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Abstract
Background  The prevalence of early-onset type 2 diabetes (EOD) is rapidly increasing. This study intends to screen 
for early cardiovascular abnormalities in patients newly diagnosed with EOD and evaluate the cardiovascular risk 
across cluster phenotypes.

Method  A total of 400 patients ≤ 40 years old with newly diagnosed type 2 diabetes were enrolled from the START 
cohort (the Study of The newly diAgnosed eaRly onset diabeTes). Cluster classification was performed using the 
K-means method based on age, BMI, HbA1c, HOMA2-β, HOMA2-IR, and GAD antibodies. Echocardiography and 
carotid ultrasound were performed within 3 months of diabetes diagnosis. Carotid ultrasound abnormalities included 
intimal thickening and plaque formation, while echocardiography assessed changes in cardiac structure and systolic/
diastolic function. Cluster-specific partitioned polygenic scores (pPS) were used to validate our findings from a genetic 
perspective.

Result  Carotid artery abnormalities were detected in 26.3% of patients, and echocardiography abnormalities were 
observed in 20.0%. Patients with severe insulin resistant diabetes (SIRD) had the highest incidence of carotid artery 
abnormality (40.0%). After adjusting for relevant risk factors, fasting C-peptide levels were significantly associated 
with a 1.247-fold increase in the risk of carotid artery abnormalities. Left atrial enlargement was more prevalent in 
the SIRD (16.7%) and mild obesity-related diabetes (MOD) (18.5%) classifications. A high proportion of patients with 
SIRD had abnormal left ventricular geometry (36.1%). Increases in BMI, fasting C-peptide level and HOMA2IR were 
accompanied by a further increase in left atrial enlargement risk by 1.136-, 1.781- and 1.687-fold respectively. The pPS 
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Introduction
Early-onset type 2 diabetes is defined as diabetes diag-
nosed before the age of 40 years. It has recently been 
recognized as one of the most serious health challenges 
of the 21st century, with the greatest relative increase in 
the incidence and prevalence of type 2 diabetes among 
younger population [1]. According to the China Chronic 
Disease and Risk Factors Surveillance, individuals aged 
18–40 accounted for 11.5% of all patients with diabetes 
[2].

Growing evidence suggests that early-onset type 2 
diabetes is the more aggressive form of the disease. 
Early-onset type 2 diabetes is associated with increased 
cardiovascular and coronary mortality [3, 4]. Patients 
with early-onset type 2 diabetes have twice the risk of 
developing macrovascular complications than those with 
late-onset type 2 diabetes (HR 7.9 vs. 3.8, respectively) 
[5]. A cross-sectional study conducted by the Chinese 
National Glycosylated Haemoglobin Surveillance System 
(CNHSS) reported that patients with early-onset type 2 

diabetes have a higher risk of non-fatal cardiovascular 
disease than those with late-onset type 2 diabetes (OR 
1.91, 95% CI 1.81 to 2.02) [6]. These findings highlight 
the need to evaluate the cardiovascular risk in individuals 
with early-onset diabetes mellitus.

To date, two large cohort studies have investigated car-
diovascular risk assessment in young individuals with 
diabetes. In the TODAY study, adolescents and young 
adults with type 2 diabetes experienced worsening left 
ventricular diastolic function within 5–10 years of diag-
nosis, and 15.8% of patients exhibited cardiac structural 
abnormalities [7]. Similarly, in the SEARCH study, 25.5% 
of young patients with a median diabetes duration of 
11.3 years showed structural abnormalities in the hearts, 
including left ventricular hypertrophy or concentric 
geometry, along with reduced left ventricular diastolic 
function [8]. However, these studies primarily focused on 
early-onset diabetes with an average duration of 10 years. 
It remains unclear whether cardiovascular abnormalities 
are present at the time of early-onset diabetes diagnosis. 

for lipodystrophy was higher in the EOD group with plaque formation, and showed a significant linear correlation with 
the ratio of the left atrial anteroposterior diameter to body surface area (LAAP/BSA) (R = 0.344, p < 0.001).

Conclusion  Heart and carotid artery abnormalities are common in patients with early-onset T2DM at the time 
of diagnosis. Patients with obesity and insulin resistance are at higher risk for cardiovascular abnormalities. Cluster 
classification based on clinical characteristics enables more accurate identification of patients at increased risk of 
cardiovascular complications at an early stage.
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A nationwide registry study showed that patients with 
type 2 diabetes mellitus (T2DM) experience twice the 
rate of cardiovascular events 30 years prior to diagnosis 
compared to controls [9]. Nevertheless, relevant research 
evidence in patients with early onset diabetes is still 
lacking.

Diabetic cardiomyopathy (DCM) is a diabetic patho-
physiological condition characterized by structural, 
functional and metabolic changes in the heart [10]. Early 
manifestations of DCM include left atrial enlargement, 
left ventricular hypertrophy and diastolic dysfunction, 
while the late manifestations include cardiac fibrosis, 
left ventricular dilation, systolic dysfunction and heart 
failure symptoms. These changes are driven by insulin 
resistance, compensatory hyperinsulinemia, and hyper-
glycemia in the heart tissue, which occurs independently 
of other cardiac risk factors such as coronary artery dis-
ease (CAD) and hypertension [11]. Currently, diagnostic 
techniques and treatment of diabetic cardiomyopathy are 
still relatively nonspecific [12, 13]. Research on this area 
is essential, as early diagnosis and intervention may delay 
the progression of heart failure in patients with early-
onset diabetes.

Furthermore, it is critical to identify patients with 
early-onset diabetes who are more vulnerable to cardio-
vascular disease. Recently, data-driven clustering has 
been proposed to refine diabetes classification and iden-
tify individuals more likely to experience complications. 
Clinical characteristics and outcomes vary across cluster 
types. For example, patients with severe insulin resis-
tance subtypes have an increased risk of developing dia-
betic kidney disease [14]. We hypothesized that cluster 
classification could also identify subtypes of individuals 
with early-onset diabetes who are at higher cardiovascu-
lar risk.

Therefore, the START cohort (the Study of The newly 
diAgnosed eaRly onset diabeTes) was stablished in 2021 
at the Diabetes Centre of Peking University People’s Hos-
pital to recruit newly diagnosed patients with early-onset 
diabetes and assess the presence of cardiovascular abnor-
malities at diagnosis. We used cluster classification at 
diagnosis to identify those with EOD who are more vul-
nerable to cardiovascular disease, and the cluster-specific 
partitioned polygenic scores (pPS) were used to verify 
our findings from a genetic perspective.

Methods
The research methods and relevant statistical methods 
were described in detail in the Supplementary method.

Results
Clinical characteristics of patients with early-onset newly 
diagnosed type 2 diabetes in cluster classification
A total of 400 patients were recruited for this study. After 
excluding severe autoimmune diabetes (SAID) subtypes 
with positive GAD antibodies, 388 patients were classi-
fied into four subtypes using clustering analysis (Figure 
S1). The median age was 34 (30,38) years old and 72.94% 
(283/388) of the participants were men. A family history 
of diabetes was reported in 65.21% (253/388) of patients. 
The mean BMI was 29.56 ± 5.01  kg/m2 in males, while 
28.38 ± 5.27 kg/m2 in female subjects. The median HbA1c 
level was 10.0 (7.9,11.4) % (Table 1). The distribution of 
subtypes among patients newly diagnosed with EOD was 
as follows: mild obesity-related diabetes (MOD), 45.1% 
(175/388); severe insulin-deficient diabetes (SIDD), 
36.1% (140/388); severe insulin-resistant diabetes (SIRD), 
11.6% (45/388); mild age-related diabetes (MARD), 7.2% 
(28/388) (Fig. 1). Notably, MOD accounted for the larg-
est proportion of patients with EOD. The clinical charac-
teristics of each subtype are presented in Table 1. Among 
these subtypes, patients with SIDD exhibited lower 
levels of fasting insulin (9.05 uU/ml [5.47–13.65]) and 
C-peptide (2.36 ng/ml [1.72–2.86]), while their fasting 
blood glucose levels were higher (238.14 mg/dL [189.59–
291.60]) compared to the other three subtypes. Higher 
BMI values (32.11 ± 4.90  kg/m² and 32.10 ± 4.25  kg/m², 
respectively) and waist-to-hip ratios (0.96 ± 0.07 and 
0.96 ± 0.06, respectively) were observed in patients with 
SIRD and MOD subtypes. However, patients with SIRD 
had lower HbA1c values (7.10 [6.55–8.30] vs. 9.60 [8.00-
10.80] %) and higher fasting insulin levels (36.07 [26.48–
45.03] vs. 18.13 [12.68–27.58] uU/ml) than patients with 
the MOD subtype.

Carotid artery abnormality in patients with newly 
diagnosed EOD in cluster classification
Carotid ultrasound was performed within 3 months of 
diagnosis in newly diagnosed patients to screen for early 
vascular abnormalities. Among the 293 patients who 
underwent carotid artery ultrasonography, the overall 
abnormality detection rate was 26.3% (77/293) (Table 2; 
Fig. 1). No significant differences in the clinical features 
were observed between patients who underwent carotid 
ultrasound and those who did not. (Table S2) The SIRD 
subtype exhibited a notably greater abnormal detection 
rate of 40.0% (14/35) than the other subtypes, which 
included the intima-media thickening in 37.1% (13/35) 
and plaque formation in 20.0% (7/35). This was followed 
by MOD with 26.0% (34/131) and SIDD with 25.7% 
(27/105). The MARD subtype had the lowest detection 
rate (9.1% [2/22]). Compared to EOD patients with nor-
mal carotid ultrasound findings, those with carotid artery 
abnormalities were older and had higher diastolic blood 
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Table 1  Clinical characteristics of patients with early-onset newly diagnosed type 2 diabetes in cluster classification
Total SIDD SIRD MOD MARD p 

value
Sample n% 388 36.1% (140/388) 11.6% (45/388) 45.1% (175/388) 7.2% (28/388)
Male n% 72.94% (283/388) 73.6% (103/140) 53.3% (24/45) 82.9% (145/175) 39.3% (11/28) <0.001
Age 34 (30,38) 34 (30,38) 36 (31,38) 35 (30,37) 34 (31,36) 0.551
Family history of diabetes, n% 65.21% (253/388) 61.4% (86/140) 68.9% (31/45) 65.7% (115/175) 75.0% (21/28) 0.502
SBP (mmHg) 131.03 ± 15.91 126.74 ± 14.18 129.97 ± 17.39 136.16 ± 15.14 121.37 ± 16.17 <0.001
DBP (mmHg) 81.62 ± 12.49 79.20 ± 11.86 82.29 ± 13.27 84.07 ± 12.33 77.11 ± 12.57 0.002
BMI (kg/m2) male 29.56 ± 5.01

female 28.38 ± 5.27
25.71 ± 3.30 32.11 ± 4.90 32.10 ± 4.25 24.41 ± 2.53 <0.001

WHR male 0.96 ± 0.06
female 0.89 ± 0.07

0.92 ± 0.06 0.96 ± 0.07 0.96 ± 0.06 0.87 ± 0.07 <0.001

Current smoking, n% male 49.6% (134/270)
female 2.9% (3/104)

33.6% (45/134) 27.9% (12/43) 44.1% (75/170) 18.5% (5/27) 0.02

Current drinking, n% male 24.9% (67/269)
female 1.0% (1/103)

18.9% (25/132) 18.6% (8/43) 18.8% (32/170) 11.1% (3/27) 0.771

F-INS (uU/ml) 14.32 (8.69,23.63) 9.05 (5.47,13.65) 36.07 (26.48,45.03) 18.13 (12.68,27.58) 10.53 (6.91,15.84) <0.001
F-CP (ng/ml) 3.08 (2.32,4.16) 2.36 (1.72,2.86) 5.17 (4.65,6.24) 3.57 (2.97,4.37) 2.50 (1.75,3.14) <0.001
FPG (mg/dL) 196.20 (139.05,257.72) 238.14 

(189.59,291.60)
133.92 
(113.58,148.95)

196.20 
(147.60,242.82)

138.69 
(125.60,170.37)

<0.001

HBA1c (%) 10.0 (7.9,11.4) 11.40 (10.35,12.73) 7.10 (6.55,8.30) 9.60 (8.00,10.80) 7.10 (6.50,7.90) <0.001
ALT (U/L) 42.0 (22.0,76.0) 27.0 (16.3,46.0) 58.5 (28.8,97.3) 55.0 (30.0,88.0) 24.0 (12.0,59.5) <0.001
AST (U/L) 26.0 (17.0,44.0) 19.5 (14.0,28.0) 38.0 (24.8,60.5) 34.0 (21.0,51.0) 20.0 (14.0,35.5) <0.001
UA (umol/L) male 412 (345,478) 

female 351 (295,417)
358 (298,420) 435 (388,500) 416 (341,483) 363 (298,447) <0.001

CRE (umol/L) 64.58 ± 15.62 59.40 ± 13.24 70.61 ± 16.56 67.42 ± 15.67 62.01 ± 17.28 <0.001
TCHOL (mg/dL) 207.46 (179.91,238.01) 207.66 

(177.50,241.69)
210.36 
(186.49,244.10)

207.46 
(180.69,236.85)

199.15 
(170.15,238.01)

0.81

TG (mg/dL) 200.24 (137.55,324.94) 188.72 
(106.76,302.13)

229.47 
(180.08,390.28)

220.17 
(147.08,364.81)

156.82 
(82.84,209.98)

<0.001

HDL (mg/dL) 40.80 (35.58,47.47) 42.15 (35.58,49.88) 39.06 (35.48,44.86) 39.44 (34.80,45.15) 47.56 (38.48,54.33) 0.066
LDL (mg/dL) 129.35 (107.31,153.91) 128.77 

(104.99,156.61)
132.25 
(106.92,159.32)

129.74 
(107.31,150.23)

124.13 
(112.14,158.35)

0.95

TBIL (umol/L) 14.50 (11.00,18.80) 15.6 (11.5,19.0) 11.6 (9.2,14.1) 15.0 (11.1,19.0) 16.4 (11.5,21.3) 0.005
DBIL (umol/L) 4.30 (3.30,5.55) 4.2 (3.4,5.7) 3.8 (2.8,4.8) 4.6 (3.4,5.7) 4.3 (3.1,6.2) 0.035
eGFR (ml/min*1.73m2) 119.29 (111.23,126.00) 120.78 

(115.29,128.24)
111.02 
(98.28,116.67)

119.66 
(110.34,125.79)

116.37 
(104.51,121.99)

<0.001

UACR (mg/g) 14.87 (7.88,41.75) 16.73 (8.09,42.88) 14.38 (6.67,38.18) 17.05 (8.62,51.48) 8.78 (5.28,13.72) 0.011
UACR>30, n% 32.4% (116/358) 34.1% (45/132) 27.9% (12/43) 35.8% (57/159) 8.3% (2/24) 0.051
Hypertension, n% 60.4% (218/361) 48.0% (61/127) 65.9% (27/41) 72.3% (120/166) 37.0% (10/27) <0.001
Hypertriglyceridemia, n% 49.4% (160/324) 46.9% (53/113) 60.5% (23/38) 52.0% (77/148) 28.0% (7/25) 0.067
Low high-density lipoprotein-
emia, n%

40.1% (130/324) 33.6% (38/113) 47.4% (18/38) 45.9% (68/148) 24.0% (6/25) 0.055

Hyperuricemia, n% 37.8% (122/323) 23.9% (27/113) 57.9% (22/38) 44.6% (66/148) 29.2% (7/24) <0.001
Metabolic syndrome, n% 87.7% (313/357) 86.2% (106/123) 86.0% (37/43) 90.8% (148/163) 78.6% (22/28) 0.289
HOMA2-IR 3.35 ± 1.54 2.70 ± 1.25 4.73 ± 1.78 3.71 ± 1.40 2.15 ± 0.89 <0.001
HOMA2-β 48.7 (27.9,75.8) 25.3 (18.5,41.4) 134.9 (103.2,161.1) 54.4 (33.8,75.8) 60.1 (49.0,73.9) <0.001
TyG index 9.96 ± 0.92 10.02 ± 0.95 9.86 ± 0.89 10.08 ± 0.86 9.11 ± 0.63 <0.001
1. Data were means ± SD or medians (interquartile ranges) for skewed variables and proportions (numbers) for categorical variables

2. P values were for the one-way ANOVA, Kruskal Wallis or χ2 analyses across the groups. A two-sided test with p < 0.05 was considered statistically significant

3. SIDD, severe insulin-deficient diabetes; SIRD, severe insulin resistant diabetes; MOD, mild obesity-related diabetes; MARD, mild age-related diabetes; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WHR, Waist-to-Hip Ratio; FINS, fasting serum insulin; FCP, fasting c-peptide; FPG, fasting 
plasma glucose; HbA1c, hemoglobin A1c; ALT, alanine aminotransferase; AST, aspartate aminotransferase; UA, uric acid; CRE, creatinine; TCHOL, total cholesterol; 
TG, triglycerides; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; TBIL, total bilirubin; DBIL, Direct Bilirubin; eGFR, estimated 
glomerular filtration rate; UACR, urinary albumin/creatinine ratio; HOMA2-IR, Homeostatic Model Assessment of Insulin Resistance; HOMA2-β, Homeostatic Model 
Assessment of β-cell function; TyG index, triglyceride-glucose index
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pressure, higher C-peptide levels, and poorer lipid con-
trol (Table S3).

Echocardiographic characteristics of patients with newly 
diagnosed EOD in cluster classification
Echocardiography was performed to assess structural 
and functional cardiac abnormalities in 275 patients 
with EOD, with an overall abnormality detection rate 
of 20.0% (55/275) (Table  2; Fig.  1). Major abnormalities 
included left atrial enlargement (LAE) in 13.5% (37/275), 
and abnormal left ventricular geometry in 16.5% (43/261) 
of the patients, which is one of the manifestations of left 

ventricular remodeling. The SIRD and MOD subtypes 
had significantly higher rates of left atrial enlargement 
than the other two groups: SIRD, 16.7% (6/36) and MOD, 
18.5% (23/124). Table  3 presents the echocardiographic 
characteristics of the patients with EOD based on clus-
ter analysis. No significant differences were found in 
systolic and diastolic function among the four subtypes. 
However, patients with SIRD and MOD exhibited larger 
cardiac and vascular lumen size and left ventricular vol-
umes compared to the other two groups; left ventricu-
lar volumes differences disappeared after adjusting for 
body surface area (BSA) levels. It is worth noting that in 

Fig. 1  Cardiovascular abnormality in patients with newly diagnosed EOD in cluster classification. A Cluster classification results of EOD patients in START 
cohort B Detection rate of ultrasound abnormalities in EOD patients by cluster classification C Representative images of carotid artery ultrasound and 
echocardiography in normal ultrasound group, SIDD, SIRD and MOD subtypes with abnormal echocardiography group. SIDD Severe insulin-deficient 
diabetes, SIRD Severe insulin resistant diabetes, MOD Mild obesity-related diabetes, MARD Mild age-related diabetes, LAE Left atrial enlargement
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terms of left ventricular remodeling, patients with SIRD 
showed a high proportion of abnormal left ventricular 
geometry (36.1% [13/36]), including concentric remod-
eling 27.8% (10/36), concentric hypertrophy 5.6% (2/36) 
and eccentric hypertrophy 2.8% (1/36) (Tables 2 and 3).

The clinical risk factors for carotid artery and 
echocardiography abnormalities in newly diagnosed EOD 
patients
Subsequently, the clinical features of the abnormal-detec-
tion group, identified through carotid artery ultrasound 
and echocardiography, were compared with those of the 
normal ultrasound group (Table S2-S9). The HOMA-
IR and TyG index, which indicate insulin resistance, 
were significantly higher in patients with cardiovascular 
abnormalities compared to those with normal findings 
(Table S9). To further investigate the primary clinical fac-
tors contributing to these abnormalities, a logistic regres-
sion analysis was performed (Table 4). Poor lipid control 
was associated with a higher risk of carotid artery abnor-
malities. After adjusting for relevant risk factors, fast-
ing C-peptide levels were significantly associated with 
a 1.247-fold increase in the risk (95%CI 1.017–1.530) of 
carotid artery abnormalities. Obesity and insulin resis-
tance were identified as major risk factors for left atrial 
enlargement. Increases in BMI, fasting C-peptide lev-
els, and HOMA2IR were associated with an adjusted 
increased risk of left atrial enlargement by factors of 
1.136 (95%CI 1.050–1.228), 1.781 (95%CI 1.300-2.438) 
and 1.687-fold (95%CI 1.274–2.233) respectively. And 
increases in HOMA2IR was associated with an increased 
risk of cardiovascular abnormalities, with an odds ratio of 
1.412 (95%CI 1.162–1.717).

Comparison of the cluster-specific partitioned polygenic 
scores between normal and abnormal echocardiography 
findings in newly diagnosed patients with EOD
A total of 662 SNVs were included in the cluster-specific 
partitioned polygenic scores (pPS) calculations (Table 
S10 and S11). The relevant pPS of eight mechanistic 
clusters of each individual were calculated and ana-
lyzed in combination with carotid artery and echocar-
diographic abnormalities. The results showed that the 
pPS of the lipodystrophy cluster was higher in the early-
onset diabetes group with carotid artery abnormalities 
than that in the group with normal carotid ultrasound 
findings, although the difference was not statistically 
significant (pPS: 0.02250 ± 0.0025 for abnormalities vs. 
0.02195 ± 0.0021 for controls, p = 0.062). (Table  5) How-
ever, the pPS for lipodystrophy was significantly higher in 
patients with plaque formation compared to those with-
out carotid artery abnormality (pPS: 0.02263 ± 0.0021 for 
abnormalities vs. 0.02195 ± 0.0021 for controls, p = 0.048). 
The pPS for lipodystrophy showed a trend toward lin-
ear correlation with TG and TCHOL levels (R = 0.098, 
p = 0.086 and R = 0.101, p = 0.075, respectively). Although 
no significant differences in pPS were observed between 
the normal and abnormal echocardiogram groups (Table 
S12), a significant linear correlation was found between 
the left anterior and posterior atrium diameter (LAAP/
BSA) and the pPS for lipodystrophy after adjusting for 
age and gender (R = 0.344, p < 0.001).

Discussion
This study revealed that carotid artery abnormalities 
were present in 26.3% of patients, while echocardio-
graphic abnormalities were observed in 20.0% of patients 
at the time of diagnosis with type 2 diabetes before the 
age of 40 years. The SIRD subtype exhibited a notably 
higher incidence rate of carotid artery abnormalities 

Table 2  The detection rate of early cardiovascular abnormalities in newly diagnosed EOD patients by cluster classification
SIDD SIRD MOD MARD Overall p value

n 140 45 175 28 388
Carotid ultrasound 105 35 131 22 293
Carotid artery abnormality 25.7% (27/105) 40.0% (14/35) 26.0% (34/131) 9.1% (2/22) 26.3% (77/293) 0.079
 Intima-media thickening 14.3% (15/105) 37.1% (13/35) 19.8% (26/131) 9.1% (2/22) 19.1% (56/293) 0.022
 Plaque formation 21.0% (22/105) 20.0% (7/35) 13.0% (17/131) 4.5% (1/22) 16.0% (47/293) 0.113
Echocardiography 93 36 124 22 275
Echocardiography abnormality 10.8% (10/93) 19.4% (7/36) 29.8% (37/124) 4.5% (1/22) 20.0% (55/275) 0.001
 Left atrial enlargement (LAE) 8.6% (8/93) 16.7% (6/36) 18.5% (23/124) 0.0% (0/22) 13.5% (37/275) 0.031
 Left ventricular enlargement (LVE) 0.0% (0/93) 2.8% (1/36) 4.0% (5/124) 0.0% (0/22) 2.2% (6/275) 0.223
 Abnormal left ventricular geometry 14.3% (12/84) 36.1% (13/36) 10.8% (13/120) 23.8% (5/21) 16.5% (43/261) 0.008
Interventricular septum thickening 0.0% (0/93) 0.0% (0/36) 5.6% (7/124) 0.0% (0/22) 2.5% (7/275) 0.046
 Left ventricular diastolic dysfunction 4.3% (4/93) 0.0% (0/36) 8.9% (11/124) 4.5% (1/22) 5.8% (16/275) 0.201
1. Data were presented as proportions (numbers) for categorical variables

2. P values were for the χ 2 analyses or Fisher’s Exact test across the groups. A two-sided test with p < 0.05 was considered statistically significant and presented in 
bold.

3. SIDD, severe insulin-deficient diabetes; SIRD, severe insulin resistant diabetes; MOD, mild obesity-related diabetes; MARD, mild age-related diabetes
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(40.0%) and abnormal left ventricular geometry (36.1%). 
Both the SIRD and MOD subtype displayed a greater 
prevalence of LAE. The findings indicate that abnormali-
ties in the carotid artery and heart structure are common 
in patients newly diagnosed with EOD and are primarily 
associated with obesity and insulin resistance.

Individuals with early-onset diabetes have a higher risk 
of cardiovascular mortality compared to those with late-
onset diabetes [15]. This increased risk is attributed to 
prolonged exposure to the disease and the poorer meta-
bolic phenotype observed in individuals with early-onset 
diabetes. The detrimental impact of these risk factors 

Table 3  Echocardiographic characteristics of patients with early-onset newly diagnosed type 2 diabetes in cluster classification
Total SIDD SIRD MOD MARD p value

Sample n% 275 93 36 124 22
BSA (m2) 2.03 ± 0.25 1.90 ± 0.19 2.08 ± 0.24 2.17 ± 0.21 1.79 ± 0.18 <0.001
Heart cavity dimensions
 IVSTd (cm) 0.89 (0.80,0.98) 0.83 (0.76,0.94) 0.90 (0.80,0.98) 0.92 (0.85,1.00) 0.80 (0.75,0.89) <0.001
 IVSTd/BSA (cm/m2) 0.43 (0.39,0.48) 0.44 (0.39,0.50) 0.44 (0.39,0.48) 0.42 (0.38,0.46) 0.46 (0.41,0.51) 0.119
 LAAP (cm) 3.40 (3.10,3.64) 3.30 (3.02,3.50) 3.49 (3.27,3.76) 3.43 (3.21,3.71) 3.06 (2.95,3.33) <0.001
 LAAP/BSA (cm/m2) 1.67 ± 0.22 1.73 ± 0.21 1.70 ± 0.26 1.62 ± 0.21 1.75 ± 0.22 0.001
 LVEDd (cm) 4.76 ± 0.45 4.62 ± 0.41 4.82 ± 0.45 4.88 ± 0.43 4.56 ± 0.45 <0.001
 LVEDd/BSA (cm/m2) 2.35 ± 0.29 2.43 ± 0.29 2.34 ± 0.32 2.26 ± 0.23 2.58 ± 0.31 <0.001
 LVEDs (cm) 2.99 (2.73,3.23) 2.88 (2.61,3.10) 3.03 (2.74,3.28) 3.10 (2.83,3.33) 2.80 (2.64,3.18) <0.001
 LVEDs/BSA (cm/m2) 1.48 ± 0.18 1.52 ± 0.17 1.48 ± 0.16 1.43 ± 0.17 1.64 ± 0.20 <0.001
 LVPWTd (cm) 0.86 (0.78,0.94) 0.80 (0.75,0.90) 0.91 (0.79,0.98) 0.89 (0.80,0.95) 0.83 (0.71,0.95) <0.001
 LVPWTd/BSA (cm/m2) 0.42 (0.38,0.46) 0.42 (0.38,0.47) 0.43 (0.38,0.49) 0.41 (0.37,0.45) 0.49 (0.42,0.52) <0.001
Vascular diameter
 Ao Diam (cm) 2.97 ± 0.36 2.95 ± 0.31 2.93 ± 0.33 3.06 ± 0.38 2.63 ± 0.26 <0.001
 Ao Asc (cm) 2.91 ± 0.31 2.82 ± 0.24 2.92 ± 0.30 3.00 ± 0.33 2.80 ± 0.37 <0.001
 MPAD (cm) 2.22 ± 0.23 2.17 ± 0.23 2.27 ± 0.14 2.26 ± 0.23 2.10 ± 0.24 0.003
LV volumes
 EDV (ml) 110.01 ± 23.39 100.43 ± 20.61 113.29 ± 21.99 118.08 ± 23.12 95.37 ± 17.79 <0.001
 EDV/BSA (ml/m2) 53.98 ± 9.97 52.84 ± 10.53 55.45 ± 10.90 54.34 ± 9.33 54.04 ± 9.78 0.617
 ESV (ml) 35.75 (27.84,44.04) 32.10 (25.42,40.60) 35.40 (28.16,43.69) 39.42 (31.60,45.90) 27.57 (23.98,39.07) 0.001
 ESV/BSA (ml/m2) 17.63 (14.53,21.02) 17.22 (14.13,20.25) 17.23 (13.90,20.69) 17.99 (15.38,21.44) 16.24 (13.47,22.10) 0.861
LV geometry
 LVM (g) 142.44 ± 35.35 126.94 ± 33.01 150.71 ± 33.81 154.25 ± 33.02 122.73 ± 29.22 <0.001
 LVMI (g/m2) 69.75 ± 15.23 66.63 ± 16.21 72.64 ± 16.17 71.24 ± 14.07 68.73 ± 14.76 0.107
 LVHL 0.87 (0.80,0.95) 0.80 (0.76,0.91) 0.91 (0.80,0.96) 0.91 (0.85,0.97) 0.81 (0.74,0.91) <0.001
 RWT 0.35 (0.33,0.39) 0.35 (0.32,0.38) 0.38 (0.32,0.43) 0.36 (0.33,0.38) 0.36 (0.33,0.42) 0.237
Normal geometry, NG 83.5% (218/261) 85.7% (72/84) 63.9% (23/36) 89.2% (107/120) 76.2% (16/21) 0.005
Concentric remodeling, CR 14.9% (39/261) 13.1% (11/84) 27.8% (10/36) 10.8% (13/120) 23.8% (5/21)
Concentric hypertrophy, CH 0.8% (2/261) 0.0% (0/84) 5.6%(2/36) 0.0% (0/120) 0.0% (0/21)
Eccentric hypertrophy, EH 0.8% (2/261) 1.2% (1/84) 2.8% (1/36) 0.0% (0/120) 0.0% (0/21)
Systolic function
 LVEF (%) 66.95 ± 5.05 66.93 ± 5.43 67.37 ± 5.34 66.72 ± 4.85 67.58 ± 4.22 0.841
Diastolic function
 MV Avel, A (cm/s) 64.68 (55.78,74.80) 61.60 (54.25,77.09) 65.35 (56.57,73.84) 65.98 (56.22,76.41) 61.28 (57.35,69.93) 0.464
 MV Evel, E (cm/s) 77.40 (68.00,90.96) 78.89 (69.76,96.88) 76.66 (64.97,85.30) 77.00 (67.16,90.00) 79.35 (66.25,91.42) 0.224
 E/A 1.26 ± 0.35 1.32 ± 0.33 1.19 ± 0.31 1.23 ± 0.37 1.27 ± 0.40 0.152
 e’-s (cm/s) 8.60 (7.50,10.30) 9.50 (7.90,10.80) 8.30 (6.65,9.35) 8.30 (7.35,10.20) 8.30 (7.65,10.60) 0.058
 E/e’ 9.26 ± 2.25 9.01 ± 2.36 9.65 ± 2.15 9.37 ± 2.28 8.84 ± 1.69 0.545
1. Data were presented as means ± SD or medians (interquartile ranges) for skewed variables and proportions (numbers) for categorical variables

2. P values were for the one-way ANOVA, Kruskal Wallis or χ 2 analyses across the groups. A two-sided test with p < 0.05 was considered statistically significant

3. SIDD, severe insulin-deficient diabetes; SIRD, severe insulin resistant diabetes; MOD, mild obesity-related diabetes; MARD, mild age-related diabetes; BSA, Body 
surface area; LV, Left ventricular; IVSTd, Interventricular septum end diastolic thickness; LAAP, Left atrial anteroposterior diameter; LVEDd, Left ventricular end 
diastolic diameter; LVEDs, Left ventricular end systolic diameter; LVPWTd, Left ventricular posterior wall thickness in diastole; Ao Diam, Aortic root diameter; Ao 
Asc, Ascending aorta diameter; MPAD, Main pulmonary artery diameter; EDV, End diastolic volume; ESV, End systolic volume; LVM, Left ventricular mass; LVMI, Left 
ventricular mass index; LVHL, Left ventricular myocardial hypertrophy level; RWT, Relative wall thickness; LVEF, Left ventricular ejection fraction; MV Avel, A, Mitral 
valve peak A velocity; MV Evel, E, Mitral valve peak E velocity; E/A, Mitral valve E/A value; e’-s, Early diastolic mitral annular velocity at the interventricular septal 
annulus; E/e’, Mitral septum E/e' value
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extends beyond disease duration [16]. The TODAY and 
SEARCH studies, which are pivotal in early-onset diabe-
tes research, found that young patients with an average 
disease duration of 10 years already exhibited structural 
abnormalities in the heart and reduced left ventricular 
diastolic function [7, 8]. However, the presence of car-
diovascular changes at the time of diagnosis has not been 

previously explored. A key contribution of this study is 
the use of ultrasound screening to assess cardiovascu-
lar abnormalities in a newly diagnosed EOD cohort. The 
results showed that a significant proportion of patients 
had cardiac and carotid artery abnormalities. Pathologi-
cal changes in the carotid vessels are closely linked to 
structural and functional alterations in the heart, with 
insulin resistance and obesity serving as primary risk fac-
tors. These findings underscore the importance of early 
screening for cardiovascular abnormalities in patients 
with EOD.

Atherosclerosis is the primary pathological process 
underlying cardiovascular disease. It can begin in early 
life, remaining latent for extended periods without obvi-
ous clinical symptoms, and is predominantly concen-
trated in the peripheral arteries and carotid arteries [17]. 
The most commonly detected change in atherosclerosis 
is the thickening of the carotid intima. In this study, the 
detection rate of carotid intima-media thickening was 
19.1% (56/293) in patients newly-diagnosed with early-
onset type 2 diabetes. Carotid intima-media thickness 
(cIMT), measured using carotid ultrasound, serves as a 
non-invasive evaluation index. The Mannheim carotid 
intima-media thickness consensus indicates that, in clini-
cal trials, intima-media thickness can be used as a sur-
rogate endpoint to evaluate the efficacy of cardiovascular 
risk factor modification [18]. Other studies have reported 
similar findings in patients with early-onset type 2 dia-
betes. For example, a study comparing cIMT between 
14 and 30 years old normal controls and newly diag-
nosed EOD patients found significantly increased cIMT 
in the latter group, with an odds ratio of 3.93 (95% CI 
1.90–6.07, P = 0.001) [19]. Another study also found that 
patients with T2DM had a higher mean cIMT value than 
the control group, but there was no difference in cIMT 

Table 4  Regression model of carotid ultrasound and 
echocardiogram abnormalities
Abnormality Carotid artery abnormality
Multivariable model 1 Odds ratio (95%CI) p value
 Age 1.099 (1.026–1.178) 0.008
 TCHOL 1.403 (1.136–1.731) 0.002
 FCP 1.255 (1.023–1.540) 0.029
Multivariable model 2
 Age 1.104 (1.030–1.183) 0.005
 LDL 1.419 (1.053–1.913) 0.021
 FCP 1.247 (1.017–1.530) 0.034
Abnormality Left atrial enlargement
Multivariable model 3 Odds ratio (95%CI) p value
 BMI 1.136 (1.050–1.228) 0.002
Multivariable model 4
 FCP 1.781 (1.300-2.438) <0.001
Multivariable model 5
 HOMA2IR 1.687 (1.274–2.233) <0.001
Abnormality Cardiovascular abnormality
Multivariable model 6 Odds ratio (95%CI) p value
 HOMA2IR 1.412 (1.162–1.717) 0.002
1. Multivariable model 1 and 2 was adjusted for gender, SBP, DBP, smoking

2. Multivariable model 3, 4, 5 and 6 was adjusted for age, gender, SBP, DBP, 
smoking, TG, LDL, and HbA1c

3. Cardiovascular abnormality: patients with at least one carotid ultrasound or 
echocardiogram abnormality

4. SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass 
index; FINS, fasting serum insulin; FCP, fasting c-peptide; HbA1c, hemoglobin 
A1c; TCHOL, total cholesterol; LDL, low-density lipoprotein cholesterol; TG, 
triglycerides; HOMA2IR, Homeostatic Model Assessment of Insulin Resistance

Table 5  Comparison of cluster-specific pPS between normal and carotid artery abnormality in newly diagnosed EOD patients
Cluster Normal Carotid artery abnormality p value Normal Plaque formation p value
n 206 75 281 206 47 253
Lipodystrophy 0.02195 ± 0.0021 0.02250 ± 0.0025 0.062 0.02195 ± 0.0021 0.02263 ± 0.0021 0.048
Obesity 0.01317 ± 0.0006 0.01314 ± 0.0005 0.669 0.01317 ± 0.0006 0.01323 ± 0.0006 0.56
Metabolic_syndrome 0.01883 ± 0.0011 0.01859 ± 0.0009 0.084 0.01883 ± 0.0011 0.01875 ± 0.0009 0.641
Body_fat. 0.01490 ± 0.0008 0.01490 ± 0.0008 0.968 0.01490 ± 0.0008 0.01479 ± 0.0007 0.395
Liver_lipid_metabolism 0.02309 ± 0.0070 0.02399 ± 0.0059 0.318 0.02309 ± 0.0070 0.02377 ± 0.0058 0.537
Beta_cell_+PI 0.02535 ± 0.0033 0.02555 ± 0.0032 0.655 0.02535 ± 0.0033 0.02512 ± 0.0034 0.666
Beta_cell_-PI 0.02660 ± 0.0019 0.02642 ± 0.0016 0.494 0.02660 ± 0.0019 0.02663 ± 0.0014 0.907
Residual_glycaemic 0.01518 ± 0.0007 0.01521 ± 0.0007 0.774 0.01518 ± 0.0007 0.01537 ± 0.0006 0.104
Total_pPS 0.01699 ± 0.0004 0.01698 ± 0.0004 0.850 0.01699 ± 0.0004 0.01704 ± 0.0004 0.519
1. Data were presented as means ± SD for continuous variables

2. P values were for the t-test analyses across the groups. A two-sided test with p < 0.05 was considered statistically significant. The p value of pPS for lipodystrophy 
between normal and carotid artery abnormality was presented in bold

3. Total_pPS means weighted pPS for 662 type 2 diabetes-associated loci

4. Abbreviation: pPS, the cluster-specific partitioned polygenic scores; PI, proinsulin



Page 9 of 13Lian et al. Cardiovascular Diabetology          (2025) 24:140 

between the early-onset and late-onset diabetes groups 
(p = 0.464) [20].

Carotid plaque formation, a manifestation of intimal 
thickening, further increases the cardiovascular risk 
[21]. In this study, the detection rate of carotid plaques 
in patients with early onset diabetes was 16.0% (47/293). 
Another study found that atherosclerotic plaque detec-
tion rates were nearly twice as high in patients with early-
onset T2DM compared to those with late-onset T2DM 
(10.4% vs. 6.1%, respectively) [20]. These results highlight 
the prevalence of carotid intimal thickening and abnor-
mal plaque formation in patients with early onset diabe-
tes, emphasizing the importance of early screening for 
carotid artery abnormalities.

Cluster classification revealed that patients with SIRD 
subtype had a higher incidence of carotid artery abnor-
malities, including intima-media thickening and plaque 
formation. After adjusting for relevant risk factors, fast-
ing C-peptide levels were significantly associated with a 
1.247-fold increase in the risk of carotid artery abnormal-
ities. These findings suggest that insulin resistance is an 
important risk factor for atherosclerosis. Consistent with 
this, the insulin Resistance Atherosclerosis Study (IRAS), 
which used cIMT as an indicator of atherosclerosis, 
found a significant negative association between insulin 
sensitivity and cIMT in a study cohort of 457 Hispanics 
and 542 non-Hispanic whites [22]. Given the challenges 
of clinically evaluating insulin resistance, our clustering 
classification method can identify patients with a greater 
risk of carotid abnormalities and perform early screening 
of SIRD subtypes by ultrasound.

Echocardiographic abnormalities were detected in 
20% of the patients with early-onset diabetes, including 
LAE in 13.5% and abnormal left ventricular geometry in 
16.5%. Left atrial enlargement is a morphological varia-
tion of the left atrium and a pathophysiological response 
to volume and pressure overload, resulting in impaired 
systolic and diastolic function of the left ventricle [23]. 
The PAMELA Study monitored 1,045 individuals aged 
25–74 years from the general population over 10 years, 
and identified 123 new cases of LAE (11.8% prevalence) 
among them [24]. In this study, the prevalence of LAE in 
patients with early-onset type 2 diabetes was 13.5%. LAE 
is considered a sensitive indicator of left ventricular pre-
load, which is primarily caused by hypertension-induced 
pressure overload, obesity-related volume overload, or 
a combination of both [25]. Studies have demonstrated 
that LAE can independently predict the development of 
clinically significant cardiovascular disease and heart fail-
ure [26–28]. The presence of LAE in patients with early-
onset diabetes may be an early phenomenon, highlighting 
the need for early management of relevant cardiovascular 
risk factors.

Cluster classification findings demonstrated that the 
SIRD subtype exhibited a high detection rate of LAE 
(16.7%), with elevated fasting C-peptide levels and 
HOMA-IR identified as primary risk factors. These 
results indicate that insulin resistance is a major risk fac-
tor for LAE. During the progression of insulin resistance, 
certain metabolic changes may contribute to the develop-
ment of cardiovascular disease [29, 30]. The Framingham 
Heart Study found that the covariate-adjusted LA size 
increased across HOMA-IR quartiles in both men and 
women [31]. LAE has also been observed in children and 
adolescents and is associated with insulin resistance and 
abdominal obesity [32].

Additionally, patients with the MOD subtype exhib-
ited a higher proportion of LAE (18.5%, 23/124), with 
BMI identified as a risk factors. Few mechanistic studies 
have explored the relationship between obesity and left 
atrial size or evaluated whether this enlargement should 
be considered pathological. The left atrial volume of 
healthy obese subjects (mean BMI of 37.2  kg/m2) was 
approximately 50% larger than that of non-obese controls 
of the same age and sex (mean BMI of 26.2  kg/m2) 33. 
The PAMELA Study found that BMI was an independent 
predictor of LAE during a 10-year follow-up period [24]. 
These findings suggest that obesity is a risk factor for 
LAE in both patients with and without diabetes.

In addition to LAE, this study found a high proportion 
of abnormal left ventricular geometry (16.5%) in patients 
with early-onset diabetes. Ventricular remodelling, which 
results in abnormal left ventricular geometry, is a pro-
gressive pathological change in the structure and shape 
of the ventricle caused by various injuries [34]. Abnor-
mal ventricular remodelling is a key pathological basis of 
heart failure, involving changes in ventricular mass, vol-
ume, and geometry. This represents an adaptive response 
of the heart to injury. Multiple studies have demonstrated 
that diabetes mellitus and impaired fasting glucose (IFG) 
are associated with early changes in left ventricular geom-
etry and function in adolescents and young adults, which 
are generally linked to future cardiovascular disease risk 
[7, 8, 35, 36]. In this study, patients with the SIRD sub-
type had the highest proportion of abnormal left ventric-
ular geometry, with left ventricular remodelling of up to 
36.1%. The Coronary Artery Risk Development in Young 
Adults (CARDIA) cross-sectional study explored how 
long-term exposure to abnormal blood glucose and insu-
lin resistance in young adults leads to cardiac dysfunction 
and remodelling in middle-aged adults. Over 25 years of 
follow-up, high insulin resistance in early adulthood was 
found to adversely affect left ventricular remodelling and 
function in middle age [37]. These results indicate that 
abnormal glucose metabolism can have adverse effects 
on target organs early in life, with insulin resistance play-
ing a key role in its pathogenesis.
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An analysis from the Framingham Heart Study 
unequivocally demonstrated the prognostic value of 
echocardiography in detecting left ventricular remod-
elling or left ventricular hypertrophy [38]. Significant 
differences in cardiac function, haemodynamics, and 
clinical outcomes exist between different ventricular 
remodelling modes [39]. In this study, concentric remod-
elling was observed in 27.8% of patients with the SIRD 
subtype, while 5.6% exhibited concentric hypertrophy 
and 2.8% had eccentric hypertrophy. The earliest change 
in left ventricular pressure overload is an increase in rela-
tive wall thickness (RWT). When left ventricular mass 
(LVM) is normal, this manifests as concentric remodel-
ling; when LVM is increased, it manifests as concentric 
hypertrophy to maintain normal left ventricular systolic 
stress. Eccentric left ventricular remodelling is commonly 
observed in patients with volume overload or systolic 
heart failure [40]. Thus, the left ventricular remodelling 
observed in patients with early-onset diabetes primar-
ily represents early changes, with left ventricular systolic 
function remaining compensatory at this stage. These 
results highlight the importance of early screening for 
cardiovascular abnormalities and suggest that early inter-
vention should be implemented in patients with early-
onset diabetes associated with insulin resistance.

Genome-wide association analysis related to cluster-
ing can provide insights into the etiological heterogene-
ity of T2D across different populations and help analyse 
the pathophysiological trajectory of disease occur-
rence and development from a genetic perspective. This 
approach indicates that disease progression and genetic 
burden are linked to specific biological pathways. Studies 
have confirmed clusters of lipodystrophy in which T2D 
risk alleles are associated with elevated fasting insulin, 
WHR, blood pressure, and triglycerides and are associ-
ated with lower body fat percentage and HDL choles-
terol [41, 42]. Genetic mutation-associated lipodystrophy 
mediates severe insulin resistance owing to lipid dysfunc-
tion or abnormal fat distribution [43]. This study found 
that the pPS for the lipodystrophy cluster was higher in 
patients with early-onset diabetes and existing carotid 
artery abnormalities, particularly in those with carotid 
plaques. Fat-related insulin resistance may play a poten-
tial role in disease development. Although the effect sizes 
of the cluster-specific components of pPS segmented by 
genome-wide association studies (GWAS) were small, 
they may stimulate subsequent pathophysiological pro-
cesses. These findings are consistent with the results of 
our regression analysis and further demonstrates that 
insulin resistance is a key risk factor for diabetes-related 
cardiovascular abnormalities.

The pathophysiological mechanisms linking insu-
lin resistance to cardiovascular abnormalities include 
hypertension, endothelial dysfunction, dyslipidaemia, 

inflammation, and other factors [44, 45]. Insulin resis-
tance promotes platelet aggregation by reducing nitric 
oxide production within endothelial cells while increas-
ing the release of pro-coagulant factors, thereby contrib-
uting to endothelial cell dysfunction [46]. Furthermore, 
insulin resistance induces changes in myocardial meta-
bolic substrates. The metabolic flexibility of the myo-
cardium, which is essential for meeting high metabolic 
demands, is compromised under conditions of insu-
lin resistance, resulting in elevated lipid oxidation and 
diminished glucose oxidation [47]. Additionally, insulin 
resistance adversely affects diastolic function by impair-
ing the calcium handling capabilities of the myocardium 
[48].

In terms of treatment, more rigorous lifestyle inter-
ventions are recommended for patients with early-onset 
diabetes, combined with weight management, control 
of blood glucose and lipid homeostasis, and strict blood 
pressure control. Lifestyle and behavioural interventions 
are the cornerstones of primary prevention of T2DM 
and CVD. The 5-year results from the Diabetes Remis-
sion Clinical Trial (DiRECT) suggest that rigorous weight 
management may help delay or avoid the clinical com-
plications of diabetes [49]. Medications with proven car-
diovascular protective effect, such as sodium-dependent 
glucose transporter 2 inhibitors (SGLT2i) or glucagon-
like peptide-1 receptor agonist (GLP-1RA) should be 
prioritised [50, 51]. At the same time, owing to the het-
erogeneity of type 2 diabetes, early combination therapy 
should be considered to better address the diverse patho-
genic mechanisms of the disease [52]. For personalised 
diabetes management, individualised diagnosis and treat-
ment of early-onset diabetes are being explored world-
wide, as seen in the ongoing PRISM study [53].

This study has some limitations. First, as a cross-sec-
tional study with a limited sample size, it lacks longitu-
dinal data to characterise the progression of early-stage 
diabetes and only reflects the characteristics at the time 
of diagnosis. The validation and generalisability of the 
findings require confirmation through larger, multire-
gional cohort studies. Second, the study lacks data from 
“normal healthy control with age and gender matching” 
and “newly-onset DM patients with age > 40 years old”. 
Consequently, cardiovascular abnormalities in patients 
with early-onset newly diagnosed diabetes cannot be 
directly compared with those in healthy controls or indi-
viduals with late-onset diabetes. Third, we assessed left 
atrial enlargement solely by measuring the left antero-
posterior and posterior diameters (LAAP), without con-
sidering left atrial volume index. This approach may have 
led to an underestimation of the actual LA size of the left 
atrium. However, LAAP has demonstrated a strong posi-
tive linear correlation with left atrial volume index and 
remains widely used as a reliable measurement in clinical 
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practice and research settings owing to its repeatability 
[54, 55]. Fourth, although the study adjusted for well-
known cardiovascular risk factors, residual confounders, 
such as underlying inflammatory factors (e.g. highly sen-
sitive C-reactive protein), adiponectin levels, and leptin 
levels, may still affect the results. Finally, because the dis-
covery dataset comprised a multi-ethnic sample, some 
SNVs were absent from the loci information detected by 
the ASAMD chip used in this study; consequently, these 
loci were not incorporated into the pPS calculation.

Conclusion
The findings of this study demonstrated that cardiovas-
cular abnormalities are prevalent in patients with early-
onset type 2 diabetes at the time of diagnosis. Patients 
with obesity (MOD) and insulin resistance (SIRD) should 
be closely monitored for the potential development of 
cardiac and carotid vascular abnormalities. Cluster clas-
sification based on clinical characteristics can improve 
the identification of individuals at higher risk of cardio-
vascular complications, facilitating early intervention and 
targeted management strategies.
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