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Objective: Very few and conflicting data are available regarding the correlation between circulating carbohydrate antigen 19-9 
(CA19-9) levels and diabetic kidney disease (DKD) and its components including albuminuria and a low estimated glomerular 
filtration rate (eGFR). This study aimed to examine the association of circulating CA19-9 and DKD in Chinese patients with type 2 
diabetes mellitus (T2DM).
Methods: A total of 402 hospitalized T2DM patients between September 2017 and December 2021 were included in this cross- 
sectional study. There were 224 and 178 subjects in non-DKD and DKD groups, respectively. Serum CA19-9 was measured by 
chemiluminescence method, and its potential relationship with DKD was evaluated by multivariate logistic regression and correlation 
analyses, and receiver operating characteristic (ROC) curve analysis.
Results: T2DM patients with DKD had significantly higher serum CA19-9 levels than those without, and serum CA19-9 levels were 
positively related to urinary albumin-to-creatinine ratio and negatively to eGFR (P<0.01). Multivariate regression analysis revealed 
that serum CA 19-9 was an independent factor of DKD [odds ratio (OR), 1.018; 95% confidence interval (CI), 1.002–1.035; P<0.05]. 
Moreover, an increased progressively risk of DKD with an increase in serum CA19-9 quartiles was observed (P for trend <0.001), and 
T2DM patients in the highest serum CA19-9 quartile were associated with an increased likelihood of DKD when compared to those in 
the lowest quartile (OR: 2.936, 95% CI 1.129–7.633, P<0.05). Last, the analysis of ROC curves suggested that serum CA 19-9 at a cut 
of 25.09 U/mL resulted in the highest Youden index with sensitivity 43.8% and 75.4% specificity to predict the presence of DKD.
Conclusion: These results showed that high circulating CA19-9 was related to DKD and may serve as a useful biomarker of DKD in 
hospitalized Chinese T2DM patients.
Keywords: carbohydrate antigen 19-9, urinary albumin-to-creatinine ratio, diabetic kidney disease, estimated glomerular filtration 
rate, Chinese population

Introduction
Diabetic kidney disease (DKD) is one of the most common and intractable microvascular complications that occurs in 
approximately 25–40% of diabetic patients worldwide.1,2 It is well established that DKD is not only the main cause of end- 
stage renal disease worldwide,1 but also the leading cause of cardiovascular disease and all-cause mortality in diabetic 
patients,3,4 which imposes a considerable burden on healthcare systems and patients. Currently, albuminuria has been still 
considered to be a primary indicator of the onset or progression of DKD, yet albuminuria lacks the necessary sensitivity and 
specificity to accurately predict the development and progression of DKD in patients with type 2 diabetes mellitus (T2DM)5,6 

because albuminuria is susceptible to many factors, such as infection, fever, exercise, diet, menstruation,7 and progressive 
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nephropathy and renal impairment can occur in certain diabetic individuals who exhibit normal urinary albumin levels.6 

Therefore, identification of new, non-invasive biomarkers for early diagnosis of DKD is imminent so as to better detect high- 
risk patients for early intervention.

Carbohydrate antigen 19-9 (CA19-9) is a tumor-associated antigen originally isolated from a human colorectal cancer 
cell line as a mucin-like product by Koprowski et al in 1976.8,9 CA19-9 was expressed in some tissues, including 
pancreatic cells, in the normal human body in very small amounts, and its levels were elevated in pancreatic cancer.8,10 

Elevated serum CA19-9 levels were observed not only in many malignant tumors other than pancreatic cancer but also in 
benign diseases such as pancreatitis, biliary tract obstruction, inflammatory bowel disease, and thyroid disease.8,11 

Recently, new evidence suggests that higher serum CA19-9 levels may be involved in abnormal glucose and lipid 
metabolism and were related to an increased risk of metabolic syndrome (MetS), insulin resistance (IR), dyslipidemia, 
T2DM, cerebrovascular microangiopathy, arterial stiffness, and coronary artery calcification (CAC).8,10,12–15 Since the 
above-mentioned cardio-metabolic abnormalities have been reported to be associated with microvascular complications 
in patients with T2DM,4,16,17 thus changes of serum CA19-9 levels may be related to diabetic microvascular complica-
tions. Indeed, some previous small sample size studies have shown that elevated circulating CA19-9 levels were 
associated with diabetic microvascular complications, such as diabetic retinopathy and neuropathy.18–22 However, very 
few and conflicting data are available regarding the association between circulating CA19-9 and DKD and its compo-
nents, including albuminuria and renal function impairment, in patients with T2DM.18–24

Accordingly, we planned this study to explore the association of serum CA19-9 with DKD in Chinese patients with 
T2DM. Further, we explored the possible mechanisms by analyzing the association of serum CA19-9 with metabolic 
parameters, and inflammation and atherosclerotic vascular disease markers.

Materials and Methods
Study Population
A total of 2804 T2DM patients from September 2017 to December 2021, who were hospitalized for screening of diabetic 
chronic complications and optimizing their anti-diabetic regimen, were initially recruited. Subjects were diagnosed with 
T2DM according to the 1999 World Health Organization criteria.25 Inclusion criterion of the participants was adult 
patients with T2DM aged between 18 and 86 years, who signed an informed consent form. The exclusion criteria were as 
follows: 1) T1DM, recent acute complications of diabetes, severe diabetic foot ulcers, previous amputation, endocrine 
diseases other than T2DM; 2) pancreatic cancer, acute and chronic pancreatitis, cancers of the gastrointestinal tract, 
hepatocellular cancer, cholangitis, cholestasis, obstructive jaundice, liver abscess, liver cirrhosis, and other hepatobiliary, 
pancreatic and gastrointestinal diseases, and so on; 3) non-diabetic kidney disease, hepatic dysfunction, severe renal 
failure; 4) acute stroke and coronary syndromes, heart failure, pulmonary disease, hematological diseases, thromboem-
bolic disease; 5) ovarian cancer, endometriosis; 6) connective tissue disorders, autoimmune diseases, inflammatory 
diseases, infectious disease, presence of stressful conditions (recent surgery, trauma); 7) current pregnancy and lacta-
tion; 8) history of abundant alcohol intake; 9) administration of immunosuppressive drug, hormonal replacement therapy, 
systemic corticosteroids; 10) missing data for serum CA 19-9 and other demographic or clinical characteristic indicators; 
13) serum CA 19-9 >37 U/mL. Finally, 402 participants with T2DM were included in the analysis.

Clinical and Biochemical Measurements
A standard questionnaire was used for every participant to gather systematic information regarding demography (age, gender, 
number of cohabitants, educational attainment, family income, etc.), sleep quality, smoking, alcohol consumption, family history, 
medical history, and medication status. The classification of education level is as follows: less than high school (<9 years) and 
high school or further (≥9 years). Family income was classified as follows: low [0–100,000 Ren Min Bi (RMB)/year], medium 
(101,000–300,000 RMB/year), and high (>300,000 RMB/year). Sleep quality was classified as being either poor or good.

Weight and height were measured using a digital scale, and body mass index (BMI) was calculated as weight in 
kilograms divided by height in meters squared.
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Neck circumference (NC) was obtained with the use of standard methods, as described previously.26 Seated systolic 
and diastolic blood pressures (SBP and DBP) were measured three times by a well-trained nurse following a standard 
protocol using a mercury sphygmomanometer after the patients had rested quietly for 5–10 minutes, and the average of 
the three measurements was used for analysis.25

Venous blood samples were collected after 8–12 h overnight fasting in all subjects. Fasting blood glucose (FBG), 2h 
blood glucose (PBG), triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and low- 
density lipoprotein cholesterol (LDL-C), creatinine (Cr) were measured using a 7060 fully-automatic biochemical 
analyzer (Hitachi) at the registered central laboratory located at the Affiliated Hospital of Southwestern Medical 
University. Glycated hemoglobin A1C (HbA1c) was measured by the anion exchange high performance liquid chroma-
tography (Arkray Eluent 80A). White blood cell (WBC) count was determined using an automated blood cell counter 
(Mindray BC-6800). Serum CA 19-9 and fasting C-peptide (FCP) levels were measured by chemiluminescence method.

Atherogenic indices (atherogenic coefficient [AC], atherogenic index of plasma [AIP]) were calculated using lipid 
parameters.25 The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation was used to calculate the 
estimated glomerular filtration rate (eGFR).25,27 The urine samples were collected the following morning to measure the 
urinary microalbumin using immunoturbidimetric tests and creatinine enzymatically, and albumin-to-createinine ratio 
(UACR; mg/g creatinine) was calculated.26,28 DKD was diagnosed through low eGFR (eGFR <60 mL/min/1.73 m2), 
albuminuria (UACR ≥30 mg/g), or both.25,27,28

Statistical Analysis
The Statistical Package for Social Sciences (SPSS, version 20.0; IBM, Chicago, IL) was used to analyze the data. Continuous 
data are presented as mean ± standard deviation (SD) and categorical variables as number (percentage). The clinical and 
biochemical parameters were compared between the two groups or among the three groups by Student’s t-test and one-way 
analysis of variance (ANOVA) (normally distributed data) or the Mann–Whitney U- and Kruskal–Wallis tests (nonnormally 
distributed data) or χ2 tests (categorical data). The Spearman’s and partial correlation analysis were performed to analyze the 
correlations between CA19-9 and other parameters. Univariate and multivariate binary logistic regression analyses were 
performed to investigate the associations between circulating CA19-9 and DKD in all T2DM patients. In addition, all T2DM 
subjects were split into four groups according to the quartiles of circulating CA19-9: Q1 (0.57–11.49 U/mL), Q2 (11.50–18.94 
U/mL), Q3 (18.95–30.60 U/mL), and Q4 (30.61–33.48 U/mL), and the association between circulating CA19-9 quartiles and 
DKD was investigated by analysis. The results were expressed as Odds ratios (OR) and 95% confidence intervals (CI). 
Further, we used receiver operating characteristic (ROC) curves and area under the curve (AUC) to assess the diagnostic and 
predictive values of circulating CA19-9 for DKD in all subjects. P-values <0.05 were considered statistically significant.

Results
Characteristics of Study Participants
Table 1 displays the baseline characteristics of participants between DKD and Non-DKD groups. Out of the study 
participants, 178 (44.28%) patients had DKD. Compared with T2DM patients without DKD, those with DKD demon-
strated significantly longer diabetic duration, higher age, BMI, blood pressure (SBP, DBP), TC, TG, atherogenic indices 
(AIP, AC), WBC, serum Cr, UACR, CA19-9, and lower HDL-C and eGFR (P<0.0001 or P<0.01 or P<0.05). 
Supplementary Table 1 reports characteristics of participants among different quartiles of circulating CA 19-9. T2DM 
patients with higher circulating CA19-9 were less likely to be male (P<0.0001). Moving from the lowest to the highest 
circulating CA19-9 quartile, we observed increased levels of SBP, PBG, HbA1c, TC, TG, atherogenic indices, UACR, as 
well as increased percentages of participants with poor sleep quality, DKD, and albuminuria, and decreased levels of 
HDL-C, and eGFR (P<0.0001 or P<0.01 or P<0.05).

Association of Circulating CA19-9 with DKD-Related Parameters
Spearman correlation analysis showed that circulating CA19-9 was positively related to blood pressure, blood glucose (FBG, 
PBG, HbA1c), TC, TG, atherogenic indices, UACR, and negatively to HDL-C and eGFR (P<0.0001 or P<0.01 or P<0.05; 
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Table 2). Partial correlation analysis demonstrated that the associations among circulating CA19-9 and blood pressure, blood 
glucose, TG, HDL-C, atherogenic indices, WBC, serum Cr, eGFR, and UACR weakened, but still remained statistically 
significant (P<0.0001 or P<0.01 or P<0.05; Table 2).

Univariate and Multivariate Analysis of Determinants of DKD
Table 3 shows univariable and multivariable analyses of factors associated with DKD. On univariable analysis, age, 
diabetic duration, BMI, blood pressure, FBG, TC, TG, HDL, atherogenic indices, WBC, and circulating CA19-9 were 

Table 1 Characteristics of Study Participants

Variables Non-DKD DKD P value
(n = 224) (n = 178)

Male/female 128/96 91/87 0.229

Age (years) 55.07±11.66 57.34±10.30 0.042

BMI (kg/m2) 24.03±3.44 25.18±3.71 0.002
NC (cm) 36.42±3.80 37.03±3.52 0.122

Diabetic duration (years) 6.74±6.72 9.31±7.20 <0.0001

Co-resident population (n) 3.68±1.78 3.83±1.94 0.596
Current smoking, n (%) 37 (16.52) 32 (17.98) 0.700

Current drinking, n (%) 70 (31.25) 52 (29.21) 0.660

Education, n (%)
High school or further 77 (34.38) 58 (32.58) 0.706

Less than high school 147 (65.62) 120 (67.42)

Family income, n (%)
Low 85 (37.95) 70 (39.33) 0.890

Medium 139 (62.05) 106 (59.55)

High 0 (0) 2 (1.12)
Sleep quality, n (%)

Good 133 (59.38) 109 (61.24) 0.705

Poor 91 (40.63) 69 (38.76)
SBP (mmHg) 130.60±19.80 141.36±22.93 <0.0001

DBP (mmHg) 76.99±11.11 81.77±11.86 <0.0001

FBG (mmol/L) 9.29±3.30 10.08±4.53 0.122
PBG (mmol/L) 14.89±4.80 15.44±4.84 0.175

HAb1c (%) 9.91±2.73 9.76±2.50 0.568

FCP (ng/mL) 1.75±1.27 1.81±1.29 0.666
TC (mmol/L) 4.66±1.45 5.45±5.58 0.033

TG (mmol/L) 2.00±1.54 2.51±1.84 <0.0001
HDL-C (mmol/L) 1.20±0.37 1.09±0.30 0.005

LDL-C (mmol/L) 2.72±0.94 2.93±1.28 0.070

AIP 0.36±0.77 0.67±0.74 <0.0001
AC 3.21±0.60 4.41±7.09 <0.0001

Cr (μmol/L) 62.75±21.72 80.13±53.17 0.003

eGFR (mL/min/1.73 m2) 102.02±20.44 89.81±28.64 <0.0001
UACR (mg/g) 14.44±7.22 615.46±114.27 <0.0001

WBC (*109 /L) 6.83±2.23 7.35±2.42 0.022

CA19-9 (U/ mL) 21.23±17.30 29.61±23.17 <0.0001

Notes: Data were represented as mean ± standard deviation (SD) or number (percentages). 
Abbreviations: DKD, diabetic kidney disease; BMI, body mass index; NC, neck circumference; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; PBG, 2h postprandial blood 
glucose; HbA1c, glycated hemoglobin A1c; FCP, fasting C-peptide; TC, total cholesterol; TG, triglyceride; 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AIP, atherogenic 
index of plasma; AC, atherogenic coefficient; Cr, creatinine; eGFR, estimated glomerular filtration rate; 
UACR, urinary albumin-to-creatinine ratio; WBC, white blood cell; CA 19-9, carbohydrate antigen 19-9.
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significantly related to DKD (P<0.0001 or P<0.01 or P<0.05). Circulating CA19-9 remained independently significantly 
related to an increased risk of DKD on multivariable analysis (OR = 1.021, 95% CI: 1.005–1.037; P<0.01).

Adjusted ORs and 95% CIs for DKD According to Quartiles of Circulating CA19-9
As presented in Table 4, the risk of DKD increased progressively with the increase in serum CA19-9 quartiles (P for 
trend <0.0001 or P for trend <0.01 or P for trend <0.05). T2DM patients in the highest serum CA19-9 quartile were 
associated with an increased likelihood of DKD when compared to those in the lowest quartile after adjusting for all 
confounding factors (OR: 2.864, 95% CI 1.101–7.450, P<0.05).

The Diagnostic Value of Circulating CA19-9 for DKD in Patients with T2DM
As shown in Figure 1, serum CA 19-9 at a cut of 25.09 U/mL resulted in the highest Youden index with sensitivity 43.8% 
and 75.4% specificity to predict the presence of DKD.

Table 2 Association of Circulating CA19-9 with DKD-Related Parameters

Variables r P value Adjusted r Adjusted P value

Gender 0.080 0.111 – –
Age 0.065 0.196 – –

BMI −0.015 0.764 – –

Diabetic duration 0.082 0.158 – –
NC −0.010 0.856 0.073 0.246

Co-resident population −0.74 0.152 −0.057 0.367

Current smoking 0.015 0.761 0.047 0.420
Current drinking 0.030 0.547 0.059 0.319

Education 0.005 0.915 −0.071 0.259
Family income 0.039 0.440 0.094 0.132

Sleep quality −0.005 0.922 0.058 0.353

SBP 0.136 0.007 0.183 0.003
DBP 0.103 0.040 0.164 0.009

FBG 0.127 0.011 0.164 0.008

PBG 0.110 0.028 0.168 0.007
HAb1c 0.157 0.002 0.168 0.007

FCP −0.001 0.977 0.079 0.209

TC 0.118 0.019 0.101 0.106
TG 0.177 <0.0001 0.163 0.009

HDL-C −0.120 0.017 −0.211 0.001

LDL-C 0.068 0.174 0.097 0.121
AIP 0.215 <0.0001 0.254 <0.0001

AC 0.236 <0.0001 0.255 <0.0001

Cr 0.085 0.089 0.240 <0.0001
eGFR −0.152 0.002 −0.289 <0.0001

UACR 0.184 <0.0001 0.249 <0.0001

WBC 0.087 0.081 0.126 0.045

Notes: Adjusted r: r value after controlling for sex, age, BMI, and duration of diabetes. Adjusted P value: P value 
after controlling for sex, age, BMI, and duration of diabetes. 
Abbreviations: CA 19-9, carbohydrate antigen 19-9; DKD, diabetic kidney disease; BMI, body mass index; NC, 
neck circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; PBG, 2h 
postprandial blood glucose; HbA1c, glycated hemoglobin A1c; FCP, fasting C-peptide; TC, total cholesterol; TG, 
triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AIP, athero-
genic index of plasma; AC, atherogenic coefficient; Cr, creatinine; eGFR, estimated glomerular filtration rate; UACR, 
urinary albumin-to-creatinine ratio; WBC, white blood cell.
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Table 3 Univariate and Multivariate Logistic Analysis of Factors Associated with DKD

Variables Univariate Analysis Multivariate Analysis

B OR (95% CI) P B OR (95% CI) P

Gender −0.243 0.784 (0.528–1.165) 0.229

Age 0.019 1.019 (1.001–1.037) 0.043
Diabetic duration 0.056 1.058 (1.021–1.095) 0.002

NC 0.045 1.046 (0.988–1.107) 0.123

BMI 0.090 1.094 (1.034–1.159) 0.002
Current smoking 0.102 1.108 (0.658–1.864) 0.700

Current drinking −0.097 0.908 (0.591–1.395) 0.659

Education −0.086 0.918 (0.604–1.394) 0.688
Co-resident population 0.045 1.046 (0.937–1.168) 0.424

Family income 0.072 1.075 (0.752–1.535) 0.693

Sleep quality −0.026 0.974 (0.684–1.388) 0.886
SBP 0.024 1.024 (1.014–1.034) <0.0001

DBP 0.036 1.037 (1.019–1.056) <0.0001

FBG 0.052 1.054 (1.001–1.110) 0.047
PBG 0.024 1.024 (0.983–1.067) 0.253

HAb1c −0.022 0.978 (0.907–1.055) 0.567

FCP 0.032 1.033 (0.884–1.207) 0.685
TC 0.214 1.239 (1.063–1.443) 0.006

TG 0.185 1.203 (1.061–1.364) 0.004

HDL-C −0.971 0.379 (0.206–0.697) 0.002
LDL-C 0.173 1.188 (0.991–1.425) 0.062

AIP 0.551 1.735 (1.314–2.292) <0.0001

AC 0.234 1.264 (1.106–1.444) 0.001
CA 19-9 0.021 1.022 (1.011–1.033) <0.0001 0.021 1.021 (1.005–1.037) 0.009

WBC 0.099 1.104 (1.011–1.205) 0.027

Notes: B is the standardized coefficient and measures the influence of each variables on DKD. 
Abbreviations: OR, Odds ratios; CI, confidence intervals; CA 19-9, carbohydrate antigen 19-9; DKD, diabetic kidney disease; NC, neck 
circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; PBG, 2h 
postprandial blood glucose; HbA1c, glycated hemoglobin A1c; FCP, fasting C-peptide; TC, total cholesterol; TG, triglyceride; HDL-C, high- 
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AIP, atherogenic index of plasma; AC, atherogenic coefficient; WBC, 
white blood cell.

Table 4 Adjusted ORs and 95% CIs for DKD According to Quartiles of Circulating CA19-9

Characteristics Circulating CA19-9 Quartiles P for trend

Q1 (n=100) Q2 (n=101) Q3 (n=101) Q4 (n=100)

0.57–11.49 11.50–18.94 18.95–30.60 30.61–33.48

Model 1 1 1.505 (0.848–2.672) 1.331 (0.748–2.370) 3.313 (1.854–5.918) <0.0001

Model 2 1 1.558 (0.741–3.277) 1.653 (0.755–3.617) 3.925 (1.839–8.379) 0.001

Model 3 1 1.380 (0.608–3.133) 1.271 (0.530–3.051) 2.895 (1.141–7.344) 0.043
Model 4 1 1.381 (0.608–3.137) 1.239 (0.512–2.997) 2.821 (1.092–7.285) 0.049

Model 5 1 1.296 (0.564–2.979) 1.187 (0.480–2.936) 2.864 (1.101–7.450) 0.046

Notes: Data are expressed as OR (95% CI) +P value, unless stated otherwise. Model 1 unadjusted; Model 2 adjusted for gender, age, body mass 
index, neck circumference, diabetic duration, co-resident population, current smoking, current drinking, education, family income, and sleep 
quality; Model 3 adjusted for factors listed in Model 2 plus systolic and diastolic blood pressure, fasting blood glucose, 2h postprandial blood 
glucose, glycated hemoglobin A1c, fasting C-peptide, total cholesterol, triglyceride, high-density lipoprotein cholesterol, and low-density 
lipoprotein cholesterol; Model 4 adjusted for factors listed in Model 3 plus white blood cell; Model 5 adjusted for atherogenic index of plasma 
and atherogenic coefficient in addition to covariates as in Model 4. 
Abbreviations: ORs, Odds ratios; CI, confidence intervals; Q, quartile; DKD, diabetic kidney disease; CA 19-9, carbohydrate antigen 19-9.
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Discussion
In the present study, we showed that T2DM patients with DKD had significantly increased levels of circulating CA19-9, 
and circulating CA19-9 was independently significantly associated with the presence of DKD. Moreover, the risk of 
DKD increased progressively with the increase in circulating CA19-9 quartiles. Last, circulating CA19-9 could predict 
the presence of DKD. These results indicate that increased CA19-9 was closely associated with DKD, and CA19-9 may 
be useful as a biomarker of DKD in T2DM patients.

CA19-9, a member of the Lewis antigen family, has become a commonly used biomarker for clinical diagnosis and 
monitoring of responses to pancreatic cancer therapy.29 Nowadays, there is evidence to suggest that altered circulating CA19-9 
levels were related to IR, impaired glucose regulation, diabetes mellitus, dyslipidemia, MetS, cerebrovascular microangio-
pathy, arterial stiffness, CAC,8,10,12–15 thus it is plausible that elevated level of circulating CA19-9 may be an early signal for 
being at risk for DKD in T2DM patients. Here, we found that circulating CA19-9 levels were significantly elevated in T2DM 
subjects with DKD, and T2DM patients in the highest CA19-9 quartile demonstrated significantly higher prevalence of DKD 
and its components including albuminuria and low eGFR when compared with those in the lowest quartile. Further, circulating 
CA19-9 levels were positively related to UACR and negatively related to eGFR. Together, these results demonstrated that 
circulating CA19-9 level might be associated with DKD, and may be a useful marker of DKD in T2DM patients. Moreover, 
circulating CA19-9 was independently associated with DKD, and the risk of DKD increased progressively with the increase in 
circulating CA19-9 quartiles. Additionally, circulating CA19-9 could predict the presence of DKD. Consistent with our 
results, several previous studies demonstrated that T2DM patients with DKD or albuminuria or persistent proteinuria had 

Figure 1 ROC analysis of circulating CA19-9 to indicate DKD for T2DM patients. AUC = 0.619; 95% CI, 0.564–0.674; P < 0.001; identified circulating CA19-9 cutoff value = 25.09 u/mL; 
Youden index = 0.192; sensitivity: 43.8%; specificity: 75.4%.
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higher circulating CA19-9 than controls,18,19,22–24 further suggesting that circulating CA19-9 level has a potential relationship 
with DKD. However, several small- sample studies found that circulating CA 19-9 level was not related to DKD and 
microalbuminuria (MIC) in Asian patients with T2DM.20,21 The difference between these results could be explained by 
differences in study population and their characteristics, ethnic background, range of circulating CA19-9 included, diagnostic 
criteria of DKD and MIC, statistical methods, sample size, and confounding factors adjusted in these studies. More studies are 
needed before conclusions can be drawn. Obesity, hyperglycemia, hypertension, and dyslipidemia have been recognized as 
risk factors for DKD.16,30,31 Consistent with that, we found that T2DM patients with DKD had significantly higher BMI, blood 
pressure, TC, TG, and lower HDL-C. Moreover, SBP, PBG, HbA1c, TC, and TG increased and HDL-C decreased 
progressively with the increase in serum CA19-9 quartiles, and circulating CA19-9 was positively related to blood pressure, 
TC, TG, blood glucose (FBG, PBG, HbA1c), and negatively to HDL-C, which were largely in accordance with results from 
previous studies.8,13,32–36 A cross-sectional study from India, consisted of 193 patients with T2DM who received different 
treatment modalities, showed that serum CA 19-9 level was positively correlated with BMI, 2-hour plasma glucose level, 
HbA1c, very low density lipoprotein cholesterol, TG, TC, LDL-C and negatively correlated with HDL-C.37 Another study 
performed by Tu et al demonstrated that participants with obesity and T2DM had significantly higher levels of serum CA19-9 
than the control group, and changes in CA19-9 were independently and significantly related to changes of FBG, HbA1c, and 
homeostasis model assessment of IR (HOMA-IR) in subjects with obesity and T2DM after Roux-en-Y gastric bypass.8 

Similar findings were reported in another two Chinese studies of T2DM patients.32,33 Moreover, healthy subjects or middle- 
aged and elderly community-dwelling residents with elevated CA 19-9 levels had higher blood glucose, TC, TG, LDL-C, 
incidence of hypertension, and prevalence of hyperglycemia, hypertension, and dyslipidemia (decreased HDL-C and 
increased TG) significantly increased across serum CA 19-9 tertiles.13,34–36 Combined, these results demonstrated that 
circulating CA19-9 levels may be closely related to IR, obesity, hyperglycemia, hypertension, and dyslipidemia, and the 
above-mentioned metabolic imbalance may, at least in part, mediate the association between circulating CA19-9 and DKD in 
type 2 diabetes. Studies found that persistent hyperglycemia, excessive cholesterol accumulation, and hypertension might 
contribute to glucolipotoxicity and inflammation and oxidative stress in the islet β cells, subsequently leading to pancreatic β 
cell dysfunction and impaired insulin secretion, eventually triggering the release of CA19-9, which was a marker of pancreatic 
exocrine tissue damage, through the pancreatic ducts.8,13,32,34–36,38,39 These data together suggest that circulating CA19-9 
level might be associated with DKD in T2DM patients due to pancreatic β cell dysfunction and impaired insulin secretion 
induced by poor metabolic control. Future research is required to confirm our findings and to better understand the 
mechanisms associated with a possible pathogenic effect of circulating CA19-9 on DKD.

Compelling and increasing evidence has demonstrated that atherosclerosis due to endothelial dysfunction plays 
a paramount role in the pathogenesis of DKD.40–42 Here, we discovered that two atherogenic indices (AIP and AC) were 
significantly elevated in patients with DKD, and were both significantly associated with DKD, offering further evidence for 
the role of atherosclerosis in the pathogenesis of DKD. Moreover, the two atherogenic indices increased progressively with the 
increase in serum CA19-9 quartiles, and circulating CA19-9 was positively related to the two atherogenic indices. Further, 
circulating CA19-9 levels were positively related to UACR, which was an early hallmark of DKD43 and also an indicator of 
widespread inflammation, endothelial dysfunction, and vascular disease burden.44 These data together suggest that elevated 
circulating CA19-9 may be associated with atherosclerosis and endothelial dysfunction in patients with DKD, which was in 
line with those from most previous studies.15,45,46 A cross-sectional study discovered that serum CA 19-9 level was positively 
and independently related to coronary calcium score and brachial-ankle pulse wave velocity in 1732 Korean adults aged ≥45 
years.15 Another two studies revealed that an increase in CA 19-9 was related to congestive heart disease and heart failure.45,46 

Combined, these results demonstrated that atherosclerosis due to endothelial dysfunction might, in part, also mediate the role 
of circulating CA19-9 in and DKD in patients with T2DM. More prospective longitudinal studies should be performed to 
confirm our findings and further dissect the specific mechanism of action.

Limitations of our study must be appreciated for an accurate interpretation of the data. First, we cannot infer causal 
associations between circulating CA19-9 and DKD due to the cross-sectional design of this study. Further prospective, 
longitudinal studies with the progression – ie, diabetes to MIC to macroalbuminuria and end-stage kidney disease are needed 
to clarify the associations of circulating CA19-9 and DKD and to elucidate the precise mechanism underlying the association. 
Second, circulating CA 19-9 levels in healthy individuals were not available, which does not affect our experimental results, 
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because previous studies have reported that serum CA19-9 levels were higher in T2DM patients than healthy individuals. 
Third, the lack of classical inflammatory markers, such as interleukin-6 and tumor necrosis factor-α, which could possibly 
impact the results. Fourth, not all patients received carotid ultrasonography examinations, which is a substitute marker of 
atherosclerosis, thus carotid intima-media thickness was not analyzed in the current study, which makes it difficult to further 
explore the association mechanism of CA19-9 and atherosclerosis. Despite these limitations, the advantages of the current 
study included a relatively large sample size, use of a standardized method at a single center, strict inclusion/exclusion criteria, 
thorough adjustment of possible confounding variables, and well-characterized nature of the patient cohort.

Conclusions
In summary, our data delineate that T2DM patients with DKD had significantly higher circulating CA19-9 level, and 
circulating CA19-9 was independently significantly related to DKD, thereby demonstrating that circulating CA19-9 
might be used as a potential biomarker of DKD in Chinese adults with T2DM. However, more well-designed prospective 
studies are needed to confirm our findings and further define the role of circulating CA19-9 in DKD.
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