time, which could accelerate the progression to incident diabetes.
It should be noted that our observed findings remained after adjust-
ment for waist circumference—a measure of central adiposity—
indicating that obesity may be just one of the underlying mecha-
nisms for these synergistic effects.

A final possibility pertains to unmeasured common factors un-
derlying both depressive symptoms and EFs that might promote
diabetes pathology and onset of disease. The role of systems-
level socioeconomic factors such as racial discrimination and ad-
verse childhood experiences is especially relevant here. Because
these factors contribute to and interact with both depressive symp-
toms and EFs, it is also possible that they may combine to produce
accelerated diabetes risk trajectories. For example, exposure to ra-
cial discrimination is known to impair cognitive abilities across
several domains and deteriorate psychological well-being (19,48).
Future research should concentrate on understanding this complex
interactive milieu of cognitive, affective, and socioeconomic factors
underlying diabetes pathology to better understand points of inter-
vention at the individual and systems levels.

Limitations of the current study warrant discussion. First, we
were unable to distinguish between type 1 and type 2 diabetes in
our sample. However, given our diagnostic criteria, it is reasonable
to assume that any individuals with type 1 or type 2 diabetes
mellitus were excluded at baseline. Moreover, type 2 diabetes rep-
resents the vast majority, accounting for 90% to 95% of all diabe-
tes cases, and new-onset type 1 diabetes is rare in middle-aged
adults (2). Second, because we only examined the EF domain,
one aspect of overall cognitive functioning, our results cannot
speak to whether interactive relations may exist between depres-
sive symptoms and other cognitive domains such as learning and
memory. Third, we observed high attrition in our sample from
wave 1 (n = 1144) to wave 4 (n = and 652), and participants with
complete data at all three waves had slightly younger age and
higher literacy than participants with data at only one or two waves.
However, sex, race, and poverty status did not differ between these
two groups. It should also be noted that the roughly 50% attrition
from wave 1 to wave 4 likely led to an underestimate of our key
associations. Distinct strengths of the current study also warrant
acknowledgment, including the large socioeconomically diverse,
biracial, population-based sample that included a large number
of individuals living in poverty (approximately 40% of the sam-
ple), and a longitudinal study design that allowed for the examina-
tion of progression of diabetes biomarkers over time. Moreover,
our models withstood extensive statistical adjustments for socio-
demographic factors, diabetes risk factors, and diabetes diagnosis

during follow-up, indicating that the influences of depressive
symptoms and EF on diabetes risk extend beyond these factors.

The findings of the current study suggest for the first time that
depressive symptoms and lower EF may work interactively to ac-
celerate diabetes pathophysiology and increase the risk of earlier
diabetes onset. Future investigations can strengthen the argument
that depressive symptoms and EFs represent causal interactive fac-
tors underlying diabetes pathophysiology in midlife, if not earlier.
In addition to replicating these results using other longitudinal
data, particularly data that include diverse race/ethnicity groups
(e.g., Hispanic/Latinos, South Asians) and age cohorts, future re-
search in this area should try to a) investigate multiple domains
of cognitive function (e.g., EFs, memory, language) and affect
(e.g., depressive symptoms, anxiety) simultaneously to decon-
struct the complex interactive influences of cognitive and affective
symptoms on diabetes pathology; b) distinguish population-based
samples such as ours with preclinical depressive symptoms from
clinical samples with major depressive disorder, as it is possible
that the synergistic effects of major depressive disorder and low
EF on diabetes pathophysiology may be distinct in terms of
strength or other characteristics; c) understand the interplay be-
tween individual-level (e.g., depressive symptoms, hypertension,
substance use) and systems-level contributors (e.g., racial discrim-
ination, health care access and quality) to diabetes pathology; and
d) empirically test biobehavioral mechanisms using advanced
techniques such as structural equation modeling.

The rate of diabetes incidence is already alarmingly high. This
rate is expected to double by 2030 (1) because of the effects of ur-
banization, changes in life-style, and aging. Depression and deficits
in EFs that constitute strong risk factors for diabetes and its sequelae
(e.g., future cognitive decline and dementia) also represent leading
causes ofmorbidity andmortality in theUnited States andworldwide.
Thus, there is a dire need for preventive health efforts at individual
and systems levels to reduce the burden of concurrent depressive
symptoms and cognitive dysfunction and, in doing so, decrease
the rate of diabetes. These preventative efforts include developing
new risk prediction models or adapting current models such as the
ADADiabetes Risk Test (49) to include depressive symptoms and
their interactions with cognitive function in conjunction with tradi-
tional diabetes risk factors. Thus, identifying high-risk individuals
with comorbid depressive symptoms and low EFs could become
an early clinical priority, and programs such as the Diabetes Pre-
vention Program (50) could be adapted for this high-risk group.
In turn, these interventions, administered earlier in the life span,
have the promise of preventing or delaying this debilitating dis-
ease and its sequelae.
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