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Background: Early-onset diabetes appears to be an aggressive phenotype of type 2 diabetes (T2D). The impact of the age of onset of 
T2D on albuminuria, especially high urinary albumin excretion, remains to be investigated.
Objective: To determine whether adults diagnosed with T2D between the ages of 18 and 45 more aggressively develop albuminuria.
Methods: Conducted at Taizhou People’s Hospital from November 2018 to August 2020, this cross-sectional study enrolled T2D 
patients. Anthropometric measures, metabolic profiles, and urinary albumin creatinine ratio were examined. Patients were categorized 
into early-onset (≤45 years) and late-onset (> 45 years) groups. Univariate and multivariate analyses were performed to identify 
albuminuria risk factors. Subgroups were formed based on age at diabetes diagnosis and gender. Multivariate ordinal logistic 
regression analysis was then conducted to identify distinct risk factors within each subgroup.
Results: Analyzing 1900 T2D patients, it was found significantly higher albuminuria prevalence in early-onset patients (35.08% vs 
29.92%, P = 0.022). The risk of albuminuria in early-onset patients was 1.509 times higher than that in late-onset patients, especially 
among male patients, where the risk increased to 1.980. For late-onset patients, disease duration and glycated hemoglobin (HbA1c) 
were identified as risk factors, whereas for early-onset patients, body-mass index (BMI) and systolic blood pressure were associated 
with increased risk. Among male patients, age at diagnosis of diabetes, blood pressure, and BMI were identified as risk factors, while 
for female patients, disease duration and HbA1c played a significant role. Additionally, high-density lipoprotein cholesterol was found 
to be a protective factor against albuminuria.
Conclusion: Individuals diagnosed with T2D before 45 face heightened albuminuria risk, especially males. Risk factors vary by 
gender and onset age, highlighting the need for tailored management strategies.
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Introduction
In recent decades, the prevalence of diabetes mellitus, primarily type 2 diabetes (T2D), has been increasing worldwide.1,2 

While much attention has been focused on elderly T2D patients, the recognition of T2D in young individuals has been 
insufficient. In recent years, there has been a trend of decreasing age at onset of T2D, leading to a rapid rise in early-onset 
cases.3–5 For these patients, early-onset T2D implies prolonged exposure to metabolic disorders and a higher risk of 
chronic diabetic complications.6,7 Accumulating evidence suggests that individuals with early-onset T2D experience 
a more aggressive disease course and often develop vascular complications in a relatively shorter duration compared to 
those with late-onset T2D.8,9
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The impact of onset age of T2D on albuminuria, especially high urinary albumin excretion (UAE), remains to be 
investigated. However, determining the exact onset time of diabetes is challenging. Therefore, we explored whether the 
age at diagnosis of diabetes was a risk factor for albuminuria in patients with diabetes. Since age 45 is commonly used as 
a cutoff point for middle-aged and young individuals, and previous studies have examined the clinical complications of 
diabetes patients before or after this age,10 this study divided patients into two groups based on this age threshold. The 
subgroups were explored to determine whether the risk factors for albuminuria differed between patients diagnosed with 
diabetes before or after the age of 45 years.

Methods
Study Design and Population
This descriptive cross-sectional study enrolled subjects with T2D who underwent physical examinations at Taizhou People’s 
Hospital between November 2018 and August 2020. T2D was diagnosed according to the ADA criteria, and subjects between 18 
and 85 years old were included. Exclusion criteria comprised: 1) type 1 diabetes and other special types of diabetes; 2) definite 
diagnosis of other types of chronic renal diseases such as membranous nephropathy or IgA nephropathy; 3) complications with 
urinary tract infection or hematuria; 4) acute complications of diabetes, such as diabetic ketoacidosis; 5) use of drugs affecting 
albuminuria, such as renin-angiotensin system inhibitors, sodium-dependent glucose transporters 2 inhibitors, and glucagon-like 
peptide-1 receptor agonists. The study was approved by the Taizhou People’s Hospital Ethics Research Committee and 
conducted in accordance with the principles of the Declaration of Helsinki.

A final cohort of 1900 individuals was recruited, all of whom provided informed consent. Subjects were categorized 
as early-onset and late-onset based on the age of diabetes diagnosis (≤ 45 and > 45 years, respectively). Repeated 
measurements of UAE were performed and analyzed. The random urinary albumin-to-creatinine ratio (uACR) was 
classified as follows: normal UAE (< 30 mg/g), moderate UAE (30–299 mg/g), or high UAE (≥ 300 mg/g).

Anthropometric and Biochemical Measurements
The following parameters were collected: age, gender, weight, height, waist circumference, hip circumference, age at 
diagnosis, disease duration, medical history of hypertension, smoking history, and medication usage. Blood pressure was 
measured twice using a mercury sphygmomanometer, and the mean systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were recorded. Body mass index (BMI) was calculated as weight (in kilograms) divided by height (in 
meters squared).

All venous blood samples were collected in the morning after an overnight fast to measure fasting plasma glucose 
(FPG), glycosylated hemoglobin (HbA1c), total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-C), and C-peptide in all participants. Oral glucose tolerance tests 
were administered to all patients, with serum glucose and C-peptide concentrations measured at 60 and 120 minutes after 
glucose loading. The trapezoidal rule was used to calculate the area under the curve for C-peptide (CAUC) and blood 
glucose (GAUC), with the C-peptide release index (CRI) calculated as CAUC/GAUC.

Statistical Analysis
Enumeration data were presented as n (%), and intergroup comparisons were conducted using the χ2 test. Continuous 
variables were expressed as median with interquartile ranges for non-normally distributed variables, and the independent 
sample t-test was used for group comparisons. Univariate analysis and multivariate ordinal logistic regression analysis 
were conducted to identify independent factors associated with the risk of albuminuria in patients with diabetes. 
Subgroups were categorized based on age at diabetes diagnosis and gender, with multivariate ordinal logistic regression 
analysis performed to identify different risk factors within each subgroup. Statistical analyses were conducted using 
SPSS version 24.0 (IBM Co., Armonk, NY, USA), with all tests being two-tailed and significance level set at P < 0.05.
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Results
Characteristics of Study Population
A total of 1900 patients, including 1158 male and 742 female patients, were analyzed in this study based on data integrity 
(Table 1). Among these 1900 patients, 1298 cases had normal UAE (68.32%), 446 cases had moderate UAE (23.47%), 
and 156 cases had high UAE (8.21%). The median age at diagnosis for these patients was 49 years, with a mean diabetes 
duration of 7 years. Statistical differences were observed in age at diagnosis, age, disease duration, BMI, hip circum-
ference, blood pressure, blood lipids, HbA1c, creatinine, and uACR levels among the three groups. However, there were 
no significant differences in waist circumference, gender, smoking status, or CRI among the three groups.

Risk Factors for Albuminuria in Patients with T2D
Fifteen variables, including age, disease duration, age at diagnosis, gender, smoking, BMI, waist circumference, hip 
circumference, SBP, DBP, CRI, TC, TG, HDL-C, and HbA1c, were selected through univariate analysis. Subsequently, 
eight factors with p < 0.05 in univariate analysis were included in multivariate logistic regression analysis. Finally, 
employing the statistical method of multivariate logistic regression analysis, the number of potential variables was 
reduced from eight to six, including disease duration, age at diagnosis, BMI, SBP, HDL-C, and HbA1c. The results of 
multivariate logistic regression analysis revealed that disease duration (OR = 1.049, 95% CI 1.020–1.080, P = 0.001), age 
at diagnosis (under 45 years old) (OR = 1.509, 95% CI 1.024–2.224, P = 0.038), BMI (OR = 1.100, 95% CI 1.032–1.172, 
P = 0.003), SBP (OR = 1.026, 95% CI 1.010–1.041, P = 0.001), and HbA1c (OR = 1.160, 95% CI 1.063–1.266, P = 
0.001) were identified as risk factors for albuminuria in patients with T2DM (Table 2).

Risk Factors for Albuminuria in Patients with T2D in Subgroups
Due to the differing characteristics between individuals diagnosed with diabetes at a young age and those diagnosed at 
middle age or older, we further examined albuminuria-related risk factors within subgroups based on age at diagnosis. 
Among the 1900 patients, 1250 were diagnosed with diabetes after the age of 45, while 650 were diagnosed before the 

Table 1 Demographic Characteristics of the Patients with T2D Among Normal, Moderate and High UAE

Characteristic Total Normal UAE Moderate UAE High UAE P value

Number 1900 1298 446 156

Age of diagnosis (≤ 45), % 650 (34.21) 422 (32.51) 160 (35.87) 68 (43.59) 0.016

Age of registration, yr 56 (50, 66) 56 (50, 65) 57 (49, 69) 57 (51, 69) 0.005

Disease duration, yr 7 (2, 11) 6 (2, 10) 8 (2, 12) 10 (6, 16) <0.001

Male sex, % 1149 (60.47) 797 (61.40) 261 (58.52) 91 (58.33) 0.489

Smoking, % 470 (24.74) 313 (24.11) 121 (27.13) 36 (23.08) 0.412

BMI, kg/m2 24.56 (22.46, 26.95) 24.39 (22.40, 26.49) 24.80 (22.82, 27.58) 25.78 (22.89, 27.71) 0.001

Waist circumference, cm 92 (85, 98) 92(85,97) 94 (88, 100) 94 (88, 99) 0.622

Hip circumference, cm 97 (92, 102) 96(92,101) 98 (93, 103) 98 (91, 102) 0.016

SBP, mmHg 130 (120, 140) 126 (120, 140) 130 (120, 142) 140 (130, 152) <0.001

DBP, mmHg 80 (70, 86) 80 (70, 85) 80 (70, 88) 80 (74, 90) <0.001

TC, mmol/L 4.23 (3.51, 4.88) 4.05 (3.43, 4.57) 4.00 (3.38, 4.63) 3.79 (3.21, 4.33) 0.043

TG, mmol/L 1.51 (1.05, 2.30) 1.08 (0.85, 1.36) 1.21 (0.98, 1.48) 1.21 (0.99, 1.46) <0.001

HDL-C, mmol/L 1.02 (0.88, 1.20) 1.20 (1.10, 1.32) 1.16 (1.09, 1.27) 1.16 (1.11, 1.29) 0.060

LDL-C, mmol/L 2.57 (2.07, 3.05) 2.47 (2.03, 2.86) 2.46 (1.98, 2.91) 2.30 (1.80, 2.68) 0.019

HbA1c, % 8.3 (7.1, 10.2) 8.10 (7.00, 10.00) 8.65 (7.30, 10.50) 8.45 (7.18, 9.90) 0.002

Cr, umol/L 60.70 (51.00, 71.60) 59.10 (50.23, 69.10) 62.50 (50.80, 73.40) 83.50 (67.75, 118.45) <0.001

CRI 74.33 (46.18, 114.99) 74.89 (46.13, 116.00) 70.72 (46.05, 108.49) 71.96 (43.57, 109.83) 0.837

uACR, mg/g 14.7 (7.29, 46.59) 9.30 (5.95, 15.25) 67.4 (43.00, 124.15) 838.20(487.55,1978.65) <0.001

Notes: Values are presented as median (interquartile range) or number(%). 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride; HDL-C, high- 
density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; uACR, urine albumin-creatinine ratio; HbA1c, glycosylated hemoglobin; CRI, 
C-peptide Release index.
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age of 45. The prevalence of albuminuria was 35.08% in patients diagnosed under 45 years old, compared to 29.92% in 
those diagnosed over 45 years old, with a statistically significant difference between the two groups (P = 0.022). 
Subgroup analysis revealed that in patients diagnosed over 45, disease duration (OR = 1.063, 95% CI 1.025–1.102, P = 
0.001) and HbA1c (OR = 1.214, 95% CI 1.084–1.359, P = 0.001) were identified as risk factors. Meanwhile, for patients 
diagnosed under 45, BMI (OR = 1.182, 95% CI 1.054–1.327, P = 0.004) and SBP (OR = 1.061, 95% CI 1.031–1.092, 
P < 0.001) were found to be risk factors (Table 3).

Subgroup analysis revealed that in female patients, disease duration (OR = 1.026, 95% CI 1.002–1.049, P = 0.030) 
and HbA1c (OR = 1.236, 95% CI 1.088–1.404, P = 0.001) were identified as risk factors, while HDL-C (OR = 0.101, 
95% CI 0.013–0.771, P = 0.027) was found to be a protective factor. Conversely, for male patients, BMI (OR = 1.118, 
95% CI 1.035–1.207, P = 0.005), SBP (OR = 1.036, 95% CI 1.013–1.060, P = 0.002), and age at diagnosis (under 45 
years old) (OR = 1.980, 95% CI 1.168–3.356, P = 0.011) were identified as risk factors (Table 4).

Table 2 Risk Factors Associated with Albuminuria

Parameters Univariate Analysis Multivariate Analysis

OR (95% CI) P value OR (95% CI) P value

Disease duration, years 1.051(1.037–1.066) <0.001 1.049(1.020–1.080) 0.001

Gender (Male vs Female) 1.123(0.927–1.361) 0.237
Smoking (Yes vs No) 0.935(0.762–1.162) 0.544

Age of diagnosis (≤ 45 vs >45) 1.295(1.063–1.579) 0.010 1.509(1.024–2.224) 0.038

BMI, kg/m2 1.049(1.022–1.077) <0.001 1.100(1.032–1.172) 0.003
Waist circumference, cm 1.002(0.998–1.006) 0.312

Hip circumference, cm 1.019(1.006–1.033) 0.005 1.000(0.973–1.028) 0.999

SBP, mmHg 1.028(1.022–1.034) <0.001 1.026(1.010–1.041) 0.001
DBP, mmHg 1.016(1.007–1.025) <0.001 0.988(0.966–1.010) 0.270

TC, mmol/L 1.032(0.949–1.122) 0.466

TG, mmol/L 1.023(0.995–1.051) 0.111
HDL-C, mmol/L 0.566(0.387–0.828) 0.003 0.604(0.150–2.436) 0.479

LDL-C, mmol/L 1.015(0.889–1.158) 0.828

HbA1c, % 1.063(1.015–1.113) 0.009 1.160(1.063–1.266) 0.001
CRI 0.999(0.997–1.002) 0.593

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total 
cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; 
HbA1c, glycosylated hemoglobin; CRI, C-peptide Release index.

Table 3 Logistic Regression Analysis in Subgroups According to the Age of Diagnosis

Parameters ≤ 45 >45

OR (95% CI) P value OR (95% CI) P value

Disease duration, years 0.038(−0.011–0.088) 0.129 1.063(1.025–1.102) 0.001

BMI, kg/m2 1.182(1.054–1.327) 0.004 1.064(0.980–1.154) 0.138

Hip circumference, cm 0.979(0.938–1.020) 0.310 1.018(0.977–1.061) 0.391
SBP, mmHg 1.061(1.031–1.092) <0.001 1.011(0.992–1.029) 0.263

DBP, mmHg 0.971(0.933–1.011) 0.152 0.991(0.964–1.019) 0.524

HDL-C, mmol/L 5.268(0.539–51.523) 0.153 0.185(0.030–1.143) 0.069
HbA1c, % 1.078(0.931–1.249) 0.314 1.214(1.084–1.359) 0.001

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, 
high-density lipoprotein cholesterol; HbA1c, glycosylated hemoglobin.
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Discussion
The prevalence of T2D among adolescents and young adults is sharply increasing, with distinct clinical complications 
observed in this demographic. In this population-based study, individuals diagnosed with T2D under the age of 45 
exhibited a 1.509 times higher risk of moderate or high UAE compared to those diagnosed over the age of 45, with this 
risk increasing to 1.980 in male patients. Additionally, differences were observed in the risk factors for albuminuria 
between patients diagnosed with diabetes under 45 years old and those diagnosed above 45 years old. Specifically, 
disease duration and HbA1c were identified as risk factors for patients diagnosed over 45, while BMI and SBP were 
found to be risk factors for those diagnosed under 45.

In terms of the prevalence of albuminuria, a study on outpatients with T2D showed that 20.3% had moderate UAE 
and 6.7% had high UAE.11 This statistical results are similar: 23.5% of patients had moderate UAE and 8.2% had high 
UAE. A study in Wuhan showed that prevalence of albuminuria in early-onset and late-onset group was 30.6% and 
24.5%, respectively, in inpatients with T2D.12 This study population consists of T2D patients in Taizhou, Jiangsu 
Province. It was found that the prevalence of albuminuria in patients with an age at diagnosis under 45 was higher 
than that in patients with an age at diagnosis over 45 (35.08% vs 29.92%). Wu et al demonstrated that young diabetes 
onset may amplify the effect of diabetes duration on the increased risk of chronic kidney disease.13 Early-onset diabetes 
appears to be an aggressive phenotypes of T2D. It seems that there are other factors that increase the risk of albuminuria 
in patients with early-onset diabetes. A study describing the characteristics of early-onset T2D in Chinese patients 
showed that most of the patients suffer pressure from life or work.6 Psychosocial stress seems to be a possible factor, 
which promotes the production of albuminuria through various mechanisms. Psychological stress is related to the 
activation of proinflammatory transcription factors that are related to late diabetes complications.14 Psychosocial stress 
can also activate the renin-angiotensin system, thereby increasing endogenous production of angiotensin II, known to be 
involved in the pathogenesis of albuminuria.15,16 More research is needed to confirm the relationship between albumi-
nuria and psychosocial stress in early-onset diabetes.

Hyperglycemia and hypertension are the main risk factors for the development of microvascular diseases in 
diabetes.17,18 This study also demonstrated that HbA1c and SBP are independent risk factors for albuminuria. 
Consistent with prior research,17,19,20 obesity was identified as a risk factor for albuminuria. Moreover, earlier studies 
have linked smoking to albuminuria.17,21 However, this study did not find a significant association between smoking and 
albuminuria, possibly due to the absence of a smoking index. Previous studies have established LDL-C as a determinant 
of microvascular disease in T2D patients.22,23 Nevertheless, this study did not find an independent correlation between 
LDL-c and albuminuria, possibly due to statin use in some patients, which has been shown to have a protective effect on 
albuminuria.22,24,25

In addition, distinct risk factors for albuminuria were observed between male and female patients with diabetes. For 
male patients, age at diagnosis of diabetes (under 45 years old), blood pressure and BMI were identified as risk factors, 
whereas for female patients, disease duration and HbA1c were associated with increased risk. Furthermore, HDL-C 

Table 4 Logistic Regression Analysis in Subgroups According to Gender

Parameters Female Male

OR (95% CI) P value OR (95% CI) P value

Disease duration, years 1.065 (1.021–1.111) 0.004 1.040 (0.999–1.082) 0.055

BMI, kg/m2 1.077 (0.956–1.214) 0.222 1.118 (1.035–1.207) 0.005
Age of diagnosis (≤ 45 vs >45) 1.157 (0.623–2.148) 0.645 1.980 (1.168–3.356) 0.011

Hip circumference, cm 0.996 (0.946–1.049) 0.892 1.004 (0.972–1.037) 0.820

SBP, mmHg 1.016 (0.995–1.038) 0.139 1.036 (1.013–1.060) 0.002
DBP, mmHg 1.010 (0.977–1.045) 0.549 0.969 (0.939–1.000) 0.052

HDL-C, mmol/L 0.101 (0.013–0.771) 0.027 3.992 (0.546–29.211) 0.173

HbA1c, % 1.236 (1.088–1.404) 0.001 1.086 (0.960–1.230) 0.190

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density 
lipoprotein cholesterol; HbA1c, glycosylated hemoglobin.
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emerged as a protective factor against albuminuria, consistent with findings from previous studies. Sacks et al reported 
that for every 0.2 mmol/L increase in HDL-C, the odds ratio for microvascular disease decreased by a factor of 0.92.26

However, several limitations should be acknowledged in this study. Firstly, the study design was cross-sectional, 
necessitating a prospective long-term follow-up study for result validation. Secondly, patient recruitment was limited to 
inpatients at a single center, potentially introducing selection bias. Thirdly, the data utilized in this study lacked 
information on family history of T2D, smoking and drinking habits, physical activity, and psychosocial stress, all of 
which may have influenced our outcomes. Additionally, due to the insidious onset of T2D, determining the precise age of 
onset can be challenging.

The present cross-sectional study demonstrates that patients diagnosed under the age of 45 have a significantly 
increased risk of albuminuria, particularly among male patients. Greater attention should be directed towards early-onset 
T2D to explore the mechanisms underlying the high incidence of complications in these patients and implement timely 
interventions. Additionally, the risk factors for albuminuria vary between males and females, as well as between early- 
diagnosed and late-diagnosed diabetes. Therefore, the focus of attention should differ for these populations.
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