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ABSTRACT

Diabetic kidney disease (DKD) is emerging rapidly as the leading cause of chronic kidney disease
(CKD) worldwide. In this 3-year prospective, multicenter cohort study, a total of 1138 pre-dialysis
CKD patients were recruited. Patients were categorized into two groups according to the etiolo-
gies of DKD and non-diabetic kidney disease (NDKD). Propensity score matching was performed
to adjust for confounding factors, resulting in 197 patients being assigned to DKD and NDKD
groups, respectively. The primary endpoints were 50% estimated glomerular filtration rate (eGFR)
decline and initiation of kidney replacement therapy (KRT). The secondary endpoints were all-
cause death and the development of cardiovascular disease (CVD) events. We found that DKD
patients have a higher risk to develop 50% eGFR decline endpoint (HR:2.30, 95%CI [1.48-3.58],
p <0.001) and KRT endpoint (HR:1.64, 95%CI [1.13-2.37], p <0.05) than NDKD patients. The
3-year cumulative incidence of 50% eGFR decline and KRT endpoint was significantly higher in
DKD patients (26.90% vs.13.71% and 35.03% vs. 22.34%, respectively). The Cox regression analy-
ses showed that the increased systolic blood pressure (SBP), DKD, decreased serum albumin
(Alb), and higher CKD stages were risk factors for the 50% eGFR decline endpoint; the increased
SBP, DKD, decreased serum Alb, serum creatinine (Scr), higher CKD stages, presence of protein-
uria and CVD were risk factors for KRT endpoint; the increased age, decreased hemoglobin (Hb),
decreased serum Alb were risk factors for all-cause death endpoint; the increased age, decreased
serum Alb were risk factors for CVD events endpoint. Appropriate preventive or therapeutic
interventions should be taken to control these predictive factors to delay the development of
CKD complications, thereby improving the prognosis and reducing the disease burden of the
high-risk populations.
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1. Introduction metabolic mechanisms, hemodynamic dysregulations,
oxidative stress, immune and inflammatory response,
autophagy [6], and so on are involved in the develop-
ment and progression of DKD. Despite abundant thera-
peutic strategies have been made to manage diabetes,
the prevalence of DKD remains high and has attracted
a considerable amount of research in this area.
However, few studies have been conducted to compare
the prognosis of CKD patients according to the classifi-

cation of DKD and non-diabetic kidney disease (NDKD).

Chronic kidney disease (CKD) is a highly prevalent and
increasingly serious public health problem worldwide
[1]. A systematic analysis of the Global Burden of
Disease Study showed that there are 697.5 million CKD
patients worldwide and this accounts for 9.1% of the
world’s population [2]. With an increasingly aging glo-
bal population, the prevalence of diabetes is rapidly
increasing [3]. Worldwide, 439 million and 783.2 million

adults are estimated to develop diabetes by 2030 and
2045 respectively [4,5]. Therefore, the prevalence of dia-
betic kidney disease (DKD) is genuinely increasing in
recent years and has become the leading cause of CKD
worldwide [1]. Unlike other etiologies of CKD, both

Therefore, the present prospective cohort study
aimed to further evaluate the differences in prognosis
between DKD and NDKD patients. The primary object-
ive of the present study was to assess the long-term
outcome of 50% estimated glomerular filtration rate
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(eGFR) decline and kidney replacement therapy (KRT)
events between DKD and NDKD patients. And the sec-
ondary objective was to compare the outcome of all-
cause death and cardiovascular disease (CVD) events in
DKD and NDKD patients. In this way, it can be eluci-
dated whether patients with DKD carry a worse progno-
sis than NDKD patients, and prognostic risk factors can
also be explored. It is anticipated that our study may
provide some preventive or therapeutic interventions
for CKD patients by controlling these associated risk
factors. At the same time, the disease burden of CKD
patients can be reduced and the quality of life and
prognosis of CKD patients can be improved through
effective prevention.

2. Materials and methods
2.1. Data collection and study design

A 3-year prospective, observational, multicenter cohort
study from the Chronic Kidney Disease Research of
Outcomes in Treatment and Epidemiology (CKD-
ROUTE) study was used for data analysis [7]. The design
and baseline characteristics of the CKD-ROUTE study
had been described in detail previously [7,8] and the
data was kindly shared by original authors Soichiro
limori et al. from the Dryad repository (DOI: 10.5061/
dryad.kg23s). In conclusion, a total of 1138 CKD
patients with stages 2-5 according to the Kidney
Disease Improving Global Outcomes (KDIGO) classifica-
tion who were not on dialysis from the Tokyo Medical
and Dental University Hospital and its 15 affiliated hos-
pitals in the Tokyo metropolitan area were recruited.
Etiology of kidney disease in each patient was deter-
mined by the physician who was treating the patient at
the time of enrollment, based on patients’ past histor-
ies, clinical characteristics and findings, and histological
findings in biopsied kidney specimens [8]. Diabetes was
defined as either HbA1c>6.5% or receiving anti-dia-
betic therapy [8]. Patients with a history of diabetes,
loss of kidney function, presence of proteinuria, and
pathological manifestations of DKD confirmed by kid-
ney biopsy were defined as the DKD group. After
excluding DKD, CKD patients who don’t have DKD were
defined as the NDKD group including chronic glomer-
ulonephritis, nephrosclerosis, and others [8]. Baseline
characteristics of the participants were recorded at the
initial medical examination, and the follow-up data
were obtained every 6 months. eGFR was calculated
using the modified three-variable Modification of Diet
in Renal Disease (MDRD) equation developed by the
Japanese Society of Nephrology [7-9]. This study was in
accordance with the Declaration of Helsinki and

approved by the ethics committees as described in the
previous study [7,10]. And all the participants provided
written consent [7,10].

2.2. Propensity score matching

In our present study, the participants were divided into
two groups according to the etiologies of CKD. DKD
patients were defined as the DKD group and other
types of CKD were defined as the NDKD group.
Propensity score matching (PSM) (1:1) was performed
using a logistic regression model to reduce potential
confounding factors including gender, age, systolic
blood pressure (SBP), body mass index (BMI), hemoglo-
bin (Hb), serum albumin (Alb), serum creatinine (Scr),
eGFR, the prevalence of CVD, the prevalence of hyper-
tension, CKD stage, proteinuria, urinary occult blood,
use of renin-angiotensin system inhibitors (RASI), use of
calcium channel blocker (CCB), and use of diuretics.
Individual propensity scores were calculated and
patients between DKD and NDKD groups were matched
using the nearest-neighbor matching algorithm with a
caliper value = 0.02. After PSM, 197 patients were
assigned to each group respectively. Therefore, a total
of 394 CKD patients were analyzed in our pre-
sent study.

2.3. Endpoints

The primary endpoints in our study were composite
kidney endpoints [11] including 50% eGFR decline
(>50% eGFR loss) and initiation of KRT (including
hemodialysis or peritoneal dialysis). The secondary end-
points were the all-cause death and development of
CVD events. CVD events included ischemic heart dis-
ease, congestive heart failure, peripheral arterial dis-
ease, or stroke [7]. Patients were followed up until the
occurrence of the endpoints or until the end of the
cohort study.

2.4. Statistical analysis

For baseline characteristics, the independent Student’s
t-test was used to compare normally distributed con-
tinuous variables between DKD and NDKD groups and
presented as mean * standard deviation (x*s). Non-nor-
mally distributed continuous variables were compared
using the Mann-Whitney U test and presented as
medians and interquartile range (M, IQR). Categorical
data were presented as frequencies and percentages
and compared by the Chi-square test. Statistical analy-
ses were performed using SPSS software, version 26.0.



Cumulative hazard curves of the primary and sec-
ondary endpoints were analyzed via the R packages
ggplot2, survival, and survminer. The log-rank test was
used to calculate the hazard ratio (HR), 95% confidence
interval (Cl), and P-value. Cox regression analyses were
performed for the primary and secondary outcomes to
further determine prognostic factors for 50% eGFR
decline, KRT, all-cause death, and CVD events end-
points. The proportional hazard (PH) assumption was
tested graphically through the Schoenfeld residual test
for all variables using the cox.zph function in the sur-
vival R package. The variables that met the PH assump-
tion were directly entered into the Cox proportional
hazard models. The variables that didn't meet the PH
assumption were included in the model as
time-dependent covariates (T_COV_variables:
bles*In(time)). Univariate Cox regression analyses were
performed for all variables to calculate the p-values.
Variables with a p-value <0.05 in the univariate Cox
regression analyses were entered into multivariate Cox
regression models to identify the independent risk fac-
tors for primary and secondary endpoints. All P values
presented are based on two-tailed tests, and p < 0.05
was considered statistically significant.

varia-

3. Results

3.1. Baseline characteristics of the participants
before and after PSM

A total of 1138 CKD patients were recruited in the CKD-
ROUTE study, including 851 NDKD patients and 287
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DKD patients. Before PSM, the baseline characteristics
were significantly different between DKD and NDKD
groups. After PSM, a total of 394 patients (197 pairs)
remained for further analyses and the matched groups
were well-balanced. There were no statistically signifi-
cant differences between the two groups after PSM
(p>0.05). Characteristics of the cohorts before and
after PSM are presented in Table 1.

3.2. Comparison of the cumulative incidence of
primary and secondary endpoints between DKD
and NDKD groups in 3 years

The primary outcomes (50% eGFR decline and initiation
of KRT) and secondary outcomes (all-cause death and
CVD events) were defined as research endpoints in the
present study. We calculated the 3-year cumulative inci-
dence of endpoints and compared the differences in
incidence between the DKD and NDKD groups. The
results showed that the overall incidence of 50% eGFR
decline, KRT, all-cause death, and CVD events were
20.30%, 28.68%, 10.15%, and 15.74%. The cumulative
incidence of 50% eGFR decline, KRT, all-cause death,
and CVD events for NDKD patients were 13.71%,
22.34%, 9.64%, and 13.71%. The cumulative incidence
of 50% eGFR decline, KRT, all-cause death, and CVD
events for DKD patients were 26.90%, 35.03%, 10.66%,
and 17.77%. The incidence for primary endpoints was
significantly higher in the DKD group than that in the
NDKD group (p < 0.05). There were no significant differ-
ences in the incidence of secondary outcomes between
the two groups (p > 0.05) (Table 2).

Table 1. Baseline characteristics between the DKD and NDKD groups before and after propensity score matching.

Before-PSM After-PSM

NDKD group DKD group $/t/Z value  p-Value  NDKD group DKD group $2/t/Z value  p-Value
Number (n) 851 287 - - 197 197 - -
Gender (male/female, number) 589/262 203/84 0.234 0.629 145/52 149/48 0.214 0.643
Age (year, X 5) 68.15 + 14.05 66.07 =11.90 2133 0.033  69.19+13.39 66.97 +11.62 1.756 0.080
SBP (mmHg, X £5) 137.93+22.06 145.95+23.09 —5.648 <0.001 143.91+24.77 143.21+23.05 0.291 0.772
BMI (kg/m?, X %) 23.25+3.73 25.07 £4.57 —5.806 <0.001  24.79+4.22 24.36 £3.99 1.054 0.292
Hb (g/L, X £5) 121.85+22.43 110.18+21.18 7.966 <0.001 113.57+£22.21 112.50+21.04 0.494 0.622
Serum Alb (g/L, X +5) 39.61+5.86 3491 +6.64 10.603 <0.001 37.10£6.61 36.43 £5.82 1.067 0.286
Scr (mg/dL, M, IQR) 1.59,1.31 2.36,1.84 167971.000 <0.001 217,19 2.20,1.83 20287.000 0.435
eGFR (ml/min/1.73m?, M, IQR) 33.03,29.74 20.18,20.11 78358.500  <0.001 23.67,16.42 21.44,15.41 18738.500  0.556
Prevalence of CVD (Yes, %) 194, 22.84 111, 38.70 27.585 <0.001 77,39.10 61,31.00 2.855 0.091
Prevalence of hypertension (Yes, %) 750, 88.10 277, 96.50 17.138 <0.001 194,98.50 187,94.90 3.898 0.048
CKD stage (2/3/4/5, number) 85/396/248/122  10/74/116/87 71.612 <0.001 10/54/79/54 7/54/86/50 0.980 0.806
Proteinuria (Yes, %) 458, 54.70 252, 88.40 103.924 <0.001 161,81.70 168,85.30 0.903 0.342
Urinary occult blood (Yes, %) 270, 32.30 108, 37.90 3.024 0.082 74,37.60 69,35.00 0.274 0.600
Use of RASI (Yes, %) 496, 58.30 224, 78.00 36.076 <0.001 154,78.20 147,74.60 0.690 0.406
Use of CCB (Yes, %) 374, 43.90 162, 56.40 13.454 <0.001 123,62.40 111,56.30 1.515 0.218
Use of diuretics (Yes, %) 232, 27.30 149, 51.90 58.576 <0.001 97,49.20 90,45.70 0.499 0.480

Abbreviations: DKD: diabetic kidney disease; NDKD: non-diabetic kidney disease; SBP: systolic blood pressure; BMI: body mass index; Hb: hemoglobin; Alb:
albumin; Scr: serum creatinine; eGFR: estimated glomerular filtration rate; CVD: cardiovascular disease; CKD: chronic kidney disease; RASI: Renin-angioten-

sin system inhibitors; CCB: calcium channel blocker.
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3.3. Cumulative hazard curves of endpoints

Cumulative hazard curves were produced to calculate
the cumulative incidence and HR of primary outcomes
(50% eGFR decline and initiation of KRT) and secondary
outcomes (all-cause death and CVD events) between
two groups. The results revealed that patients with
DKD have a significantly higher risk to develop 50%
eGFR decline endpoint than those NDKD patients
(HR:2.30, 95% Cl [1.48-3.58], p<0.001) (Figure 1(A)).
The risk of progression to KRT endpoint was much
higher in the DKD group than NDKD group (HR:1.64,
95% Cl [1.13-2.37], p<0.05) (Figure 1(B)). And NDKD
patients had a higher probability to be free from 50%
eGFR decline endpoint and KRT endpoint (Figure
1(A,B)). No significant differences were observed regard-
ing all-cause death and CVD events endpoints between
the two groups (p > 0.05) (Figure 1(C,D)).

3.4. Prognostic factors for endpoints

The PH assumption tests were performed for variables
in each endpoint and the results showed that all the
variables associated with 50% eGFR decline endpoint,

Table 2. Comparison of the cumulative incidence of primary
and secondary endpoints.

Overall NDKD DKD Chi-square

(%) (%) (%) value  p Value

Incidence of primary endpoints

50% eGFR decline 2030 13.71 2690 10.603 0.001

KRT 28.68 2234 35.03 7.755  0.005
Incidence of secondary

endpoints

All-cause death 10.15  9.64 10.66 0.111 0.739

CVD events 15.74 13.71 17.77 1.225 0.268

Table 3. Univariate Cox regression analyses for endpoints.

all-cause death endpoint, and CVD events endpoint
met the PH assumption (p > 0.05). However, variables
Scr and the prevalence of CVD violated the PH
assumption in the KRT endpoint (p < 0.05). So, time-
dependent covariates (T_COV_Scr and T_COV_
Prevalence of CVD) were constructed in the analysis of
the KRT endpoint. The detailed Schoenfeld residual
plots can be seen in the Supplementary Materials
(Figure S1-54).

The results of the univariate Cox regression analyses
for four endpoints can be seen in Table 3. The multivari-
ate Cox regression analyses for 50% eGFR decline end-
point revealed that the increased SBP (HR:1.015, 95% ClI
[1.006-1.024], p <0.05), DKD (HR for DKD vs. NDKD:
2.886, 95% Cl [1.784-4.668], p <0.001), decreased
serum Alb (HR:0.882, 95% Cl [0.852-0.914], p < 0.001),
higher CKD stages (HR:1.695, 95% Cl [1.098-2.618],
p < 0.05) were independent risk factors for the progres-
sion of 50% eGFR decline endpoint (Figure 2(A)).

The Cox regression model with KRT endpoint as an
outcome showed that the increased SBP (HR: 1.012,
95% Cl [1.003-1.020], p < 0.05), DKD (HR for DKD vs.
NDKD: 1.604, 95%CI [1.049-2.454], p < 0.05), decreased
serum Alb (HR:0.943, 95% Cl [0.903-0.984], p < 0.05), Scr
(HR: EXP(2.076-0.892*In(t)), p < 0.001), higher CKD
stages (HR:6.984, 95% ClI [4.185-11.656], p < 0.001),
presence  of  proteinuria (HR:8.582, 95% (I
[1.163-63.300], p <0.05), prevalence of CVD (HR:
EXP(2.813-0.894*In(t)), p<0.001) were independent
risk factors for KRT endpoint (Figure 2(B)).

The results of the Cox regression analyses for the all-
cause death endpoint showed that the increased age
(HR:1.063, 95% Cl [1.024-1.104], p < 0.05), decreased Hb
level (HR: 0.971, 95% Cl [0.953-0.989], p < 0.05),

50% eGFR decline endpoint

KRT endpoint

All-cause death endpoint CVD events endpoint

Characteristics HR (95%Cl) p Value HR (95%Cl) p Value HR (95%Cl) p Value HR (95%Cl) p Value
Gender (male/female) 1.465 (0.847-2.534) 0.172  0.862 (0.574-1.293) 0.472 0.852 (0.433-1.675) 0.642 1.239 (0.683-2.248) 0.481
Age 0.989 (0.972-1.007) 0.235  0.988 (0.973-1.002) 0.095 1.081 (1.041-1.122) <0.001 1.043 (1.017-1.069) 0.001
SBP 1.012 (1.004-1.020) 0.004  1.015 (1.009-1.022) <0.001 0.997 (0.983-1.010) 0.640 1.000 (0.990-1.011) 0.970
BMI 0.948 (0.894-1.006) 0.080  0.949 (0.903-0.997) 0.036 0.915 (0.840-0.996) 0.041 0913 (0.853-0.978) 0.009
Etiology of CKD (DKD/NDKD) 2.340 (1.472-3.722) <0.001  1.646 (1.127-2.403) 0.010 1.149 (0.618-2.138) 0.660 1.415 (0.856-2.338) 0.176
Hb 0.983 (0.972-0.993) 0.001  0.965 (0.956-0.974) <0.001 0.964 (0.948-0.979) <0.001 0.981 (0.968-0.993) 0.002
Serum Alb 0.906 (0.882-0.931) <0.001  0.953 (0.927-0.979) <0.001 0.921 (0.884-0.961) <0.001 0.933 (0.901-0.966)  <0.001
Scr 1.142 (1.018-1.282) 0.023  1.780(1.574-2.012) <0.001 1.128 (0.956-1.332) 0.153  1.105 (0.959-1.273) 0.167
T_COV_Scr - - 0.902 (0.855-0.952) <0.001 - - - -

CKD stage (5/4/3/2) 1.520 (1.130-2.044) 0.006  5.596 (4.049-7.734) <0.001 1.393 (0.929-2.088) 0.109  1.290 (0.935-1.781) 0.121
Proteinuria (Yes/No) 97152864.56 (0- Infinity) 0.993  25.345 (3.539-181.520) 0.001 0.769 (0.366-1.617) 0.489 1.047 (0.546-2.011) 0.889
Hypertension (Yes/No) 2.411 (0.335-17.334) 0.382  3.344 (0.467-23.954) 0.230 0.558 (0.135-2.317) 0.422 2.041 (0.283-14.724) 0.479
Prevalence of CVD (Yes/No) 0.724 (0.451-1.162) 0.181  0.167 (0.043-0.657) 0.010 1.885 (1.013-3.508) 0.045 1.579 (0.957-2.604) 0.074
T_COV_ Prevalence of CVD - - 1.788 (1.089-2.934) 0.022 - - - -

Use of RASI (Yes/No) 1.078 (0.605-1.919) 0.799  0.727 (0.474-1.115) 0.144 0.633 (0.316-1.268) 0.197 1.123 (0.585-2.157) 0.727
Use of CCB (Yes/No) 1.046 (0.667-1.641) 0.844  1.735 (1.148-2.624) 0.009 0.478 (0.255-0.894) 0.021 0.718 (0.436-1.183) 0.193
Use of diuretics (Yes/No) 0.975 (0.629-1.512) 0910  1.178 (0.815-1.704) 0.383  1.492 (0.797-2.794) 0.211  1.087 (0.660-1.788) 0.744

Abbreviations: DKD: diabetic kidney disease; NDKD: non-diabetic kidney disease; SBP: systolic blood pressure; BMI: body mass index; Hb: hemoglobin; Alb:
albumin; T_COV_: time-dependent covariates; Scr: serum creatinine; eGFR: estimated glomerular filtration rate; CVD: cardiovascular disease; CKD: chronic
kidney disease; RASI: renin-angiotensin system inhibitors; CCB: calcium channel blocker.
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Figure 2. Multivariate Cox regression analyses for (A). 50% eGFR decline endpoint, (B). KRT endpoint, (C). All-cause death end-
point, (D). CVD events endpoint.

decreased serum Alb level (HR: 0.928, 95% Cl The results of the Cox regression analyses for CVD
[0.880-0.978], p < 0.05) were independent risk factors events endpoint showed that the increased age (HR:
for all-cause death endpoint (Figure 2(C)). 1.035, 95% CI [1.009-1.062], p < 0.05), decreased serum
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Alb level (HR: 0.937, 95% Cl [0.902-0.974], p < 0.05)
were independent risk factors for CVD events endpoint
(Figure 2(D)).

The Cox regression models for 50% eGFR decline,
KRT, all-cause death, and CVD events endpoints were
all statistically significant (Omnibus test p < 0.001).

4. Discussion

The global burden of CKD especially DKD is growing
which needs to be given much attention by research-
ers. Early detection of patients who are most likely to
progress to kidney complicated endpoints can promote
primary care-based treatment to improve the prognosis
of CKD. In the present study to compare the long-term
outcome of CKD patients, we found that the cumulative
incidence of primary endpoints of DKD is much higher
than NDKD patients during the 3-year follow-up after
adjusting for a range of potentially confounding factors
by PSM and Cox regression analyses. Meanwhile, the
cumulative hazard curves showed that DKD patients
exhibit a significantly faster progression in 50% eGFR
decline and KRT endpoints. And the DKD patients had a
higher risk to progress to 50% eGFR decline (HR: 2.30,
95% Cl [1.48-3.58]) and KRT endpoints (HR: 1.64, 95% Cl
[1.13-2.37]). On the contrary, NDKD patients yielded a
lower cumulative incidence of primary endpoints and a
longer progression-free survival time compared with
DKD patients. Therefore, compared with other etiolo-
gies of CKD, patients with DKD have a higher risk to
progress to ESRD and require an earlier KRT which
imposes substantial health and economic burden on
patients and society.

However, there was no significant difference
between the two groups in the occurrence of second-
ary endpoint events including all-cause death and CVD
events after PSM. The multivariate Cox regression analy-
ses also showed that DKD is one of the risk factors for
50% eGFR decline and KRT endpoints but not for all-
cause death and CVD events after adjusting for other
potential confounding factors. It has been established
that there is an enhanced inflammation and oxidative
stress [12], activated renin-angiotensin system [13], and
endothelial dysfunction [14] in DKD status. And these
factors are highly associated with CKD progression and
adverse complications such as increased mortality and
CVD events. Therefore, the possible reason for this dis-
crepancy may lie in the fact that we matched the base-
line data such as the prevalence of CVD and
hypertension which could influence the incidence of
CVD events and all-cause death.

To further investigate the potential predictive factors
for CKD endpoints, we performed the multivariate Cox
regression analyses and we found that the increased
SBP, DKD, decreased serum Alb, higher CKD stages
were independent risk factors for 50% eGFR decline
endpoint. Additionally, we also found that the
increased SBP, DKD, decreased serum Alb, Scr, higher
CKD stages, presence of proteinuria, prevalence of CVD
were independent risk factors for the KRT endpoint; the
increased age, decreased Hb level, decreased serum Alb
level were independent risk factors for all-cause death
endpoint; the increased age, decreased serum Alb level
were independent risk factors for CVD events endpoint.
Previous studies have proved that lower serum Alb
level is associated with CKD progression [15] and is an
important predictor for evaluating the risk and progno-
sis of CVD events [16]. Our results were also consistent
with these findings. We proved that lower serum Alb is
an independent risk factor for 50% eGFR decline, KRT,
all-cause death, and CVD events endpoints after adjust-
ing for other confounding factors. Meanwhile, we also
proved that the decreased Hb level is also an independ-
ent risk factor for all-cause death endpoint. Just similar
to the serum Alb indicator, a meta-analysis indicated
that Hb is also a useful biomarker for malnutrition [17].
It's widely recognized that malnutrition implicates the
existence of inflammation, which is also known as the
malnutrition-inflammation-atherosclerosis  (MIA)  syn-
drome [18]. Furthermore, studies have shown that MIA
is closely associated with increased mortality of CKD
patients [19,20]. Based on our findings and these past
researches, we can state that malnutrition status is a
strong predictive factor for the poor prognosis of CKD
patients. Therefore, attention should be paid to the
CKD patients with anemia or hypoalbuminemia to pre-
vent malnutrition-associated complications.

We also found that the increased SBP, DKD, higher
CKD stage were risk factors for not only 50% eGFR
decline endpoint but also KRT endpoint. In summary,
these indicators were closely associated with the deteri-
oration of kidney function. A previous study revealed
that approximately 60% to 90% of CKD patients may be
combined with hypertension [21], we also proved that
the prevalence of hypertension is high both in DKD and
NDKD groups (98.5% in the DKD group and 94.9% in
the NDKD group after PSM). Therefore, hypertension is
a common comorbidity in CKD patients. A prospective
cohort Chronic Renal Insufficiency Cohort (CRIC) Study
from Americans showed that SBP >140 mmHg is associ-
ated with increased risk of CKD progression [22]. This
finding is in accordance with our present results from
the East Asian population. Despite sustained



hypertension can lead to worsening kidney function,
progressive decline in kidney function can conversely
lead to worsening blood pressure control [21].
Moreover, intensive blood pressure-lowering therapy
has been shown to reduce adverse CVD events and all-
cause mortality in CKD patients [21,23]. Our present
study showed that blood pressure-lowering therapy
may be also beneficial in retarding the deterioration of
kidney function. An increasing body of evidence sup-
ports the effect of intensive glucose control in reducing
the risk of adverse renal events [23]. Our present study
also showed that DKD is an independent risk factor for
50% eGFR decline and KRT endpoints. Therefore, excel-
lent long-term control of glucose may not only delay
the progression of DKD but also improve the kidney
endpoint events. In the current study, we also found
that the elevated Scr, the presence of proteinuria, and
CVD were predictive factors for KRT events.
Undoubtedly, Scr is a commonly used clinical indicator
for evaluating kidney function. However, it should be
noted that the level of Scr may be influenced by muscle
mass [24] which is also an indicator of nutritional status
[25]. In the present study, eGFR was calculated using
Scr and age developed by the Japanese Society of
Nephrology [7,9]. Thus, the detection of Scr should be
combined with the evaluation of nutritional status to
better comprehensively evaluate kidney function.
Proteinuria is a marker of kidney damage [26] and dou-
bling of proteinuria is associated with a higher risk of
subsequent kidney failure and mortality [24]. We also
proved that the presence of proteinuria is an independ-
ent predictive factor for KRT events. Therefore, the
dynamic detection of proteinuria in the course of CKD
is helpful to evaluate the prognosis of CKD patients and
identify high-risk populations. All of these indicators are
easily identifiable and can be used for predicting the
prognosis of CKD patients. By early identifying these
risk factors, appropriate interventions can be exerted to
improve the prognosis and reduce the disease burden
of CKD patients.

In conclusion, this prospective multicenter cohort
study based on the East Asian population suggests that
DKD patients remain at a higher risk to develop 50%
eGFR decline and KRT endpoints even after matching
for the baseline characteristics. The increased SBP, DKD,
decreased serum Alb, higher CKD stages were inde-
pendent risk factors for 50% eGFR decline endpoint.
The increased SBP, DKD, decreased serum Alb, Scr,
higher CKD stages, presence of proteinuria, prevalence
of CVD were independent risk factors for the KRT end-
point; the increased age, decreased Hb level, decreased
serum Alb level were independent risk factors for all-
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cause death endpoint; the increased age, decreased
serum Alb level were independent risk factors for CVD
events endpoint. Attention should be paid to the high-
risk population and early preventive or therapeutic
interventions should be taken to delay the develop-
ment of CKD complications, thereby improving the
prognosis and reducing the disease burden of
CKD patients.

The present study exhibits some limitations. Despite
a PSM design has been used to assemble a balanced
cohort, potential biases may exist in unmeasured or
unknown factors. Next, the CKD-ROUTE study is
restricted to Japanese patients in East Asia, hence its
generalizability to other races may be limited. In recent
years, the application of sodium-glucose cotransporter
2 (SGLT2) inhibitors, glucagon-like peptide-1 (GLP-1)
receptor agonists, and dipeptidyl peptidase-4 (DPP-4)
inhibitors have largely improved the prognosis of DKD
patients, therefore further studies are needed to investi-
gate the outcomes between the two groups
after treatment.

Acknowledgments

We acknowledge the CKD-ROUTE group for offering public
data on Dryad website.

Author contributions

Shengnan Chen, Lei Chen: Data collection. Shengnan Chen:
Data analysis. Shengnan Chen, Lei Chen: Wrote the first draft.
Hongli Jiang: Critical revisions of the manuscript and final
manuscript approval. All authors have read and approved
the final manuscript.

Disclosure statement

No potential conflict of interest was reported by

the author(s).

Funding

This work was supported by the [National Natural Science
Foundation of China] under Grant [number 82170755].

ORCID

Shengnan Chen http://orcid.org/0000-0003-0635-7724

Data availability statement

The readers can access the data that support the findings of
this study through the Dryad repository (DOI:
10.5061/dryad.kq23s).



1318 S. CHEN ET AL.

Geolocation information

East Asia

References

[l

[2]

(3]

(4]

[5]

(6]

(7]

(8l

[

[10]

(11l

[12]

[13]

Jha V, Garcia-Garcia G, Iseki K, et al. Chronic kidney
disease: global dimension and perspectives. Lancet.
2013;382(9888):260-272.

Collaboration GBDCKD: Global, regional, and national
burden of chronic kidney disease, 1990-2017. A sys-
tematic analysis for the Global Burden of Disease
Study 2017. Lancet. 2020;395(10225):709-733.
Davidson AJF, Park AL, Berger H, et al. Risk of severe
maternal morbidity or death in relation to elevated
hemoglobin Alc preconception, and in early preg-
nancy: a population-based cohort study. PLoS Med.
2020;17(5):e1003104.

Shaw JE, Sicree RA, Zimmet PZ. Global estimates of
the prevalence of diabetes for 2010 and 2030.
Diabetes Res Clin Pract. 2010;87(1):4-14.

Sun H, Saeedi P, Karuranga S, et al. IDF Diabetes Atlas:
global, regional and country-level diabetes prevalence
estimates for 2021 and projections for 2045. Diabetes
Res Clin Pract. 2022;183:109119.

Lytvyn Y, Bjornstad P, van Raalte DH, et al. The new
biology of diabetic kidney disease-mechanisms and
therapeutic implications. Endocr Rev. 2020;41(2):
202-231.

limori S, Naito S, Noda Y, et al. Prognosis of chronic
kidney disease with normal-range proteinuria: the
CKD-ROUTE study. PLoS One. 2018;13(1):e0190493-
e0190493.

limori S, Noda Y, Okado T, et al. Baseline characteris-
tics and prevalence of cardiovascular disease in newly
visiting or referred chronic kidney disease patients to
nephrology centers in Japan: a prospective cohort
study. BMC Nephrol. 2013;14:152.

Matsuo S, Imai E, Horio M, et al. Revised equations for
estimated GFR from serum creatinine in Japan. Am J
Kidney Dis. 2009;53(6):982-992.

Mandai S, Kanda E, limori S, et al. Association of
serum chloride level with mortality and cardiovascular
events in chronic kidney disease: the CKD-ROUTE
study. Clin Exp Nephrol. 2017;21(1):104-111.
McMurray JJV, Wheeler DC, Stefansson BV, et al.
Effects of dapagliflozin in patients with kidney disease,
with and without heart failure. JACC Heart Fail. 2021;
9(11):807-820.

Winiarska A, Knysak M, Nabrdalik K, et al
Inflammation and oxidative stress in diabetic kidney
disease: the targets for SGLT2 inhibitors and GLP-1
receptor agonists. [JMS. 2021;22(19):10822.

Malek V, Suryavanshi SV, Sharma N, et al. Potential of
renin-angiotensin-aldosterone system modulations in
diabetic kidney disease: old players to new hope! In:
Pedersen SHF, editor. Reviews of physiology,

[14]

[15]

el

(171

(8]

191

[20]

[21]

[22]

[23]

[24]

[25]

[26]

biochemistry and pharmacology. Cham: Springer
International Publishing; 2021. p. 31-71.

Shu A, Du Q, Chen J, et al. Catalpol ameliorates endo-
thelial dysfunction and inflammation in diabetic
nephropathy via suppression of RAGE/RhoA/ROCK sig-
naling pathway. Chem Biol Interact. 2021;348:109625.
Kikuchi H, Kanda E, Mandai S, et al. Combination of
low body mass index and serum albumin level is asso-
ciated with chronic kidney disease progression: the
chronic kidney disease-research of outcomes in treat-
ment and epidemiology (CKD-ROUTE) study. Clin Exp
Nephrol. 2017;21(1):55-62.

Kanda D, lkeda Y, Takumi T, et al. Impact of nutritional
status on prognosis in acute myocardial infarction
patients undergoing percutaneous coronary interven-
tion. BMC Cardiovasc Disord. 2022;22(1):3.

Zhang Z, Pereira SL, Luo M, et al. Evaluation of blood
biomarkers associated with risk of malnutrition in
older adults: a systematic review and meta-analysis.
Nutrients. 2017;9(8):829.

Yamada S, Tokumoto M, Taniguchi M, et al. Use of
phosphate-binders and risk of infection-related and
all-cause mortality in patients undergoing hemodialy-
sis: the Q-Cohort Study. Sci Rep. 2018;8(1):11387.
Stenvinkel P, Heimburger O, Paultre F, et al. Strong
association between malnutrition, inflammation, and
atherosclerosis in chronic renal failure. Kidney Int.
1999;55(5):1899-1911.

Maraj M, Kusnierz-Cabala B, Dumnicka P, et al.
Malnutrition, inflammation, atherosclerosis syndrome
(MIA) and diet recommendations among end-stage
renal disease patients treated with maintenance
hemodialysis. Nutrients. 2018;10(1):69.

Ku E, Lee BJ, Wei J, et al. Hypertension in CKD: core
curriculum 2019. Am J Kidney Dis. 2019;74(1):120-131.
Anderson AH, Xie D, Wang X, et al. Novel risk factors
for progression of diabetic and nondiabetic CKD: find-
ings from the Chronic Renal Insufficiency Cohort
(CRIC) study. Am J Kidney Dis. 2021;77(1):56-73.e1.
Shlipak MG, Tummalapalli SL, Boulware LE, et al. The
case for early identification and intervention of
chronic kidney disease: conclusions from a kidney dis-
ease: improving global outcomes (KDIGO) controver-
sies conference. Kidney Int. 2021;99(1):34-47.

Levey AS, Becker C, Inker LA. Glomerular filtration rate
and albuminuria for detection and staging of acute
and chronic kidney disease in adults: a systematic
review. JAMA. 2015;313(8):837-846.

Cederholm T, Jensen GL, Correia MITD, et al. GLIM cri-
teria for the diagnosis of malnutrition - a consensus
report from the global clinical nutrition community.
Clin Nutr. 2019;38(1):1-9.

Torrini F, Scarano S, Palladino P, et al. Polydopamine-
based quantitation of albuminuria for the assessment
of kidney damage. Anal Bioanal Chem. 2021;413(8):
2217-2224.



	Abstract
	Introduction
	Materials and methods
	Data collection and study design
	Propensity score matching
	Endpoints
	Statistical analysis

	Results
	Baseline characteristics of the participants before and after PSM
	Comparison of the cumulative incidence of primary and secondary endpoints between DKD and NDKD groups in 3 years
	Cumulative hazard curves of endpoints
	Prognostic factors for endpoints

	Discussion
	Acknowledgments
	Author contributions
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	Geolocation information
	References


