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A B S T R A C T   

Objective: Diabetic retinopathy (DR) is a feared complication and a leading course of visual impairment, but the 
connection between DR and depression including the direction has never been studied in a nationwide cohort. 
We aimed to assess, whether the associations between DR and diagnosed depression are bidirectional. 
Methods: We performed a national register-based cohort study of individuals with type 2 diabetes, who attended 
diabetic eye screening between January 2013 and June 2022. Level of DR was extracted from the Danish Registry 
of Diabetic Retinopathy. The severity of DR was assessed according to the International Clinical Diabetic Reti
nopathy severity scale. Diagnosed depression was ascertained by physician diagnostic codes of unipolar 
depression (F32), recurrent depression (F33) or dysthymia (F34.1) from the Danish National Patient Register. We 
estimated presence of diagnosed depression according to DR level at index date and risk of diagnosed depression 
during follow-up using multivariable logistic and Cox regression, respectively. Secondly, we assessed whether 
diagnosed depression at index date could predict incident DR. 
Results: We included 240,893 individuals with type 2 diabetes with baseline rates of diagnosed depression 
ranging from 5.2 to 6.0 % for DR level 1–4. At index date, individuals with type 2 diabetes and DR were less 
likely to have a history of diagnosed depression (multivariable adjusted OR, 0.77 [95 % CI 0.73–0.82]). In 
226,523 individuals with type 2 diabetes followed for 1,159,755 person-years, 1.7 % developed at least one 
episode of diagnosed depression. 
In a model adjusted for age and sex, individuals with DR at index date had an increased risk of incident diagnosed 
depression compared to those without DR (HR 1.25 [95 % CI 1.16–1.36]). Adjusting for marital status, use of 
glucose-, lipid- and blood pressure lowering medication, HbA1c, diabetic neuropathy and Charlson comorbidity 
index waived the above risk (multivariable adjusted HR 1.02 [95 % CI 0.93–1.12]). 
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E-mail address: Frederik.norregaard.pedersen@rsyd.dk (F.N. Pedersen).  

Contents lists available at ScienceDirect 

Journal of Diabetes and Its Complications 

journal homepage: www.elsevier.com/locate/jdiacomp 

https://doi.org/10.1016/j.jdiacomp.2023.108589 
Received 23 April 2023; Received in revised form 31 July 2023; Accepted 19 August 2023   

mailto:Frederik.norregaard.pedersen@rsyd.dk
www.sciencedirect.com/science/journal/10568727
https://www.elsevier.com/locate/jdiacomp
https://doi.org/10.1016/j.jdiacomp.2023.108589
https://doi.org/10.1016/j.jdiacomp.2023.108589
https://doi.org/10.1016/j.jdiacomp.2023.108589
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jdiacomp.2023.108589&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Journal of Diabetes and Its Complications 37 (2023) 108589

2

Furthermore a previous history of diagnosed depression was not associated with increased risk of incident DR 
(multivariable adjusted HR 0.89 [95 % CI 0.77–1.03]). 
Conclusion: In this nationwide cohort study, individuals with DR at first screening were 23 % less likely to have a 
history of depression, but our data did not support a bidirectional association between DR and depression. Se
lection bias may have occurred as diagnosed depression is a known barrier for attending DR-screening.   

1. Introduction 

Individuals with type 2 diabetes are twice as likely to develop 
depression compared to the general population.1 Depression in people 
with diabetes often leads to suboptimal HbA1c levels,2 impaired quality 
of life,3 and higher mortality.4 Diabetic retinopathy (DR) is the most 
common complication in diabetes and leading course of blindness in 
those with diabetes.5,6 An association between DR and depression has 
been proposed to be explainable by both behavioral and biological 
factors. Depression can contribute to impaired self-care behaviors 
including a less healthy diet, lower levels of exercise, and less optimal 
glucose self-management, that can subsequently result in higher HbA1c 
levels and increased risk of incident and progression of DR.7 Vice versa, 
DR may also be associated with the development of depression through 
fear of functional limitations due to vision loss.8 A German study found 
that individuals with type 2 diabetes and DR had a 44 % increased risk of 
developing depression during 10 years of follow-up.9 To our knowledge, 
only one prospective study has investigated the risk of incident DR in 
people with type 2 diabetes and depression.10 The study reported a 
slightly elevated risk of 2.5 % but was overall limited by a small sample 
size. From a clinical point of view, it is important to establish whether 
DR in type 2 diabetes can be a predictive marker of depression and vice 
versa in order to provide optimal preventive healthcare. Although we 
have some prior knowledge describing the association this has most 
often been obtained in smaller cross sectional studies.11 We will add 
data from a long-term longitudinal study of a nationwide cohort of in
dividuals with type 2 diabetes attending the Danish national DR 
screening program to investigate the bidirectional association of DR and 
diagnosed depression. 

2. Material and methods 

2.1. Data sources 

For the present study, five Danish national data sources were uti
lized; 1) The Danish Registry of Diabetic Retinopathy (DiaBase) has 
collected data since 2013 for all individuals above the age of 18 years 
attending the DR screening program in Denmark.12 The screening pro
gram is tax-funded and performed by practicing ophthalmologists or at 
selected hospitals. It is mandatory to report findings, which include but 
is not limited to level of DR, visual acuity and prior eye surgery. The 
screening procedure is primarily based on retinal fundus images ac
cording to national guidelines.13 Level of DR is reported according to 
International Clinical Diabetic Retinopathy Disease Severity Scale, 
which contains five stages: level 0 (no DR), levels 1–3 (mild, moderate 
and severe DR) and level 4 (proliferative DR).14 2) The Danish National 
Patient Registry (DNPR) was established in 1977 and holds, on an 
individualized basis, information on all hospital contacts, including 
hospitalization and outpatient visits, e.g. admission date and medical 
diagnosis, as given by International Classification of Disease 10th (ICD- 
10) codes.15 3) The Danish National Prescription Registry contains all 
dispensed prescriptions issued by general practitioners or specialists 
since 1995, in accordance with the Anatomical Therapeutic Chemical 
Classification (ATC) system.16,17 4) The Register of Laboratory Results 
for Research contains, on an individualized level, routine biomarker 
results analyzed in public hospital laboratories, including samples from 
general practitioners.18 5) The Danish Civil Registration System regis
ters each Danish citizen with a unique personal identification number, 

which was used to link data between the above registries. Furthermore, 
this registry holds information on date of birth, sex, marital and vital 
status.19 

2.2. Study population 

We performed a Danish nationwide register-based cohort study of 
individuals registered in DiaBase defined with type 2 diabetes between 1 
January 2013 and 1 June 2022. The first eye screening registered in 
Diabase defined the index date. Level of DR was defined according to 
level of DR at the worse eye. As all individuals in DiaBase have diabetes, 
we excluded those with type 1 diabetes defined from four criteria by 
combining ICD-10 codes for diabetes and ATC codes of redeemed pre
scription of insulin (A10A*) and oral glucose lowering drugs excl. In
sulin (A10B*). The definition of type 1 diabetes was 1) latest given 
diagnostic code in DNPR must be E10*, and 2) first prescription of A10A 
within a year of first E10 diagnosis, and 3) last prescription of A10A 
within a year of end of follow-up, and number of prescriptions ≥ number 
of years from first prescription to end of follow-up. Diagnosed depres
sion was defined by any of the first registered ICD-10 codes F32 
(depressive episode), F33 (recurrent depressive disorder), or F34.1 
(dysthymia) as in- or outpatient visits. 

2.3. Study outcomes 

Our primary outcome was risk of a previous registration of diagnosed 
depression before the index date according to DR level 0–4. As a sec
ondary outcome, we assessed the risk of incident diagnosed depression 
according to DR level 0–4 during follow-up. Time of risk was calculated 
as the time between index date and date of the first registration of 
diagnosed depression, death, migration or end of follow-up at 1 June 
2022, whichever came first. Lastly, our third outcome was risk of inci
dent DR according to a previous registration of diagnosed depression or 
not. At index date, individuals with type 2 diabetes without DR, with 
and without diagnosed depression were followed. DR incidence was 
defined by a progression from DR level 0 to DR level 1 or higher in at 
least one eye during follow-up. 

2.4. Covariate assessments 

Comorbidities were assessed by the Charlson comorbidity index 
score calculated from ICD-10, as given by Quan et al.20 Diabetic neu
ropathy was assessed by ICD-10 codes (G590, G332 or E114). Use of 
medication was assessed by ATC-codes for insulin (A10A*), oral glucose 
lowering drugs (A10B*), antihypertensive treatment (C03*, C07*, C08*, 
C09*) or lipid lowering therapy (C10*), as prescribed minimum twice 
within one year prior of index date. Duration of diabetes was given by 
the difference between the first date of ICD-10 codes for diabetes or date 
of redeemed prescription of insulin or glucose lowering drugs excl. In
sulin and index date. Marital status at index date was retrieved from the 
Danish Civil Registration System register and reported as never married, 
married or widowed/divorced. Level of HbA1c was calculated as the 
mean value of measurements performed within one calendar year, prior 
to or after, index date. 

2.5. Statistical analyses 

Continuous variables are presented with mean and interquartile 
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range and categorical variables with frequencies and percentages. We 
applied Cuzick’s extension of the Wilcoxon rank-sum test for trends for 
several groups and Pearson chi-squared test (χ2) to test differences be
tween groups (Table 1 and Table 2). In the cross-sectional analysis 
(Table 3), we calculated odds ratios (OR) with 95 % confidence intervals 
(CI) for diagnosed depression in a crude, age- and sex-adjusted, and 
multivariable logistic regression model (adjusted for age, sex, marital 
status, glucose-, lipid- or blood pressure lowering medication, HbA1c, 
diabetic neuropathy and an adjusted Charlson comorbidity index. As a 
sensitivity analysis, we restricted the diagnosis of diagnosed depression 
to have been given within two year before index date (Supplementary 
material Table S1). 

In the prospective analysis, we calculated hazards ratios (HR) for 
diagnosed depression (Table 4) in a crude, age- and sex-adjusted and a 
multivariable Cox regression model (we used the same confounding 
variables as for the multivariable logistic regression model). We utilized 
DR as a time-varying exposure meaning that individuals contributed to 
risk time depending on the DR level, which could change based on their 
screening results during follow-up. Civil status, use of medication and 
CCI were used as time-varying covariates. As a sensitivity analysis, risk 
of incident diagnosed depression was investigated without the time- 
varying aspect, meaning that the first DR screening result was used a 
predictor of incident diagnosed depression (Supplementary material 
Table S2). 

Lastly, we investigated the reverse association estimating the risk of 
incident DR with diagnosed depression as the predictor (Table 5). This 
analysis was performed among individuals with at least two screening 
episodes and no DR at index date. In a sensitivity analysis, we restricted 
codes for diagnosed depression to be given within one and two year of 
the first reported DR screening. The proportional hazard assumption 
was checked visually in log–log and Schoenfeld residual plots. We tested 
for interaction and found none between age and sex. We had 6.0 % and 
6.8 % missing values in HbA1c and diabetes duration, respectively. 
Missing data were considered missing at random, and due to the relative 
small proportion of missing data, we did not perform any statistical 
corrections. CI that did not include 1.0 and p-values below 0.05 were 
considered statistically significant. All statistics were performed using 

Table 1 
Characteristics for individuals with Type 2 Diabetes at the first time of screening for diabetes retinopathy according to the level of diabetic retinopathy as given by the 
Danish Registry of Diabetic Retinopathy.   

Overall Level of diabetic retinopathy p-Value 

Level 0 Level 1 Level 2 Level 3 Level 4 

Number of patients, n 240,893 208,772 19,705 6777 1123 4516  
Sex, % male 56.9 56.2 59.9 63.5 68.7 59.7  <0.001 
Age, years (IQR) 66.0 (56.6;73.4) 66.2 (57.0;73.5) 65.3 (54.9;73.2) 63.1 (53.6;71.3) 57.7 (48.8;66.6) 62.8 (51.8;71.3)  <0.001 
Duration of diabetes, years (IQR)a 5.7(1.7;11.5) 4.8(1.4;9.7) 14.0(7.3;19.2) 14.2(7.5;19.0) 14.9(8.4;19.1) 19.5(16.0;21.5)  <0.001 
Marital status, %        <0.001 

Never married 14.7 14.1 16.9 19.5 25.4 21.4  
Married or living with someone 57.3 57.7 55.3 53.2 48.9 52.7  
Widowed or divorced 28.0 28.1 27.7 27.3 25.7 25.9  

Charlson Comorbidity Index score, %        <0.001 
0 (low) 66.0 69.3 49.8 45.3 42.2 21.6  
1 (moderate low) 15.0 12.4 28.1 31.5 37.1 48.6  
2 (Moderate high) 11.5 11.5 11.0 11.2 10.7 14.7  
≥3 (high) 7.4 6.7 11.1 12.0 10.0 15.1  

Use of medication, %        <0.001 
Insulin 21.8 15.8 54.9 63.1 67.2 81.3  <0.001 
Glucose lowering treatment, excl. insulins 79.9 82.1 69.0 71.1 67.7 42.2  <0.001 
Antihypertensive drugs 76.8 76.3 79.2 77.9 72.9 86.6  <0.001 
Cholesterol lowering drugs 70.7 70.8 70.9 68.2 61.9 72.0  0.023 

Diabetic neuropathy 4.2 3.0 10.3 11.3 12.6 15.7  <0.001 
Depression, % 6.0 6.0 5.5 5.2 5.6 6.0  0.013 
HbA1c mmol/mol (IQR) 51.3 (46.0;61.0) 50.5 (45.8;58.8) 59.0 (50.5;69.2) 63.8 (54.0;75.5) 68.2 (58.0;80.7) 63.0 (54.2;73.0)  <0.001 
HbA1c % (IQR) 6.8 (6.4;7.7) 6.8 (6.3;7.5) 7.5 (6.8;8.5) 8.0 (7.1;9.1) 8.4 (7.5;9.5) 7.9 (7.1;8.8)  <0.001 

IQR: interquartile range. 
a Duration of diabetes was calculated only in individuals with at least one International Classification of Disease, Tenth Revision, code for diabetes or one Anatomical 

Therapeutic Chemical Classification code for treatment of diabetes. 

Table 2 
Characteristic of individuals with type 2 diabetes with and without diagnosed 
depression at the time of the first registration in the Danish Registry of Diabetic 
Retinopathy.   

Individuals with 
diagnosed 
depression 

Individuals without 
diagnosed 
depression 

p- 
Value 

Number of patients, n 14,370 226,523  
Sex, % male 43.8 57.7  <0.001 
Age, years, median (IQR) 60.5 (51.6;69.9) 66.3 (56.9;73.5)  <0.001 
Duration of diabetes, 

years, median (IQR)a 
5.7 (1.6;11.4) 5.7 (1.7;11.5)  0.485 

Marital status, %    <0.001 
Never married 20.9 14.3  
Married 43.1 58.2  
Widowed or divorced 36.0 27.5  

Charlson Comorbidity 
Index score, %    

<0.001 

0 (low) 58.4 66.5  
1 (moderate low) 18.1 14.8  
2 (Moderate high) 12.6 11.5  
≥3 (high) 10.9 7.2  

Diabetic neuropathy, % 5.5 4.1  <0.001 
Use of medication, %    

Insulin 25.8 21.6  <0.001 
Glucose lowering 
treatment, excl. insulins 

79.5 79.9  0.224 

Antihypertensive drugs 71.6 77.1  <0.001 
Cholesterol lowering 
drugs 

69.9 70.8  0.021 

Level of DR, %    0.004 
0 87.6 86.6   

7.6 8.2  
2 2.5 2.8  
3 0.4 0.5  
4 1.9 1.9  

HbA1c, mmol/mol (IQR) 51.3 (45.8;62.2) 51.3 (46.0;60.8)  0.995 
HbA1c, % (IQR) 6.8 (6.3;7.8) 6.8 (6.4;7.7)  0.995 

DR: diabetic retinopathy; IQR: interquartile range. 
a Duration of diabetes was calculated only in individuals with at least one 

International Classification of Disease, Tenth Revision, code for diabetes or one 
Anatomical Therapeutic Chemical Classification code for treatment of diabetes. 

F.N. Pedersen et al.                                                                                                                                                                                                                             



Journal of Diabetes and Its Complications 37 (2023) 108589

4

STATA version 17 (StataCorp LLC, College Station, TX, USA). 

2.6. Ethics committee approval 

The present study was part of the Ocular And Systemic complications 
In diabetic retinopathy Study (OASIS), emerging from the Danish 
Excellence Centre in Ophthalmic Epidemiology (DECODE-EYE).21 The 
study was performed according to the tenets of the Helsinki Declaration, 
and relevant permissions were obtained from the Region of Southern 
Denmark’s record of data processing activities (Journal nr. 18/61231) 
and the Danish Clinical Registries (DIABASE-2018-12-11). In Denmark, 
informed consent and permissions from the Danish National Committee 
on Health Research Ethics are not required for register-based studies. 

3. Results 

We included 240,893 individuals defined with type 2 diabetes who 
had attended the Danish DR-screening program during the defined in
terval (Fig. 1). Median age was 66.0 (IQR 56.6–73.4) years, and 56.9 % 
were male. A total of 208,772 (86.7 %) had no DR, and the prevalence of 
DR was 8.2 % (n = 19,705), 2.8 % (n = 6777), 0.5 % (n = 1123), and 1.9 
% (n = 4516) for DR levels 1–4 respectively (Table 1). Individuals with 
DR were more often males, had longer diabetes duration, a higher co
morbidity severity score, more often users of insulin, and had a higher 
level of HbA1c (Table 1). 

We identified 14,370 individuals who were registered with diag
nosed depression before index date (Table 2). Individuals with a regis
tration of diagnosed depression were more often women (56.2 % vs. 
42.3 %, p < 0.001), younger of age (60.5 vs. 66.3 years, p < 0.001), more 
often never married or widowed/divorced (20.9 % vs. 14.3 %, p < 0.001 

and 36.0 % vs. 27.5 %, p < 0.001, respectively) and had a higher 
Charlson comorbidity index score (CCI ≥ 3: 10.9 % vs. 7.2 %, p < 0.001). 
Likewise, individuals registered with diagnosed depression were more 
often prescribed insulin (25.8 % vs. 21.6 %, p < 0.001), but less often 
prescribed blood pressure lowering (71.6 % vs. 77.1 %, p < 0.001) and 
cholesterol lowering drugs (69.9 % vs. 70.8 %, p = 0.021). There were 
no differences between groups regarding diabetes duration, use of 
glucose lowering drugs, excl. Insulin or HbA1c levels. (Table 2). 

In a logistic regression model, individuals with DR were less likely to 
have a history of diagnosed depression at index date compared to in
dividuals without DR (multivariable adjusted OR, 0.77 [95 % CI 
0.73–0.82]) (Table 3). This was not statistically significant when the 
first registration of diagnosed depression was restricted to be given 
within two years prior to the index date (OR 0.81 [95 % CI 0.58–1.13]) 
(Supplementary material Table S1). 

After individuals with diagnosed depression at index date were 
excluded (n = 14,370), the cohort was followed for overall 1,159,755 
person-years. A total of 3827 individuals were registered with a diag
nosed depression during a mean follow-up of 5.12 years. Compared to 
individuals without DR, individuals with DR had a higher risk of diag
nosed depression (age- and sex adjusted model HR 1.25 [95 % CI 
1.16–1.36]), but this was no longer statistically significant in the 
multivariable adjusted model (multivariable adjusted HR 1.02 [95 % CI 
0.93–1.12]). This pattern persisted when we investigated the association 
across level specific DR (Table 4) and in the sensitivity analysis in which 
we did not utilize DR as a time-varying exposure (Supplementary ma
terial Table S2). We performed a post hoc analysis to investigate the risk 
of diagnosed depression in individuals who had undergone diabetes 
related procedures (Vitrectomy due to diabetes complications, focal and 
panretinal photocoagulation or anti vascular Endothelial Growth 

Table 3 
Odds ratio (OR) with 95 % confidence interval (CI) for diagnosed depression for individuals with type 2 diabetes screened for diabetes retinopathy at the time of the 
index datea according to level of diabetes retinopathy (level 0 used as reference).  

Level of DR Individuals with diagnosed depression Individuals without diagnosed depression OR (95%CI) 

Crude model Model adjusted for sex and age Multivariable modelb 

Level 0 12,594 196,178 1 (Reference) 1 (Reference) 1 (Reference) 
Level 1–4 1776 30,345 0.91 (0.87;0.96) 0.88 (0.83;0.93) 0.77 (0.73;0.82) 
Level 1 1091 18,614 0.91 (0.86;0.97) 0.90 (0.84;0.96) 0.80 (0.75;0.86) 
Level 2 353 6424 0.86 (0.77;0.95) 0.83 (0.74;0.92) 0.74 (0.66;0.83) 
Level 3 63 1060 0.93 (0.72;1.19) 0.81 (0.63;1.04) 0.68 (0.52;0.91) 
Level 4 269 4247 0.99 (0.87;1.12) 0.90 (0.79;1.02) 0.73 (0.64;0.84) 

DR: diabetic retinopathy. 
a Index date defined as the date of the first registration in the Danish Registry of Diabetic Retinopathy. 
b Multivariable logistic regression model adjusted for age, sex, glucose-, lipid- or blood pressure lowering medication, marital status, HbA1c, diabetic neuropathy 

and an adjusted Charlson comorbidity index (myocardial infarct, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic 
pulmonary disease, connective tissue disease, rheumatologic disease ulcer disease, hemiplegia or paraplegia, any malignancy (including leukemia and lymphoma), 
mild or moderate-severe liver disease, moderate-severe renal disease, and acquired immunodeficiency syndrome). 

Table 4 
Hazard ratio (HR) with 95 % confidence interval (CI) for incident diagnosed depression after the index datea for individuals with type 2 diabetes screened for diabetic 
retinopathy according to level of diabetic retinopathy (Level 0 used as reference).  

Level of DR Events of diagnosed depression Years of risk HR(95%CI) 

Crude model Model adjusted for sex and age Multivariable modelb 

0  3068  960,314.6 1 (Reference) 1 (Reference) 1 (Reference) 
1–4  759  199,441.1 1.23 (1.13;1.33) 1.25 (1.16;1.36) 1.02 (0.93;1.12) 
1  441  118,539.7 1.19 (1.08;1.32) 1.21 (1.09;1.33) 1.02 (0.91;1.14) 
2  178  43,959.6 1.32 (1.14;1.54) 1.36 (1.17;1.59) 1.09 (0.92;1.29) 
3  21  7089.6 0.96 (0.62;1.47) 1.02 (0.66;1.56) 0.83 (0.53;1.31) 
4  119  29,852.3 1.30 (1.08;1.56) 1.33 (1.10;1.60) 0.95 (0.78;1.16) 

DR: diabetic retinopathy. 
a Index date defined as the first date of the registration in the Danish Registry of Diabetic Retinopathy. 
b Multivariable Cox regression model adjusted for age, sex, glucose-, lipid- or blood pressure lowering medication, marital status, HbA1c, diabetic neuropathy, and 

an adjusted Charlson comorbidity index (myocardial infarct, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic pul
monary disease, connective tissue disease, rheumatologic disease ulcer disease, hemiplegia or paraplegia, any malignancy (including leukemia and lymphoma), mild 
or moderate-severe liver disease, moderate-severe renal disease, and acquired immunodeficiency syndrome). 
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Table 5 
Hazard ratio (HR) with 95 % confidence interval (CI) for diabetic retinopathy developing in at least one eye according to occurrence of diagnosed depression at the 
time of the index datea in the Danish Registry of Diabetic Retinopathy.   

Diagnosed depression No diagnosed depression HR (95 % CI) 

Events Person-years Events Person-years Crude model Model adjusted for sex and age Multivariable modelc 

Incident DRb 1185 44,778.3 21,463 800,942.5 0.99 (0.93;1.05) 0.95 (0.90;1.01) 0.89 (0.77;1.03)   

Diagnosed depression within two year 
of index date 

No diagnosed depression within two 
year of index date    

Incident DRb 157 4941.3 22,491 840,779.5 1.19 (1.02;1.39) 1.14 (0.98;1.34) 0.98 (0.68;1.42)   

Diagnosed depression within one year 
of index date 

No diagnosed depression within one 
year of index date    

Incident DRb 75 2296.5 22,573 843,424.3 1.22 (0.97;1.53) 1.17 (0.93;1.47) 0.81 (0.46;1.43) 

DR: diabetic retinopathy. 
a Index date defined as the first date of the first registration in the Danish Registry of Diabetic Retinopathy. 
b Given as the number of individuals with a new registration of DR level 1–4 (according to the International Clinical Retinopathy Disease Severity Scale) in at least 

one eye after the index date. 
c Multivariable Cox regression model adjusted for age, sex, glucose-, lipid- or blood pressure lowering medication, marital status, HbA1c, diabetic neuropathy, and 

an adjusted Charlson comorbidity index (myocardial infarct, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic pul
monary disease, connective tissue disease, rheumatologic disease ulcer disease, hemiplegia or paraplegia, any malignancy (including leukemia and lymphoma), mild 
or moderate-severe liver disease, moderate-severe renal disease, and acquired immunodeficiency syndrome). 

Fig. 1. Flowchart of inclusion.  
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Factor) and found no increased risk compared to individuals without DR 
or any procedures performed (Supplementary material Table S3). 

To test if diagnosed depression could predict incident DR, individuals 
with DR at index were excluded. Thereafter, 8582 and 148,194 in
dividuals with and without diagnosed depression were followed for 
44,778 and 800,943 person years, respectively. In multivariable 
adjusted Cox regression analysis, a history of depression was not asso
ciated with incident DR (HR 0.89 [95 % CI 0.77–1.03]). In a sensitivity 
analysis where we restricted the registration of diagnosed depression to 
be given within one or two years before index date the association was 
no longer statistically significant (multivariable adjusted HR 0.81 [95 % 
CI 0.0.46–1.43] & multivariable adjusted HR 0.98 [95 % CI 0.68–1.42], 
respectively) (Table 5). 

4. Discussion 

In this nationwide cohort registry-based study of almost a quarter of 
a million individuals with type 2 diabetes, individuals with type 2 dia
betes and DR were 23 % less likely to have been registered with diag
nosed depression before index date. We did not find DR to be 
independently associated with an increased risk of diagnosed depression 
or that individuals with a history of diagnosed depression had a higher 
risk of incident DR during follow-up. 

Interestingly, individuals with DR had a 23 % lower prevalence rate 
of a history of diagnosed depression but this association was no longer 
significant after we restricted the diagnoses of depression to be given 
within two years prior to the index date. We cannot rule out a potential 
pathophysiological association, but we speculate that the results may 
reflect our study population is based on a screening population. In a 
previous study of individuals attending the Danish screening program of 
DR, one time attendees had more often severe stages of DR, more co
morbidity, lower income and shorter educational background.22 Like
wise mental illness including depression has been associated with non- 
attendance in DR screening programs.23 Considering these two as
pects, the lower rate of prevalent diagnosed depression in our study may 
be caused by study design meaning that individuals not attending the 
Danish screening program may be more prone to have both depression 
and DR. 

In the last decades, much work has been done to uncover the asso
ciation between diabetes complications and depression, but literature 
regarding DR and depression remains scare. Several possible patho
physiological mechanisms have been proposed between depression and 
DR including dysregulation of the hypothalamic-pituitary-adrenal axis 
and elevation of cortisol, which subsequently may lead to glycemic 
fluctuations and finally DR.24,25 On the contrary, DR may cause 
depression because of visual impairment or fear of losing sight.8 To our 
knowledge, only one longitudinal study has previously investigated the 
association between DR and the risk of incident depression in people 
with type 2 diabetes. In that German prospective study of 90,412 in
dividuals with type 2 diabetes by Jacob et al., DR was found to be a risk 
factor of incident depression (HR 1.44 [95 % CI 1.21–1.70]) after 
adjustment for sex, private insurance, nephropathy, neuropathy, coro
nary heart disease, myocardial infarction, peripheral artery disease, 
hypertension, obesity and glucose lowering treatment.9 Discrepancy in 
results between their and our findings may be caused by various reasons, 
including a difference in study populations, DR assessment and statis
tical methodology. Jacob et al. used ICD-10 code E11.3 (Type 2 diabetes 
mellitus with ophthalmic complications) for DR assessment, whereas we 
used nationwide screening results performed by ophthalmologists based 
on national guidelines. The ICD-10 code E11.3 also include diabetic 
cataract, which might decrease the accuracy of the DR assessment. The 
authors also stated that the prevalence of DR in the study did not 
accurately reflect the situation in Germany. Lastly Jacob et al. did not 
include age, civil status or HbA1c in their multivariable adjusted model, 
which may also be important confounding covariates. In summary, 
comparing the results in the study by Jacob et al. and our study reveals 

differences in design and statistical approach, which we believe explain 
the differences in reported results. 

We did not find a history of diagnosed depression to increase the risk 
of incident DR In a recent meta-analysis of ten cross-sectional and one 
prospective studies, Zou et al. reported a positive association between 
depression and DR (fixed-effects OR 1.50 [95 % CI 1.39–1.63]).11 To our 
knowledge, only one prospective study have investigated the risk of 
incident DR in individuals with type 2 diabetes and depression, that 
found a slightly increased risk of DR in individuals with baseline 
depression (HR 1.03 95 % CI 1.01–1.04).10 We would expect a history of 
diagnosed depression to increase the risk of incident DR, but this needs 
to be addressed further in larger prospective studies. 

The strengths of our study include a large well-defined cohort of 
almost a quarter of a million individuals with type 2 diabetes and the use 
of national registries with valid, accurate and high completeness, which 
reduces the risk of misclassification. In addition we were able to use 
register data in combination with clinical and biochemical data. Another 
strength is our time-varying model where we took changes in life-events 
in to account e.g. marital status. Furthermore, we were able to investi
gate the bidirectional association, including DR level-specific risk 
assessment. Limitations to our study should also be acknowledged. The 
majority of mild to moderate depression is treated by general practi
tioners, hence these individuals are not necessarily included in this 
study, while treatment in the primary sector is not registered in the 
DNPR. Therefore, the depression cases in this study may be regarded as 
more severe cases. The registers do not hold information regarding vi
sual acuity or race/ethnicity, which may be an important confounder. 
Lastly, our findings can only be generalized to individuals with type 2 
diabetes that attend a DR screening program. 

In this nationwide study of almost a quarter of a million individuals 
with type 2 diabetes those with DR were 23 % less likely to have a 
history of diagnosed depression, but DR did not independently predict 
incident diagnosed depression. A history of diagnosed depression was 
not associated with an increased risk of incident DR. Further studies are 
warranted in order to investigate whether these results can be replicated 
outside a screening population. 
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