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ABSTRACT
Introduction  Cohort evidence of the association of 
diabetes mellitus (DM) with chronic kidney disease (CKD) 
is limited. Previous studies often describe patients with 
kidney disease and diabetes as diabetic kidney disease 
(DKD) or CKD, ignoring other subtypes. The present study 
aimed to assess the prospective association of diabetes 
status (no diabetes, pre-diabetes, screened diabetes, 
previously diagnosed controlled/uncontrolled diabetes 
with/without antidiabetic treatment) and random plasma 
glucose (RPG) with CKD risk (including CKD subtypes) 
among Chinese adults.
Research design and methods  The present study 
included 472 545 participants from the China Kadoorie 
Biobank, using baseline information on diabetes and RPG. 
The incident CKD and its subtypes were collected through 
linkage with the national health insurance system during 
follow-up. Cox regression models were used to calculate 
the HR and 95% CI.
Results  During 11.8 years of mean follow-up, 5417 
adults developed CKD. Screened plus previously diagnosed 
diabetes was positively associated with CKD (HR=4.52, 
95% CI 4.23 to 4.83), DKD (HR=33.85, 95% CI 29.56 to 
38.76), and glomerulonephritis (HR=1.66, 95% CI 1.40 
to 1.97). In those with previously diagnosed diabetes, 
participants with uncontrolled diabetes represented higher 
risks of CKD, DKD, and glomerulonephritis compared with 
those with controlled RPG. The risk of DKD was found to 
rise in participants with pre-diabetes and increased with 
the elevated RPG level, even in those without diabetes.
Conclusions  Among Chinese adults, diabetes 
was positively associated with CKD, DKD, and 
glomerulonephritis. Screen-detected and uncontrolled DM 
had a high risk of CKD, and pre-diabetes was associated 
with a greater risk of DKD, highlighting the significance of 
lifelong glycemic management.

INTRODUCTION
Chronic kidney disease (CKD) accounts for 
a heavy global health burden due to its high 
prevalence and subsequent risk of end-stage 
renal disease, cardiovascular disease, and 
premature death.1 The global burden of CKD 
is rapidly increasing, and it is estimated to 
be the fifth leading cause of years of life lost 

worldwide by 2040.2 There is a growing aware-
ness of the importance of identifying high-risk 
individuals to prevent CKD and its complica-
tions. Given that diabetes mellitus (DM) is the 
primary driver of CKD, preventing CKD in 
people with diabetes could have a significant 
impact on lowering the global CKD burden.3

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Diabetes mellitus is the primary driver of chronic 
kidney disease (CKD), with the prevalence of CKD 
and diabetes (including pre-diabetes) increasing in 
China.

	⇒ Previous studies underexplored medical perspec-
tives on the differences of diabetes with CKD sub-
types, and the association between pre-diabetes 
and CKD remains uncertain.

WHAT THIS STUDY ADDS
	⇒ Adopting a longitudinal study design, we found that 
diabetes was independently associated with an in-
creased risk of CKD and specific subtypes, including 
diabetic kidney disease (DKD) and non-diabetic kid-
ney disease (NDKD) subtype—glomerulonephritis.

	⇒ Glycemic control, either through antidiabetic treat-
ment or other self-management approaches, could 
partly offset the risk of CKD brought by diabetes in 
patients with diagnosed diabetes.

	⇒ The risk of DKD was found to rise in participants 
with pre-diabetes and increased with the elevated 
random plasma glucose level, even in those without 
diabetes.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Our data highlighted the management of patients 
with diabetes for DKD and NDKD prevention.

	⇒ Early screening of CKD, broadening high-risk pop-
ulations from diabetes to pre-diabetes, was worth 
investigating.
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There are five major subtypes of CKD, including diabetic 
nephropathy, hypertensive renal disease, glomerular 
disease, renal tubulointerstitial diseases, and obstructive 
nephropathy.4 However, previous studies often define 
patients with DM with CKD as diabetic nephropathy or 
simply CKD, leading to underexplored medical perspec-
tives on diabetes with other CKD subtypes.5

Furthermore, it has been reported that up to one-third 
of patients with newly diagnosed diabetes already had 
kidney damage, implying that the effect of hyperglycemia 
on the occurrence of CKD may initiate before glucose 
levels reach the diagnostic threshold.6 7 Nevertheless, 
the effect of non-diabetic hyperglycemia, namely pre-
diabetes, remains largely unclear. Clarifying its link with 
CKD is critical for clinical practice and public health. 
Broadening the high-risk population from diabetes 
to pre-diabetes in the guideline for early screening of 
CKD may represent an early window of opportunity for 
prevention.

In recent decades, China has seen a marked increase 
in diabetes and pre-diabetes prevalence.8 However, there 
is little reliable prospective evidence of their effect on 
the risk of CKD in China. Therefore, we investigated the 
associations of diabetes and blood glucose levels with 
CKD risk, including its subtypes, in the China Kadoorie 
Biobank (CKB) population of 0.5 million adults.

RESEARCH DESIGN AND METHODS
Study population
The CKB study is an ongoing population-based prospec-
tive cohort study, and the study’s design and methods 
have been reported previously.9 10 512 724 adults aged 
30–79 years were recruited at baseline from June 2004 to 
July 2008. Participants with previously diagnosed kidney 
disease (n=7574) and major diseases that may alter 
glucose metabolism and intercorrelate with CKD, namely 
cancer (n=2527), coronary heart disease (n=14 737), and 
stroke (n=7453), were excluded. Those with missing body 
mass index (BMI) (n=2) or plasma glucose (n=7885) and 
those who lost their follow-up immediately after the base-
line survey (n=1) were further excluded, leaving 472 545 
participants for the primary analyses. All participants 
provided their written informed consent.

Assessment of diabetes
At the baseline survey, all participants were asked ‘Has 
a doctor ever told you that you had had diabetes?’. Indi-
viduals reporting a history of diabetes were further asked 
to provide additional information about age at diagnosis 
and current diabetes medications.

A non-fasting blood sample of 10 mL was collected from 
the participant into an EDTA vacutainer (BD Hemogard, 
BD, USA), with the time since the participant last ate 
being recorded. The random plasma glucose (RPG) 
levels were tested on-site using the SureStep Plus System 
(Johnson & Johnson). The tests were regularly calibrated 
with the manufacturer’s quality solution. Participants 

with RPG levels ≥7.8 and <11.1 mmol/L were invited to 
return for a fasting plasma glucose (FPG) test the next 
day.9 For consistency, we used only the first single RPG 
measurement in the RPG-related analysis.

In the present study, participants who reported 
diabetes history were defined as having previously diag-
nosed diabetes. Those without a history of diabetes were 
considered to have screen-detected diabetes if they met 
any of the following criteria: (1) RPG≥7.0 mmol/L if the 
time since the last eating was ≥8 hours; (2) ≥11.1 mmol/L 
if the time since the last eating was <8 hours; (3) an 
FPG≥7.0 mmol/L on subsequent testing.11 12 According 
to the medication and blood glucose level, we further 
categorized the participants with previously diagnosed 
diabetes into four groups: controlled diabetes without 
treatment, uncontrolled diabetes without treatment, 
controlled diabetes under treatment, and uncontrolled 
diabetes under treatment (online supplemental figure 
1).

Identification of CKD cases
The outcomes were ascertained through linkage with 
local disease registries, death registries, and the national 
health insurance system and were supplemented by 
active follow-up. Each event was coded by health workers 
blinded to baseline characteristics of participants 
according to the International Classification of Diseases, 
Tenth Revision (ICD-10). In the present study, partic-
ipants were followed up from the time they completed 
the baseline survey until the occurrence of CKD, death, 
loss to follow-up, or December 31, 2018, whichever came 
first. The ICD-10 codes for CKD cases were adapted from 
the China Kidney Disease Network,4 which included the 
five main subtypes. Detailed ICD-10 codes were listed in 
online supplemental table 1.

Assessment of covariates
At the baseline, participants had a face-to-face interview 
using a laptop-based questionnaire collecting infor-
mation on sociodemographic characteristics (eg, age, 
sex, education, household income, and occupation), 
smoking status, alcohol consumption, physical activity, 
and medical history (hypertension, diabetes, kidney 
disease, cancer, coronary heart disease, and stroke).

Trained staff measured standing height (cm), body 
weight (kg), and blood pressure (mm Hg) using cali-
brated instruments with standard procedures. Participants 
were measured in light clothes for body weight and waist 
circumference and without shoes for standing height. 
The daily level of physical activity was calculated by multi-
plying the metabolic equivalents of task (METs) value for 
a particular type of physical activity by the hours spent on 
that activity per day and summing the MET-hours for all 
activities (MET-hours/day). BMI was calculated as weight 
(kg)/height (m).2 Prevalent hypertension was defined as 
systolic blood pressure ≥140 mm Hg, diastolic blood pres-
sure ≥90 mm Hg, self-reported diagnosis of hypertension, 
or self-reported use of antihypertensive drugs at baseline.
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Statistical analysis
Baseline characteristics of participants were presented 
as age, sex, and region-adjusted means or percentages 
in each group of diabetes status, using linear regression 
models for continuous variables and logistic models for 
categorical variables, respectively.

Cox proportional hazards models were used to esti-
mate adjusted HRs of CKD associated with diabetes 
status at baseline, stratified by age at risk (5-year groups) 
and study area (10 areas), and adjusted for sex (male, 
female), educational level (no formal school, primary 
school, middle school, high school, technical school 
or college, university), household income (<¥20 000, 
≥¥20 000/year), and occupation (manual, others) in 
model 1; additionally adjusted for alcohol consumption 
(never or occasional drinker, former drinker, weekly 
drinker, daily drinker: <15, 15–30, 30–60, ≥60 g/day) 
and cigarette consumption (never or occasional smoker, 
former smoker, current regular smoker: <15, 15–25, ≥25 
cigarettes or equivalents/day), physical activity (MET-
hours/day, continuous) in model 2; additionally adjusted 
BMI (kg/m2, continuous) and hypertension status (yes 
or no) in model 3. HRs associated with CKD subtypes 
were estimated using consistent models, with competing 
risks of other subtypes not considered here.

With additional adjustments for the fasting time in 
models, we analyzed the association between RPG and 
CKD and its subtypes. The RPG levels were categorized 
into four groups (<5.6 (reference), 5.6–6.9, 7.0–11.0, 
and ≥11.1 mmol/L), considering the FPG thresholds for 
impaired fasting glucose and diabetes.11 12 RPG was also 
treated as a continuous variable, and HR (95% CI) for 1 
mmol/L increment of RPG was estimated. Furthermore, 
we used restricted cubic splines with four knots at the 
5th, 35th, 65th, and 95th percentiles of RPG to flexibly 
model the association of RPG with CKD.

Sensitivity analyses were performed to test the robust-
ness of the results. First, we additionally adjusted for 
diabetes treatment. Second, CKD cases within the initial 
2 years of follow-up were excluded to minimize the possi-
bility of reverse causality. Third, additional analysis of the 
associations of diabetes with CKD subtypes was censored 
at the earliest dates for any incidence of CKD subtypes 
to exclude the effect of the incidence of subsequent 
subtypes. Lastly, we analyzed the association between 
RPG and CKD among participants who had not been 
previously diagnosed with diabetes and those fasting for 
≥8 hours at baseline.

All statistical analyses were performed using Stata 
V.15.0, and statistical significance was set at a two-tailed 
p<0.05.

RESULTS
Among 472 545 participants, the average age was 
51.6±10.6 years at baseline, 41.0% were male, and 56.3% 
were from rural areas. At baseline, 12 745 (2.7%) partici-
pants reported a history of diabetes (previously diagnosed 

diabetes), and 12 792 (2.7%) were screen detected by the 
blood test. Participants with diabetes were more likely to 
be old, female, urban residents, with higher RPG, waist 
circumference, and a history of hypertension, and were 
less likely to be manual workers. Compared with the 
diagnosed diabetes, patients with screened diabetes were 
more likely to be rural residents, farmers or workers, 
current weekly drinkers, and with higher RPG levels 
(table 1).

Associations of diabetes with risk of CKD
During a median follow-up of 11.8 years, a total of 5417 
CKD cases were documented, including 1172 cases of 
diabetic nephropathy, 1531 cases of glomerular disease, 
364 cases of hypertensive renal disease, 480 cases of 
renal tubulointerstitial diseases, 595 cases of obstruc-
tive nephropathy, and 525 cases of other subtypes. After 
adjusting for multiple variables, diabetes was found to 
be positively associated with an increased risk of CKD 
(HR=4.52, 95% CI 4.23 to 4.83), with the strongest asso-
ciation observed in diabetic nephropathy (HR=33.85, 
95% CI 29.56 to 38.76), and a significantly elevated risk 
in glomerulonephritis (HR=1.66, 95% CI 1.40 to 1.97), 
but not for other types of CKD (table 2). The associations 
of diabetes with CKD, diabetic nephropathy, and glomer-
ulonephritis attenuated with additional adjustment for 
diabetes treatment but persisted in all the sensitivity anal-
yses (online supplemental table 2).

Besides, an elevated risk of CKD was observed in indi-
viduals with screened-detected diabetes (HR=2.83, 95% 
CI 2.55 to 3.15). In terms of diabetes management, 
the adjusted HRs of CKD were lowest in the controlled 
diabetes without medication group (HR=2.21, 95% 
CI 1.50 to 3.25), while were highest in the uncon-
trolled diabetes receiving antidiabetic treatment group 
(HR=8.17, 95% CI 7.46 to 8.95). Patients with DM with 
controlled blood glucose levels exhibited lower risks of 
CKD than those with hyperglycemia status whether were 
treated or not (online supplemental table 3).

Associations of RPG with risk of CKD
Compared with the RPG level of <5.6 mmol/L, those 
with RPG levels of 5.6–6.9, 7.0–11.0, and ≥11.1 mmol/L 
exhibited an augmented risk of CKD, with adjusted 
HRs of 1.19 (1.11–1.27), 1.79 (1.66–1.94), and 6.63 
(6.09–7.22), respectively. The association was in a dose–
response manner with HR=1.15 (95% CI 1.14 to 1.15) 
for every 1 mmol/L increase in RPG. Similar trends were 
also observed in diabetic nephropathy and glomerulone-
phritis (table 3). Multivariable-adjusted restricted cubic 
spline analysis indicated a ‘J-shaped’ association of RPG 
with CKD (p value for non-linearity <0.001) (figure 1). 
In the sensitivity analyses, the results remained essen-
tially unchanged after excluding participants with previ-
ously diagnosed diabetes (online supplemental table 
4). The diabetic kidney disease (DKD) risk persisted 
but CKD risk became insignificant for those with RPG 
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of 5.6–6.9 mmol/L when limited to those fasting for 
≥8 hours (online supplemental table 5).

DISCUSSION
Based on a large nationwide prospective cohort, diabetes 
was independently associated with an increased risk of 
CKD, diabetic nephropathy, and glomerulonephritis. 
Such associations were also observed for screen-detected 
diabetes, as well as previously diagnosed diabetes, and 
participants with uncontrolled diabetes represented 
higher risk than those with controlled diabetes regardless 
of antidiabetic treatment status. Besides, the risk of DKD 
was found to rise in participants with pre-diabetes and 
RPG was also positively associated with CKD risk even in 
those without diabetes.

Two previous cohort studies have reported an increased 
risk of CKD in patients with diabetes, but neither of 
them differentiated between subtypes of CKD.13 14 It 
is important to distinguish CKD subtypes, especially 
between DKD and non-diabetic kidney disease (NDKD) 
for disease prevention and clinical practice.15 16 A 3-year 
prospective, multicenter cohort study found that patients 
with DKD had a higher risk of a worse prognosis than 
NDKD (HR=2.30, 95% CI 1.48 to 3.58).17 The present 
study is the first to explore the associations between DM 
and CKD subtypes and found that DM was associated 

with both DKD and NDKD (ie, glomerulonephritis) in 
Chinese adults. Studies show hyperglycemia is the core 
upstream driver of both DKD and NDKD, while the role 
of hyperglycemia is slightly different.18 In DKD, hypergly-
cemia directly leads to kidney lesions from many aspects, 
such as metabolism, inflammation, and hemodynamics, 
characterized by glomerular hyperfiltration, glomerular 
hypertension, hyper-reabsorption in the proximal tubule, 
glomerular hypertrophy, macroproteinuria, glomerulo-
sclerosis, and then nephron loss.18 In NDKD, the loss of 
nephrons is caused by genetic or other acquired causes, 
and hyperglycemia further aggravates the damage to the 
kidney, which is an indirect cause of NDKD.18 This may 
partly explain the larger strength of association of DM 
with DKD than NDKD. 5.4% of the patients with CKD in 
CKB developed two or more subtypes of CKD. To avoid 
interactions between subtypes, we only retained the 
prior-onset subtype, and the results were not substantially 
changed.

In the present study, half of the diabetes were screen 
detected, close to rates reported in China (53.1%)8 and 
globally (47.9%).19 Screen-detected DM raised a signifi-
cant public health issue due to its asymptomatic features 
and health risks.20 So far, only one Japanese retrospec-
tive study has evaluated the impact of screen-detected 
DM on the risk of developing DKD (HR=1.57, 95% CI 

Table 1  Baseline characteristics by diabetes status in CKB (n=472 545)

No diabetes*

Diabetes*

Total Screen detected Previously diagnosed

Participants (n) 447 008 25 537 12 792 12 745

Age (years) 51.2 57.3 56.0 58.5

Female (%) 58.8 62.8 61.7 63.8

Urban resident (%) 43.0 57.5 53.9 60.8

>6 years of education (%) 49.4 49.3 47.3 51.2

Household income ≥¥20 000/year (%) 42.8 44.5 43.7 45.2

Worker or farmer 57.6 48.8 52.5 44.7

Current regular smoker† (%)

 � Male 67.9 66.3 68.2 64.4

 � Female 2.6 2.6 2.5 2.7

Current weekly drinker (%)

 � Male 33.9 30.0 36.8 22.9

 � Female 2.1 1.0 1.6 0.6

Physical activity (MET-hours/day) 21.6 19.6 20.3 18.8

BMI (kg/m2) 23.5 24.8 25.0 24.5

Waist circumference (cm) 79.8 84.6 85.0 84.1

RPG (mmol/L) 5.7 12.2 13.0 11.3

Hypertension (%) 32.9 49.3 49.3 48.9

Results were adjusted for age, region, and sex (where appropriate).
*The comparisons between the no diabetes and diabetes groups were significant at p<0.01 except for education and female smoking.
†Former smokers who quitted smoking due to illness were counted as current smokers.
BMI, body mass index; CKB, China Kadoorie Biobank; MET, metabolic equivalent of task; RPG, random plasma glucose.
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1.16 to 2.12).21 The present study revealed that screen-
detected diabetes could increase the risk of CKD, DKD, 
and glomerulonephritis. Screened diabetes represented 
lower risks of CKD than uncontrolled diabetes previously 
diagnosed. Screened diabetes may be at an early stage of 
DM, where clinical symptoms have not manifested yet. 
Therefore, our findings implicated the importance of 
early diabetes screening for the prevention and manage-
ment of CKD.

A Chinese nationwide population-based study reported 
that among individuals with diabetes, 67.8% remained 
untreated, and 50.8% of those treated had poor glycemic 
control.22 Similar to this study, our study revealed the 
prevalence of untreated diabetes was 57.7%, and 60.7% 
showed abnormal blood glucose after treatment. Higher 
risks of CKD were borne in uncontrolled diabetes and 
with additional adjustment for diabetes treatment, the 
risk of DKD and glomerulonephritis in patients with 
diabetes attenuated in the current study. The results high-
lighted the need for rigorous management of diabetes 
and optimal blood glucose control to mitigate the clinical 
and economic burden of CKD. We found the risk of CKD 
was slightly higher in patients with treated diabetes than 
in untreated ones. Antidiabetic medication adherence is 

important for maximizing the effectiveness of pharma-
ceutical therapy and the role of self-management, like 
maintaining healthy lifestyles, including diet habits and 
exercise, could not be neglected to improve the prog-
nosis of diabetes.23 24

The association of pre-diabetes with the risk of kidney 
disease has not been consistent across studies. Several 
cross-sectional studies have observed an increased risk of 
CKD in the pre-diabetes population.25 26 A meta-analysis 
of nine cohort studies also reported that impaired fasting 
glucose was modestly associated with increased CKD risk.6 
However, a study based on the Systolic Blood Pressure 
Intervention Trial found that impaired fasting glucose was 
not associated with CKD.27 Besides, Korean and Japanese 
prospective cohort studies reported elevated HbA1c, but 
not impaired fasting glucose, which was an independent 
predictor of incident CKD, indicating that using different 
blood glucose indicators may yield different results.28 29 In 
a Mendelian randomization study conducted in a Danish 
cohort, RPG was causally associated with diabetic 
nephropathy, which supported the idea that an elevated 
glucose level has a causal role in the pathogenesis of the 
microvascular disease. Consistent with the Danish study, 
we observed a stepwise increase in the risk of CKD with 

Table 2  Adjusted HRs for CKD by diabetes status at baseline

Events (n) Incidence rate*

HR (95% CI)

Model 1 Model 2 Model 3

CKD

 � No diabetes 4116 78.28 1.00 1.00 1.00

 � Diabetes 1301 468.75 5.19 (4.86–5.54) 5.09 (4.77–5.44) 4.52 (4.23–4.83)

Diabetic nephropathy

 � No diabetes 348 6.60 1.00 1.00 1.00

 � Diabetes 824 295.33 38.71 (33.89–44.21) 37.82 (33.10–43.21) 33.85 (29.56–38.76)

Glomerulonephritis

 � No diabetes 1372 26.05 1.00 1.00 1.00

 � Diabetes 159 56.67 1.89 (1.59–2.23) 1.86 (1.57–2.20) 1.66 (1.40–1.97)

Hypertensive nephropathy

 � No diabetes 320 6.07 1.00 1.00 1.00

 � Diabetes 44 15.66 1.79 (1.29–2.47) 1.75 (1.27–2.43) 1.37 (0.99–1.90)

Tubulointerstitial nephritis

 � No diabetes 437 8.29 1.00 1.00 1.00

 � Diabetes 43 15.31 1.44 (1.04–1.98) 1.42 (1.03–1.96) 1.34 (0.97–1.85)

Obstructive nephropathy

 � No diabetes 573 10.87 1.00 1.00 1.00

 � Diabetes 22 7.83 0.94 (0.61–1.45) 0.92 (0.60–1.42) 0.86 (0.56–1.32)

HRs were adjusted for sex, education, household income, and occupation in model 1 and stratified by study regions and age at the study 
date; model 2 adjusted for variables in model 1 plus alcohol consumption, smoking consumption, and MET; model 3 adjusted for variables in 
model 2 plus BMI and hypertension status.
*The incidence rate was derived from CKD case count divided by total person-years (presented as per 100 000 person-years). Total person-
year at risk was calculated from the time participants completed the baseline survey until the occurrence of CKD, death, loss to follow-up, or 
December 31, 2018, whichever came first.
BMI, body mass index; CKD, chronic kidney disease; MET, metabolic equivalent of task.
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Table 3  Adjusted HRs for CKD by levels of RPG

Events (n) Incidence rate*

HR (95% CI)

Model 1 Model 2 Model 3

CKD (mmol/L)  �   �   �   �   �

 � <5.6 2066 68.58 1.00 1.00 1.00

 � 5.6–6.9 1480 88.14 1.22 (1.14–1.31) 1.22 (1.14–1.31) 1.19 (1.11–1.27)

 � 7.0–11.0 1014 144.29 1.94 (1.79–2.10) 1.93 (1.79–2.09) 1.79 (1.66–1.94)

 � ≥11.1 857 607.05 7.77 (7.15–8.45) 7.63 (7.01–8.30) 6.63 (6.09–7.22)

 � P value for trend  �   �  <0.001 <0.001 <0.001

 � Effect per 1 mmol/L  �   �  1.15 (1.15–1.16) 1.15 (1.15–1.16) 1.15 (1.14–1.15)

Diabetic nephropathy  �   �   �   �   �

 � <5.6 153 5.07 1.00 1.00 1.00

 � 5.6–6.9 165 9.80 1.93 (1.54–2.40) 1.93 (1.54–2.41) 1.86 (1.49–2.32)

 � 7.0–11.0 306 43.40 8.45 (6.91–10.32) 8.39 (6.86–10.24) 7.67 (6.27–9.37)

 � ≥11.1 548 385.85 68.69 (56.89–82.94) 66.88 (55.38–80.77) 57.98 (47.92–70.15)

 � P value for trend  �   �  <0.001 <0.001 <0.001

 � Effects per 1 mmol/L  �   �  1.25 (1.24–1.26) 1.25 (1.24–1.26) 1.24 (1.24–1.25)

Glomerulonephritis  �   �   �   �   �

 � <5.6 714 23.67 1.00 1.00 1.00

 � 5.6–6.9 451 26.80 1.15 (1.02–1.29) 1.15 (1.02–1.29) 1.12 (0.99–1.26)

 � 7.0–11.0 259 36.73 1.54 (1.33–1.79) 1.54 (1.33–1.79) 1.44 (1.24–1.67)

 � ≥11.1 107 74.83 3.04 (2.46–3.75) 3.01 (2.44–3.71) 2.64 (2.14–3.27)

 � P value for trend  �   �  <0.001 <0.001 <0.001

 � Effects per 1 mmol/L  �   �  1.09 (1.08–1.11) 1.09 (1.08–1.11) 1.08 (1.07–1.10)

Hypertensive nephropathy  �   �   �   �

 � <5.6 149 4.93 1.00 1.00 1.00

 � 5.6–6.9 111 6.59 1.17 (0.91–1.50) 1.16 (0.91–1.49) 1.09 (0.85–1.40)

 � 7.0–11.0 81 11.48 1.78 (1.35–2.37) 1.78 (1.34–2.36) 1.50 (1.13–1.98)

 � ≥11.1 23 16.06 2.12 (1.35–3.33) 2.09 (1.33–3.28) 1.55 (0.99–2.44)

 � P value for trend  �   �  <0.001 <0.001 0.015

 � Effects per 1 mmol/L  �   �  1.07 (1.04–1.10) 1.07 (1.04–1.10) 1.05 (1.02–1.08)

Tubulointerstitial nephritis  �   �   �   �

 � <5.6 240 7.95 1.00 1.00 1.00

 � 5.6–6.9 154 9.15 0.98 (0.80–1.20) 0.98 (0.80–1.21) 0.96 (0.78–1.18)

 � 7.0–11.0 62 8.79 0.93 (0.70–1.24) 0.93 (0.69–1.24) 0.88 (0.66–1.18)

 � ≥11.1 24 16.77 1.67 (1.08–2.56) 1.65 (1.07–2.54) 1.53 (0.99–2.35)

 � P value for trend 0.054 0.059 0.139

 � Effects per 1 mmol/L 1.04 (1.00–1.07) 1.04 (1.00–1.07) 1.03 (1.00–1.07)

Obstructive nephropathy  �   �   �   �   �

 � <5.6 295 9.77 1.00 1.00 1.00

 � 5.6–6.9 204 12.12 1.14 (0.95–1.36) 1.14 (0.95–1.36) 1.12 (0.93–1.34)

 � 7.0–11.0 86 12.19 1.18 (0.92–1.51) 1.18 (0.92–1.51) 1.13 (0.88–1.45)

 � ≥11.1 10 6.96 0.75 (0.40–1.42) 0.74 (0.39–1.39) 0.68 (0.36–1.28)

 � P value for trend  �   �  0.903 0.866 0.554

 � Effects per 1 mmol/L  �   �  1.01 (0.97–1.05) 1.01 (0.97–1.05) 1.00 (0.96–1.04)

HRs were adjusted for sex, education, household income, occupation, and fasting time in model 1 and stratified by study regions and age at the study date; 
model 2 adjusted for variables in model 1 plus alcohol consumption, smoking consumption, and MET; model 3 adjusted for variables in model 2 plus BMI and 
hypertension status.
*The incidence rate was derived from CKD case count divided by total person-years (presented as per 100 000 person-years). Total person-year at risk was 
calculated from the time participants completed the baseline survey until the occurrence of CKD, death, loss to follow-up, or December 31, 2018, whichever came 
first.
BMI, body mass index; CKD, chronic kidney disease; MET, metabolic equivalent of task; RPG, random plasma glucose.
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increasing RPG within the normoglycemic range. As RPG 
is subject to greater intraindividual variation than other 
glycemic indicators, we additionally adjusted for fasting 
time in the model. Though the participants with RPG of 
5.6–6.9 mmol/L showed a higher risk of CKD than those 
with the recommended RPG level (<5.6 mmol/L), our 
study showed impaired fasting glucose or pre-diabetes 
was associated with DKD when restricting our analysis to 
the participants fasting for ≥8 hours.

As far as we know, the present study is the first to 
explore the association between DM/RPG and the risk 
of CKD subtypes. The strengths of our study included 
its prospective study design, large sample size, and 
long follow-up time. Moreover, the data collection was 
conducted by well-trained technicians with standardized 
protocols. Second, we used detailed diabetes information 
to analyze the impact of DM on the risk of CKD from 
multiple perspectives, including the source of diabetes 
diagnosis, diabetes treatment status, and continuum of 
diabetes. Third, we conducted a series of sensitivity anal-
yses, which helped to avoid the reverse causality and 
interaction between CKD subtypes.

Inevitably, several limitations should be considered 
when interpreting the study results. First, we only used 
diabetes treatment information collected in the baseline 
survey. However, it may change during follow-up, which 
was not considered in this study. Second, the CKB cohort 
collects outcomes from multiple sources, but the majority 
was from inpatient health insurance. Thus, patients with 
undiagnosed CKD would be misclassified as participants 
without diseases of interest in the present study, which 
leads to an underestimation of the association. Further-
more, it should be acknowledged that the potential 
for misclassification of CKD subtypes cannot be disre-
garded when clinical diagnosis primarily relies on mani-
festations and renal biopsy is not required in routine 

practice. Third, although we adjusted various estab-
lished and potential risk factors for CKD, biomarkers 
(eg, triglycerides, cholesterol) were not measured in 
the present study, resulting in the possibility of residual 
confounding. Fourth, RPG level could fluctuate with diet 
and physical activity during the day. Metrics like HbA1c 
and glucose trends would better represent how well DM 
is controlled and managed. Since HbA1c and glucose 
trends were unavailable in most of the participants in 
CKB, the external validity of the results may be limited. 
Fifth, the information on diabetes diagnosis and treat-
ment was self-reported, which might bias the association.

CONCLUSION
In summary, we have found positive associations of 
diabetes with CKD and its specific subtypes, including 
diabetic nephropathy and glomerular disease in Chinese 
adults. Patients with diabetes who were undiagnosed or 
uncontrolled were also associated with an elevated risk 
of CKD. Even among those who did not have diabetes, 
elevated blood glucose levels could increase the risk of 
CKD. Our findings provided evidence that managing 
diabetes, including early detection, blood glucose moni-
toring, and control, could reduce the risk of developing 
CKD.
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