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ABSTRACT 

Background 

Cluster analysis may assist in stratifying heterogeneous clinical presentations of type 2 

diabetes (T2D). However, the association of cluster-based subgroups with diabetes-

related outcomes such as diabetic retinopathy remains unclear. This study was aimed to 

address this issue with novel clusters of T2D derived from four simple parameters. 

Method 

We developed a k-means clustering model in participants with newly diagnosed T2D 

(N=1,910) from the SENSIBLE and SENSIBLE-Addition studies, based on body mass 

index (BMI), waist circumference (WC), mean arterial pressure (MAP), and 

hemoglobin A1c (HbA1c). Diabetic retinopathy was ascertained with the protocol from 

the Early Treatment of Diabetic Retinopathy Study. Participants (N=515) without 

diabetic retinopathy at baseline were followed-up for 3 years. Logistic regression 

analyses were performed to obtain the odds ratios (ORs) and 95% confidence intervals 

(CIs). 

Results 

Three clusters were identified, with cluster 0, 1 and 2 accounting for 48.2%, 8.9% and 

42.9%, respectively. Participants with T2D were featured by the lowest BMI, WC, MAP, 

and HbA1c in cluster 0, poor glycemic condition in cluster 1, and the highest BMI, WC, 

and MAP in cluster 2. Compared with cluster 0, cluster 1 was associated with increased 

odds of diabetic retinopathy in both the cross-sectional study (OR 6.25, 95% CI: 3.19-

12.23) and the cohort study (OR 9.16, 95% CI: 2.08-40.34), while cluster 2 was not. 

Moreover, most participants remained their clusters unchanged during follow-up.  

Conclusions 

Our cluster-based analysis showed that participants with poor glycemic condition rather 

than high blood pressure and obesity had higher risk of diabetic retinopathy. 



INTRODUCTION 

The prevalence of diabetes has been increased over the past decades in China, which is 

reported to be 12.8% in 2015 from 2.5% in 1994 [1, 2]. Type 2 diabetes (T2D) is a 

highly heterogeneous disease with substantial variations in clinical presentations and 

prognostic consequences [3-5], and accounts for more than 90% of all the cases with 

diabetes [6]. As a result, refining diabetes, in particular T2D, with different phenotypes, 

is of clinical importance to implement individualized preventive and/or therapeutic 

interventions.  

Cluster analysis has emerged as an effective approach in stratifying diabetes into 

different phenotypes in recent years. In 2018, Ahlqvist et al. identified 5 clusters of 

adult-onset diabetes, using glutamate decarboxylase antibodies (GADA), age at 

diagnosis, body mass index (BMI), hemoglobin A1c (HbA1c), and homoeostatic model 

assessment for β-cell function and insulin resistance based on fasting plasma glucose 

(FPG) and C-peptide [7]. Their work, together with others, have consistently showed 

that clusters of diabetes including severe insulin deficiency diabetes and severe insulin 

resistant diabetes were related to increased risk of diabetic complications such as 

diabetic retinopathy and diabetic kidney disease [8-13]. However, GADA and C‐

peptide, the key parameters employed in these cluster analyses, were seldomly assessed 

in clinical practice or epidemiological surveys, limiting their wide use potentially.  

In contrast, parameters such as BMI, waist circumference (WC), systolic blood 

pressure (SBP), diastolic blood pressure (DBP), and HbA1c, are routinely measured. 

However, no studies have investigated whether clusters of diabetes derived from these 

parameters would have any association with diabetes-related outcomes such as diabetic 

retinopathy, which is the leading cause of blindness in working-age population [14, 15]. 

To address this issue, we firstly conducted cluster analysis based on the Study on 

Evaluation of iNnovated Screening tools and determination of optimal diagnostic cut-

off points for type 2 diaBetes in Chinese muLti-Ethnic (SENSIBLE) and SENSIBLE-

Addition studies. Secondly, we assessed whether the derived clusters were associated 

with diabetic retinopathy ascertained by the gold-standard approach for visual acuity 

measurement – the Early Treatment of Diabetic Retinopathy Study (ETDRS) protocol 

[16], in SENSIBLE-cohort study. 

 

METHODS 



Study design and population 

Data for cluster analysis in our study were driven from the SENSIBLE [17] and 

SENSIBLE-Addition studies [18]. The details of the sampling approaches and the 

designs of both studies were described elsewhere [17, 18]. Participants aged more than 

70 years were also included in the present study to obtain a larger sample size. Among 

the 17,629 participants surveyed, 1,927 were identified as newly diagnosed T2D. After 

excluding participants with missing information on blood pressure, height, or body 

weight, or having data considered extreme outliers (> 99.9 or < 0.1 percentiles) (n = 

17), a total of 1,910 participants were included for the cluster analysis (Supplementary 

figure 1A). 

SENSIBLE-cohort study was a 3-year longitudinal survey, which was designed to 

determine the optimal cut-off value of advanced glycation end-products and HbA1c for 

diagnosing T2D in China. A total of 7,600 participants from the SENSIBLE [17] and 

SENSIBLE-Addition [18] studies were randomly selected as the baseline dataset, and 

invited to be followed-up at a 1.5-year interval around for 3 years. In this cohort study, 

the first follow-up survey was started in July 2018 (enrolling 5,664 participants with a 

response rate of 74.5%), and the second in May 2020 (enrolling 6,048 participants with 

a response rate of 79.6%). Upon the exclusion of participants without diabetes or with 

known diabetes at baseline (n = 5,290), 758 participants were included. After further 

exclusion of participants without fundus imaging (n = 187), with unqualified fundus 

imaging (n = 15), or having diabetic retinopathy at baseline (n = 41), 515 were finally 

eligible for the analysis on the risk of incident diabetic retinopathy in relation to the 

clusters of diabetes (Supplementary figure 1B). 

The protocols of the studies were approved by the ethics committee of Zhongda 

Hospital, Southeast University, and the involved sub-center hospitals. Written informed 

consent was obtained from each participant. 

Procedure 

Participants at follow-ups underwent the same procedure as baseline [17]. Information 

on sociodemographic parameters, medical history, and lifestyle factors were obtained 

using questionnaires by trained interviewers. Body weight, height, and WC were 

measured using standardized protocols. SBP and DBP were measured trice at a seated 

position after 5-minute rest using an automated device (YE680E, yuwell, China). Two 

fundus images centered on the optic disc and macular area were taken for each eye from 



each participant using Canon non-mydriatic digital fundus camera (model: CR-2 AF). 

However, tropicamide or phenylephrine was used to dilate pupil, in the case that fundus 

images cannot be well taken using the non-mydriatic digital fundus camera. All fundus 

images were sent to Beijing Tongren Hospital for ascertainment of diabetic retinopathy 

by two independent professional ophthalmologists in a blind manner. 

All participants were asked to fast for at least 10 hours, and fasting blood samples 

were taken for the measurement of HbA1c, FPG, triglyceride (TG), total cholesterol 

(TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein 

cholesterol (LDL-C), serum uric acid (SUA), and serum creatinine (SCr). Afterwards, 

all participants were instructed to swallow a standard 75 g glucose solution, with blood 

samples taken 2 hours later again, for the 2-hour postprandial glucose (2hPG). All blood 

samples were centrifuged within 30 minutes after collection, and shipped at 4 °C by air 

to the central laboratory in Nanjing Adicon Clinical Laboratories. FPG, 2hPG, TG, TC, 

HDL-C, LDL-C, SUA, and SCr were measured using an automatic chemistry analyzer 

(Synchron LX-20, Beckman Coulter Inc., CA, USA), and HbA1c was by high-

performance liquid chromatography (D-10™ Hemoglobin Analyzer, Bio-Rad Inc., CA, 

USA). 

Definitions 

Diabetes was defined according to the criteria from the American Diabetes Association: 

1) FPG ≥ 7.0 mmol/L; 2) 2hPG ≥ 11.1 mmol/L; or 3) HbA1c ≥ 6.5% (48 mmol/mol) 

[19]. BMI was calculated as body weight (kg) divided by squared height (m). MAP was 

calculated as [SBP (mmHg) + 2 × DBP (mmHg)]/3. Kidney function was evaluated by 

the estimated glomerular filtration rate (eGFR) according to the Chronic Kidney 

Disease Epidemiology Collaboration equation [20, 21].  

Diabetic retinopathy ascertainment 

Diabetic retinopathy was ascertained based on the scoring system of ETDRS protocol. 

Participants were considered with diabetic retinopathy if ETDRS score was ≥ 20 for 

any eye. Moreover, minimal diabetic retinopathy was defined as EDTRS score as 20, 

mild as 31, moderate as 41, severe non-proliferative as 51, and proliferative as >60 [22]. 

Cluster analysis and visualization 

The clusters of diabetes were generated using the cluster analysis by built‐in k‐means 

algorithm in the Scikit‐learn library of Python 3. Specifically, we normalized the four 

numerical variables with Z‐score method, and k‐means function (max iteration =300, 



initialization = 'k-means++') was then applied. The optimal number of clusters was 

determined based on silhouette width (Supplementary figure 2A), elbow method 

(Supplementary figure 2B), and Two-Step clustering method (Supplementary figure 

2C). In this study, Two-Step clustering method was done in SPSS 26.0 (SPSS Inc., 

Chicago, IL, USA) from 2 to 15 clusters using log-likelihood as a distance measure and 

Schwarz’s Bayesian criterion for clustering. The k-means algorithm was used again to 

assess the cluster redistribution patterns at 3-year follow-up. 

Since the data from participants were distributed in a four‐dimensional space, it 

was impractical to validate the clustering results from k‐means intuitively. We therefore 

utilized the t‐distributed stochastic neighbor embedding (tSNE) visualization technique 

to transform the normalized data into a two‐dimensional space for better visualization. 

The tSNE analysis was conducted with the Scikit‐learn library of Python, whereas the 

plot was visualized by the Matplotlib library. 

Statistical analysis 

Continuous data are presented as means and standard deviations (SDs) and compared 

using one-way analysis of variance, while categorical variables are presented as 

numbers and percentages and compared using χ2 test. Odds ratios (ORs) and 95% 

confidence intervals (CIs) were obtained by logistic regression analyses to assess the 

association of different clusters with diabetic retinopathy, based on the following 

models: model 1 – crude model; model 2 – controlled for gender, age, and ethnic groups; 

and model 3 – additionally controlled for SUA, TC, TG, LDL-C, HDL-C, eGFR, and 

smoking and drinking status. These analyses were performed using SPSS 26.0 (SPSS 

Inc., Chicago, IL, USA). A two-tailed P < 0.05 was considered statistically significant. 

 

RESULTS 

Cluster distribution in cross-sectional study 

The characteristics of 1,910 participants with newly diagnosed T2D from the 

SENSIBLE and SENSIBLE-Addition studies are shown in Table 1. Cluster analysis 

derived from variables including BMI, WC, MAP and HbA1c identified 3 clusters 

(Table 1 and Figure 1), with 48.2% in cluster 0, 8.9% in cluster 1, and 42.9% in cluster 

2. Cluster 0 showed the lowest mean values of all the clustering variables, while cluster 

1 was characterized by the highest mean value of HbA1c, and cluster 2 by the highest 

mean values of WC, BMI and MAP. Participants in cluster 1 were the youngest, and 



had the lowest SUA levels, the highest eGFR, and the worst lipid metabolism, compared 

with cluster 0 and cluster 2. Details about the cluster centers which could be used for 

the stratification of different clusters, are provided in Supplementary table 1. 

 The distribution patterns of these 3 clusters in each ethnic group are presented in 

Figure 2. Han, Zhuang, Dai and Korean ethnic groups showed similar distribution 

patterns as the whole dataset, while Kazak and Uyghur groups had the largest 

proportions of cluster 2 but the lowest proportions of cluster 0.  

The risk of diabetic retinopathy with different clusters in cross-sectional and 

cohort studies 

In our cross-sectional survey, 1,059 participants provided eligible fundus imaging and 

were included for the present analysis (Supplementary figure 1A). Participants in 

cluster 1 showed the highest prevalence of diabetic retinopathy (26.3%) compared with 

those in cluster 0 (7.1%) and cluster 2 (6.5%). Using cluster 0 as the referent, the OR 

of diabetic retinopathy in cluster 1 was 4.70 (95% CI: 2.56 - 8.63) in the crude model 

(model 1), and 6.25 (95% CI: 3.19 - 12.23) after multivariable-adjustment (model 3, 

Table 3). No significant association between diabetic retinopathy and cluster 2 was 

observed in any models (Table 3). 

In our cohort study, 515 participants without diabetic retinopathy at baseline were 

followed-up for 3 years (Supplementary figure 1). Of them, 24 developed incident 

diabetic retinopathy. The baseline characteristics of this subsample based on the clusters 

of diabetes are shown in Table 2. During follow-up, the incidence of diabetic 

retinopathy was the highest (14.8%) in cluster 1 compared to cluster 0 (3.4%) and 

cluster 2 (4.9%). Comparing with cluster 0, the OR of incident diabetic retinopathy was 

9.16 (95% CI: 2.08 - 40.34) in cluster 1 after multivariable-adjustment (model 3, Table 

3). However, there was no significant association between incident diabetic retinopathy  

with cluster 2 (Table 3). 

Cluster redistribution with diabetic retinopathy in cohort study 

The patterns of cluster redistribution from the 513 eligible participants during the 3-

year follow-up are shown in Figure 3 and Supplementary table 2. Two participants from 

515 at baseline were excluded because of missing information on clustering variables. 

The proportions of different clusters were generally similar to those at baseline. Most 

participants remained their clusters unchanged during follow-up. However, 123 (24.0%) 

participants switched their cluster allocation, with 50 (19.2%), 16 (61.5%), and 57 



(21.8%) in cluster 0, 1 and 2, respectively. 

The incidence of diabetic retinopathy at the 3-year follow-up in relation to cluster 

redistribution is shown in Supplementary figure 3 and Supplementary table 3. It appears 

that participants switched to cluster 2 from cluster 1 had the highest risk of diabetic 

retinopathy (33.3%) at follow-up compared with other switchers. 

 

DISCUSSION 

In this study we showed several findings in Chinese population with newly diagnosed 

T2D that: (i) 3 clusters were identified, with cluster 0 featured by mild metabolic 

condition, cluster 1 by poor glycemic condition, and cluster 2 by high blood pressure 

and obesity; (ii) participants in cluster 1 had higher risk of diabetic retinopathy 

compared with those in cluster 0; (iii) the majority of participants remained their cluster 

pattern unalerted during follow-up. 

Previous studies that used cluster analysis for the stratification of diabetes 

subgroups based on GADA, age, BMI, HbA1c, FPG, and C-peptide were shown to be 

effective in predicting future health outcomes including microvascular and 

macrovascular diseases [7-13]. However, C‐peptide included in these studies for T2D 

clusters was not routinely assessed in clinical practice, and the accuracy of the 

measurement approach for GADA using enzyme-linked immunosorbent assay has been 

questioned compared with radioligand binding assay[23]. These concerns may 

therefore limit the wide use of such clusters. Unlike C‐peptide and GADA, parameters 

such as BMI, WC, and blood pressure could be easily acquired and their usage in cluster 

analysis was shown to be effective in the stratification for diabetes [24]. However, in 

our study MAP, instead of SBP and DBP, was employed for cluster analysis. This was 

done to simplify the cluster analysis. Moreover, to provide more accurate clusters of 

T2D, we included HbA1c for cluster analysis - a commonly measured parameter for 

newly diagnosed diabetes to reflect glycemic control during the past 2-3 months [25]. 

In our study 3 clusters were identified. Cluster 1 grouped participants with the 

highest HbA1c, which indicated that they might have diabetes undiagnosed for a long 

period. Cluster 0 was featured by the lowest BMI, WC, MAP and HbA1c, while cluster 

2 ranked first with BMI, WC and MAP. There is evidence that T2D was developed in 

Chinese adults at a considerably lower BMI compared with western populations [26]: 

the average BMI of newly diagnosed diabetes in Chinese was around 23.7 kg/m², which 



was more than 27 kg/m² in Americans [27]. This is consistent with our finding that the 

majority of participants were identified as cluster 0. However, there seemed to be a 

heterogenous distribution of clusters across different ethnic groups (e.g., participants 

from Uyghur and Kazak ethnicities were more likely to fall into cluster 2). This might 

be attributed to the differences in lifestyle factors and genetics (e.g., participants from 

Uyghur and Kazak ethnicities have admixed ancestral components of East Asian and 

European populations [28, 29]).  

In this study we also found that about one-fourth of the participants switched their 

cluster allocation at follow-up. Of note, half of the participants in cluster 1 represented 

by poor glycemic condition switched to cluster 0 characterized by mild metabolic 

condition. This implies that achieving good glycemic control was generally emphasized 

in clinical practice, in particular for newly diagnosed participants with poor glycemic 

condition. However, some participants in cluster 1 remained their clusters unchanged 

at follow-up (that is, characterized by poor glycemic control). It is speculated that these 

participants did not pay enough attention to manage their diabetes, at least for glycemic 

control. Moreover, this may also reflect the possibility of their disease progression.  

Our study showed that participants in cluster 2 represented by high blood pressure 

and obesity did not have significantly increased odds of diabetic retinopathy, while 

participants in cluster 1 characterized by poor glycemic condition had. This is in support 

of the finding that poor glycemic control may lead to ocular complication as suggested 

previously [14, 30]. Furthermore, participants remained in cluster 1 or switched from 

cluster 2 to cluster 1 during follow-up showed high incidence of diabetic retinopathy. 

These, taken together, support that hyperglycemia might play a more important role in 

the development of diabetic retinopathy than hypertension or obesity in adults with 

newly diagnosed T2D [31].  

The strengths of our study included a prospective cohort design and the use of 

ETDRS protocol - the gold standard approach for accurate visual acuity measurement 

to assess diabetic retinopathy [16]. However, our study has several limitations. Firstly, 

the diagnosis of T2D in our study was clinically judged based on age, BMI and disease 

history; however, we could not exclude the possibility that some participants with type 

1 diabetes might be misclassified as T2D, although there is evidence the prevalence of 

type 1 diabetes is only about 5.49% in China [6]. Secondly, the sample size of our study 

was small, in particular for the cohort analysis. Future studies with larger sample sizes 



are required to confirm our findings. Thirdly, our cluster analysis was conducted based 

on 4 simple variables. However, we did not assess whether the use of some other easy-

obtained parameters such as physical activity would add any incremental benefit in 

stratifying the subgroups of T2D. Finally, the clinical significance of our refined T2D 

subgroups was only evaluated based on diabetic retinopathy, it remains unclear whether 

it is related to other diabetes-related outcomes such as cardiovascular events or diabetic 

kidney disease. 

In conclusion, our study suggested that novel cluster‐based subgroups of diabetes 

based on simple and cost-effective indicators could be employed for risk stratification 

for diabetic retinopathy in Chinese adults with newly diagnosed T2D. Participants 

characterized by poor glycemic condition rather than high blood pressure and obesity 

showed higher risk for diabetic retinopathy. Future studies with cohort design and larger 

sample sizes are needed to confirm our findings. 
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Tables 

Table 1. Characteristics of cluster-based subgroups of diabetes in cross-sectional 

study a.  

SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference; BMI, body 

mass index; MAP, mean arterial pressure; HbA1c, hemoglobin A1c; FPG, fasting plasma glucose; 

2hPG, 2-hour postprandial glucose; SUA, serum uric acid; Scr, serum creatine; eGFR, estimated 

glomerular filtration rate; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, 

triglyceride; HDL-C, high-density lipoprotein cholesterol 

a It was analysed based on 1,910 participants. 

b Featured by the lowest blood glucose, blood pressure, waist circumference and body mass index. 

c Featured by poor glycemic condition. 

d Featured by the highest blood pressure, waist circumference and body mass index. 

e Continuous variables (presented as means ± standard deviations) across groups were compared by 

one-way analysis of variance, and categorical variables [presented as numbers (percentages)] were 

compared by χ2 test. 

 

 

 

Cluster 0 b Cluster 1 c Cluster 2 d P e 

N (%) 921(48.2) 170(8.9) 819(42.9) 

 

Gender (male) , N (%) 333(36.2) 75(44.1) 396(48.4) <0.001 

Age, years 56 ± 9 54 ± 9 56 ± 9 0.001 

Height, cm 158.5 ± 8.1 160.4 ± 9.0 161.0 ± 8.3 <0.001 

Weight, kg 60.6 ± 8.5 66.8 ± 12.5 77.4 ± 10.8 <0.001 

Smoking status (smoker), N (%) 173(18.9) 43(25.6) 174(21.4) 0.10 

Drinking status (drinker), N (%) 233(25.4) 52(31.0) 254(31.2) 0.02 

SBP, mmHg 137 ± 19 139 ± 19 149 ± 20 <0.001 

DBP, mmHg 82 ± 11 86 ± 13 90 ± 12 <0.001 

WC, cm 80.8 ± 7.4 87.6 ± 9.7 96.5 ± 8.0 <0.001 

BMI, kg/m2 24.1 ± 2.5 25.9 ± 3.6 29.8 ± 3.3 <0.001 

MAP, mmHg 100 ± 12 103 ± 14 110 ± 13 <0.001 

HbA1c, % 6.2 ± 0.8 10.8 ± 1.8 6.5 ± 0.9 <0.001 

HbA1c, mmol/mol 45 ± 9 94 ± 19 47 ± 10 <0.001 

FPG, mmol/L 6.9 ± 1.3 13.5 ± 3.7 7.3 ± 1.6 <0.001 

2hPG, mmol/L 12.0 ± 3.6 24.1 ± 6.3 12.5 ± 3.6 <0.001 

SUA, μmol/L 318 ± 85 280 ± 79 349 ± 96 <0.001 

SCr, mmol/L 62.5 ± 18.5 59.8 ± 16.5 66.7 ± 16.9 <0.001 

eGFR, ml/min/1.73m2 98 ± 15 103 ± 14 97 ± 16 <0.001 

TC, mmol/L 5.4 ± 1.2 5.6 ± 1.3 5.4 ± 1.2 0.03 

LDL-C, mmol/L 3.0 ± 0.9 3.2 ± 0.9 3.1 ± 0.9 0.04 

TG, mmol/L 2.0 ± 1.8 3.0 ± 3.7 2.5 ± 2.3 <0.001 

HDL-C, mmol/L 1.6 ± 0.4 1.4 ± 0.4 1.4 ± 0.3 <0.001 



Table 2. Baseline characteristics of cluster-based subgroups of diabetes in cohort 

study a. 
 

Cluster 0 b Cluster 1 c Cluster 2 d P e 

N, % 262(50.9) 27(5.2) 226(43.9) 

 

Gender (male) , N (%) 94(35.9) 13(48.1) 106(46.9) 0.04 

Age, years 56 ± 8 53 ± 7 55 ± 8 0.13 

Height, cm 159.0 ± 7.6 160.3 ± 9.8 161.1 ± 7.7 0.02 

Weight, kg 62.2 ± 8.2 65.0 ± 9.7 77.3 ± 10.2 <0.001 

Smoking status (smoker), N (%) 53(20.3) 6(22.2) 59(26.1) 0.30 

Drinking status (drinker), N (%) 69(26.3) 6(22.2) 79(35.0) 0.08 

SBP, mmHg 136 ± 18 135 ± 13 149 ± 19 <0.001 

DBP, mmHg 82 ± 11 88 ± 10 90 ± 11 <0.001 

WC, cm 81.3 ± 7.3 84.7 ± 9.2 95.4 ± 7.4 <0.001 

BMI, kg/m2 24.6 ± 2.4 25.2 ± 2.9 29.8 ± 3.3 <0.001 

MAP, mmHg 100 ± 12 103 ± 10 110 ± 12 <0.001 

HbA1c, % 6.2 ± 0.8 10.3 ± 1.6 6.4 ± 0.8 <0.001 

HbA1c, mmol/mol 44 ± 8 89 ± 17 46 ± 9 <0.001 

FPG, mmol/L 6.8 ± 1.1 12.3 ± 2.9 7.2 ± 1.4 <0.001 

2hPG, mmol/L 11.8 ± 3.4 24.1 ± 4.4 12.3 ± 3.4 <0.001 

SUA, μmol/L 308 ± 79 273 ± 74 334 ± 95 <0.001 

SCr, mmol/L 61.6 ± 16.7 62.1 ± 20.0 64.5 ± 15.7 0.61 

eGFR, ml/min/1.73m2 99 ± 13 102 ± 14 99 ± 14 0.51 

TC, mmol/L 5.2 ± 1.0 5.6 ± 1.1 5.3 ± 1.1 0.07 

LDL-C, mmol/L 2.9 ± 0.8 3.3 ± 0.9 3.1 ± 0.9 0.001 

TG, mmol/L 2.0 ± 2.0 2.6 ± 3.1 2.4 ± 1.7 0.02 

HDL-C, mmol/L 1.6 ± 0.4 1.3 ± 0.4 1.4 ± 0.3 <0.001 

SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference; BMI, body 

mass index; MAP, mean arterial pressure; HbA1c, hemoglobin A1c; FPG, fasting plasma glucose; 

2hPG, 2-hour postprandial glucose; SUA, serum uric acid; Scr, serum creatine; eGFR, estimated 

glomerular filtration rate; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, 

triglyceride; HDL-C, high-density lipoprotein cholesterol 

a It was analysed based on 515 participants included at baseline. 

b Featured by the lowest blood glucose, blood pressure, waist circumference and body mass index. 

c Featured by poor glycemic condition. 

d Featured by the highest blood pressure, waist circumference and body mass index. 

e Continuous variables (presented as means ± standard deviations) across groups were compared by 

one-way analysis of variance, and categorical variables [presented as numbers (percentages)] were 

compared by χ2 test. 

 

 

 

 



Table 3. The association of different clusters with diabetic retinopathy in cross-

sectional and cohort studies. 

 Cases, n(%) ORa (95%CI) ORb (95%CI) ORc ( 95%CI) 

Odds of diabetic retinopathy in cross-sectional study based on 1,059 participants 

Cluster 0 38(7.1) 1 1 1 

Cluster 1 20(26.3) 4.70(2.56-8.63) 5.28(2.80-9.94) 6.25(3.19-12.23) 

Cluster 2 29(6.5) 0.92(0.56-1.51) 0.88(0.52-1.48) 0.97(0.56-1.68) 

Odds of diabetic retinopathy in cohort study based on 515 participants 

Cluster 0 9(3.4) 1 1 1 

Cluster 1 4(14.8) 4.89(1.40-17.11) 5.58(1.52-20.47) 9.16(2.08-40.34) 

Cluster 2 11(4.9) 1.44(0.59-3.54) 1.45(0.57-3.65) 1.79(0.66-4.85) 

a Model 1: crude model. 

b Model 2: adjusted by gender, age, and ethnic groups. 

c Model 3: adjusted by gender, age, ethnic groups, serum uric acid, total cholesterol, triglyceride, 

high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, estimated glomerular 

filtration rate, and smoking and drinking status. 

 



Figures 

Figure 1. t‐SNE visualization of participant data in cross-sectional study a.  

tSNE, t‐distributed stochastic neighbor embedding 

All data points are labelled with the clustering results from k‐means.  

a It was analysed based on 1,910 participants. 

 

  



Figure 2. Cluster configuration in the different ethnic groups in cross-sectional 

study a. 

a It was analysed based on 1,908 participants (2 from the 1,910 participants were excluded as they 

were from other ethnic groups). 

Data are presented as numbers (percentages). 

  



Figure 3. Cluster redistribution from baseline to 3-year follow-up in cohort study 

a. 

a It was analysed based on 513 participants included at baseline (2 from the 515 participants were 

excluded due to the lack of complete information on clustering variables). 

 


