(%)
=2
o
=
<
2
=
-9
=
O
()
~
>
O
O
=
o
d
>
I
[-%
o
I
e
<
a

O

Depression Is Associated With
Progression of Diabetic
Nephropathy in Type 1 Diabetes

Diabetes Care 2021;44:174-180 | https://doi.org/10.2337/dc20-0493

OBJECTIVE

To investigate the relationship between depression and diabetic nephropathy
progression in type 1 diabetes.

RESEARCH DESIGN AND METHODS

Data from 3,730 participants without end-stage renal disease (ESRD) at baseline,
participating in the Finnish Diabetic Nephropathy Study, were included. Depression
was assessed in three ways. Depression diagnoses were obtained from the Finnish
Care Register for Health Care. Antidepressant agent purchase data were obtained
from the Drug Prescription Register. Symptoms of depression were assessed using
the Beck Depression Inventory (BDI). Based on their urinary albumin excretion rate
(AER), participants were classified as those with normal AER, microalbuminuria, and
macroalbuminuria. Progression from normal AER to microalbuminuria, macro-
albuminuria, or ESRD; from microalbuminuria to macroalbuminuria or ESRD; or
from macroalbuminuria to ESRD, during the follow-up period, was investigated.

RESULTS

Over a mean follow-up period of 9.6 years, renal status deteriorated in 18.4% of the
participants. Diagnosed depression and antidepressant purchases before baseline
were associated with 53% and 32% increased risk of diabetic nephropathy pro-
gression, respectively. Diagnosed depression assessed during follow-up remained
associated with increased risk of disease progression (32%). BDI-derived symptoms
of depression showed no association with the progression, but the total number of
antidepressant purchases modestly reduced the risk (hazard ratio 0.989 [95% ClI
0.982-0.997]), P = 0.008). With the sample divided based on median age, the
observations followed those seen in the whole group. However, symptoms of
depression additionally predicted progression in those age <36.5 years.

CONCLUSIONS

Diagnosed depression and antidepressant purchases are associated with the pro-
gression of diabetic nephropathy in type 1 diabetes. Whether successful treatment of
depression reduces the risk needs to be determined.

Depression is a common comorbidity in people with type 1 diabetes. The prevalence
rates of depressive symptomatology vary based on the methods used (1,2). Trief et al.
(3) assessed depression in 6,172 adults with type 1 diabetes using the PHQ-8 (Patient
Health Questionnaire), scored in three different ways. Depression prevalence was 5%
when the PHQ-8 was scored by algorithm, (i.e., closest to a clinical interview) and 10%
when it was scored with a basic cutoff. Pouwer et al. (2) investigated a random sample

Diabetes Care Volume 44, January 2021

Check for
updates

Aila J. Ahola,*** Valma Harjutsalo,***
Carol Forsblom,*%3 Frangois Pouwer,>%”
and Per-Henrik Groop,*%>% on behalf of the
FinnDiane Study Group

LFolkhdlsan Institute of Genetics, Folkhdlsan Re-
search Center, Helsinki, Finland

2Abdominal Center, Nephrology, University of
Helsinki and Helsinki University Hospital, Helsinki,
Finland

3Research Program for Clinical and Molecular
Metabolism, Faculty of Medicine, University of
Helsinki, Helsinki, Finland

“Chronic Disease Prevention Unit, National In-
stitute for Health and Welfare, Helsinki, Finland
*Department of Psychology, Faculty of Health
Sciences, University of Southern Denmark, Odense,
Denmark

®School of Psychology, Deakin University, Gee-
long Waterfront Campus, Melbourne, Victoria,
Australia

“Steno Diabetes Center Odense, Odense, Denmark
8Department of Diabetes, Central Clinical School,
Monash University, Melbourne, Victoria, Australia

Corresponding author: Per-Henrik Groop, per-henrik
.groop@helsinki.fi

Received 11 March 2020 and accepted 5 October
2020

This article contains supplementary material online
at https.//doi.org/10.2337/figshare.13073387.

© 2020 by the American Diabetes Association.
Readers may use this article as long as the work is
properly cited, the use is educational and not for
profit, and the work is not altered. More infor-
mation is available at https://www.diabetesjournals
.org/content/license.

20z 1y 0} U0 158n6 Aq Jpd'€6500Z9P/6E LZES/bL L/ L7 /IPd-0I01LE/21E0 /W00 IEYDIBANIS EPE//:d)Y WOl) PapEO|UMOQ


https://doi.org/10.2337/dc20-0493
http://crossmark.crossref.org/dialog/?doi=10.2337/dc20-0493&domain=pdf&date_stamp=2020-12-08
mailto:per-henrik.groop@helsinki.fi
mailto:per-henrik.groop@helsinki.fi
https://doi.org/10.2337/figshare.13073387
https://www.diabetesjournals.org/content/license
https://www.diabetesjournals.org/content/license

care.diabetesjournals.org

of 772 adults with diabetes from three
outpatient diabetes clinics. Depressive
affect was measured with the World
Health Organization-Five Well-Being Index
(WHO-5), the Center for Epidemiologic
Studies Depression Scale (CES-D), and a
diagnostic interview. Approximately 25—
30% of the individuals with type 1 diabetes
reported depressive affect (WHO-5). Based
on the diagnostic interview, 8% of individ-
uals with type 1 diabetes suffered from a
depressive disorder. Finally, in the Finnish
Diabetic Nephropathy (FinnDiane) Study,
17% of the individuals with type 1 diabetes
were identified to have symptoms of
depression (4), while in another study,
5 years after the diagnosis of type 1
diabetes, 8% and 10% were diagnosed
with moderate and severe depression,
respectively (5).

Mostly investigated in samples of in-
dividuals with type 2 diabetes, or in
mixed populations of individuals with
type 1 or 2 diabetes, diabetes compli-
cated by depression has been associated
with less optimal diabetes self-care be-
haviors (6), reduced quality of life (7),
higher number of diabetes-related symp-
toms as assessed by the Whitty nine-item
guestionnaire (8,9), higher frequency
of self-reported disability or unemploy-
ment (10), and increased health care
resource utilization and costs (11). Im-
portantly, depression in people with di-
abetes is also related to worse glycemic
control (12), higher number of cardio-
vascular risk factors (13), higher risk of
micro- and macrovascular complications
(14), and increased risk of premature
mortality (15).

Diabetic nephropathy is the leading
cause of renal insufficiency (16) and an
independent risk factor for the increased
risk of premature mortality seen in in-
dividuals with type 1 diabetes (17). In a
sample of individuals with mostly type 2
diabetes, higher incidence of major de-
pressive symptoms were associated with
an 85% increased risk of incident end-
stage renal disease (ESRD) over a 10-year
follow-up period (18). Moreover, in a
large sample of U.S. veterans with di-
abetes not otherwise specified, Novak
et al. (19) reported that baseline de-
pression increased the odds of develop-
ing chronic kidney disease by 20%. Again,
prospective studies in people with type
1 diabetes are lacking.

The FinnDiane Study is a large nation-
wide study established to investigate the

potential causes of diabetes complications
in type 1 diabetes. Within this realm, we
sought to investigate whether diagnosed
depression, purchases of antidepressant
agents, or a higher score on a questionnaire
assessing symptoms of depression is as-
sociated with the progression of diabetic
nephropathy.

RESEARCH DESIGN AND METHODS

The FinnDiane Study was launched in
1997. Participants are recruited to the
study on an ongoing basis at their regular
diabetes-related visits to their attending
physician. To date, 5 university hospitals,
16 central hospitals, the majority of the
regional hospitals, and several primary
health care centers all around Finland
have participated in the recruitment.
Since the start of the study, >5,000
individuals with type 1 diabetes have
participated in an initial baseline visit.
Following the baseline visit, participants
are invited for follow-up visits approxi-
mately every 5 years. In the current
analyses, data were used from all adults
(>18 years old) with type 1 diabetes
participating in the FinnDiane Study with
a functioning kidney at baseline and at
least one assessment of renal status over
the follow-up period. Type 1 diabetes was
defined as onset of diabetes before the
age of 40 years and permanent insulin
treatment initiated within 1 year of di-
agnosis and by ensuring insulin deficiency
by C-peptide concentration. The study
protocol was approved by the Ethics
Committee of Helsinki and Uusimaa Hos-
pital District, and the study was performed
in accordance with the ethics standards
laid down in the Declaration of Helsinki.
Written informed consent was obtained
prior to participation.

At the FinnDiane Study visits, parti-
cipants were thoroughly examined, as
previously described (4). Among other
assessments, height and weight were
measured with participants in light cloth-
ing. From these measurements, the BMI
(weight in kilograms divided by the square
of height in meters) was calculated.
Seated blood pressure was measured
twice; the first measurement was con-
ducted after aminimum of 10 minrestand
the second followed with a 2-min interval.
Mean of the two measurements was
calculated. Prior to the study visit, par-
ticipants were instructed either to fast or,
if required to treat a low blood glucose
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level, consume a light breakfast. Blood
was drawn, and HbA;. was determined
locally using standardized assays. Serum
lipid and lipoprotein concentrations were
measured centrally at the research labo-
ratory of the Helsinki University Hospital.
Serum triglyceride concentrations were
measured with a Konelab 60i analyzer
(Thermo Fisher Scientific, Waltham, MA),
and serum HDL cholesterol concentration
was measured with an HTS 7000 Plus Bio
Assay Reader (PerkinElmer, Waltham,
MA).

Renal status at baseline was assessed
based on urinary albumin excretion rate
(AER) in at least two of three timed 24-h
or overnight urine collections. Accord-
ingly, the participants were classified as
having normal AER (AER <20 pg/min
or <30 mg/24 h), microalbuminuria
(AER =20 and <200 pg/min or =30
and <300 mg/24 h), macroalbuminuria
(AER =200 p.g/min or =300 mg/24 h), or
ESRD (undergoing dialysis or having had a
kidney transplant). Progression of dia-
betic nephropathy was defined as any
adverse change from the baseline clas-
sification (i.e., from baseline normal AER
to microalbuminuria, macroalbuminuria,
or ESRD; from baseline microalbuminuria
to either macroalbuminuria or ESRD; or
from baseline macroalbuminuria to ESRD)
over the follow-up period. Data on pro-
gression were obtained both from the
FinnDiane Study follow-up visits and from
medical records.

Depression was assessed in three ways.
First, data on any depression-related hos-
pital visits (henceforth denoted as diag-
nosed depression) were obtained from
the Finnish Care Register for Health Care.
In this register, data on all discharges from
Finnish hospitals, including specialized
outpatient care, and associated diagnoses
and treatment codes are collected. Here,
the ICD-9 codes 2961 and 2968 and the
ICD-10 codes F32, F33, and F34.1 were
used for identification of diagnosed de-
pression. Second, data on the purchases
of antidepressant agents were obtained
from the Drug Prescription Register (DPR)
ofthe Social Insurance Institute of Finland.
Since late 1994, all prescriptions in out-
patient care are included in the DPR and
the register contains complete inform-
ation of all prescribed, purchased, and
reimbursed medications. From the regis-
ter, we searched forall drugsin the classes
NO6A and NO6CA (The Anatomical Ther-
apeutic Chemical Classification System
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with Defined Daily Doses). However, in-
dividuals with purchases of antidepres-
sants that, based on the clinical judgement
of the physicians in the FinnDiane Study
Group, have been commonly used for
the treatment of painful neuropathy
(Supplementary Tables 1 and 2) were not
considered “depressed.” We additionally
conducted post hoc analyses considering
individuals with purchases of antidepres-
sants commonly used for the treatment
of painful neuropathy as depressed if
purchases of other neuropathic pain med-
ication (NO3AF02, NO3AX09, NO3ABOS,
NO02AX02, NO2AAO5, NO3AF01, NO3AX12,
NO3AF12, NO3AB02) were not evident.
Data on antidepressant purchases were
used as a dichotomous variable, describ-
ing whether any antidepressant agents
were purchased, and as continuous vari-
able showing the number of antidepres-
santagent purchases. Both the depression
diagnoses and the antidepressant agent
purchases were assessed separately for
the time periods before (history of) and
after (during follow-up) the FinnDiane
Study baseline visit. Finally, depression
symptom severity was measured using
Beck Depression Inventory (BDI) (20). This
self-report questionnaire includes 21
symptom-attitude categories with four to six
statements of increasing symptom severity
in each. Of the statements, participants
selected the one that best described their
current situation. The BDI score of each
participant was calculated, ranging be-
tween 0 and 63 (with higher scores in-
dicating higher depression severity). For
assessing symptoms of depression, cutoff
point of =16, scored at any FinnDiane
Study visit, was used, as it has previously
been shown to exhibit adequate predic-
tive value (21). The BDI was not intro-
duced to the FinnDiane Study protocol
until August 2004. Since then, the partic-
ipants were asked to complete the in-
ventory at every FinnDiane Study visit.

Statistical Analyses

Descriptive statistics are reported as
percentages for categorical data and
medians (interquartile range) for contin-
uous, nonnormally distributed data. The
respective between-group comparisons
were done using X2 testand Mann-Whitney
U test. Independent associations between
depression variables and progression of
diabetic nephropathy were studied with
Cox regression analysis. All data were
analyzed using IBM SPSS Statistics for

Windows, version 25.0 (IBM, Armonk,
NY). A two-tailed P value <0.05 was
considered statistically significant.

RESULTS

Study Sample

Data from 3,730 participants were avail-
able for the analyses (51% men, median
age 37 years [range 18-80]). Over the
mean (£ SD) follow-up time 0of 9.6 £ 5.4
years (range 0.1-24.1), the renal status
deteriorated in 688 (18.4%) participants
(Table 1). Relative to the proportion
among nonprogressors, the proportion
of men was higher among the progres-
sors. The progressors were also older and
had longer diabetes duration but lower
age at diabetes onset. Moreover, the
progressors exhibited an overall worse
clinical profile, including higher HbA,
total cholesterol concentration, triglyc-
eride concentration, and blood pressure.

Diagnosed Depression

In all, 511 (13.7%) individuals had di-
agnosed depression either before or
after the baseline visit (Supplementary
Table 3). More frequently those with
diagnosed depression were women, had
longer diabetes duration, had lower age
at diabetes onset, and had worse glyce-
mic control. The frequency of history of
(i.e., prior to the baseline visit) diagnosed
depression was comparable between
the two groups of diabetic nephropathy
progression (Table 2). However, during
follow-up (i.e., after the baseline visit), a
higher proportion of those with deteri-
orating kidney status had diagnosed de-
pression (19.0% vs. 9.9%, P < 0.001).
After adjustment for potential confound-
ers (sex, diabetic nephropathy status
at baseline, diabetes duration, age at
diabetes onset, systolic blood pressure,
HbA,, triglyceride concentration, and
HDL cholesterol concentration), history
of diagnosed depression, diagnosed de-
pression during follow-up, and any di-
agnosed depression predicted renal decline
(from 32% to 53%) (Table 3).

Antidepressant Agent Purchases

A total of 798 (21.4%) participants had
antidepressant agent purchases ei-
ther before or after the baseline visit
(Supplementary Table 4). More frequently
those with antidepressant purchases were
women, were older, and had longer di-
abetes duration. Among the progressors,
asignificantly higher proportion of individuals
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had history of antidepressant agent pur-
chases (14.8% vs. 11.6%, P = 0.024) and
antidepressant purchases during follow-up
(29.9% vs. 23.7%, P = 0.001) (Table 2). In a
multivariable model, history of antidepres-
sant agent purchases (by 32%) predicted the
progression of diabetic nephropathy (Table
3). Instead, antidepressant purchases during
the follow-up were not related to disease
progression. The number of antidepressant
agent purchases had a modest negative
association with the odds of progression
(hazard ratio 0.989 [95% CI 0.982—-0.997],
P = 0.008).

Symptoms of Depression

Altogether, 1,489 participants completed
the BDI. Of these individuals, 191 (12.8%)
had symptoms of depression judged by
BDI score =16 (Supplementary Table 5).
Those with symptoms of depression more
frequently were women, had longer di-
abetes duration, had younger age at di-
abetes onset, and had worse glycemic
control. Progressors and nonprogressors
were no different in the BDI-derived symp-
toms of depression (13.3% and 12.7%,
respectively, P = 0.835) (Table 2). More-
over, the symptoms of depression did not
predict the progression of diabetic ne-
phropathy in a multivariable model (Ta-
ble 3).

Age-Stratified Results

Due to a large age range of the sample,
we repeated the analyses dividing par-
ticipants into two groups based on the
median age. In these analyses, progres-
sion of kidney disease was observed in
298 (16.0%) participants age =36.5
years and 390 (20.9%) age >36.5 years
(Supplementary Table 6). In both age-
groups, the progressors had longer
diabetes duration, had lower age at di-
abetes onset, and had worse glycemic
control. Similarly, in both groups, the
progressors had higher frequency of di-
agnosed depression (age =36.5 years,
22.8% vs. 11.4%, respectively, P < 0.001,
and >36.5 years, 18.7% vs. 12.9%, P =
0.005) (Supplementary Table 7). Only
in the older group, there was a higher
frequency of antidepressant purchases
among progressors (29.2% vs. 23.5%,
P = 0.025). In both age-groups, in the
multivariable analyses with diagnosed
depression and antidepressant agent
purchases, the direction of the associa-
tions followed those seen in the analyses
with samples combined (Supplementary
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Table 1—Basic characteristics of the population divided by progression of diabetic nephropathy

Nonprogressors, n = 3,042 (81.6%) Progressors, n = 688 (18.4%) P
Men 49.2 60.3 <0.001
Age, years 35.9 (27.8-46.0) 38.6 (30.9-46.8) 0.001
Diabetes duration, years 19.5 (10.7-29.3) 24.3 (16.0-32.8) <0.001
Age at diabetes onset, years 14.7 (9.5-23.5) 12.6 (8.3-19.0) <0.001
Follow-up time, years 9.7 (5.7-14.3) 7.2 (3.6-12.5) <0.001
HbA;., mmol/mol 66 (56-75) 76 (65-88) <0.001
HbA;:., % 8.2 (7.3-9.0) 9.1 (8.1-10.2) <0.001
Total cholesterol, mmol/L 4.8 (4.2-5.4) 5.2 (4.5-5.9) <0.001
HDL cholesterol, mmol/L 1.3 (1.1-1.6) 1.2 (1.0-1.5) <0.001
Triglycerides, mmol/L 1.0 (0.7-1.3) 1.4 (1.0-2.1) <0.001
SBP, mmHg 130 (120-140) 138 (125-154) <0.001
DBP, mmHg 79 (72-85) 82 (76-89) <0.001
BMI, kg/m? 24.8 (22.8-26.9) 24.9 (22.5-27.7) 0.156

Data are presented as percentages for frequencies or medians (interquartile range) for continuous, nonnormally distributed data. Nonprogressors,
participants with no adverse change in the renal classification over the follow-up; progressors, participants with any adverse change in the renal
classification over the follow-up period (i.e., change from baseline normal AER to microalbuminuria, macroalbuminuria, or ESRD; from baseline
microalbuminuria to either macroalbuminuria or ESRD; or from baseline macroalbuminuria to ESRD). DBP, diastolic blood pressure; SBP, systolic blood

pressure.

Table 8). Observations were significant
for diagnosed depression (=36.5 years,
during follow-up hazard ratio 1.545 [95% Cl
1.148-2.078], P = 0.004, and any time 1.508
[1.128-2.017], P = 0.006; >36.5 years,
history of diagnosed depression 1.775
[1.148-2.743], P = 0.010) and number of
antidepressant purchases (>36.5 years,
0.987 [0.976-0.997], P = 0.011). Addition-
ally, in those =36.5 years, symptoms of
depression were observed to increase the
odds of progression by 226%.

Table 2—Depression in the sample divided by progression of diabetic nephropathy

CONCLUSIONS

In the current study, independent of
traditional risk factors for diabetic ne-
phropathy, including male sex, diabetes
duration, blood pressure, glycemic con-
trol, and dyslipidemia, diagnosed depres-
sionand use of antidepressant medication
were observed to increase the risk of
progression of diabetic nephropathy.
This risk increment was evident both
for depression-related hospital visits,
independent of the timing of the visit,

and for history of antidepressant agent
purchases. Inaddition, a higher number
of antidepressant purchases over time
had a small but significant negative
association with the progression. In-
stead, in the multivariable analyses,
BDI-derived symptoms of depression
and antidepressant purchases during
the follow-up period were not associ-
ated with the risk of disease progres-
sion. As the emergence of diabetes
complications is strongly related to

Nonprogressors, n = 3,042 (81.6%) Progressors, n = 688 (18.4%) P

History of diagnosed depression 4.2 5.2 0.257
Diagnosed depression during follow-up 9.9 19.0 <0.001
Any diagnosed depression 12.2 20.5 <0.001
History of antidepressant purchases 11.6 14.8 0.024
Antidepressant purchases during follow-up 23.7 29.9 0.001
Any antidepressant purchase 20.5 25.3 0.006
Number of any antidepressant purchases 0.034

0 79.5 74.7

1-24 17.0 21.7

25-49 2.5 2.8

=50 1.0 0.9
BDI score =16 (n = 1,489) 12.7 13.3 0.835

Data are presented as percentages. Between-group comparisons were done with x test. Nonprogressors, participants with no adverse change in the
renal classification over the follow-up; progressors, participants with any adverse change in the renal classification over the follow-up period (i.e.,
change from baseline normal AER to microalbuminuria, macroalbuminuria, or ESRD; from baseline microalbuminuria to either macroalbuminuria or
ESRD; or from baseline macroalbuminuria to ESRD); history of diagnosed depression, depression diagnosed prior to baseline; diagnosed depression
during follow-up, depression diagnosed after baseline; any diagnosed depression, depression diagnosed before or after baseline; history of

antidepressant purchases, antidepressant purchases prior to baseline; antidepressant purchases during follow-up, antidepressant purchases after
baseline; any antidepressant purchase, antidepressant purchases before or after baseline; BDI score =16, symptoms of depression judged by the BDI

scores.
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Table 3—Multivariable associations between depression-related variables and
progression of diabetic nephropathy in type 1 diabetes

History of diagnosed depression, yes
Diagnosed depression during follow-up, yes
Any diagnosed depression, yes

History of antidepressant purchases, yes

Antidepressant purchases during follow-up, yes

Any antidepressant purchase, yes
Number of any antidepressant purchases
BDI score =16

Hazard ratio (95% Cl) P

1.527 (1.086-2.146) 0.015
1.320 (1.081-1.611) 0.006
1.315 (1.083-1.597) 0.006
1.316 (1.061-1.632) 0.013
0.871 (0.735-1.033) 0.112
0.862 (0.721-1.030) 0.102
0.989 (0.982-0.997) 0.008
0.816 (0.562-1.185) 0.285

Cox regression. Models are adjusted for sex, diabetic nephropathy status at baseline, diabetes
duration, age at diabetes onset, systolic blood pressure, HbA,, triglyceride concentration, and HDL
cholesterol concentration. History of diagnosed depression, depression diagnosed prior to
baseline; diagnosed depression during follow-up, depression diagnosed after baseline; any
diagnosed depression, depression diagnosed before or after baseline; history of antidepressant
purchases, antidepressant purchases prior to baseline; antidepressant purchases during follow-
up, antidepressant purchases after baseline; any antidepressant purchase, antidepressant
purchases before or after baseline; BDI score =16, symptoms of depression judged by the BDI

scores.

age, we repeated the analyses dividing
the sample into two based on median
age. In these analyses, the direction
of the associations followed those ob-
served in the whole sample for diag-
nosed depression and antidepressant
purchases. However, potentially due to
issues related to power, not all obser-
vations were significant. Of interest, in
the younger cohort, the BDI-derived
symptoms of depression also predicted
the progression of diabetic kidney
disease.

The current observations are in line
with a number of previous reports that
have shown depression to be associated
with an increased risk of chronic kidney
disease in diabetes (18,19,22). Similarly,
in a recent review and meta-analysis
of nine studies involving more than
one million participants, depression was
associated with an increased risk of
incident macrovascular (by 38%) and
microvascular (by 33%) diseases (14).
In The Pathways Study, a prospective
observational investigation for studying
the associations of depression with di-
abetes outcomes, at the end of a median
of 8.8-year follow-up, major depressive
symptoms were associated with an in-
creased risk of incident ESRD in a sample
of 3,886 individuals with diabetes (18).
Minor depressive symptoms, instead,
exhibited no increased risk (18). In a
longitudinal cohort of 4,623 primary
care participants with type 2 diabetes,
major symptoms of depression were
associated with a 36% increased risk

of adverse microvascular outcomes over
a 5-year follow-up period. In that study,
however, no distinction between different
complication types was made (23). Finally,
in a sample of 340,806 U.S. veterans with
either type 1 or type 2 diabetes, depres-
sion, defined according to the ICD-9-CM
codes for depression or by the use the of
antidepressant medication at the study
inclusion, was associated with a 20%
increased risk of incident chronic kidney
disease over the median follow-up of
7.3 years (19). To our knowledge, the
current study is the first to show the
deleterious longitudinal association of
depression with the progression of di-
abetic nephropathy in a sample exclu-
sively comprised of participants with type 1
diabetes.

The mechanisms connecting depres-
sion to less favorable outcomes of di-
abetes are unclear but may be related to
biological and behavioral factors (24).
Indeed, a meta-analysis of 47 studies
showed that depression is associated
with less optimal diabetes self-care be-
haviors (6). Of the individual self-care
practices investigated, a negative asso-
ciation was observed between depres-
sion and glucose monitoring, attendance
at medical appointments, and adherence
to exercise, diet, and medication pre-
scriptions (6). Irregularly adhering to the
glucose monitoring may impede with
reaching the targeted blood glucose
ranges and therefore increase the risk
of long-term complications. Moreover,
some studies have associated prudent
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diet and exercise with better glycemic con-
trol (25,26). Less optimal self-management
may also be an indication of an overall
reduced attention to one’s health or
an inability to manage the complexities
of the condition and subsequently con-
tribute to the emergence of diabetes
complications. Of importance, we also
investigated the role of glycemic control
in determining the progression of dia-
betic nephropathy. While in our analyses
HbA,. was associated with progression
(data not shown), its inclusion into the
model did not change the association
between depression and disease pro-
gression. In other words, HbA;. did not
have a mediating role between depres-
sive symptomatology and progression of
renal disease. Therefore, it is likely that
other mechanisms also exist linking de-
pressive affect to the increased risk of
long-term complications. Depression and
vascular complications also share a num-
ber of biological phenomena such as
reduced heart rate variability, endothe-
lial dysfunction, increased inflammation
and platelet function, and hyperactivity
of the hypothalamic-pituitary-adrenal
axis (22), which could link depression
with the long-term complications. The
precise mechanisms between depression
and complications is, however, beyond
the scope of the current study. Currently,
it is unclear whether recognition and
successful treatment of depression con-
tribute to the prevention of diabetic
nephropathy. However, as in addition
to the prevention of diabetes complica-
tions also the maintenance of good qual-
ity of life is stressed as an important goal
of diabetes management, annual screen-
ing for depression in individuals with
diabetes is commonly recommended
(27). Of note, despite not improving
glycemic control, a number of interven-
tions have been successful in alleviating
the symptoms of depression in individ-
uals with diabetes (28-30).

Itis not known why different estimates
of depression resulted in conflicting re-
sults in the current analyses. It may be
speculated, however, that of the meth-
ods used to approximate depression, the
register-based hospital visit variable is
likely the most reliable. Importantly, it
covers not only inpatient hospitalizations
but also outpatient visits at all hospitalsin
Finland. While, being register-based, it
does not miss any such cases, it should
be noted that depression is frequently
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treated also in other units, such as in
primary care and in occupational health
care, so a number of cases are also
missed. Moreover, not all patients seek
treatment for their depression. It is likely,
however, that hospitals treat the most
severe cases, suggesting that major or
severe depression would be associated
with increased risk, seen in the current
study.

Data on antidepressant purchases
were also obtained from a register. Using
such purchases as a proxy of depression
also has its limitations. Again, not all
depression is treated with antidepres-
sants. Moreover, besides depression,
antidepressants may also be used to
treat other conditions, such as anxiety,
obsessive-compulsive disorder, sleeping
disorders, migraine, eating disorders,
enuresis, and neuropathic pain (31).
As neuropathic pain is a common com-
plication in type 1 diabetes, we excluded
antidepressants commonly used for this
condition from the analyses to better
ensure that the antidepressants were
used specifically to treat depression.
We did, however, repeat the analyses
considering individuals with any such
antidepressants with no evidence of
other medication used for neuropathic
pain as depressed. The significance of the
results did not change (data not shown).
Of interest, history of antidepressant
purchases but not purchases done over
the follow-up period was associated
with higher risk of progression. This could
be due to the fact that, compared with
the follow-up time, the “history of pur-
chases” covers a longer time period and
therefore better represents the depres-
sive mood experienced over the lifetime.
Importantly, the progression of diabetic
nephropathy may take years to develop.
Therefore, it is reasonable to assume,
should depression be causal of compli-
cations, that the prior history of depres-
sion was a stronger determinant of the
increased risk compared with the con-
comitant depression. Surprisingly, the
total number of antidepressant pur-
chases exhibited a small but significant
negative association with the progres-
sion of diabetic nephropathy, suggesting
that there was a protective effect. The
mechanisms behind this association are
not known, but it is possible that, should
regular antidepressant usage alleviate
the symptoms of depression, their use
would thereby help affected individuals

to better take care of their diabetes. On
the other hand, meticulous management
of one’s depression could simply be a
marker of overall conscientiousness, sug-
gesting that diabetes also would be well
managed. Finally, it cannot be ruled out
that some compound in the antide-
pressants could also have renoprotective
qualities.

We used BDI to estimate elevated
symptoms of depression. Here, in the
whole sample, the symptoms of depres-
sion were not associated with the disease
progression. Instead, when investigated
separately, depressive symptomatology
predicted the progression of kidney dis-
ease in the younger group. While the
reasons behind this age difference are
not known, it may be speculated that the
increased depressive symptomatology
earlier in life may more strongly impact
the self-care behaviors. It could also be
that older individuals with a positive BDI
screen may constitute a more heteroge-
neous group with less severe symptoms
compared with those with diagnosed
depression or those using antidepressant
medication (32). Notableinthe use of the
BDlisthat, unlike for the above-discussed
register-based data for which missing
data were not an issue, data on the
symptoms of depression were available
only for a subset of participants. More-
over, the BDI is a self-report method
and as such has its known limitations,
including social desirability and non-
response bias, which may distort the
actual phenomenon. Also, data on BDI-
derived symptoms of depression were
available only for the follow-up pe-
riod, and even then the measurements
were conducted only a few times per
participant.

In addition to the use of register-based
data for diagnoses and antidepressant
purchases, discussed above, this study
also has a number of other important
strengths. First, the longitudinal study
design enables us to assess the relation-
ship between depression and the pro-
gression of diabetic nephropathy while
taking into account the traditional risk
factors related to the long-term compli-
cations. Second, a large sample of well-
defined individuals with type 1 diabetes
is also an important asset of the study.
The FinnDiane Study participants are
nationally recruited, and the sample
closely follows the distribution of the
general Finnish population. Considering
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that the FinnDiane Study sample represents
~20% of the total number of individuals
with type 1 diabetes in Finland, the sample
may be considered fairly representative of
the country. Despite this, some selection
bias may still be evident, as those with more
severe psychological issues and those less
interested in health-related studies may be
underrepresented. Should this be the case,
the current observations likely show a some-
what diluted picture of the actual phenom-
enon. A major strength of this study is that
the sample consists solely of adults with
type 1 diabetes, unlike most of the previous
studies, which have been conducted either
in individuals with type 2 diabetes or in
samples pooling data from participants with
type 1 and type 2 diabetes. While the use
of register-based data on purchases of
antidepressant agents and symptoms of
depression from the self-reported BDI
are proxies of depression, they further
strengthen the message conveyed from
the analyses with the actual diagnoses. A
number of limitations are also worth noting.
In our analyses, we adjusted the models
with a large number of well-known risk
factors. Residual confounding due to vari-
ables not accounted for cannot, however,
be excluded. Also, although the study was
longitudinal, causality between depression
and progression of diabetic nephropathy
cannot be ascertained based on our ob-
servations. It is possible that, despite the
timely connection between the two phe-
nomena, the disease progression is, rather,
explained by some third unidentified vari-
able. While, in the FinnDiane Study, mea-
sures to ensure true type 1 diabetes
diagnosis in those diagnosed before the
age of 40 years have been taken, it may
be possible that a number of individuals
diagnosed beyond this age point also
have type 1 diabetes but have been ex-
cluded from the current analyses. Should
this have taken place, the number of
missed cases would be low. Finally, no
data were available on the duration of the
antidepressant medication use. Prolonged
use of certain antidepressants may be as-
sociated with an increase in the risk factors
related to renal decline (33). Also, short
treatment periods may expose individuals
to side effects without the anticipated
benefits, or may be indicative of drug-drug
interactions, which would cause a person
to refrain from continuing the treatment.

In conclusion, depression diagnosis
and history of antidepressant agent pur-
chases are associated with progression of
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diabetic nephropathy in people with
type 1 diabetes. Moreover, in younger
adults, depressive symptoms may also be
predictive of progression. Whether iden-
tifying individuals with depression and
targeting effective interventions could pre-
vent deterioration of diabetic nephropathy
should be investigated.
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