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Type 2 Diabetes, Change in
Depressive Symptoms Over Time,
and Cerebral Small Vessel Disease:
Longitudinal Data of the
AGES-Reykjavik Study

Diabetes Care 2020;43:1781-1787 | https.//doi.org/10.2337/dc19-2437

OBJECTIVE

Type 2 diabetes has been associated with depression. However, the underlying
pathophysiological mechanisms remain unknown. Cerebral small vessel disease, a
consequence of diabetes, may lead to depression. Therefore, we evaluated whether
cerebral small vessel disease mediates the association between type 2 diabetes and
higher depressive symptoms.

RESEARCH DESIGN AND METHODS

We used longitudinal data from the population-based Age, Gene/Environment
Susceptibility (AGES)-Reykjavik Study, with examinations from 2002 to 2006 and
5years later. Type 2 diabetes was defined as self-reported history of type 2 diabetes,
use of blood glucose—lowering drugs, or fasting blood glucose level =27.0 mmol/L.
Cerebral small vessel disease load was quantified in a composite score based on
MRI-defined presence of high white matter hyperintensity volume, low total brain
parenchyma volume, and subcortical infarcts, cerebral microbleeds, and large
perivascular spaces. The 5-year change in the 15-item Geriatric Depression Scale
score (GDS-15) was measured between baseline and follow-up.

RESULTS

Included were 2,135 individuals without dementia and baseline depression (baseline
age 74.5 [SD 4.6] years, 1,245 women [58.3%], and 197 [9.2%] with diabetes). The
GDS-15 score increased 0.4 (SD 1.6) points over time. Baseline diabetes was
associated with a greater increase in the GDS-15 score (8 = 0.337; 95% Cl 0.094;
0.579), adjusted for age, sex, education, and cardiovascular risk factors. Baseline
cerebral small vessel disease and change of cerebral small vessel disease statistically
significantly mediated a part of this association.

CONCLUSIONS

Type 2 diabetes is associated with a greater increase in depressive symptoms score
over 5 years, and cerebral small vessel disease partly explains this association.

Depression is an important health concernin type 2 diabetes. It is twice as common in
individuals with type 2 diabetes as in the general population and is associated with a
higher risk of diabetes-related complications and mortality (1). The factors that
mediate the relation between type 2 diabetes and depression are, however,
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incompletely understood. Cerebral mi-
crovascular dysfunction and damage may
be such a mediator. Cerebral microvas-
cular dysfunction may disrupt deep and
frontal brain structures involved in mood
regulation, leading to depressive symp-
toms (2,3).

Cerebral small vessel disease, a marker
of cerebral microvascular dysfunction
and damage (4), can be measured on
brain MRI as higher white matter hyper-
intensity volume, lower total brain pa-
renchyma volume, subcortical infarcts,
cerebral microbleeds, and large perivas-
cular spaces (4). These MRI features are
more prevalent in individuals with type 2
diabetes than in those without (5). In ad-
dition, cerebral small vessel disease is
associated with a higher incidence of
depressive symptoms (6). However, no pre-
vious study has investigated whether the
association between type 2 diabetes and
depressive symptoms is explained or me-
diated by cerebral small vessel disease.

In view of the above, we investigated,
in a large population-based cohort, the
association between baseline type 2 di-
abetes and change in depressive symp-
toms over time. In addition, we evaluated
whether this association was explained
by MRI features of cerebral small vessel
disease, including higher white matter
hyperintensity volume, lower total brain
parenchyma volume, subcortical infarcts,
cerebral microbleeds, and large perivas-
cular spaces.

RESEARCH DESIGN AND METHODS

Participants

Participants were included from the
population-based Age, Gene/Environment
Susceptibility (AGES)-Reykjavik Study co-
hort originating from the Reykjavik Study,
described previously (7). Briefly, from 2002
to 2006, 5,764 surviving participants of
the Reykjavik Study were examined, and
3,316 (57.5%) were reexamined 5 years
later, from 2007 to 2011. Reasons for not
attending the follow-up examination in-
cluded death (n = 1,039), refusal (n =
1,198), and lost to follow-up (n = 211).
Individuals who did not participate in the
second examination (n = 2,448), com-
pared with individuals who participated
in both examinations (n = 3,316), had
higher baseline depression symptoms scores
(15-item Geriatric Depression Scale [15-
GDS] score =6:10.9% vs.5.1%) and more
often used antidepressant medication at
baseline (21.2% vs. 12.1%). The AGES-

Reykjavik Study was approved by the
National Bioethics Committee in Iceland
(approval number, VSN-00-063) and by
the Institutional Review Board oversee-
ing the National Institute on Aging and
the National Institutes of Health. After
complete description of the study to the
subject, written informed consent was
obtained.

Type 2 Diabetes

Baseline type 2 diabetes was defined as
self-reported history of type 2 diabetes,
use of blood glucose-lowering drugs, or a
fasting blood glucose level =7.0 mmol/L

(8).

Depressive Symptoms

Depressive symptoms were assessed with
the GDS-15 (score range 0—15) at baseline
and at follow-up 5 years later (9,10). We
calculated the 5-year change in the GDS-
15 score over time by subtracting the GDS-
15 score at baseline from the GDS-15
score at follow-up. In addition, we com-
puted separately an apathy subscale from
the three apathy items of the GDS-15
(GDS-3A, range 0-3) and a subscale in-
cluding the remaining depression items
(GDS-12D, range 0-12), as described pre-
viously (11). Additionally, use of antide-
pressant medication (tricyclics, selective
serotonin reuptake inhibitors, other non-
tricyclics, and monoamine oxidase inhib-
itors) was assessed from medication
bottles brought to the clinic at baseline
and at follow-up.

Brain MRI Measures

Image Acquisition

All eligible participants were offered high-
resolution 1.5T brain MRI (Signa Twin-
Speed; General Electric Medical Systems).
A standardized imaging protocol, de-
scribed previously (12,13), was used at
baseline and follow-up and included the
following sequences: 3-dimensional spoiled-
gradient recalled T1-weighted, proton
density/T2-weighted fast spin-echo, fluid-
attenuated inversion recovery (FLAIR) and
T2*-weighted gradient-echo type echo-
planar image (GRE-EPI). All images were
acquired to give full brain coverage with
slices angled parallel to the anterior
commissure—posterior commissure line
to give reproducible image views in the
oblique-axial plane.

Image Analysis
Five features of cerebral small vessel
disease were evaluated: white matter
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hyperintensity volume, total brain pa-
renchyma volume, subcortical infarcts,
cerebral microbleeds, and large perivas-
cular spaces. White matter hyperinten-
sity volume and total brain parenchyma
volume were computed automatically
with a previously described image anal-
ysis pipeline (14) and were expressed as
the percentage of total intracranial vol-
ume. Subcortical infarcts were defined as
subcortical brain parenchyma defects, as
described previously (13), with a diam-
eter of =4 mm and a signal intensity
similar to cerebrospinal fluid on all pulse
sequences (T2-weighted, proton density-
weighted, and FLAIR), surrounded by an
area of high signal intensity on FLAIR
images and without evidence of hemo-
siderin on T2*-weighted GRE-EPI sequence.
No upper limit was used for the size of
subcortical infarcts. Cerebral microbleeds
were defined as focal areas of signal void
visible on the T2*-weighted GRE-EPI se-
quence (12). Large perivascular spaces
were defined as defects in the subcortical
area without a rim or area of high signal
intensity on FLAIR and without evidence
of hemosiderin on the T2*-weighted GRE-
EPI sequence (15).

Confounding Variables

Selection of confounding and covarying
measures was based on previous studies
(16,17) showing their association with
type 2 diabetes or depressive symptoms.
All covariates were determined at base-
line, unless otherwise specified. The
following variables were assessed by
questionnaire: education level (primary,
secondary, and college/university edu-
cation), smoking history (never, former,
current), and alcohol use. Alcohol use
was assessed with the following ques-
tions: “How often do you drink (alcohol)
in a month?” and “How many drinks do
you consume on a single occasion?” We
multiplied the number of occasions by
the amount consumed on each occasion
to calculate the approximate number of
drinks consumed per month. BMI was
calculated as measured weight in kilo-
grams divided by height in centimeters
squared. Hypertension was defined as
systolic pressure =140 mmHg, diastolic
pressure =90 mmHg, or use of antihy-
pertensive medication. Total cholesterol—
to—HDL cholesterol ratio and coronary
artery disease were determined as de-
scribed previously (7). Strokes (i.e., symp-
tomatic brain infarct or hemorrhage)
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prevalent at baseline were obtained from
medical records. Incident strokes that
occurred between the baseline and
follow-up examination were adjudicated
by a dementia neurologist, a stroke neu-
rologist, and a neuroradiologist, as de-
scribed previously (7). Dementia was
diagnosed according to international guide-
lines (18) by a panel that included a
geriatrician, a neurologist, a neuropsy-
chologist, and a neuroradiologist, as de-
scribed previously (7).

Analytic Sample

Of the 3,316 participants who attended
the follow-up examination, 207 were ex-
cluded because of a diagnosis of dementia
at baseline (n = 47) or at follow-up (n =
160). In addition, participants were ex-
cluded if they had missing data on brain
MRI (n = 701) or the GDS-15 score at
baseline or at follow-up (n = 149), or
confounders (n = 18). Finally, we ex-
cluded participants with baseline clin-
ically relevant depressive symptoms,
defined as a GDS-15 score =6 (n = 106).
In the main analysis, we did not exclude
participants using antidepressant medi-
cation, because these medications are
also prescribed for indications other than
depression (e.g., diabetic polyneuropathy).
Thefinal study sample for the main analysis
consisted of 2,135 participants.

Statistical Analysis

We calculated the mean (SD) or median
(interquartile range) of the character-
istics for the total study population, ac-
cording to presence of type 2 diabetes,
and for those included and excluded for
the present analysis.

We summarized the baseline cerebral
small vessel disease features and the
5-year change in cerebral small vessel
disease features over time into a com-
posite score of baseline cerebral small
vessel disease and a composite score of
cerebral small vessel disease change,
because we hypothesize that each cere-
bral small vessel disease feature may
mediate the association between type 2
diabetes and depressive symptoms ac-
cording to similar mechanisms. A com-
posite score reduces the influence of the
biological variability of its components
(19) and requires fewer statistical tests.
We calculated a composite score of
baseline cerebral small vessel disease, as
described previously (3). One point per
cerebral small vessel disease feature at

baseline was assigned based on the fol-
lowing cutoffs: for high white matter,
hyperintensity volume quartile 4 versus
quartiles 1-3; for low total brain paren-
chyma volume, quartile 1 versus quar-
tiles 2—4; and for subcortical infarcts,
cerebral microbleeds, and large perivas-
cular spaces, presence versus absence.
The points for each feature were summed
to compute the composite score of base-
line cerebral small vessel disease (range
0-5). Subsequently, we calculated a com-
posite score of cerebral small vessel dis-
ease change between the baseline and
follow-up examination by assigning 1
point for each cerebral small vessel dis-
ease feature based on the following
cutoffs: for high increase in white matter
hyperintensity volume, quartile 4 versus
quartiles 1-3; for high decrease in total
brain parenchyma, quartile 4 versus
quartiles 1-3; and for new subcortical
infarcts, cerebral microbleeds, and large
perivascular spaces, one or more new
lesion(s) versus no new lesions.

The statistical analysis proceeded in
two stages. First, multivariable linear re-
gression analyses were used to estimate
the associations between type 2 diabetes
at baseline, the composite score of base-
line cerebral small vessel disease, the
composite score of cerebral small vessel
disease change, and the 5-year change
in the GDS-15 score. Analyses were ad-
justed for baseline age, sex, education
level (model 1), and additionally for base-
line alcohol use, smoking history, BMI,
hypertension, and the total cholesterol—
to—HDL cholesterol ratio (model 2).

Second, we performed a mediation
analysis to test the hypothesis that ce-
rebral small vessel disease features ex-
plain the association between type 2
diabetes at baseline and change in the
GDS-15 score. The mediation model
quantifies the degree to which a variable
statistically explains the association be-
tween a determinant and an outcome
variable. We tested separately the ex-
plained associations of the baseline com-
posite score of cerebral small vessel
disease and the composite score of ce-
rebral small vessel disease change. We
used bootstrapping (10,000 samples) to
calculate bias-corrected 95% Cls of the
explained associations using the PRO-
CESS 3.4 statistical package for PASW
Statistics software (20). PROCESS is a
path analysis modeling tool that uses or-
dinary least squares and logistic regression
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for estimating the regression coefficients
and corresponding 95% Cls of total, di-
rect, and indirect effects in a mediation
model.

We did several secondary analyses to
examine the robustness of our associa-
tions. First, we repeated the analysis with
adjustment for each individual cerebral
small vessel disease feature in the model
separately, and we calculated which per-
centage of the explained effect by the
composite scores was accounted for by
the individual cerebral small vessel dis-
ease features.

Second, we evaluated the association
between type 2 diabetes at baseline and
the GDS-15 score at follow-up as the
outcome instead of the 5-year change in
the GDS-15 score and with additional ad-
justment for the GDS-15 score at baseline.

Third, we evaluated the association
between type 2 diabetes at baseline and
change in the GDS-15 score after exclud-
ing participants using antidepressant med-
ication at baseline.

Fourth, it has been suggested that ce-
rebral small vessel disease features may
be most strongly associated with apathy-
related symptoms of depression (11).
Therefore, we tested the association
between type 2 diabetes at baseline
with change in the GDS-3A and GDS-
12D scores, respectively, and evaluated
whether the composites scores of ce-
rebral small vessel disease mediated
this association.

Fifth, we evaluated the association be-
tween baseline type 2 diabetes and
change in the GDS-15 score, adjusting for
baseline coronary artery disease. Data on
baseline coronary artery disease were
missing in 220 participants.

Sixth, we repeated the analysis addi-
tionally adjusting for baseline stroke or
incident stroke during follow-up, which
may further mediate or confound our
associations with cerebral small vessel
disease (21,22).

Seventh, we repeated the analysis
after excluding individuals with a base-
line or incident subcortical infarct with a
size =15 mm to limit the potential con-
founding effect by large vessel disease.

All analyses were done with PASW Sta-
tistics (version 23). A P value of <0.05 was
considered statistically significant.

RESULTS

The mean age of the participants at
baseline was 74.5 (SD 4.6) years, 58.7%
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were women, and 9.2% had type 2 di-
abetes (Table 1). The mean time between
baseline and follow-up was 5.2 (SD 0.2)
years. On average, the GDS-15 score in-
creased 0.4 (SD 1.6) points over 5 years.
The GDS-15 score increased 0.7 (SD 1.9)
points in participants with type 2 diabe-
tes and 0.3 (SD 1.6) points in participants
without type 2 diabetes. Characteristics
of the individuals excluded from the
analyses are provided in Supplementary
Table 1.

Participants with type 2 diabetes com-
pared with those without had a greater
increase in the GDS-15 score between
the baseline and follow-up examination
after adjustment for age, sex, educa-
tion, alcohol use, smoking history, BMI,
hypertension, and the total cholesterol-
to—HDL cholesterol ratio (Table 2). In
addition, participants with type 2 diabetes
had a higher composite score of baseline
cerebral small vessel disease and a higher
composite score of cerebral small vessel
disease change (Table 2). A higher com-
posite score of baseline cerebral small
vessel disease and a higher composite
score of cerebral small vessel disease
change were associated with greater
increase in the GDS-15 score over time
(Table 2).

Mediation analysis showed that the
composite scores of baseline cerebral
small vessel disease and cerebral small
vessel disease change each statistically
significantly explained part of the total
association between type 2 diabetes and
the greater increase in the GDS-15 score
over time (Fig. 1A and B).

Secondary Analyses

Most individual cerebral small vessel
disease features attenuated the associ-
ation between baseline type 2 diabetes
and the greater increase in the GDS-15
score over time (Supplementary Figs. 1
and 2). Results were qualitatively similar
when we used the GDS-15 score at
follow-up as the outcome instead of the
5-year change in the GDS-15 score and
with additional adjustment for the GDS-
15 score at baseline (Supplementary Table
2). The association between type 2 di-
abetes and change in the GDS-15 score
was qualitatively similar when we ex-
cluded participants who used antide-
pressant medication at baseline (n = 215)
(Supplementary Table 3). Type 2 diabetes
was associated with a greater increase in
both the GDS-3A and GDS-12D scores

(Supplementary Table 4). In addition, the
composite scores of cerebral small vessel
disease explained part of the total asso-
ciation of type 2 diabetes and a greater
increase in the GDS-3A score and the
GDS-12D score (Supplementary Figs. 3
and 4). The association between type 2
diabetes and change in the GDS-15 score
was comparable when we additionally
adjusted for baseline coronary artery
disease or for baseline stroke and in-
cident stroke during follow-up (Supple-
mentary Table 5). In addition, results
were similar when we excluded individ-
uals with a baseline or incident subcor-
tical infarct with a size =15 mm (n = 41)
(Supplementary Fig. 5).

CONCLUSIONS

In this study, type 2 diabetes was in-
dependently associated with a greater
increase in depressive symptoms over
time, and cerebral small vessel disease
features explained or mediated part of
this association.

The study findings are in accordance
with the vascular depression hypothesis
(2) and suggest that cerebral microvas-
cular damage may contribute to the
development of depressive symptoms in
individuals with type 2 diabetes. A pre-
vious meta-analysis found that cerebral
small vessel disease features are associ-
ated with a higher risk of incident de-
pressive symptoms (6). In addition, a
previous systematic review found that
type 2 diabetes is associated with the
presence of cerebral small vessel disease
features (5). This study extends these
previous studies by showing that the
association between type 2 diabetes
and a greater increase in depressive
symptoms over time is partially ex-
plained by cerebral small vessel disease
features.

Type 2 diabetes may lead to cere-
bral small vessel disease via various
mechanisms, including impaired insulin-
dependent arteriolar dilation, advanced
glycation, excessive oxidative stress, and
epigenetic changes (23,24). The cerebral
microvasculature, in turn, is involved
in the regulation of many cerebral pro-
cesses, including cerebral perfusion, neu-
rovascular coupling, blood-brain barrier
permeability, and neurogenesis (24). Im-
pairment of these processes may lead to
neuronal dysfunction, ischemia, and cell
death, which may ultimately contribute
to depressive symptoms via damage in
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deep and frontal brain structures in-
volved in mood regulation (24).

Other mechanisms may, however, ex-
plain the observed associations. First,
cerebral small vessel disease may indi-
rectly lead to depression through inci-
dent stroke. However, adjusting for stroke
at baseline or incident stroke during fol-
low-up did not change our results. Second,
cerebral small vessel disease may indirectly
lead to depression through cognitive im-
pairment. For the current study, however,
we excluded individuals with dementia at
baseline or at follow-up. Third, other con-
founding factors may explain the associa-
tion between type 2 diabetes, cerebral
small vessel disease features, and change
in depressive symptoms over time, such
as lower socioeconomic status and car-
diovascular factors. However, the asso-
ciations between type 2 diabetes, cerebral
small vessel disease, and depressive symp-
toms were independent of education level
and cardiovascular risk factors (25,26).
Nevertheless, we cannot exclude the
possibility of residual confounding.

Some part of the association between
type 2 diabetes and higher depressive
symptoms over time remained unex-
plained after taking into account the
effect of cerebral small vessel disease
features. This remaining association may
be due to microvascular dysfunction that
is not directly captured in the MRI scans
in the current study (e.g., microinfarc-
tions, increased blood-brain permeabil-
ity, and lower cerebral vasoreactivity). In
addition, it is possible that only a subset
of individuals with type 2 diabetes de-
velop depressive symptoms that are re-
lated to cerebral small vessel disease.
Depressive symptoms in type 2 diabetes
may be related to other mediators such
as psychosocial factors (1), diabetes-
related comorbidities (1), and glucose
neurotoxicity (27).

Strengths of the current study are the
large population-based sample of older
participants, the comprehensive brain
MRI assessment of various cerebral small
vessel disease features at baseline and
follow-up 5 years later, and the extensive
adjustment for a series of potential
confounders.

Our study has certain limitations. First,
the construction of a composite score of
cerebral small vessel disease assumes
that all of its components are of equal
importance in the association between
type 2 diabetes and higher depressive
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Table 1—Characteristics of the total study population and according to the presence of type 2 diabetes at baseline

Total study Participants without Participants with
population type 2 diabetes type 2 diabetes
Participants, n (%) 2,135 (100) 1,938 (90.8) 197 (9.2)
Age at baseline (years) 74.5 (4.6) 74.5 (4.6) 74.6 (4.3)
Women, n (%) 1,245 (58.3) 1,151 (59.4) 94 (47.7)
Education level, n (%)
Primary 410 (19.2) 377 (19.5) 33 (16.8)
Secondary 1,106 (51.8) 1,003 (51.8) 103 (52.3)
College/university 619 (29.0) 558 (28.8) 61 (31.0)
Former smoker, n (%) 985 (46.1) 884 (45.6) 101 (51.3)
Current smoker, n (%) 220 (10.3) 202 (10.4) 18 (9.1)
High alcohol use, n (%)* 881 (41.3) 803 (41.4) 78 (39.6)
BMI (kg/m?) 27.2 (4.0) 27.1 (4.0) 28.8 (4.0)
HbA;. (mmol/mol) 38 (5) 37 (3) 47 (10)
HbA;. (%) 5.6 (0.5) 5.6 (0.3) 6.5 (0.9)
Total cholesterol-to—HDL cholesterol ratio 3.7 (1.1) 3.7 (1.1) 3.9 (1.2)
Baseline coronary artery disease, n (%)t 488 (26.2) 426 (22.0) 62 (31.5)
Stroke, n (%)

Baseline 94 (4.4) 85 (4.4) 9 (4.6)
Follow-up 24 (1.1) 20 (1.0) 4 (2.0)
Hypertension, n (%) 1,651 (77.3) 1,472 (76.0) 179 (90.9)
Incident depressive symptoms (GDS-15 score =6), n (%) 92 (4.3) 79 (4.1) 13 (6.6)

GDS-15 score

Baseline, median (IQR) 1 (0-3) 1(1-3) 1(1-2)

5-year change +0.4 (1.6) +0.3 (1.6) +0.7 (1.9)
Use of antidepressant medication, n (%)

Baseline 215 (10.1) 196 (10.1) 19 (9.6)

Follow-up 287 (13.4) 264 (13.6) 23 (11.7)
Composite scores of cerebral small vessel disease features

Baseline 0.8 (0.9) 0.7 (0.9) 0.9 (1.0)

5-year change +0.6 (0.8) +0.6 (0.7) +0.8 (0.9)
Total brain parenchyma volume, mL

Baseline 1,097 (102) 1,097 (101) 1,088 (114)

5-year change —33(17) —31 (17) —35 (18)
White matter hyperintensity volume, mL

Baseline, median (IQR) 11 (6-21) 11 (6-20) 12 (7-22)

5-year change +6 (7) +5(7) +6 (8)
Subcortical infarcts, n (%)

Baseline 154 (7.2) 123 (6.3) 31 (15.7)

Incident 87 (4.1) 74 (3.8) 13 (6.6)
Cerebral microbleeds, n (%)

Baseline 355 (16.6) 317 (16.4) 38 (19.3)

Incident 377 (17.7) 332 (17.1) 45 (22.8)
Large perivascular spaces, n (%)

Baseline 341 (16.0) 302 (15.6) 39 (19.8)

Incident 60 (2.8) 50 (2.6) 10 (5.1)

Data are presented as mean (SD) unless otherwise stated. IQR, interquartile range. *High alcohol use was defined as alcohol use above median, stratified

by sex. TData missing in n = 220.

symptoms over time. However, we found
that most individual cerebral small vessel
disease features contributed to the effect
of cerebral small vessel disease on the
association between type 2 diabetes and
higher depressive symptoms over time.

Second, death or attrition between
the baseline and follow-up examination
may have resulted in a disproportional
loss of people who were at high risk for

depression. The associations between
diabetes, cerebral small vessel disease,
and depressive symptoms found in the
current study sample may be biased if
associations substantively differed in
people who were lost to follow-up. We
consider this biased attrition unlikely,
in which case the loss of the individuals
reduces our power to detect existing
associations.

Third, we lacked power to investigate

the association of baseline type 2 di-
abetes to incident depressive symptoms
(GDS-15 score =6).

Fourth, because we studied associa-
tions of change in depressive symptoms
with change in cerebral small vessel
disease features, we cannot investigate
the temporality of the association. How-
ever, it is likely that only many repeated
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Table 2—Associations between type 2 diabetes at baseline, baseline and change in composite score of cerebral small vessel
disease and change in the GDS-15 score

Change in the GDS-15 Composite score Composite score of

score over time of baseline change over time
Model B (95% Cl) B (95% Cl) B (95% Cl)

Type 2 diabetes vs. no diabetes 1 0.339 (0.099; 0.579) 0.219 (0.093; 0.345) 0.205 (0.094; 0.316)

at baseline 2 0.337 (0.094; 0.579) 0.217 (0.089; 0.344) 0.222 (0.110; 0.335)
Composite score of baseline 1 0.094 (0.013; 0.175) = —
2 0.095 (0.014; 0.176) — —
Composite score of change 1 0.198 (0.107; 0.290) = =
2 0.194 (0.102; 0.285) = —

Model 1, adjusted for age, sex, and education level; model 2, model 1 plus alcohol use, smoking history, BMI, hypertension, and total cholesterol-to—HDL
cholesterol ratio. Analyses with cerebral small vessel disease as determinant were also adjusted for type 2 diabetes.

measures made at short intervals will
resolve temporal relations.

In view of the increased risk of de-
pression in type 2 diabetes, efforts to
favorably influence cerebral microvas-
cular function through lifestyle and
pharmacological therapy might help
to prevent or treat microvascular
dysfunction-related depression (24,28).
Evidence suggests that weight loss and
exercise may improve microvascular
function and symptoms of depression

(24). In addition, drugs, such as renin-
angiotensin-aldosterone system inhib-
itors and antihyperglycemic agents (i.e.,
metformin and glucagon-like peptide 1
receptor agonists), may improve micro-
vascular function, possibly beyond their
blood pressure- or glucose-lowering ef-
fects (24).

In conclusion, the current study found
that type 2 diabetes is independently
associated with a greater increase in de-
pressive symptoms over time and that

A Composite score
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3 0.217 (95%CI 0.089; 0.334)

Type 2 diabetes

vs. no diabetes

Total effect: f 0.337 (95%C| 0.094; 0.579)
Direct effect:  0.316 (95%CI 0.073; 0.559)
Indirect effect: B 0.021 (95%CI 0.004; 0.052)

of baseline
CSVD

B 0.095 (95%Cl 0.014; 0.1786)

A GDS-15 score
over time

Composite score
of CSVD change
over time

B 0.222 (95%CI 0.110; 0.335)

Type 2 diabetes

vs. no diabetes

Total effect: B 0.337 (95%C| 0.094; 0.579)
Direct effect: § 0.294 (95%CI 0.051; 0.536)
Indirect effect: § 0.043 (95%CI 0.016; 0.089)

B 0.194 (95%Cl 0.102; 0.285)

o~

A GDS-15 score

over time

Figure 1—Association between type 2 diabetes at baseline and change in the GDS-15 score, and the
mediating effect by the composite score of baseline cerebral small vessel disease (CVSD) (A) and
the composite score of cerebral small vessel disease change (B). Total effect is the association
between type 2 diabetes at baseline and change in the GDS-15 score without adjustment for the
composite score, direct effect is the association between type 2 diabetes and change in the GDS-15
score after adjustment for the composite score, and indirect effect is the explained or mediated
effect by the composite score. Associations are given as regression coefficients () and
corresponding 95% Cls. All associations are adjusted for age, sex, education level, alcohol
use, smoking history, BMI, hypertension, and total cholesterol-to—HDL cholesterol ratio.

this association is partly explained by
MRI features of cerebral small vessel
disease.
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