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Abstract
Purpose  To determine whether phenotypic clustering of patients with diabetes mellitus (DM) is associated with more 
advanced diabetic retinopathy (DR).
Methods  Retrospective cohort study of 495 patients with no prior DR treatment seen at a tertiary care clinic 2014–2020. Four previ-
ously identified clusters from Ahlqvist’s 2018 paper were reproduced utilizing baseline hemoglobin A1c, body mass index, and age 
at DM diagnosis. Age-adjusted Cox proportional hazard ratios were used to compare clusters with reference as the lowest risk cluster.
Results  All four type 2 DM clusters were replicated with our cohort. There was a significant difference in racial distribution 
among clusters (p = 0.018) with severe insulin-resistant diabetes (SIRD) having the higher percentage of Caucasians and 
lower percentage of Hispanics compared to other groups and a higher percentage of African Americans comprising the severe 
insulin-deficient diabetes (SIDD) cluster than other groups. Rates of proliferative diabetic retinopathy were higher in mild 
obesity-related diabetes (MOD) (28%), SIDD (24%), mild age-related diabetes (MARD) (20%), and lowest in SIRD (7.9%), 
overall p = 0.004. Rates of vitreous hemorrhage were higher in MOD (p = 0.032) and MARD (0.005) compared to SIRD.
Conclusion  Baseline clinical measures may be useful in risk stratifying patients for progression to retinopathy requiring intervention.

Keywords  Diabetic retinopathy · Retina · Type 2 diabetes mellitus · Complications of diabetes · Vitrectomy · Panretinal 
photocoagulation

Key messages

What is known:

Type 2 DM has a broad manifestation of phenotypes and differences in disease severity. 

Ahlqvist’s seminal 2018 Lancet study demonstrated novel subgroups of adult-onset diabetes using data-driven
cluster analysis of baseline characteristics with extensive endocrine testing.   

What is new:

This is the first paper utilizing data-driven cluster analysis to examine manifestations of diabetic retinopathy in the
previously identified Type 2 DM subgroups 

Rates of proliferative diabetic retinopathy and vitreous hemorrhage significantly varied by subgroup. 

 *	 Rachel A. Scott 
	 Rachel.2.scott@cuanschutz.edu

1	 Department of Ophthalmology, University of Colorado 
School of Medicine, 1675 Aurora Court, Aurora, CO 80034, 
USA

2	 University of Colorado School of Medicine, Aurora, CO, 
USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s00417-023-06260-5&domain=pdf
http://orcid.org/0000-0003-0791-7121


412	 Graefe's Archive for Clinical and Experimental Ophthalmology (2024) 262:411–419

1 3

Introduction

As more is understood about the underlying pathophysi-
ology of diabetes mellitus (DM), it has become clear that 
type 1 and type 2 are not sufficient in distinguishing the 
different phenotypes that present due to the complexity of 
the disease. An emerging body of literature in endocrinol-
ogy has set out to define the nuances within the catch-all 
diagnosis that is type 2 diabetes mellitus (T2DM).

Ahlqvist’s seminal 2018 Lancet study, utilized 8980 newly 
diagnosed diabetic patients from the Swedish All New Diabet-
ics in Scania (ANDIS) cohort followed over 10 years, dem-
onstrated novel subgroups of adult-onset diabetes using data-
driven cluster analysis of baseline characteristics [1]. The six 
variables of age at diagnosis, body mass index (BMI), hemo-
globin A1c (HbA1c), glutamate decarboxylase antibodies, and 
homeostatic model assessment 2 estimates of beta-cell func-
tion and insulin resistance (HOMA-2B, HOMA-2IR) were 
used to create five clusters. These include severe autoimmune 
diabetes (SAID), severe insulin deficient diabetes (SIDD), 
severe insulin resistant diabetes (SIRD), mild obesity-related 
diabetes (MOD), and mild age-related diabetes (MARD).

SAID was defined by the presence of glutamic acid decar-
boxylase antibodies (GADA) as present in type 1 diabetes 
and latent autoimmune diabetes as well as characterized by 
low insulin secretion and poor metabolic control. SIDD, 
while lacking auto-antibodies, was also identified by low 
insulin secretion and poor metabolic control with the asso-
ciated findings of increased risk of the microvascular pro-
cesses of retinopathy and neuropathy. Interestingly, SIRD—
defined by its insulin resistance, late onset, and association 
with obesity—was associated with nephropathy, another 
microvascular condition, as well as fatty liver disease. MOD 
was associated with obesity and early age of onset, while 
MARD was defined by its late age of onset, mild metabolic 
derangements, and low risk of complications [1].

These clusters have since been reproduced in several stud-
ies which have included more diverse populations [2DDI. Of 
note, Kahkoska and colleagues were able to reproduce the 
clusters retrospectively from three global cardiovascular out-
comes trials using just three readily attainable variables: age at 
diagnosis, BMI, and HbA1c [2]. These cited studies assessed 
numerous outcome variables including risk of diabetic com-
plications. However, one shared limitation of assessment of 
diabetic complications was treating diabetic retinopathy (DR) 
as a binary outcome: present or absent. The severity of and 
complications related to DR are on a spectrum, secondary 
to the degree of capillary leakage, capillary occlusion, and 
retinal ischemia that underlie the disease process [3]. Retinal 
ischemia in DR ultimately leads to sequelae including reti-
nal neovascularization, vitreous hemorrhage (VH), tractional 
retinal detachment (TRD), and neovascular glaucoma (NVG).

This project sought to assess whether clusters were repro-
ducible in a retrospective cohort of patients with DR and if 
these clusters were associated with risk of advanced DR.

Methods

This retrospective cohort study was approved by the Colo-
rado Multiple Institutional Review Board and the study com-
plied with the Health Insurance Portability and Account-
ability Act of 1996 and the Declaration of Helsinki. Patients 
seen at the Denver Health Eye Clinic at Denver Health Medi-
cal Center (DHMC) (Denver, Colorado) between January 
2014 and December 2020 with any stage of DR were consid-
ered eligible for inclusion. Inclusion criteria were a complete 
electronic medical record (EMR) and DR treatment-naïve 
status. Data was captured for initial entry into the county 
hospital ophthalmology clinic as well as annual follow-up 
points as available.

Exclusion criteria were deceased status at time of data 
collection, type 1 DM diagnosis, other significant ocular 
pathology, correctional facility status, and/or absence of the 
three required cluster variables: HbA1c, body mass index 
(BMI), and age at DM diagnosis. Because type 1 DM diag-
nosis was an exclusion criteria and GADA antibodies were 
not available, the SAID cluster was not identified or analyzed 
in this study.

For each patient who met inclusion criteria, the following 
variables were abstracted into a secure database: age, age at 
time of diabetes diagnosis, sex, race/ethnicity, diagnosis of 
hypertension, diagnosis of chronic kidney disease, HbA1c, 
BMI, microalbumin, albumin: creatinine ratio, lipid panel, 
alanine transaminase (ALT), DR severity at initial and final 
visits, NVG, VH, diabetic macular edema (DME), and DR 
treatment received. Both eyes of each patient were included 
in the study. When an event occurred in one eye, the patient 
remained in the study and contributed data from the fellow eye.

Following Kahkoska and colleagues’ method in vali-
dation of T2DM clusters in the DEVOTE, LEADER, and 
SUSTAIN cardiovascular outcomes trials [2], we utilized 
the techniques described below. Scaled and centered values 
of the baseline HbA1c, baseline BMI, and age at the time 
of T2DM diagnosis were used for clustering [2]. Males and 
females were assigned to clusters separately based on the 
shortest Euclidean distance from values of each individual’s 
clustering variables to cluster centroids previously identi-
fied by Ahlqvist, who used a K-means clustering algorithm 
to find centroids [1]. Cluster performance was assessed by 
computing the subject-specific ratio of the Euclidean dis-
tance to the assigned cluster centroid to the Euclidean dis-
tance to the next closest cluster centroid. A ratio closer to 
0 indicates a strong association between a subject and the 
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assigned cluster, and a ratio closer to 1 indicates a weak 
association [2].

Basic frequencies and percentages are presented for cat-
egorical variables. Means, standard deviations (SD), and 
medians are presented for continuous variables. The sum-
mary measures are presented for the entire cohort and for 
each cluster group. Demographic and clinical data were 
analyzed for differences across clusters using the Kruskal-
Wallace rank sum test for continuous variables, and Fisher’s 
exact test for categorical variables. Post-hoc pairwise com-
parisons to assess differences in rates of proliferative dia-
betic retinopathy (PDR) and VH between clusters were per-
formed using Fisher’s exact test with Bonferroni-corrected 
p-values. To determine the association between PDR and 
variables of interest, unadjusted logistic regressions and 
logistic regressions adjusted for assigned cluster were fitted. 
Differences in baseline HbA1c and the mean of 1–3 years of 
follow-up HbA1c were assessed using Welch’s two-sample 
t-test. Statistical analysis was performed using R version 
4.1.3 [4]. p-values less than 0.05 indicated statistical sig-
nificance for this study.

Results

Four hundred sixteen DR treatment-naïve patients were seen for 
DR between January 2014 and December 2020 and met inclu-
sion criteria. One hundred three subjects were assigned to SIDD, 
101 subjects were assigned to SIRD, 78 subjects were assigned to 
MOD, and 134 subjects were assigned to MARD. Figure 1 pro-
vides a visualization of clustering by combinations of clustering 
variables. The mean and median of the distance ratio of assigned 
cluster centroid to next closest cluster centroid (described in more 
detail above) was 0.685 (SD = 0.205), and 0.710 (IQR = 0.306). 
The distribution of the three clustering variables among the four 
clusters is further illustrated by box plot of Fig. 2.

Baseline characteristics stratified by cluster are presented 
in Table 1. While 55% of the cohort was male, gender did not 
significantly vary between cohorts (p = 0.590). The mean 
age of study patients at study enrollment was 57.6 (SD = 
10.2) years and varied significantly across clusters in an all 
group comparison (p < 0.001) with the MOD cluster having 
the lowest average age at 49.7 (SD = 8.9) years. There was 
a high percentage of patients reporting Hispanic ethnicity 

Fig. 1   Cluster plot. Visualiza-
tion of clustering by combina-
tions of clustering variables. 
Subjects were assigned clusters 
based on the smallest Euclidean 
distance from a subject to the 
nearest cluster centroid. Cluster-
ing variables include age at DM 
diagnosis, baseline BMI, and 
baseline A1C. Values for each 
variable were centered around 
their mean and scaled to a 
standard deviation of 1. Squares 
in each panel represent cluster 
centroids identified by Ahlqvist, 
2018. Sizes of shapes in each 
panel represent larger values 
of the clustering variable not 
included in the axes of the panel
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(63%) in our study cohort. Race/ethnicity also significantly 
varied across clusters (p = 0.012).

Albumin:creatinine ratio (ACR) was significantly differ-
ent across cohorts (p = 0.019). SIRD had the lowest ACR, 
219.7 (SD = 506.5) and also had the lowest proportion of 
diagnosis of chronic kidney disease at 29%, which differed 
across cohorts (p = 0.033). LDL was significantly different 
across clusters (p = 0.009) and was highest in SIDD with an 
average of 106.9 (SD = 36.1) mmol/L. ALT was also signifi-
cantly different across clusters (p = 0.043) and was highest 
in SIRD at 43.8 (SD = 63.7) IU/L. SIDD had the greatest 
reduction in HbA1c (p < 0.001) when comparing HbA1c 
at time of establishing care at the county hospital to the 
average over the following 3 years (shown in Table 3). This 
corresponds to SIDD having the highest A1c at presentation.

The incidence of stages of DR and its sequelae including 
VH, DME, and NVG is shown by the cluster in Table 2. A sig-
nificant difference across clusters was found for severity of DR 
(p = 0.004) and incidence of VH (p = 0.007). Post hoc pair-
wise comparisons of the proportion of PDR by cluster showed 
that SIDD (24%) and MOD (28%) had significantly higher 
rates of PDR compared to the cluster with the lowest rate of 

7.9%, SIRD (Bonferroni adjusted p-values 0.012 and 0.003, 
respectively) (Table 4). When adjusted for cluster assignment, 
age at DM diagnosis (OR = 0.969, 95% CI: 0.942–0.995), 
baseline microalbumin (OR = 1.003, 95% CI: 1.001–1.006), 
and ACR (OR = 1.0003, 95% CI: 1.0001–1.0004) were sig-
nificantly associated with the odds of PDR (p = 0.022, p = 
0.002, p < 0.001, respectively) (Table 5). Increasing age at 
DM diagnosis was associated with reduction in the odds of 
PDR. Higher levels of baseline microalbumin and higher 
albumin-creatinine ratio were associated with increase in the 
odds of PDR. Table 6 shows post hoc pairwise comparisons 
of the proportion of VH by cluster in which MOD and MARD 
had significantly higher proportions of VH compared to SIRD 
(Bonferroni adjusted p-values 0.032 and 0.005). Rates of 
DME did not vary across clusters (Table 2).

Discussion

To the best of our knowledge, this is the first study to 
utilize cluster analysis in evaluating ophthalmic complica-
tions in T2DM. Prior cluster studies in diabetes analyzed 

Fig. 2   Box plot. Box plots 
showing distribution of cluster-
ing variables among clusters. 
Boxes represent the 25th, 
median, and 75th percentiles. 
Whiskers extend 1.5 times the 
interquartile range
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Table 1   Demographic and clinical factors

Variable Overall N = 416 SIDD N = 103 SIRD N = 101 MOD N = 78 MARD N = 134 p-value

Age at enrollment (years) < 0.0011

  Mean (SD) 57.6 (10.2) 53.6 (9.5) 62.0 (7.3) 49.7 (8.9) 62.0 (9.2)
  Median (IQR) 58.0 (15.0) 53.0 (13.0) 63.0 (10.0) 50.5 (11.5) 64.0 (13.0)
Sex, n (%) 0.5652

  Male 229 (55%) 54 (52%) 55 (54%) 40 (51%) 80 (60%)
  Female 187 (45%) 49 (48%) 46 (46%) 38 (49%) 54 (40%)
Race/ethnicity, n (%) 0.0182

  White 64 (15%) 13 (13%) 24 (24%) 9 (12%) 18 (13%)
  Black or African American 55 (13%) 20 (19%) 14 (14%) 6 (7.7%) 15 (11%)
  Hispanic or Latino 261 (63%) 65 (63%) 56 (55%) 56 (72%) 84 (63%)
  Asian 22 (5.3%) 3 (2.9%) 3 (3.0%) 2 (2.6%) 14 (10%)
  Other 14 (3.4%) 2 (1.9%) 4 (4.0%) 5 (6.4%) 3 (2.2%)
Hypertension, n (%) 322 (79%) 74 (73%) 84 (84%) 55 (72%) 109 (83%) 0.0722

  Unknown 8 2 1 2 3
Chronic kidney disease, n (%) 0.0342

  Yes 153 (37%) 49 (48%) 29 (29%) 28 (36%) 47 (35%)
  No 236 (57%) 49 (48%) 69 (68%) 42 (54%) 76 (57%)
  Uncertain 27 (6.5%) 5 (4.9%) 3 (3.0%) 8 (10%) 11 (8.2%)
Baseline HbA1c (mmol/mol) < 0.0011

  Mean (SD) 9.8 (2.5) 12.8 (2.3) 8.7 (1.8) 9.4 (1.8) 8.6 (1.5)
  Median (IQR) 9.6 (3.2) 12.4 (2.0) 8.7 (2.9) 9.2 (2.5) 8.8 (2.3)
Baseline BMI (kg/m^2) < 0.0011

  Mean (SD) 30.4 (6.5) 27.5 (4.4) 35.4 (4.9) 35.4 (7.4) 25.9 (2.9)
  Median (IQR) 29.2 (8.1) 27.7 (5.6) 34.8 (4.8) 34.0 (7.5) 25.9 (3.9)
Age at DM diagnosis (years) < 0.0011

  Mean (SD) 44.1 (12.1) 39.4 (10.1) 51.7 (7.3) 30.8 (6.9) 49.6 (11.0)
  Median (IQR) 44.0 (17.8) 39.0 (12.5) 52.0 (9.0) 32.0 (9.9) 50.0 (15.0)
Baseline microalbumin (mg/dL) 0.0741

  Mean (SD) 48.3 (127.6) 46.0 (102.1) 23.7 (71.6) 71.3 (134.5) 57.5 (169.8)
  Median (IQR) 4.7 (27.0) 6.0 (32.8) 3.0 (9.1) 6.0 (49.9) 5.2 (27.2)
  Unknown 76 17 13 18 28
Albumin creatinine ratio 0.0191

  Mean (SD) 666.4 (1,661.6) 847.9 (1,858.1) 219.7 (506.5) 874.7 (1,726.1) 765.5 (1,999.4)
  Median (IQR) 65.2 (388.0) 146.1 (591.4) 39.4 (144.1) 58.5 (780.7) 64.4 (389.8)
  Unknown 100 22 20 21 37
Cholesterol (mg/dL) 0.0061

  Mean (SD) 185.9 (83.0) 198.4 (54.3) 173.1 (50.8) 203.0 (155.0) 175.5 (52.3)
  Median (IQR) 177.0 (70.0) 189.0 (63.0) 169.5 (69.8) 176.0 (62.0) 170.0 (79.5)
  Unknown 31 6 5 5 15
Triglycerides (mg/dL) 0.1161

  Mean (SD) 235.7 (270.7) 242.5 (184.1) 198.2 (116.6) 302.8 (528.5) 219.4 (159.0)
  Median (IQR) 178.0 (150.0) 196.0 (164.0) 160.5 (108.5) 197.0 (162.0) 157.0 (142.5)
  Unknown 31 6 5 5 15
HDL (mmol/L) 0.1631

  Mean (SD) 44.0 (12.7) 45.2 (12.6) 44.2 (12.9) 40.7 (11.9) 44.7 (12.9)
  Median (IQR) 42.0 (13.0) 44.0 (13.0) 42.0 (13.5) 40.0 (17.0) 42.0 (14.5)
  Unknown 33 6 5 7 15
LDL (mmol/L) 0.0091

  Mean (SD) 95.1 (40.4) 106.9 (36.1) 89.4 (39.9) 88.9 (38.1) 94.4 (43.9)
  Median (IQR) 93.0 (53.0) 103.0 (48.0) 84.5 (49.5) 86.0 (51.5) 95.0 (62.5)
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primarily whether DR was present or not. In contrast, our 
focus was determining whether certain clusters were asso-
ciated with DR complications such as PDR, VH, DME, or 
NVG. Ultimately, being able to determine those that are 
most at risk of progression or certain complications will 
allow for targeted prevention and early treatment.

In Ahlqvist and colleagues’ work, they found that SIDD 
had a significantly higher risk of DR compared with MARD 

in the ANDIS cohort and that SIDD and MOD had a signifi-
cantly higher risk of DR than MARD in the ANDIU cohort 
[1]. Anjana and colleagues studying an Indian population 
similarly showed that SIDD had the highest risk of DR and 
that it was significantly higher than MARD [5]. Our anal-
ysis showed more specifically that both SIDD and MOD 
had a higher risk of PDR compared to SIRD. While age at 
study enrollment did significantly vary across cohorts, SIDD 
and MOD had the lowest mean ages. This observation was 

Bold highlight statistical significance p <0.05
1 Kruskal-Wallis rank sum test
2 Fisher’s exact test for count data with simulated p-value (based on 2000 replicates)
Abbreviations for the clusters above refer to SIDD severe insulin deficient diabetes, SIRD severe insulin resistant diabetes, MOD mild obesity-
related diabetes, and MARD mild age-related diabetes

Table 1   (continued)

Variable Overall N = 416 SIDD N = 103 SIRD N = 101 MOD N = 78 MARD N = 134 p-value

  Unknown 72 20 9 15 28
HDL/LDL ratio 0.1221

  Mean (SD) 0.6 (0.4) 0.5 (0.2) 0.6 (0.5) 0.6 (0.3) 0.6 (0.4)
  Median (IQR) 0.5 (0.3) 0.4 (0.2) 0.5 (0.4) 0.5 (0.4) 0.5 (0.3)
  Unknown 73 20 9 16 28
ALT (IU/L) 0.0431

  Mean (SD) 38.3 (49.6) 30.2 (29.6) 43.8 (63.7) 37.3 (31.9) 41.2 (57.4)
  Median (IQR) 28.0 (17.0) 25.0 (11.0) 30.0 (24.0) 28.5 (17.2) 28.0 (17.5)
  Unknown 25 2 4 8 11

Table 2   Ocular characteristics

Bold highlight statistical significance p <0.05
1 Fisher’s exact test for count data with simulated p-value (based on 2000 replicates)

Variable Overall N = 416 SIDD N = 103 SIRD N = 101 MOD N = 78 MARD N = 134 p-value

Diabetic retinopathy, n (%) 0.0061

  No diabetic retinopathy 58 (14%) 10 (9.7%) 17 (17%) 14 (18%) 17 (13%)
  Mild NPDR 155 (37%) 29 (28%) 50 (50%) 22 (28%) 54 (40%)
  Moderate NPDR 90 (22%) 29 (28%) 21 (21%) 13 (17%) 27 (20%)
  Severe NPDR 31 (7.5%) 10 (9.7%) 5 (5.0%) 7 (9.0%) 9 (6.7%)
  PDR 82 (20%) 25 (24%) 8 (7.9%) 22 (28%) 27 (20%)
Neovascular glaucoma, n (%) 4 (1.0%) 2 (1.9%) 1 (1.0%) 1 (1.3%) 0 (0%) 0.4071

Vitreous hemorrhage, n (%) 41 (9.9%) 10 (9.7%) 2 (2.0%) 10 (13%) 19 (14%) 0.0051

Diabetic macular edema, n (%) 53 (13%) 14 (14%) 8 (7.9%) 11 (14%) 20 (15%) 0.3681

Table 3   Patient HbA1c measures at baseline and 1–3-year follow-up 
by cluster

Cluster Mean baseline 
HbA1c

Mean 1–3 year 
HbA1c

p-value

Total 9.8 8.8 < 0.001
SIDD 12.8 9.7 < 0.001
SIRD 8.7 8.4 0.262
MOD 9.4 9.3 0.756
MARD 8.6 8.3 0.101

Table 4   Results of post hoc pairwise comparison of the proportion of 
PDR by cluster

p-values for Fisher exact test with Bonferroni correction
*Significant results

Cluster SIRD MOD MARD

SIDD 0.012* 0.999 0.999
SIRD 0.003* 0.058
MARD 0.999
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substantiated by the results of logistic regression analysis, 
which showed that when controlling for cluster assignment, 
increasing age is associated with a decrease in the odds of 
PDR. In addition, we found that increases in baseline micro-
albumin and ACR are associated with an increase in the 
odds of PDR.

Despite this higher risk of PDR in SIDD, it was the MOD 
and MARD groups which had significantly higher risk of 
VH than SIRD. No clear risk factors inherent to the MOD/
MARD groups were identified to explain the higher risk VH 
in these patients. A 2017 study examining levels of VEGF 

in primary vitrectomy for late VH found significantly higher 
levels of VEGF in eyes that developed late VH and identi-
fied iris neovascularization, hypertension, and proteinuria 
as risk factors [6]. Hypertension did not significantly vary 
across clusters in our study to indicate that blood pressure 
was driving the risk of VH in the MOD and MARD groups.

SIDD appears to have poorer metabolic control as this 
cluster has the highest average HbA1c on presentation at 
12.8 mmol/mol, but also had a significant decrease in HbA1c 
after establishing care as evidenced by the mean HbA1c of 
9.7 mmol/mol over the following 3 years (p < 0.001)—a 
finding which was not observed in the other cohorts. SIDD 
cluster patients were severely insulin deficient compared to 
other clusters likely leading to higher elevations of HbA1c 
when noncompliant compared to other groups that had 
mild metabolic derangements. The decrease in subsequent 
HbA1c in these patients was likely due to starting insulin 
therapy after presenting to medical provider in our system 
and reflects the importance of initiation of insulin therapy 
in this insulin deficient group.

While Ahlqvist et al. identified SIRD as having the high-
est risk of nephropathy, our analysis found that SIRD had the 

Table 5   Logistic regression analysis of proliferative diabetic retinopathy

Bold highlight statistical significance p <0.05
1 OR odds ratio, CI confidence interval

Unadjusted Adjusted for cluster assignment

Characteristic OR (95% CI)1 p-value OR (95% CI)1 p-value

Age (years) 0.98 (0.96 to 1.00) 0.10 1.00 (0.97 to 1.03) 0.85
Sex 0.84 (0.51 to 1.36) 0.48 0.82 (0.49 to 1.34) 0.43
Race/ethnicity
  White — —
  Black or African American 0.66 (0.21 to 1.92) 0.45 0.57 (0.18 to 1.69) 0.32
  Hispanic or Latino 1.65 (0.82 to 3.61) 0.18 1.40 (0.68 to 3.11) 0.38
  Asian 0.54 (0.08 to 2.28) 0.45 0.46 (0.07 to 1.98) 0.35
  Other 1.47 (0.30 to 5.80) 0.60 1.28 (0.25 to 5.27) 0.74
Hypertension 0.80 (0.41 to 1.47) 0.49 0.70 (0.36 to 1.31) 0.29
Chronic kidney disease
  No — —
  Yes 1.84 (1.10 to 3.07) 0.020 1.68 (1.00 to 2.84) 0.051
  Uncertain 2.34 (0.91 to 5.59) 0.064 1.98 (0.76 to 4.81) 0.14
Baseline HbA1c (mmol/mol) 1.09 (0.99 to 1.19) 0.078 1.06 (0.93 to 1.20) 0.39
Baseline BMI (kg/m^2) 0.96 (0.92 to 1.00) 0.039 0.95 (0.90 to 1.01) 0.093
Age at DM diagnosis (years) 0.96 (0.94 to 0.98) < 0.001 0.969 (0.942 to 0.995) 0.022
Baseline microalbumin (mg/dL) 1.004 (1.002 to 1.006) < 0.001 1.003 (1.001 to 1.006) 0.002
Albumin creatinine Ratio 1.0003 (1.0002 to 1.0005) < 0.001 1.0003 (1.0001 to 1.0004) < 0.001
Cholesterol (mg/dL) 1.003 (1.0003 to 1.006) 0.044 1.00 (1.00 to 1.01) 0.11
Triglycerides (mg/dL) 1.00 (1.00 to 1.00) 0.093 1.00 (1.00 to 1.00) 0.15
HDL (mmol/L) 1.00 (0.98 to 1.02) 0.74 1.01 (0.98 to 1.03) 0.61
LDL (mmol/L) 1.00 (0.99 to 1.00) 0.24 1.0 (0.99 to 1.00) 0.15
HDL/LDL ratio 1.38 (0.67 to 2.63) 0.35 1.69 (0.79 to 3.36) 0.15
ALT (IU/L) 0.99 (0.98 to 1.00) 0.16 0.99 (0.98 to 1.00) 0.21

Table 6   Results of post hoc pairwise comparison of the proportion of 
Vitreous Hemorrhage by cluster

p-values for Fisher exact test with Bonferroni correction
*Significant results

Cluster SIRD MOD MARD

SIDD 0.200 0.999 0.999
SIRD 0.032* 0.005*
MARD 0.999
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lowest creatinine:microalbumin ratio of the groups and lowest 
rate of known kidney damage; SIDD meanwhile had the high-
est. Population differences as well as differences in diabetes 
duration between the two studies likely contribute to the con-
tradictory findings regarding nephropathy in our study. Given 
that diabetic kidney disease is uncommon if disease duration 
is less than one decade [7]. In Ahlqvist’s study, patients were 
followed for only 10 years after diabetes mellitus diagnosis 
and could have had different rates of nephropathy compared 
to our population. Furthermore, there are marked differences 
in epidemiology of diabetic kidney disease between different 
ethnic/racial groups with African Americans, Hispanics, and 
Native Americans having a much higher risk of developing 
end-stage kidney disease than non-Hispanic Whites [8]. SIRD 
did have the highest ALT of the clusters in our analysis, which 
was consistent with both Ahlqvist’s findings regarding SIRD 
having the highest rate of fatty liver disease and Zaharia’s study 
demonstrating that SIRD had the highest hepatocellular lipid 
content at diagnosis and highest rate of hepatic fibrosis at 5-year 
follow-up [1, 8]. Some of this variability could be explained by 
different study populations. Our study population was predomi-
nantly safety-net hospital population with end stage diseases. 
Furthermore, significant differences in demographics should be 
noted between prior studies and our study population.

One of the limitations of our study was that our study popula-
tion only included patients with DR. Patients without a diagno-
sis of DR were not included in our cluster analysis as they were 
not recorded in our database. Therefore, some of the character-
istics of our clusters are likely skewed to the severe spectrum 
of diabetic disease. Associations with other diabetic complica-
tions such as nephropathy should therefore be interpreted with 
caution given the selective cohort. Another limitation of our 
study was the retrospective nature of our data collection. The 
longitudinal follow-up of our patients started after diagnosis of 
DR rather than their initial diabetes mellitus diagnosis. Con-
sequently, some of our patients were either newly diagnosed 
diabetes mellitus patients or patients with longstanding history 
of systemic diabetic disease. Also, our study was conducted at a 
large metropolitan safety-net hospital serving mostly lower soci-
oeconomic patients who were either uninsured or underinsured. 
Cluster analysis of this population might not be representative of 
other populations. Furthermore, we observed a relatively large 
number of subjects with high cluster distance ratio. The distri-
bution of distance ratio in our cohort was similar to what was 
observed by Kahkoska [2] and may indicate the importance of 
HOMA2-B and HOMA2-IR (the additional clustering variables 
used by Ahlqvist) in cluster performance [1].

Conclusion

Type 2 diabetes mellitus appears to have significant variability 
in severity, complication risk, and response to treatment. The 
pathophysiologic cause of this variability is still under study 

and not yet well understood. A big data approach with clus-
ter analysis of demographic and clinical biomarkers has been 
used by Alhqvist et al. to help distinguish these phenotypic 
variants. In our study, we evaluated these clusters for risk of 
advanced DR and its complications. We found that rates of 
PDR were higher in MOD, SIDD, and MARD clusters relative 
to SIRD and that rates of VH were higher in MOD and MARD 
compared to SIRD. Our study population was selective for 
patients with DR and thus does not represent the full spectrum 
of disease of DM, limiting its generalizability to other study 
populations and potential application to new diabetics. Never-
theless, the diverse population presenting with more advanced 
stages of diabetes is reflective of many communities within the 
USA and thus may have certain advantages in terms of gen-
eralizability over other international studies. Further research 
is needed to further define these diabetic variants so physi-
cians can tailor treatment strategies and practice personalized 
medicine.

Funding  This research was supported by a grant from Research to Pre-
vent Blindness to the Department of Ophthalmology. No other specific 
grant was received from any funding agency in the public, commercial, 
or not-for-profit sectors.

Declarations 

Ethical approval  This retrospective cohort study was approved by the 
Colorado Multiple Institutional Review Board.

Informed consent  This article does not contain any studies with human 
participants or animals performed by any of the authors. It is a retro-
spective study design.

Conflict of interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

 References

	 1.	 Ahlqvist E, Storm P, Käräjämäki A, et al (2018) Novel subgroups 
of adult-onset diabetes and their association with outcomes: a 
data-driven cluster analysis of six variables. The Lancet Diabe-
tes & Endocrinology 6:361–369. https://​doi.​org/​10.​1016/​S2213-​
8587(18)​30051-2

	 2.	 Kahkoska AR, Geybels MS, Klein KR et al (2020) Validation of 
distinct type 2 diabetes clusters and their association with diabetes 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S2213-8587(18)30051-2
https://doi.org/10.1016/S2213-8587(18)30051-2


419Graefe's Archive for Clinical and Experimental Ophthalmology (2024) 262:411–419	

1 3

complications in the DEVOTE, LEADER and SUSTAIN-6 car-
diovascular outcomes trials. Diabetes Obes Metab 22:1537–1547. 
https://​doi.​org/​10.​1111/​dom.​14063

	 3.	 Duh EJ, Sun JK, Stitt AW  Diabetic retinopathy: current under-
standing, mechanisms, and treatment strategies. JCI Insight 
2:e93751. https://​doi.​org/​10.​1172/​jci.​insig​ht.​93751

	 4.	 R: The R Project for Statistical Computing. https://​www.r-​proje​
ct.​org/. Accessed 26 Sep 2022

	 5.	 Anjana RM, Baskar V, Nair ATN et al (2020) Novel subgroups 
of type 2 diabetes and their association with microvascular out-
comes in an Asian Indian population: a data-driven cluster analy-
sis: the INSPIRED study. BMJ Open Diabetes Research and Care 
8:e001506. https://​doi.​org/​10.​1136/​bmjdrc-​2020-​001506

	 6.	 Gheith O, Farouk N, Nampoory N et al (2015) Diabetic kidney 
disease: world wide difference of prevalence and risk factors. J 
Nephropharmacol 5(1):49

	 7.	 de Boer IH (2014) Kidney disease and related findings in the 
diabetes control and complications trial/epidemiology of diabetes 
interventions and complications study. Diabetes Care 37(1):24–30

	 8.	 Zaharia OP, Strassburger K, Strom A et al (2019) Risk of diabe-
tes-associated diseases in subgroups of patients with recent-onset 
diabetes: a 5-year follow-up study. The Lancet Diabetes & Endo-
crinology 7:684–694. https://​doi.​org/​10.​1016/​S2213-​8587(19)​
30187-1

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/dom.14063
https://doi.org/10.1172/jci.insight.93751
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1136/bmjdrc-2020-001506
https://doi.org/10.1016/S2213-8587(19)30187-1
https://doi.org/10.1016/S2213-8587(19)30187-1

	Rates of diabetic retinopathy among cluster analysis—identified type 2 diabetic mellitus subgroups
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	References


