
Inflammatory biomarkers as prognostic tools for diabetic retinopathy 
progression: a prospective study

Mette Skov Johansen a,* , Jacob Volmer Stidsen a , Aleksander Lühr Hansen b ,  
Torben Skov Dyg Johansen c, Jens Steen Nielsen a, Frederik Nørregaard Pedersen d,e,  
Jakob Grauslund a,f, Michael Hecht Olsen g,h, Kurt Højlund a,e, Thomas Bastholm Olesen a,e

a Steno Diabetes Center Odense, Odense University Hospital, Odense, Denmark
b Steno Diabetes Center Copenhagen, Herlev, Denmark
c Department of Economics, University of Southern Denmark, Odense, Denmark
d Department of Ophthalmology, Odense University Hospital, Odense, Denmark
e Department of Clinical Research, University of Southern Denmark, Odense, Denmark
f Department of Regional Health Research, University of Southern Denmark, Odense, Denmark
g Department of Medicine and Steno Diabetes Centre Zealand, Holbaek Hospital, Holbaek, Denmark
h Department of Clinical Medicine, University of Copenhagen, Copenhagen, Denmark

A R T I C L E  I N F O

Keyword:
Type-2-diabetes
Inflammatory biomarkers
Diabetic retinopathy

A B S T R A C T

Aims: This study aimed to evaluate the prognostic potential of circulating inflammatory biomarkers, specifically 
hsCRP, IL-6, TNF-α, and CD163, for predicting diabetic retinopathy (DR) in adults with recently diagnosed type 2 
diabetes.
Methods: A prospective cohort of 3,363 individuals from the Danish Centre for Strategic Research in Type 2 
Diabetes was followed prospectively (median follow-up of nine years). Baseline concentrations of four bio
markers were measured, and DR outcomes were assessed. Logistic regressions were used to evaluate associations 
with DR presence at baseline, while Cox regressions were used to analyze the development and progression of 
DR, adjusting for potential confounders, including HbA1c.
Results: No associations were observed between baseline concentrations of inflammatory biomarkers and DR 
presence, development, or progression over time. When comparing the highest quartile to the lowest quartile for 
a given biomarker in adjusted models, the hazard ratios (95% CI) for the development or progression of DR were: 
hsCRP 0.76 (0.55–1.03), IL-6 0.84 (0.62–1.14), TNF-α 1.03 (0.76–1.40), and CD163 0.84 (0.62–1.14).
Conclusions: Our results indicate that systemic inflammatory biomarkers may not serve as reliable predictors for 
DR in early-stage type 2 diabetes. These findings contrast with prior cross-sectional studies suggesting a role for 
systemic low-grade inflammation in DR development.
Inflammatory biomarkers.
Diabetic retinopathy.

1. Background

Diabetic retinopathy (DR) is a serious microvascular complication of 
diabetes and a leading cause of visual impairment globally.[1,2] The 
main risk factors for the development of DR include diabetes duration, 
chronic hyperglycemia, and hypertension. [3,4] Among these, chronic 
hyperglycemia is considered the primary driver of DR, and intensive 
glycemic control has been shown to reduce its development and pro
gression. [5] Additional risk factors encompass dyslipidemia, and the 

presence of other microvascular complications, such as diabetic ne
phropathy and neuropathy. [6–10] While these risk factors, particularly 
diabetes duration and glycemic control, are strong predictors of DR 
development and severity, predicting the onset or rate of progression of 
DR in an individual remains a clinical challenge. This challenge is 
further compounded by scarce resources and capacity constraints in 
providing regular retinal screening for all patients with diabetes in many 
countries. [11,12] Identifying factors associated with the onset of DR 
might prove a fruitful avenue in furthering our understanding of early 
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detection of DR, enabling development of predictive risk models for DR 
and thereby the ability to offer individualized and cost-effective 
screenings programs. [11,12] Inflammatory processes are increasingly 
recognized as critical contributors to DR pathogenesis, [13–15] and 
elevated levels of inflammatory markers, as interleukin-6 (IL-6) and 
tumor necrosis factor α (TNF-α), have been observed in ocular vitreous 
and aqueous humor samples from diabetic patients with DR. [16,17] In 
addition, several cross-sectional studies have investigated the clinical 
potential of circulating biomarkers to detect sight-threatening DR. Thus, 
as summarized in a meta-analysis, associations between circulating 
biomarkers of inflammation, including high sensitive CRP (hsCRP), IL-6, 
and TNF-α and the presence or severity of DR in patients with type 2 
diabetes have been observed. [18] Of these markers, TNF-α showed the 
most consistent association, with levels increasing across all DR stages, 
while hsCRP and IL-6 showed potential for monitoring disease 

progression. Another inflammatory marker of interest is soluble Cluster 
of Differentiation 163 (CD163), a receptor protein expressed on mac
rophages and monocytes, which can be measured in plasma. [19]
Elevated levels of soluble CD163 have recently been associated with DR 
progression during a 12-years follow-up period of 270 individuals with 
type 1 diabetes, independent of other risk factors. [20] Although these 
findings highlight the clinical potential of inflammatory biomarkers as 
predictors of DR, most studies have been either small scale or cross- 
sectional. The prognostic potential of circulating biomarkers of sys
temic low-grade inflammation for predicting DR development or pro
gression of DR in patients with type 2 diabetes remains less explored.

In this study, we investigate associations between selected circu
lating inflammatory biomarkers, namely hsCRP, IL-6, TNF-α, and solu
ble CD163, and DR presence, development, and progression in patients 
with recently diagnosed type 2 diabetes. Specifically, we hypothesize 

Fig. 1. Sample Construction. Notes: The figure shows the construction of our population, as defined by our exclusion criteria.
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that: Markers of systemic low-grade inflammation are independently 
associated with the presence of DR. Moreover, that these biomarkers are 
also associated with development and progression of DR, even after 
controlling for known risk factors, including diabetes duration, HbA1c, 
blood pressure, eGFR, urine albumin-creatinine ratio (UACR), and 
antidiabetic treatment.

2. Methods

2.1. Data

This section details our sample construction, as well as our definition 
of exposure, outcomes, and the various covariates we adjust for.

2.1.1. Sample construction
The study cohort comprised of individuals with recently diagnosed 

type 2 diabetes enrolled in the ongoing Danish Centre for Strategic 
Research in Type 2 Diabetes (DD2) cohort and biobank. [21] The cohort 
comprised 11,381 individuals included between 2010 and 2021, [22]
each with a unique personal identification number, which was used for 
data linkage.

We retrieved data from 42,732 eye-screening visits, spread amongst 
9,519 unique individuals. Of these, we only included individuals with at 
least one eye screening taking place no later than one year after DD2 
enrollment (5,250 unique individuals). Of these, we removed visits 
where it was not possible to assess DR in any eye, which left us with 
5,245 unique individuals. We next removed individuals with no eye 
assessment after one year of enrollment into DD2, which left us with 
4,021 individuals.

Since our focus is on measuring associations between biomarkers at 
baseline and state and progression of DR, we only kept individuals with 
measures of all four biomarkers, which left us with 3,496 individuals. 
Lastly, we excluded individuals with baseline hsCRP above 15 mg/L, 
which left us with a final sample size of 3,363 individuals. Fig. 1 illus
trates our sample construction.

As baseline eye measurements, we used the closest eye screening 
date to DD2 enrollment, determined based on proximity, whether 
occurring before or after enrollment. Follow-up began one year after 
DD2 enrollment and continued until the final screening episode, the 
occurrence of the study endpoint, death, or emigration.

2.1.2. Exposure (inflammatory biomarkers)
Inflammatory biomarkers were measured using blood samples 

collected at DD2 enrollment and stored at − 80◦C until analysis. [23]
Plasma IL-6 and TNF-α were quantified using the Meso Scale Discovery 
technique with validated V-plex immunoassays (Meso Scale Diagnostics, 
Rockville, MD, USA). The analytical coefficients of variation were 12.3% 
for IL-6 and 14.4% for TNF-α, respectively. The lower limit of quanti
fication (LLOQ) for IL-6 and TNF-α were 0.63 ng/L and 0.69 ng/L, 
respectively. Additional details for IL-6 and TNF-α have been partially 
presented before, [22] but not in relation to DR.

Soluble CD163 plasma concentrations were measured using an 
electro-chemoluminescence based-ELISA assays on a MESO Quickplex 
SQ 120 instrument (MSD, Gaithersburg, USA). Soluble CD163 was 
analyzed with a U-plex assay, as part of a custom made 7-plex assay. The 
analytical coefficient of variation was 16.9% and the LLOQ was 524 ng/ 
L.

Serum hsCRP concentrations were measured using an in-house time- 
resolved immunofluorometric assay, as previously described, [24] and 
additional details have been partially presented before, [22,25] but not 
in relation to DR. In our primary analyses, we treated each of the four 
biomarkers as categorical variables, each with three levels representing 
the bottom 25% (<Q1), middle 25%-75% (Q1-Q3), and top 25% (>Q3).

2.1.3. Outcomes (DR)
We obtained DR outcomes from the Danish Registry of Diabetic 

Retinopathy (DiaBase). DiaBase has collected data nationwide since 
2013, with retrospective data available from August 2007. [26] DR 
screening was conducted by practicing ophthalmologist or at designated 
hospitals following national guidelines, [27] and a validation study by 
Thykjær et al. showed high agreement between graders. [28] Study 
outcomes were (1) presence of DR in one or both eyes at baseline, (2) 
development of any DR (regardless of whether in one or both eyes), 
conditional on no DR at baseline, (3) progression of DR, defined by a one- 
level worsening in both eyes or a two-level worsening in (at least) one 
eye, and (4) a composite measure capturing development and progres
sion of DR in one or both eyes. Our primary endpoint was the composite 
measure. Eye related health included screening visit dates, historical 
records of eye surgeries, method of examination, visual acuity mea
surements, and assessments of retinal and maculopathy status. We 
included patients regardless of whether we had access to eye data for 
one or both of their eyes. For patients for whom we had access to data on 
both eyes, we define DR as the presence of DR in one or both of their 
eyes; these individuals did not contribute with two observations. We 
assessed DR status using the International Clinical Diabetic Retinopathy 
Severity Scale, [29] which categorizes DR into five levels: (0) No DR; (1) 
mild non-proliferative DR (NPDR), characterized by microaneurysms 
and/or dot hemorrhages only; (2) moderate NPDR, characterized by 
more than microaneurysms and/or dot hemorrhages but less severe than 
Level 3; (3) severe NPDR, defined as > 20 intraretinal hemorrhages in all 
four quadrants, or intraretinal microvascular abnormalities in at least 
one quadrant, but not proliferative; (4) proliferative DR (PDR), defined 
by neovascularization (active or treated) or vitreous/preretinal hemor
rhage. For follow-up analyses, eyes were excluded if PDR was present at 
baseline. As our focus was on patients, such an individual could still be 
included, provided she only had PDR in one eye at baseline.

2.1.4. Covariates
The DD2 database provided data on traditional cardiovascular dis

ease (CVD) risk factors, biomarker measurements, and pharmacological 
treatments, as reported by physicians and patients at enrollment.

Baseline and longitudinal data on DR risk factors and outcomes were 
retrieved from the DD2 cohort, DiaBase, which is part of the Danish 
Clinical Quality Program, National Clinical Registries, and relevant 
Danish national registries detailed in Supplementary Table 1. From the 
registries, we obtained demographic information (age, sex), diabetes 
and lifestyle characteristics (diabetes duration, HbA1c, smoking status, 
alcohol consumption, waist-hip ratio), whether the patient had any 
previous CVD (defined as a prior diagnosis of myocardial infarction, 
stroke, atrial fibrillation, heart failure, or peripheral arterial disease), 
renal function (eGFR, UACR), blood pressure (systolic, diastolic), lipids 
(total cholesterol, HDL, LDL, triglycerides), and medication (antidia
betic, antihypertensive, lipid lowering). See Table 1 for further details.

2.2. Statistics

2.2.1. Baseline characteristics
Individuals with and without any DR at baseline were compared for 

similarities/differences. For numeric variables, medians alongside Q1 
and Q3 were reported, as well as the number of observations with 
missing data, and differences were tested using Mann-Whitney U tests. 
For categorical variables, sample sizes of each category were reported, 
as well as the share each category represented, and differences were 
tested using χ2 tests.

2.2.2. Baseline associations
Logistic regression was used to evaluate possible associations be

tween inflammatory biomarkers and the presence of DR at baseline. 
Regression models were fitted for each of the four biomarkers, using the 
given biomarker as a categorical variable as described in 2.1.2 Exposure 
(inflammatory biomarkers). Two sets of these four regressions were 
estimated, one unadjusted and one where the model adjusted for 
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demographic information, diabetes and lifestyle characteristics, 
whether the patient had any previous CVD, renal function, blood pres
sure, lipids, and medication (see 2.1.4 Covariates for additional details). 
Results were expressed as odds ratios (ORs) with 95% confidence in
tervals (CIs).

2.2.3. Development and progression of DR
Associations between inflammatory biomarkers and development or 

progression of DR were estimated using Cox regression. Cox regressions 
were estimated with outcome variables measuring (1) DR incident, (2) 
the progression of DR, or (3) a composite outcome, where an event was 
defined as either of the two other outcomes. For all outcomes, regression 
models were fitted for each of the four biomarkers, using the given 
biomarker as a categorical variable as described in 2.1.2 Exposure (in
flammatory biomarkers). Two sets of these 12 regressions were estimated, 
one unadjusted and one adjusted for demographic information, diabetes 
and lifestyle characteristics, whether the patient had any previous CVD, 
renal function, blood pressure, lipids, and medication (see 2.1.4 Cova
riates for additional details). We expressed results as hazard ratios (HRs) 
with 95% CIs.

2.2.4. Imputation
The sample construction strategy ensured that exposures and out

comes were always observed, but the adjusted regressions were hin
dered by a relatively large share of missingness. To this end, imputed 
missing control variables were used, estimated using multiple imputa
tion by chained equations (MICE) to maximize statistical power and 
minimize selection bias. Imputations were based on outcome variables, 
exposure variables, and other control variables. A total of 20 complete 
datasets were generated, with missing values sampled from the predic
tive distribution based on observed data. The MICE approach assumes 
that data is missing at random, in the sense that we can fully account for 
data’s missingness through our other variables and missingness thus only 
depends on observed information. Columns with missing data are 
computed using Gibbs sampling, using all other columns as predictors. 
Since these predictor columns may themselves contain missing values, 
the most recently computed imputations are used for those predictions.

Supplementary Fig. 1 shows the empirical distributions of all the 
numerical control variables we imputed for our real sample as well as 
two imputed samples, illustrating that the actual and imputed distri
butions closely align.

2.2.5. Sensitivity analyses
A sample where individuals with baseline hsCRP above 10 mg/L 

were excluded and a sample which included all individuals regardless of 
baseline hsCRP were constructed (to more conservatively drop in
dividuals with any acute inflammation or infection), and the sensitivity 
of the results to the definition of these criteria were assessed. Addi
tionally, we tested baseline associations using log-values of our bio
markers rather than the categorical specifications.

2.2.6. Heterogeneity analyses
We tested whether age, sex, diabetes duration at baseline, or HbA1c 

levels modified the associations between inflammatory biomarkers and 
development/progression of DR by interaction analyses, using our 
combined outcome and interacting the heterogeneity variable with the 
log value of our biomarkers in Cox regressions, adjusting for potential 
confounders.

2.2.7. Statistical program
All analyses were conducted in R version 4.3.3 (R Development Core 

Team (2022) R: a language and environment for statistical computing. R 
Foundation for statistical computing, Vienna, Austria).

2.3. Ethics

The study was approved by the Danish National Committee on 
Biomedical Research Ethics (record number S-20100082), the Danish 
Data Protection Agency (record number 2008–58-0035) has approved 
the DD2 project, and the study was conducted in concordance with the 
Helsinki Declaration II.

Table 1 
Summary statistics by presence of any DR at baseline.

No DR at 
baseline 
(n ¼ 3,091)

DR at 
baseline 
(n ¼ 272)

P- 
value 

Demographics ​ ​ ​
Female, n (%) 1293 (41.83%) 84 (30.88%) <0.005
Age (years), median (Q1; Q3) 61.33 (52.62; 

68.19)
60.43 (51.9; 
68.08)

0.37

Diabetes ​ ​ ​
Diabetes duration (years), median 

(Q1; Q3)
1.01 (0.21; 
3.10)

1.82 (0.37; 
4.16)

<0.005

HbA1c (mmol/mol), median (Q1; 
Q3)

48 (43; 54) 52 (46; 59) <0.005

HbA1c (%), median (Q1; Q3) 6.5 (6.1; 7.1) 6.9 (6.4; 7.5) <0.005
Lifestyle ​ ​ ​
Smoking ​ ​ 0.37
Current, n (%) 404 (16.52%) 45 (20.18%)
Former, n (%) 876 (35.83%) 75 (33.63%)
Never, n (%) 1165 (47.65%) 103 (46.19%)
Alcohol consumption above 

guidelines, n (%)*
184 (5.97%) 19 (7.01%) 0.58

Waist-hip ratio, median (Q1; Q3) 0.98 (0.92; 
1.04)

1.00 (0.94; 
1.05)

0.01

Previous cardiovascular disease ​ ​ ​
Previous cardiovascular disease† 828 (26.79%) 93 (34.19%) 0.01
Renal function ​ ​ ​
eGFR (mL/min/1.73 m2) below 

60, n (%)
209 (6.76%) 15 (5.51%) 0.62

UACR‡ (mg/g) above 30, n (%) 44 (1.42%) 10 (3.68%) 0.01
Blood pressure ​ ​ ​
Systolic BP (mmHg), median (Q1; 

Q3)
130 (124; 140) 133 (126; 140) 0.07

Diastolic BP (mmHg), median (Q1; 
Q3)

80 (75; 86) 80 (75; 86) 0.27

Lipids ​ ​ ​
Total cholesterol (mmol/L), 

median (Q1; Q3)
4.20 (3.60; 
4.90)

4.00 (3.40; 
4.80)

0.02

HDL (mmol/L), median (Q1; Q3) 1.20 (0.99; 
1.40)

1.20 (0.99; 
1.40)

0.94

LDL (mmol/L), median (Q1; Q3) 2.10 (1.60; 
2.70)

2.00 (1.65; 
2.60)

0.26

Triglycerides (mmol/L), median 
(Q1; Q3)

1.70 (1.20; 
2.42)

1.54 (1.10; 
2.26)

0.04

Medication ​ ​ ​
Antidiabetic medication ​ ​ <0.005
Oral and insulin, n (%) 225 (7.28%) 53 (19.49%)
None, n (%) 316 (10.22%) 22 (8.09%)
Oral, n (%) 2550 (82.5%) 197 (72.43%)
Antihypertensive medication 

(excl. loop), n (%)
2154 (69.69%) 195 (71.69%) 0.53

Lipid lowering medication, n (%) 2247 (72.69%) 189 (69.49%) 0.29
Biomarkers ​ ​ ​
hsCRP (mg/L), median (Q1; Q3) 1.83 (0.78; 

3.97)
1.66 (0.68; 
3.58)

0.27

IL-6 (ng/L), median (Q1; Q3) 1.15 (0.77; 
1.69)

1.12 (0.76; 
1.70)

0.91

TNF-α (ng/L), median (Q1; Q3) 0.98 (0.81; 
1.22)

1.02 (0.80; 
1.22)

0.78

CD163 (mg/L), median (Q1; Q3) 0.80 (0.59; 
1.08)

0.80 (0.57; 
1.08)

0.99

Notes: The table shows medians (alongside Q1 and Q3) for numeric variables, 
and counts (alongside shares) for categorical variables, stratified by presence of 
any DR at baseline. P-values are based on Mann-Whitney U tests for numeric and 
χ2 tests for categorical variables, comparing patients with/without any presence 
of DR at baseline. *High alcohol consumption was defined as > 14 alcoholic 
drinks/week for women and 21 alcoholic drinks/week for men. †Previous CVD 
was defined as a prior diagnosis of myocardial infarction, stroke, atrial fibril
lation, heart failure, or peripheral arterial disease. ‡UACR: Urine albumin- 
creatinine ratio.
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3. Results

3.1. Descriptive statistics

At baseline, DR was present in 272 (8.1%) of the 3,363 individuals. 
Of the individuals with DR at baseline, 214 (6.4% of the study popula
tion) had mild (level 1), 48 (1.4% of the study population) moderate DR 
(level 2), and 10 (0.3% of the study population) had severe to prolifer
ative DR (levels 3–4). At follow-up, DR was present in 581 (17.3%) in
dividuals. Of the individuals with DR at follow-up, 441 (13.1% of the 
study population) had mild, 126 (3.7% of the study population) mod
erate DR, and 14 (0.4% of the study population) severe to proliferative 
DR.

Table 1 shows summary statistics, stratified by the presence of any 
level of DR at baseline. Patients with DR at baseline were more likely to 
be male, had longer diabetes durations, had higher HbA1c levels, were 
more likely to have had previous CVD, and received more antidiabetic 
medication at enrollment. There were no significant differences in terms 
of the circulating levels of IL-6. TNF-α, hsCRP, or CD163 between pa
tients with and without DR at baseline.

Supplementary Table 2 in the appendix shows the equivalent of 
Table 1, now stratified into three groups (no DR, mild DR, and moderate 
to severe DR at baseline).

3.2. Baseline associations

Table 2 shows associations between biomarker levels and the pres
ence of any DR at baseline, from univariate and multivariate logistic 
regressions.

We observed no significant differences in the prevalence of any DR at 
baseline between any of our inflammatory groups regardless of whether 
we controlled for potential confounders. Most of the estimated ORs were 
close to one, and all with 95% CIs that included one.

Supplementary Table 3 shows results equivalent to those of Table 2, 
but with inflammatory biomarkers included as continuous variables (log 
transformed) rather than categorized. All estimated ORs were close to 
one, and none was even marginally significant. When excluding in
dividuals with baseline hsCRP above 10 mg/L or when including all 
individuals regardless of baseline hsCRP, results remained unchanged.

3.3. Development and progression of DR

The cohort was followed from 2010 to 2023, with a median follow up 

of nine years. During this period, 442 individuals developed DR or had 
progression of DR. Table 3 shows associations between biomarker levels 
and (1) the development of any DR after baseline (Panel A), (2) the 
progression of DR (Panel B), and (3) our combined outcome (Panel C), 
assessed using Cox regression. As the reference group, we used in
dividuals in the lowest quartile of the given biomarker.

We observed no significant differences in the combined endpoint of 
development/progression of DR between any of our inflammatory 
groups regardless of whether we adjusted for potential confounders. 
Most of the estimated HRs were close to one, and all CIs included one. 
When excluding individuals with baseline hsCRP above 10 mg/L or 
when including all individuals regardless of baseline hsCRP, results 
remained unchanged.

When looking at development and progression separately, results 
remained largely unchanged, with most HRs close to one, with the 
possible exception of individuals in the middle two quarters of hsCRP 
being less likely to progress in DR score (Panel B, unadjusted model, HR 
= 0.71 [0.53–0.96]), but this result disappeared when controlling for 
potential confounders.

Supplementary Table 4 shows results where we interact the log value 
of our biomarkers with age, diabetes duration, HbA1c, and sex using 
adjusted models (See 2.2.6 Heterogeneity analyses for details). Neither 
age, diabetes duration, nor HbA1c levels significantly modified the as
sociations between inflammatory markers and incidence or progression 
of DR. For sex, HRs were lower for males than females for IL-6 and TNF-α 
(when estimating separate adjusted models for each sex, rather than 

Table 2 
Associations between biomarkers and DR at baseline.

Unadjusted Adjusted

Independent 
variable

OR 95% CI P- 
value

OR 95% CI P- 
value

hsCRP 25–75% 0.90 0.67–1.21 0.46 0.88 0.63–1.25 0.48
hsCRP > 75% 0.76 0.53–1.08 0.13 0.70 0.45–1.10 0.12
IL-6 25–75% 0.99 0.73–1.35 0.94 0.87 0.61–1.25 0.46
IL-6 > 75% 1.02 0.72–1.45 0.91 0.89 0.59–1.35 0.59
TNF-α 25–75% 0.92 0.69–1.25 0.59 0.96 0.68–1.37 0.84
TNF-α > 75% 0.98 0.69–1.38 0.90 1.07 0.70–1.64 0.74
CD163 25–75% 0.95 0.71–1.30 0.76 1.08 0.76–1.53 0.68
CD163 > 75% 0.97 0.68–1.37 0.86 1.01 0.67–1.53 0.96

Notes: The table shows logistic regression results from eight regressions (four 
biomarkers and two specifications). Outcome is DR at baseline. Reference 
groups defined as the lowest quartile of the given biomarker. The adjusted re
gressions control for demographic information (age, sex), diabetes and lifestyle 
characteristics (diabetes duration, HbA1c, smoking status, alcohol consumption, 
waist-hip ratio), whether the patient had any previous CVD (defined as a prior 
diagnosis of myocardial infarction, stroke, atrial fibrillation, heart failure, or 
peripheral arterial disease), renal function (eGFR, UACR), blood pressure (sys
tolic, diastolic), lipids (total cholesterol, HDL, LDL, triglycerides), and medica
tion (antidiabetic, antihypertensive, lipid lowering).

Table 3 
Associations between biomarkers and development or progression of DR.

Unadjusted Adjusted

Independent 
variable

HR 95% CI P- 
value

HR 95% CI P- 
value

Panel A: Any DR ​ ​ ​
hsCRP 25–75% 0.82 0.65–1.04 0.10 0.82 0.62–1.07 0.14
hsCRP > 75% 0.97 0.74–1.27 0.82 0.83 0.60–1.14 0.25
IL-6 25–75% 0.95 0.75–1.21 0.69 0.98 0.75–1.29 0.91
IL-6 > 75% 0.94 0.71–1.24 0.66 0.94 0.68–1.29 0.69
TNF-α 25–75% 0.93 0.74–1.17 0.52 1.04 0.80–1.34 0.79
TNF-α > 75% 1.02 0.77–1.34 0.90 1.18 0.85–1.63 0.32
CD163 25–75% 0.99 0.78–1.24 0.90 0.94 0.72–1.21 0.62
CD163 > 75% 0.96 0.73–1.28 0.80 0.89 0.65–1.22 0.46
Panel B: DR progression ​ ​ ​
hsCRP 25–75% 0.71 0.53–0.96 0.03 0.76 0.55–1.07 0.12
hsCRP > 75% 0.81 0.57–1.15 0.24 0.76 0.50–1.14 0.18
IL-6 25–75% 1.01 0.74–1.37 0.96 1.07 0.76–1.51 0.68
IL-6 > 75% 0.94 0.65–1.34 0.72 0.88 0.58–1.35 0.56
TNF-α 25–75% 0.84 0.63–1.13 0.26 0.93 0.68–1.29 0.68
TNF-α > 75% 0.95 0.67–1.35 0.79 1.00 0.66–1.52 0.99
CD163 25–75% 0.94 0.70–1.25 0.66 0.95 0.69–1.31 0.75
CD163 > 75% 0.88 0.61–1.26 0.48 0.72 0.48–1.09 0.12
Panel C: Combined outcome ​ ​ ​
hsCRP 25–75% 0.81 0.65–1.01 0.06 0.83 0.64–1.06 0.14
hsCRP > 75% 0.88 0.68–1.14 0.32 0.76 0.55–1.03 0.08
IL-6 25–75% 0.93 0.74–1.16 0.52 0.94 0.73–1.21 0.63
IL-6 > 75% 0.87 0.67–1.13 0.30 0.84 0.62–1.14 0.27
TNF-α 25–75% 0.89 0.72–1.10 0.29 0.97 0.76–1.24 0.81
TNF-α > 75% 0.95 0.73–1.24 0.71 1.03 0.76–1.40 0.84
CD163 25–75% 0.98 0.78–1.22 0.83 0.96 0.75–1.22 0.73
CD163 > 75% 0.94 0.72–1.22 0.62 0.84 0.62–1.14 0.26

Notes: The table shows association between the four biomarkers and DR. Out
comes are development of any DR (Panel A), progression of DR (Panel B), and our 
combined outcome (Panel C). Reference groups defined as the lowest quartile of 
the given biomarker. The adjusted regressions control for demographic infor
mation (age, sex), diabetes and lifestyle characteristics (diabetes duration, 
HbA1c, smoking status, alcohol consumption, waist-hip ratio), whether the 
patient had any previous CVD (defined as a prior diagnosis of myocardial 
infarction, stroke, atrial fibrillation, heart failure, or peripheral arterial disease), 
renal function (eGFR, UACR), blood pressure (systolic, diastolic), lipids (total 
cholesterol, HDL, LDL, triglycerides), and medication (antidiabetic, antihyper
tensive, lipid lowering).
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including the interaction term, none of our estimates are significantly 
different from one, with the smallest p-value being 0.12).

4. Discussion

In this large prospective cohort study of 3,363 individuals with 
recently diagnosed type 2 diabetes, we found no associations between 
baseline circulating levels of inflammatory biomarkers (hsCRP, IL-6, 
TNF-α, and soluble CD163) and the presence, development, or pro
gression of DR. These findings are in contrast with prior studies 
reporting associations between systemic inflammatory biomarkers and 
DR. A meta-analysis from 2021 based on 144 cross-sectional studies 
including both participants with type 1 and type 2 diabetes concluded 
that circulating levels of hsCRP, IL-6, and TNF-α were positively asso
ciated with DR presence or severity, with TNF-α showing the most 
robust association across all DR stages. [18] Similarly, another meta- 
analysis of cross-sectional studies from 2022, comparing patients with 
PDR to patients with NPDR, found elevated levels of inflammatory 
biomarkers, including IL-6 and TNF-α, in both the vitreous and serum 
from patients with PDR. [30] Higher levels of soluble CD163, a marker 
of macrophage activation, has also been associated with long-term DR 
progression in patients with type 1 diabetes, [20] and in a cross- 
sectional study, higher soluble CD163 levels were associated with 
microvascular complications in patients with type 1 or type 2 diabetes. 
[31].

Collectively, these studies suggest that increased levels of circulating 
inflammatory biomarkers are associated with the presence of DR, 
aligning with known local involvement of low-grade inflammation and 
endothelial activation in the pathogenesis of DR. [13–16] However, 
systemic low grade inflammation may more strongly reflect acute pha
ses of DR development or ongoing disease activity and might be less 
relevant as a long-term predictor in patients with recently diagnosed 
type 2 diabetes. Many previous studies exploring hsCRP's association 
with DR employed case-control or cross-sectional designs, with a meta- 
analysis from 2015 concluding that CRP is correlated with severity of 
DR. [30] However, results are conflicting. A study investigating the 
association between plasma levels of hsCRP and DR in long-term type 1 
diabetes patients found that patients with higher levels of hsCRP were 
more likely to have PDR in an age- and sex-adjusted model, although this 
disappeared when adding additional covariates. [32] Likewise, in the 
EURODIAB study, [33] the association between CRP and DR decreased 
after adjusting for body mass index (BMI).

More recent studies have also failed to confirm an association be
tween circulating inflammatory biomarkers and DR. The TODAY study, 
which followed young patients with type 2 diabetes for 2–6.5 years, 
found no associations between inflammatory biomarkers, including 
hsCRP, IL-6, and TNF-α, and DR. [34] Similarly, a study in adults with 
type 2 diabetes reported no associations between circulating inflam
matory biomarkers and presence of DR; notably, IL-6 levels were slightly 
lower in patients with DR than in those without. [35].

4.1. Potential explanations for discrepancies

The mixed findings in the literature may be attributed to several 
factors including study populations, disease stages, and methodologies. 
Our study focused on individuals with recently diagnosed type 2 dia
betes, where the presence of DR was relatively rare and levels of DR at 
baseline when present were low, which may limit the detectability of 
systemic inflammation as a predictive factor. The role of systemic 
inflammation in DR might differ in patients with longer diabetes dura
tion or more advanced disease stages. Moreover, many previous studies 
relied on cross-sectional or case-control study designs, which may limit 
generalizability. For example, the meta-analysis by Storti et al. [18]
included a large number of predominantly case-control studies. For TNF- 
α alone, 65 studies were included of which 58 were case-control studies 
and with over half of the patients with type 2 diabetes originating from 

Asia, making the overall population in this meta-analysis considerably 
different from our study population. This, combined with limited in
formation on diagnostic criteria for DR staging, may account for dif
ferences. Similarly, in the meta-analysis by Song et al. [30] investigating 
hsCRP in patients with type 2 diabetes, the control group comprised 
both healthy individuals and patients with type 2 diabetes (but without 
DR). Inclusion of healthy individuals in the control group thereby 
contributed to lower levels of hsCRP, likely influencing the result of the 
study.

In contrast to many previous studies, our prospective design allowed 
assessment of biomarker levels before DR developed or progressed. 
Cross-sectional studies may reflect reverse causation – capturing 
inflammation as a consequence rather than a predictor of microvascular 
disease. Furthermore, participants in our study had short diabetes 
duration, with most DR cases being mild. The role of systemic inflam
matory biomarkers in DR may become more important in more 
advanced stages of type 2 diabetes. As mentioned, the TODAY study, 
also in early-stage type 2 diabetes patients, similarly found no associa
tion between systemic inflammatory markers and DR. [34] Additionally, 
we adjusted for a wide range of confounders including glycemic control, 
blood pressure, and renal function – factors that may partly explain 
positive associations observed in less rigorously controlled studies.

Variations in sample timing relative to disease progression may also 
contribute to inconsistent findings. Systemic biomarkers measured at a 
single point of time may not fully capture the dynamic nature of 
inflammation in patients with DR. In addition, some variation may be 
due to a range of confounding factors not taken into account in the 
various studies.

4.2. Systemic versus local inflammations

Systemic biomarkers like hsCRP and TNF-α may not fully capture 
local inflammatory activity within the retinal microenvironment. DR 
pathophysiology involves complex processes, including oxidative stress, 
endothelial dysfunction, and localized retinal inflammation. Evidence 
suggests that local production of proinflammatory cytokines within the 
eye may play a more significant role in DR development than systemic 
inflammation. [36,37] In early stages of DR, inflammation may be 
confined to the retina and not reflected in circulating biomarker levels. 
By contrast, systemic markers may rise only in more advanced disease, 
where inflammation becomes generalized. This compartmentalization 
could explain the lack of systemic signal in our early-stage cohort. 
Future studies utilizing retinal-specific biomarkers or advanced imaging 
modalities might provide deeper insights into DR progression.

4.3. Strengths and limitations

The strengths of our study include its large sample size, prospective 
design, and the use of national registries, ensuring high-quality data. 
The near-complete and long-term follow-up enabled robust assessments 
of biomarker associations with DR incidence and progression. Addi
tionally, DR diagnoses were conducted by practicing ophthalmologist or 
at designated hospitals following national guidelines, [27] enhancing 
the reliability of our findings. Further, a recent validation study showed 
high agreement between graders. [28].

However, limitations should be acknowledged. First, inflammatory 
biomarkers were measured only at baseline, precluding analysis of 
temporal changes in inflammation. Repeated measurements might offer 
insight into dynamic inflammatory processes. Second, while we adjusted 
for some key confounders, unmeasured factors such as diet and physical 
activity may have influenced our results. Third, our findings may not 
generalize to populations with longer diabetes duration or more 
advanced DR, where inflammation may play a larger role. Fourth, not all 
individuals in our database received any eye examinations following our 
study start (one year after enrollment into DD2), thus excluding those 
individuals from our analyses. These individuals may be systematically 
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different, e.g., in terms of their socioeconomic background; see the 
discussion in Thykjær et al. [38] To investigate this, Supplementary 
Table 5 reports summary statistics for included patients and for patients 
excluded due to lack of any follow-up eye examination. Characteristics 
were broadly comparable between included and excluded participants. 
However, excluded participants had a slightly more adverse car
diometabolic risk profile, including less frequent use of lipid-lowering 
therapy, higher blood pressure, and higher levels of inflammatory bio
markers. We therefore cannot exclude that individuals at higher risk of 
retinopathy progression were underrepresented in the analytical sam
ple, potentially attenuating observed associations between inflamma
tory markers and retinopathy outcomes. Fifth, since patients are not 
continuously screened, our measure of development or progression of 
DR represents a delayed measurement. Time inevitably passes between a 
change in a patient’s DR status and an eye assessment. This may make it 
harder for us to measure relationships between our biomarkers and DR 
development and progression. Finally, since eye measurements do not 
occur exactly at DD2 enrollment, our baseline measurements no not 
coincide with the timing of eye biomarker measurements. However, 
almost all patients have a baseline eye measurement within one year of 
the date of their DD2 enrollment (see Supplementary Fig. 2), and the 
median number of days between DD2 enrollment and the closest eye 
measurement is 32 days (meaning 32 days after DD2 enrollment; the first 
quarter is 71 days prior to DD2 enrollment and the third quarter is 146.5 
days after DD2 enrollment).

5. Conclusions

To conclude, this large prospective cohort study found no associa
tions between baseline levels of circulating systemic inflammatory bio
markers (hsCRP, IL-6, TNF-α, and soluble CD163) and the presence, 
development, or progression of DR in individuals with recently diag
nosed type 2 diabetes. Our findings challenge the assumption that sys
temic low-grade inflammation, as measured by these biomarkers, is 
central to early DR pathogenesis and suggests that these systemic in
flammatory markers may not be reliable for assessing DR risk in in
dividuals with early-stage type 2 diabetes. Future research should 
explore the role of local retinal inflammation and other mechanisms in 
DR pathophysiology to identify more reliable biomarkers to enhance 
early detection and enable individualized treatment strategies for DR.
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