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Background: Diabetes mellitus (DM) complicated with chronic kidney disease (CKD) has been a severe 
public health issue in China. This study aimed to investigate the prevalence of adult DM complicated with 
CKD and its associated factors in Songjiang District, Shanghai.
Methods: A large-scale community-based cross-sectional study was conducted among 36,077 participants aged 
20–74 years in Songjiang District, Shanghai between June 2016 and December 2017. Epidemiological data of 
the Shanghai Suburban Adult Cohort and Biobank (SSACB) and electronic health record (EHR) data based on 
the big data platform of Songjiang District were combined to estimate the prevalence of adult DM with CKD. 
Factors associated with DM complicated with CKD were analyzed by using univariate and multivariate logistic 
regression models with adjusted odds ratios (aOR) and their 95% confidence intervals (CI).
Results: The overall prevalence of adult DM with CKD among the community population in Songjiang 
District, Shanghai was 2.9% (95% CI: 2.8–3.1%). The prevalence significantly increased with age and the 
prevalence was significantly lower than in men than in women (2.4% vs. 3.3%, P<0.001). Factors were 
positively associated with adult DM with CKD including female (aOR: 1.40; 95% CI: 1.13–1.72), older 
age (aOR for 40–59 years age group: 3.85; 95% CI: 1.92–7.72; aOR for ≥60 years age group: 6.17; 95% 
CI: 3.05–12.47), urban community (aOR: 1.61; 95% CI: 1.38–1.87), HbAlc ≥6.5% (aOR: 24.01; 95% CI: 
20.59–28.01), hypertension (aOR: 2.16; 95% CI: 1.77–2.64), dyslipidemia (aOR: 1.58; 95% CI: 1.35–1.84), 
coronary heart disease (CHD, aOR: 2.15; 95% CI: 1.84–2.52), hyperuricemia (aOR: 1.61; 95% CI: 1.36–1.90) 
and family history of DM (aOR: 2.73; 95% CI: 2.26–3.29). In sensitivity analysis, those factors except female 
and urban community were still positively associated with adult DM with CKD.
Conclusions: DM with CKD was common among adults in Songjiang District, Shanghai. Effective public 
health programs should be developed to control DM with CKD for targeted populations.

Keywords: Diabetes mellitus (DM); chronic kidney disease (CKD); prevalence; Chinese

Submitted Apr 05, 2021. Accepted for publication Jun 05, 2021.

doi: 10.21037/apm-21-803

View this article at: https://dx.doi.org/10.21037/apm-21-803

7224

	
^ ORCID: 0000-0002-3869-2060.

https://crossmark.crossref.org/dialog/?doi=10.21037/apm-21-803


7215Annals of Palliative Medicine, Vol 10, No 7 July 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(7):7214-7224 | https://dx.doi.org/10.21037/apm-21-803

Introduction

Diabetes mellitus (DM) is an important public health 
problem worldwide. Diabetic kidney disease (DKD) is 
one of the most common microvascular complications 
of DM and is currently the leading cause of end-stage 
renal disease (ESRD) in developed counties (1). In China, 
DKD ranks after glomerulonephritis as the second leading 
cause of ESDR (2). Besides, patients with chronic kidney 
disease (CKD) are at high risk of late-onset diabetes (3). 
Factors including age, sex, hypertension, body mass index 
(BMI), hyperuricemia, glycated hemoglobin (HbA1c) and 
dyslipidemia influence the development and progress of 
DM complicated with CKD (4-7). 

There have been few studies investigating the prevalence 
of DM with CKD patients in China. One study from 35.3 
million DM inpatients  in tertiary hospitals between 2010 
and 2015 estimated that 21.3% were complicated with 
CKD in China (8), and small-scale studies of community 
population suggested that about 30–40% DM patients 
were complicated with CKD in Shanghai (9,10). Another 
large-scale cross-sectional survey of Chinese rural residents 
in Henan province estimated a prevalence of DM with 
CKD being 2.9% (11). In the current study, we aimed 
to determine the prevalence of DM with CKD and its 
associated factors among adults living in urban-rural 
mixed area of Songjiang District, Shanghai. We used 
baseline data of the Shanghai Suburban Adult Cohort and 
Biobank (SSACB) combined with electronic health record 
(EHR)  data from the Songjiang District health data 
platform. We present the following article  in accordance 
with the STROBE reporting checklist (available at https://
dx.doi.org/10.21037/apm-21-803).

Methods

Study population

Data from the baseline survey of the Shanghai Suburban 
Adult Cohort Study were collected during the period 
from June 2016 to December 2017. Multistage stratified 
sampling method was employed to select subjects dwelled 
in four communities of Songjiang District, including two 
urban communities (Zhongshan and Xinqiao), and two 
non-urban community (Sheshan and Maogang), which 
had been described previously (12). Inclusion criteria were 
as follows: (I) aged between 20 and 74; (II) lived in those 
communities for at least 6 months and had no plan to move 
in the next year; (III) had no disabilities, terminal illness 

or perceptual impairment; (IV) provided written informed 
consent before data collection. A total of 37,670 subjects 
were recruited with the response rate of 95.8%, and of 
them, 36,077 subjects completed the questionnaire and free 
physical examinations. All procedures performed in this 
study involving human participants were in accordance with 
the Declaration of Helsinki (as revised in 2013). The study 
was approved by the ethical committee of School of Public 
Health, Fudan University (IRB approval number 2016-04-
0586). Written informed consent was given by all individual 
participants.

Questionnaire interview

All the subjects completed a standardized questionnaire by a 
face-to-face interview. Data collected included demographic 
characteristics (e.g., age, sex, educational level), personal and 
family history of chronic diseases (e.g., diabetes, hypertension, 
coronary heart disease, hepatitis, CKD), lifestyle (e.g., 
smoking, alcohol consumption, physical activity) and dietary 
patterns. Anthropometric measurements including height, 
weight, waist circumference (WC), blood pressure (BP) and 
heart rate (HR) were obtained using standard techniques and 
protocols. BMI (kg/m2) was calculated as weight in kilograms 
divided by height in meter squared. Standard techniques and 
protocols of the questionnaire survey and anthropometric 
measurements had also been described previously (12). 

Laboratory assays

Blood and urine specimens were collected and stored at  
−80 ℃ freezer within less than 6h. Biochemistry parameters 
were measured at the Shanghai Dian Diagnostics Co Ltd. 
Blood biochemical indicator including fasting plasma 
glucose (FPG), HbA1c, serum total cholesterol (TC), 
triglyceride (TG), high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-C), 
serum uric acid (SUA) and serum creatinine (SCr) 
were measured. Urine biochemical indicators including 
microscopic red blood cell and microscopic white blood cell 
were measured (12).

Health data platform

A health data platform was established in 2018 to integrate 
the SSACB database with EHR databases for all the 
residents from the four communities in Songjiang District 
with a unique identification number. We also linked the 
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records in the SSACB database to the other databases 
including the databases of diabetes report, clinical diagnosis 
and clinical laboratory examination for information 
recorded before December 31, 2017 to supplement DM 
and CKD diagnoses as well as other personal health 
information.

Definitions

DM was defined by the WHO 1999 criteria (13): FPG  
≥7.0 mmol/L and/or receiving antidiabetic treatment and/
or a previous diagnosis of DM. According to the 2012 
Kidney Disease: Improving Global Outcomes (KDIGO)  
guidelines (14), CKD was defined as ≥1 of the following 
abnormal kidney structure or function: (I) hematuria,  
[>3 red blood cells per high power field (RBCs/HPF)]; 
(II) leukocyturia [>5 white blood cells per high power field 
(WBCs/HPF)]; (III) albuminuria [urinary albumin/creatinine 
ratio (ACR) ≥30 mg/g or the qualitative test of urinary 
proteins was positive]; (IV) estimated glomerular filtration 
rate (eGFR) <60 mL/min per 1.73 m2; (V) history of kidney 
transplantation; (VI) a previous diagnosis of CKD. SCr 
was measured by enzymatic methods. Chinese simplified 
Modification of Diet in Renal Disease (MDRD) equation 
was used to calculate eGFR: eGFR =175× Scr (mg/dL)−1.234× 
age−0.179 (×0.79 in female) (15). The diagnosis of acute 
nephropathy was excluded based on the clinical diagnosis 
record. Hypertension was defined as systolic BP (SBP) 
≥140 mmHg and/or diastolic BP (DBP) ≥90 mmHg and/
or receiving antihypertensive treatment and/or a previous 
diagnosis of hypertension (16). Hyperuricemia was defined 
as SUA >420  μmol/L (7.0  mg/dL) for men and >360  μmol/L  
(6.0  mg/dL) for women and/or a previous diagnosis of 
hyperuricemia (17). Dyslipidemia was defined as one of 
the following criteria: (I) TC ≥6.22 mmol/L; (II) LDL-C  
≥4.14 mmol/L; (III) HDL-C <1.04 mmol/L; (IV) TG  
≥2.26 mmol/L; (V) a previous diagnosis of hyperlipidemia 
(18). BMI was classified into four levels based on the  
WHO criteria: underweight (BMI <18.5 kg/m2); normal 
(18.5≤ BMI <25 kg/m2); overweight (25≤ BMI <30 kg/m2) and 
obese (BMI ≥30 kg/m2) (19). The sensitivity analysis used a 
narrower definition for CKD: (I) albuminuria (ACR ≥30 mg/g  
or the qualitative test of urinary proteins was positive); (II) 
eGFR <60 mL/min per 1.73 m2.

Statistical analysis

Data were double-entered using Epidata version 3.1 and 

analyzed using SPSS version 23.0 (IBM Corp, Armonk, 
New York, USA) and R version 3.6.0 (R Foundation for 
Statistical Computing, Vienna, Austria). Continuous 
variables were expressed as means ± standard deviations (SD) 
and categorical variables as frequencies and percentages. 
Student’s t-test, Wilcoxon test, Mann-Whitney U-test, 
analysis of variance (ANOVA), Chi-square test were used 
for intergroup comparisons depending on data types. 
Univariate and multivariate logistic regression was used 
to identify factors related to DM with CKD and estimate 
the crude odds ratios (OR), adjusted odds ratios (aOR) and 
their corresponding 95% confidence intervals (CI). P value  
<0.05 was considered to be statistically significant. 

Results

General characteristics of study population

The social-demographic and clinical characteristics of 
subjects were shown in Table 1. Among 36,077 subjects, 
4,024 had DM only, 4,496 had CKD only, and 1,057 had 
both DM and CKD, with an average age of 56.7±11.2 years.  
Overall ,  more than two fifth (42.5%) were urban 
community residents. The prevalences of four major 
chronic diseases (rating from high to low) were as follows: 
hypertension (57.4%), dyslipidemia (38.7%), coronary heart 
disease (CHD, 23.6%), and hyperuricemia (17.7%). There 
were significant differences in age, sex, education, smoking 
status, alcohol drinking, regular exercise, BMI, prevalence 
of four major chronic diseases and urban community 
(P<0.001) of four groups. 

Prevalence of DM with CKD in different sex and age 
groups

The overall prevalence of DM with CKD was 2.9% (95% 
CI: 2.8–3.1%) among this community population. The 
prevalence of DM with CKD significantly increased with 
age (P<0.001) and reached at 4.4% for those aged 60 years 
or above. The prevalence was significantly lower in men 
compared with women (2.4% versus 3.3%, P<0.001). 
Figure 1 shows the sex and age specific prevalence of DM 
with CKD. 

Related factors of DM with CKD

Univariate and multivariate logistic regression included 
no DM or CKD group and DM with CKD group. Sex, 
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age, education levels, urban community, BMI, smoking 
status, alcohol drinking, regular physical exercise, HbA1c, 
hypertension, dyslipidemia, CHD, hyperuricemia, family 
history of DM were significantly related to DM with 
CKD. After the adjustment for covariates, they were still 

significantly related to DM with CKD except for education 
levels, BMI, smoking status, alcohol drinking and regular 
physical exercise (Table 2). Women (aOR: 1.40; 95% CI: 
1.13–1.72), older age (aOR for 40–59 years age group: 
3.85; 95% CI: 1.92–7.72; aOR for ≥60 years age group: 

Table 1 Baseline social-demographic and clinical characteristics of the SSACB population 

Characteristics
Total  

(n=36,077)
No DM or CKD 

(n=26,500)
DM only  
(n=4,024)

CKD only  
(n=4,496)

DM with CKD 
(n=1,057)

P value

Age (years) 56.7±11.2 55.6±11.6 60.8±7.7 58.2±10.8 62.9±7.4 <0.001

Sex, n (%) <0.001

Male 14,626 (40.5) 11,280 (42.6) 1,833 (45.6) 1,162 (25.8) 351 (33.2)

Female 21,451 (59.5) 15,220 (57.4) 2,191 (54.4) 3,334 (74.2) 706 (66.8)

Education, n (%) <0.001

≤9 education years 30,458 (84.4) 21,909 (82.7) 3,632 (90.3) 3,947 (87.8) 3,632 (91.8)

>9 education years 5,619 (15.6) 4,591 (17.3) 392 (9.7) 549 (12.2) 87 (8.2)

Smoking status, n (%) <0.001

Current 7,182 (19.9) 5,604 (21.1) 910 (22.6) 534 (11.9) 134 (12.7)

Former 1,339 (3.7) 944 (3.6) 199 (4.9) 145 (3.2) 51 (4.8)

Never 27,556 (76.4) 19,952 (75.3) 2,915 (72.5) 3,817 (84.9) 872 (82.5)

Alcohol drinking, n (%) <0.001

Current 4,485 (12.4) 3,478 (13.1) 598 (14.9) 320 (7.1) 89 (8.4)

Former 399 (1.1) 256 (1.0) 72 (1.8) 53 (1.2) 18 (1.7)

Never 31,193 (86.5) 22,766 (85.9) 3,354 (83.3) 4,123 (91.7) 950 (89.9)

Regular exercise, n (%) <0.001

Yes 11,548 (32.0) 8,364 (31.6) 1,389 (34.5) 1,417 (31.5) 378 (35.8)

No 24,529 (68.0) 18,136 (68.4) 2,635 (65.5) 3,079 (68.5) 679 (64.2)

BMIa, n (%) <0.001

Normal 20,241 (57.1) 15,511 (59.5) 1,753 (44.2) 2,550 (57.7) 427 (41.0)

Underweight 928 (2.6) 752 (2.9) 32 (0.8) 132 (3.0) 12 (1.2)

Overweight 12,429 (35.0) 8,654 (33.2) 1,766 (44.6) 1,522 (34.4) 487 (46.8)

Obese 1,883 (5.3) 1,140 (4.4) 411 (10.4) 218 (4.9) 114 (11.0)

Hypertension, n (%) 20,703 (57.4) 13,928 (52.6) 3,176 (78.9) 2,701 (60.1) 898 (85.0) <0.001

Dyslipidemia, n (%) 13,952 (38.7) 9,296 (35.1) 2,203 (54.7) 1,788 (39.8) 665 (62.9) <0.001

CHD, n (%) 8,522 (23.6) 5,175 (19.5) 1,458 (36.2) 1,356 (30.2) 533 (50.4) <0.001

Hyperuricemia, n (%) 6,384 (17.7) 4,279 (16.1) 735 (18.3) 1,027 (22.8) 343 (32.5) <0.001

Urban community 15,343 (42.5) 10,940 (41.3) 1,735 (43.1) 2,126 (47.3) 542 (51.3) <0.001

P value <0.05 means the significant difference over four groups. a, BMI had 596 missing values. BMI, body mass index; CHD, coronary 
heart disease; CKD, chronic kidney disease; DM, diabetes mellitus.
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6.17; 95% CI: 3.05–12.47), urban community (aOR: 1.61; 
95% CI: 1.38–1.87), HbAlc ≥6.5% (aOR: 24.01; 95% CI: 
20.59–28.01), hypertension (aOR: 2.16; 95% CI: 1.77–2.64), 
dyslipidemia (aOR: 1.58; 95% CI: 1.35–1.84), CHD (aOR: 
2.15; 95% CI: 1.84–2.52), hyperuricemia (aOR: 1.61; 95% 
CI: 1.36–1.90) and family history of DM (aOR: 2.73; 95% 
CI: 2.26–3.29) were independent risk factors for DM with 
CKD. In sensitivity analysis, older age (aOR for ≥60 years 
age group: 4.02; 95% CI: 1.22–13.25), HbAlc ≥6.5% (aOR: 
30.89; 95% CI: 24.57–38.83), hypertension (aOR: 2.81; 95% 
CI: 1.98–4.00), dyslipidemia (aOR: 1.71; 95% CI: 1.34–2.17), 
CHD (aOR: 1.98; 95% CI: 1.57–2.49), hyperuricemia (aOR: 
2.19; 95% CI: 1.74–2.77) and family history of DM (aOR: 
2.80; 95% CI: 2.13–3.68) were independent risk factors for 
DM with CKD (Table 3). 

Discussion

This study demonstrated that the prevalence of CKD 
among DM patients was 20.8% and the prevalence 
of DM with CKD was 2.9% among the community 
population in Songjiang District, Shanghai, compared 
with 20–40% from other Chinese studies (8-10). In the 
United States, CKD prevalence was 26.2% among adults 
with DM (1). A cross-sectional survey conducted among 
rural adult residents in Henan province from July 2015 
to December 2017 showed that the prevalence of DKD, 
or DM complicated with CKD, was 2.9%, which was 
similar to our result. The prevalence of DKD in the US 
population was 3.3% according to the National Health and 
Nutrition Examination Survey (NHANES) 2005–2008 (20).  
Most epidemiological surveys on DKD measured DM 
complicated with CKD and the diagnostic criteria on CKD 
only included albuminuria and decreased eGFR. Our study 

used more comprehensive diagnostic  criteria including 
hematuria, leukocyturia, history of kidney transplantation 
based on 2012 KDIGO guidelines. The application of EHR 
databases had improved the diagnoses.

Previous studies have provided inconsistent results for 
the sex difference in DM with CKD. Some studies showed 
that poor metabolic control and renal function decline 
were more common in women than men (5,21,22) and 
postmenopausal women with DM reported to be at a higher 
risk of hyperuricemia, higher BMI and dyslipidemia that 
led to decreased renal function (23), while some studies 
showed that men were at a higher risk or there was no sex 
difference in DM with CKD patients (24-26). In this study, 
women were more likely to have DM with CKD. Also, the 
prevalence of DM with CKD significantly increased with 
age and possible explanations included worse renal function 
and more complications such as hypertension and diabetes 
as aging (4,27). Figure 1 revealed that the prevalence of DM 
with CKD was higher in women only for ≥60 years group, 
whereas for all other age groups, the 95% CI between men 
and women overlaped. More than 60 years age group was 
a large group in this population (44.5%) and second only 
to 40–59 years age group (45.6%), which might explain the 
overall higher prevalence in women than men. However, 
female was not independent risk factors in sensitivity 
analysis. Also, urban community was an independent 
risk factors for DM or with CKD in main results but not 
significant in sensitivity analysis. Urban population had 
better health service accessibility, which may raise disease 
detection rate (28). Lifestyle factors including smoking and 
alcohol drinking may not be independent risk factors for DM 
with CKD unless large amounts were consumed (29-31).  
Case-control studies found no significant association 
between smoking and CKD (32,33). Moderate alcohol 
consumption might be of potential benefit for CKD instead 
by increasing several HDL cholesterol subfractions (34,35). 
Our results also showed that HbA1c ≥6.5%, hypertension, 
dyslipidemia, CHD, hyperuricemia, family history of DM 
were possible risk factors of DM with CKD, which were 
consistent with previous studies (36-40). 

This study was the first representative large-scale 
community-based cross-sectional survey on the prevalence 
of DM with CKD and associated factors in Shanghai. 
Standard protocol and strict quality control were used to 
ensure reliable results. In addition, this study integrated 
epidemiological data of SSACB with EHR data based on 
the big data platform of Songjiang District, which provided 
more comprehensive information on diagnosis of diseases 
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Table 2 Univariate and multivariate logistic regression analysis of factors related to DM with CKD

Variables Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Sex

Male 1.00 (Reference) 1.00 (Reference)

Female 1.49 (1.31–1.70) <0.001 1.40 (1.13–1.72) 0.002

Age (years)

20–39 1.00 (Reference) 1.00 (Reference)

40–59 9.76 (5.03–18.94) <0.001 3.85 (1.92–7.72) <0.001

≥60 22.97 (11.89–44.37) <0.001 6.17 (3.05–12.47) <0.001

Education years

>9 1.00 (Reference) 1.00 (Reference)

≤9 2.34 (1.87–2.92) <0.001 0.99 (0.75–1.30) 0.915

Community

Rural 1.00 (Reference) 1.00 (Reference)

Urban 1.50 (1.32–1.69) <0.001 1.61 (1.38–1.87) <0.001

BMIa

Normal 1.00 (Reference) 1.00 (Reference)

Underweight 0.58 (0.33–1.03) 0.065 1.16 (0.61–2.20) 0.065

Overweight 2.04 (1.79–2.33) <0.001 1.07 (0.91–1.26) 0.393

Obese 3.63 (2.93–4.51) <0.001 1.09 (0.82–1.44) 0.556

Smoking status

Never 1.00 (Reference) 1.00 (Reference)

Current 0.55 (0.46–0.66) <0.001 0.80 (0.61–1.04) 0.099

Former 1.24 (0.93–1.65) 0.152 1.12 (0.75–1.68) 0.574

Alcohol drinking

Never 1.00 (Reference) 1.00 (Reference)

Current 0.61 (0.49–0.76) <0.001 0.90 (0.68–1.19) 0.449

Former 1.69 (1.04–2.73) 0.034 1.20 (0.64–2.25) 0.562

Regular exercise

No 1.00 (Reference) 1.00 (Reference)

Yes 1.21 (1.06–1.37) 0.004 1.07 (0.91–1.25) 0.409

HbA1cb

<6.5% 1.00 (Reference) 1.00 (Reference)

≥6.5% 39.71 (34.50–45.70) <0.001 24.01 (20.59–28.01) <0.001

Hypertension

No 1.00 (Reference) 1.00 (Reference)

Yes 5.10 (4.30–6.05) <0.001 2.16 (1.77–2.64) <0.001

Table 2 (continued)
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Table 2 (continued)

Variables Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Dyslipidemia

No 1.00 (Reference) 1.00 (Reference)

Yes 3.14 (2.76–3.57) <0.001 1.58 (1.35–1.84) <0.001

CHD

No 1.00 (Reference) 1.00 (Reference)

Yes 4.19 (3.70–4.75) <0.001 2.15 (1.84–2.52) <0.001

Hyperuricemia

No 1.00 (Reference) 1.00 (Reference)

Yes 2.50 (2.18–2.85) <0.001 1.61 (1.36–1.90) <0.001

Family history of DM

No 1.00 (Reference) 1.00 (Reference)

Yes 3.19 (2.76–3.69) <0.001 2.73 (2.26–3.29) <0.001

Unadjusted OR was estimated from the univariate logistic regression model and adjusted OR was estimated from the multivariate logistic 
regression model with all the variables listed in the table. P value <0.05 means the significant correlation coefficient. a, BMI had 460 
missing values. b, HbA1c had 317 missing values. BMI, body mass index; CHD, coronary heart disease; CKD, chronic kidney disease; DM, 
diabetes mellitus; HbA1c, glycated hemoglobin. 

Table 3 Sensitivity analysis of univariate and multivariate logistic regression analysis of factors related to DM with CKD

Variables Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Sex

Male 1.00 (Reference) 1.00 (Reference)

Female 1.06 (0.87–1.30) 0.545 0.94 (0.70–1.28) 0.709

Age (years)

20–39 1.00 (Reference) 1.00 (Reference)

40–59 11.14 (3.55–34.99) <0.001 3.15 (0.96–10.29) 0.058

≥60 26.20 (8.40–81.78) <0.001 4.02 (1.22–13.25) 0.023

Education years

>9 1.00 (Reference) 1.00 (Reference)

≤9 2.31 (1.62–3.28) <0.001 1.09 (0.71–1.66) 0.689

Community

Rural 1.00 (Reference) 1.00 (Reference)

Urban 0.97 (0.79–1.17) 0.717 0.89 (0.71–1.12) 0.328

BMIa

Normal 1.00 (Reference) 1.00 (Reference)

Underweight 0.14 (0.02–0.99) 0.049 0.34 (0.05–2.53) 0.292

Table 3 (continued)
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Table 3 (continued)

Variables Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Overweight 2.57 (2.08–3.18) <0.001 1.24 (0.97–1.58) 0.091

Obese 5.50 (4.04–7.48) <0.001 1.36 (0.94–1.98) 0.103

Smoking status

Never 1.00 (Reference) 1.00 (Reference)

Current 0.67 (0.51–0.88) 0.005 0.79 (0.53–1.16) 0.223

Former 1.64 (1.08–2.47) 0.019 1.39 (0.81–2.38) 0.235

Alcohol drinking

Never 1.00 (Reference) 1.00 (Reference)

Current 0.68 (0.49–0.96) 0.028 0.78 (0.51–1.19) 0.244

Former 1.71 (0.80–3.65) 0.164 1.12 (0.46–2.73) 0.796

Regular exercise

No 1.00 (Reference) 1.00 (Reference)

Yes 1.15 (0.94–1.41) 0.173 1.02 (0.81–1.29) 0.860

HbA1cb

<6.5% 1.00 (Reference) 1.00 (Reference)

≥6.5% 54.42 (44.00–67.32) <0.001 30.89 (24.57–38.83) <0.001

Hypertension

No 1.00 (Reference) 1.00 (Reference)

Yes 7.78 (5.67–10.67) <0.001 2.81 (1.98–4.00) <0.001

Dyslipidemia

No 1.00 (Reference) 1.00 (Reference)

Yes 4.05 (3.29–4.98) <0.001 1.71 (1.34–2.17) <0.001

CHD

No 1.00 (Reference) 1.00 (Reference)

Yes 4.15 (3.42–5.04) <0.001 1.98 (1.57–2.49) <0.001

Hyperuricemia

No 1.00 (Reference) 1.00 (Reference)

Yes 3.97 (3.27–4.83) <0.001 2.19 (1.74–2.77) <0.001

Family history of DM

No 1.00 (Reference) 1.00 (Reference)

Yes 3.31 (2.65–4.12) <0.001 2.80 (2.13–3.68) <0.001

Unadjusted OR was estimated from the univariate logistic regression model and adjusted OR was estimated from the multivariate logistic 
regression model with all the variables listed in the table. P value <0.05 means the significant correlation coefficient. a, BMI had 504 missing 
values. b, HbA1c had 339 missing values. BMI, body mass index; CHD, coronary heart disease; CKD, chronic kidney disease; DM, diabetes 
mellitus; HbA1c, glycated hemoglobin.
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and other personal health information to control possible 
information bias. 

There were several limitations for this study. Firstly, it 
was impossible to infer a causal relationship between DM 
with CKD and associated factors with the cross-sectional 
design. Secondly, diagnostic indicators based on a single 
measurement were not confirmed after 3 months, and the 
prevalence of DM with CKD may be overestimated or 
underestimated in this study. Thirdly, urinary ACR was only 
available for those who had EHR data of clinical laboratory 
examinations, and albuminuria could be underdiagnosed.

Conclusions 

The prevalence of DM complicated with CKD in adults was 
2.9% (95% CI: 2.8–3.1%) in Songjiang District, Shanghai. 
DM with CKD were positively associated with female, older 
age, HbA1c ≥6.5%, hypertension, dyslipidemia, CHD, 
hyperuricemia and family history of DM. It is important to 
develop effective public health programs to control the DM 
with CKD for targeted populations.
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