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Background: Diabetic kidney disease (DKD) is a risk factor for hospitalization for heart failure (HHF). DKD could be classified 
into four phenotypes by estimated glomerular filtration rate (eGFR, normal vs. low) and proteinuria (PU, negative vs. positive). 
Also, the phenotype often changes dynamically. This study examined HHF risk according to the DKD phenotype changes across 
2-year assessments.
Methods: The study included 1,343,116 patients with type 2 diabetes mellitus (T2DM) from the Korean National Health Insur-
ance Service database after excluding a very high-risk phenotype (eGFR <30 mL/min/1.73 m2) at baseline, who underwent two 
cycles of medical checkups between 2009 and 2014. From the baseline and 2-year eGFR and PU results, participants were divided 
into 10 DKD phenotypic change categories.
Results: During an average of 6.5 years of follow-up, 7,874 subjects developed HHF. The cumulative incidence of HHF from in-
dex date was highest in the eGFRlowPU– phenotype, followed by eGFRnorPU+ and eGFRnorPU–. Changes in DKD phenotype differ-
ently affect HHF risk. When the persistent eGFRnorPU– category was the reference, hazard ratios for HHF were 3.10 (95% confi-
dence interval [CI], 2.73 to 3.52) in persistent eGFRnorPU+ and 1.86 (95% CI, 1.73 to 1.99) in persistent eGFRlowPU–. Among al-
tered phenotypes, the category converted to eGFRlowPU+ showed the highest risk. In the normal eGFR category at the second ex-
amination, those who converted from PU– to PU+ showed a higher risk of HHF than those who converted from PU+ to PU–.
Conclusion: Changes in DKD phenotype, particularly with the presence of PU, are more likely to reflect the risk of HHF, com-
pared with DKD phenotype based on a single time point in patients with T2DM. 
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INTRODUCTION

Patients with type 2 diabetes mellitus (T2DM) are at high-risk 
for both chronic kidney disease (CKD) [1] and heart failure 
(HF) [2]. The prevalence of CKD and HF is increasing [3] be-
cause of the aging population and improved treatment for 
acute cardiovascular events [4]. Hence, CKD and HF are 

emerging as major complications in T2DM [2]. 
Diabetic kidney disease (DKD) is CKD attributed to diabe-

tes and characterized by sustained reduction in estimated glo-
merular filtration rate (eGFR) less than 60 mL/min/1.73 m2 
and persistently high urinary albumin-to-creatinine ratio 
(UACR, ≥30 mg/g creatinine) [5]. DKD has been traditionally 
characterized by albuminuria, followed by reduced glomerular 
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filtration rate (GFR) [6]. However, recent epidemiological 
studies highlight the heterogeneity of DKD. Approximately 
40% of patients with T2DM and eGFR lower than 60 mL/
min/1.73 m2 manifest loss of renal function without protein-
uria, known as nonproteinuric DKD [7]. The absence of albu-
minuria phenotypes is attributed to the use of renoprotective 
drugs and an increase in the size of elderly population [6]. 

Based on reduced eGFR (<60 mL/min/1.73 m2) and elevat-
ed levels of UACR (≥30 mg/g) or proteinuria, DKD is arbi-
trarily classified into four distinct phenotypes: (1) no-DKD; (2) 
proteinuric DKD without reduced eGFR; (3) non-proteinuric 
DKD with reduced eGFR; and (4) proteinuric DKD with re-
duced eGFR [7-9]. This classification is pragmatic because 
risks of kidney and cardiovascular outcomes, comorbidities, 
and mortality might also differ among phenotypes of DKD.

However, DKD phenotype often changes dynamically, show-
ing either progression or regression. The impact of DKD phe-
notype changes on the risk of future HF risk remains largely 
unknown. Previous studies typically measured eGFR or pro-
teinuria only once and focused on the long‐term effect of such 
eGFR or proteinuria on long‐term cardiovascular events. Un-
derstanding the trajectories of GFR and albuminuria is there-
fore important for risk stratification and early intervention.

The present study was designed to evaluate the association 
between changes in DKD phenotype across 2-year assessments 
and the risk of hospitalization for heart failure (HHF) in a pa-
tient cohort with T2DM. 

METHODS

Data source and study population
This study used data from Korean National Health Insurance 
Service (NHIS). The Korean NHIS is a sole insurance provider 
for all Korean residents. The NHIS established databases (DBs) 
including qualification DB, treatment DB, and medical check-
up DB [10]. 

In this study, patients were categorized according to the DKD 
phenotype change across 2-year assessments. DKD phenotype 
was classified into four distinct groups based on eGFR levels 
(normal vs. low) and proteinuria (PU, negative vs. positive): 
group 1 (GFRnorPU−), normal eGFR and negative PU; group 2 
(GFRnorPU+), normal eGFR and positive PU; group 3 (GFRlow 

PU−), low eGFR and negative PU; group 4 (GFRlowPU+), low 
eGFR and positive proteinuria (Supplementary Fig. 1A). Pa-
tients were followed until the date of HHF or December 31, 

2018.
A total of 1,779,819 subjects with T2DM underwent at least 

two general medical checkups between 2009 and 2012 (Sup-
plementary Fig. 1B). The exclusion criteria were: (1) individu-
als diagnosed with cancer (n=68,282); (2) individuals diag-
nosed with thyrotoxicosis (n=78,467); (3) individuals with re-
nal diseases other than DKD (n=135,698); (4) individuals with 
rheumatic mitral valve disease (n=4,695); (5) individuals with 
missing values (n=48,959); and (6) those who had eGFR less 
than 30 mL/min/1.73 m2 (n=14,889) at the second examina-
tion, since very high-risk KDIGO categories are well known 
for poor cardiovascular outcomes [11]. In addition, those with 
proteinuric DKD with reduced eGFR at the first examination 
were excluded because these patients were less likely to move 
to another group in real clinical practice. Likewise, those tran-
sitioning from reduced eGFR to normal eGFR were also ex-
cluded (n=85,713). Finally, 1,343,116 patients with 10 catego-
ries of changes in DKD phenotype were identified: group 1 → 
group 1–4; group 2 → group 1–4; and group 3 → group 3–4 
(Supplementary Fig. 1B). 

Because previously collected and de-identified data were 
used, this study was exempted from ethical review by the Insti-
tutional Review Board (IRB no.: SSU-202003-HR-201-01).  

Definition of T2DM and DKD phenotype
T2DM was defined by the diagnostic code (International Clas-
sification of Diseases 10th Revision [ICD-10] code: E11–E14) 
in addition to prescription with relevant glucose-lowering 
drugs. Although participants did not meet aforementioned 
criteria, they were defined as having T2DM if their fasting 
plasma glucose levels ≥126 mg/dL during medical checkup.

The eGFR was calculated using the equation from the Modi-
fication of Diet in Renal Disease study [12] and low eGFR was 
defined by values less than 60 mL/min/1.73 m2. The degree of 
proteinuria is measured as negative, trace, 1+, 2+, 3+, or 4+ us-
ing the urine dipstick test. Proteinuria ≥1+ was defined as 
positive proteinuria; negative or +/– were classified into nega-
tive proteinuria. 

Laboratory and clinical examination 
In this study, the laboratory results and clinical characteristics 
were based on the second examination. Body mass index 
(BMI) was calculated as the weight divided by height squared 
(kg/m2). Venous sample after an overnight fasting was used to 
evaluate fasting plasma glucose, total cholesterol, triglyceride, 
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high-density lipoprotein cholesterol, low-density lipoprotein 
cholesterol, creatinine, aspartate aminotransferase, alanine 
aminotransferase, gamma-glutamyltransferase, and hemoglo-
bin levels. 

Health-related lifestyles were evaluated using self-adminis-
tered questionnaires and categorized as current smokers or 
non-smokers, heavy drinkers (≥5 days/week) or non-drinkers, 
and subjects with or without regular exercise.

Operational definitions for comorbidities
HF was diagnosed based on the ICD-10 codes for HF (I50). 
Hypertension was defined by an ICD-10 code for hypertension 
(I10–I15) with antihypertensive medications. Participants 
were also considered hypertensive if their systolic blood pres-
sure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm 
Hg during general medical checkup. Dyslipidemia was defined 
by ICD-10 code for dyslipidemia (E78) with ongoing treat-
ment using lipid-lowering agents or a total cholesterol level 
≥240 mg/dL during medical checkup. Proliferative diabetic 
retinopathy (PDR) was established if participants had two or 
more diagnoses for diabetic retinopathy (H360) and procedure 
code for pan-retinal photocoagulation (S5160). 

Outcome
The primary outcome of this study was HHF. Cases were de-
fined as patients who were admitted to a hospital with a prima-
ry discharge diagnosis code of HF (I50).

Statistical analysis 
We used descriptive statistics to summarize baseline character-
istics. Baseline characteristics according to changes in DKD 
phenotype are presented as numbers (percentages) for categor-
ical variables and mean±standard deviation for continuous 
variables. If the distribution of continuous variables was heavi-
ly skewed, a geometric mean was used. To analyze the differ-
ences in baseline characteristics between groups, one-way 
analysis of variance was used for continuous variables and chi-
squared test was used for categorical variables.

Cumulative incidence of HHF was calculated using Kaplan-
Meier estimates. We performed a log-rank test to analyze the 
differences in HHF risk across the phenotypes. The incidence 
rate (IR) of HHF was expressed as the number of events per 
1,000 person-years (PYs). Cox proportional-hazards regres-
sion analysis was performed to evaluate the hazard ratio (HR) 
for HHF across the categories of changes in DKD phenotype. 

Model 1 was unadjusted. Model 2 was adjusted for age, sex, 
BMI, smoking, alcohol, and physical activity. Model 3 was ad-
ditionally adjusted for comorbidities including hypertension, 
dyslipidemia, atrial fibrillation, and ischemic heart disease. Fi-
nally, model 4 was additionally adjusted for fasting glucose, di-
abetes duration, hemoglobin levels, and insulin usage. Sub-
group analyses with tests for interaction were performed ac-
cording to age group (<65 years vs. ≥65 years), BMI (<25 kg/
m2 vs. ≥25 kg/m2), and the presence or absence of prevalent 
HF. In addition to the primary analysis, we performed sensitiv-
ity analyses using proteinuria cut-off values ≥2+ for dipstick-
positive proteinuria.

Statistical analyses were conducted using SAS version 9.4 
software (SAS Institute, Cary, NC, USA). P<0.05 was consid-
ered statistically significant.

RESULTS

Baseline characteristics of study subjects
Characteristics of study population according to changes in 
DKD phenotype are presented in Table 1. Based on the results 
of the first examination, the rates of prevalence of group 1 
(GFRnorPU–), group 2 (GFRnorPU+), and group 3 (GFRlowPU–) 
were 91.9%, 4.8%, and 3.3%, respectively. At the second exami-
nation, the prevalence rates of GFRnorPU–, GFRnorPU+, and 
GFRlowPU– were 87.4%, 4.1%, and 7.7%, respectively; 0.8% of 
study population was newly classified as group 4 (GFRlowPU+).

Based on the second examination, the GFRlowPU– showed a 
higher proportion of female subjects than the other groups. 
The mean age was higher in the GFRlowPU– than in other 
groups. Comorbidities including prevalent HF were frequently 
observed in the groups with low eGFR (both GFRlowPU– and 
GFRlowPU+). Indicators for severe diabetes including insulin 
usage, longer duration of diabetes, polypharmacy, and PDR 
were most frequently observed in the GFRlowPU+ group. Inter-
estingly, the mean level of BMI was the highest in the GFRnor 

PU+ with the poorest glycemic control.

Risk of HHF according to changes in DKD phenotype
During a mean follow-up of 6.5 years, 7,874 patients were hos-
pitalized for HF among a total of 1,343,116 patients. Based on 
the results of the first examination, the cumulative incidence of 
HHF was significantly higher in GFRlowPU–, followed by 
GFRnorPU+ (log-rank test, P<0.001) (Fig. 1A). Further analysis 
of the results according to changes in DKD phenotype revealed 
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that the cumulative incidence of HHF was the highest in the 
category converted to GFRlowPU+, followed by GFRlowPU–, 
GFRnorPU+, and GFRnorPU–, respectively (Fig. 1B-D). The cu-
mulative incidence of 10 categories of changes in DKD pheno-
type is presented together in Supplementary Fig. 2.

IRs of HHF in patients according to changes in DKD pheno-
type are presented in Fig. 2, Supplementary Table 1. Among 
patients in group 1 (GFRnorPU–) at the first examination, IR of 

HHF was the highest in category 1 → 4 conversion (IR, catego-
ry 1 → 1=0.60; 1 → 2=1.69; 1 → 3=2.40; 1 → 4=4.77 per 1,000 
PYs). Similarly, among patients in group 2 (GFRnorPU+) at the 
first examination, the IR of HHF was the highest in category 2 
→ 4 conversion (IR, category 2 → 1=1.20; 2 → 2=2.64; 2 → 
3=4.22; 2 → 4=5.07 per 1,000 PYs). Among patients in group 3 
(GFRlowPU+) at the first examination, the incidence of HHF 
was higher in those who progressed to group 4 than in those 

Fig. 1. Cumulative incidence of hospitalization for heart failure (HHF) according to changes in diabetic kidney disease phenotype. 
(A) Cumulative incidence of HHF according to the result of 1st examination. Black line, blue line, and red line indicate G1, G2, 
and G3 at 1st examination, respectively. (B-D) Cumulative incidence of HHF according to changes in diabetic kidney disease phe-
notype status: G1 (B), G2 (C), and G3 (D) at 1st examination. G1, estimated glomerular filtration rate (eGFR) ≥60 mL/min/1.73 
m2, proteinuria (PU)−;  G2, eGFR ≥60 mL/min/1.73 m2, PU+; G3, eGFR <60 mL/min/1.73 m2, PU−; G4, eGFR <60 mL/min/1.73 
m2, PU+. aIn case of group 3 and 4 at 2nd examination, only patients with eGFR 30 to 60 mL/min/1.73 m2 were included according 
to the study inclusion criteria.
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who remained in group 3 (IR, category 3 → 3=4.14; 3 → 4=7.15 
per 1,000 PYs).

Among stable phenotypes, when the persistent eGFRnorPU– 
was the reference, the adjusted HR (aHR) for HHF were 3.10 
(95% confidence interval [CI], 2.73 to 3.52) in persistent eG-
FRnorPU+ and 1.86 (95% CI, 1.73 to 1.99) in persistent eGFRlow 

PU– (Fig. 2). Among altered phenotypes, the categories con-
verted to eGFRlowPU+ showed higher risk regardless of the first 
phenotypes. In the normal eGFR group at the second exami-
nation, those who converted from eGFRnorPU– to eGFRnorPU+ 
(new-onset proteinuria) showed a higher risk of HHF (aHR, 
2.19; 95% CI, 1.98 to 2.42) than those who converted from eG-
FRnorPU+ to eGFRnorPU– (regressive proteinuria: aHR, 1.63; 
95% CI, 1.46 to 1.83). Similarly, in the low eGFR group at the 
second examination, those who converted from eGFRnorPU+ 
to eGFRlowPU– (regressive proteinuria) had a higher risk of 
HHF (aHR, 2.36; 95% CI, 1.92 to 2.91) than eGFRnorPU– to 
eGFRlowPU– (no proteinuria: aHR, 1.55; 95% CI, 1.44 to 1.67). 

The aHR of HHF based on changes in proteinuria pheno-
type (no, regressive, new-onset, persistent proteinuria) accom-
panied by eGFR changes are shown in Supplementary Fig. 3. 

Overall, the risk of HHF was determined according to changes 
in proteinuria phenotype between the first and second exami-
nations. 

Risk of HHF based on changes in proteinuria phenotype
We further analyzed the risk of HHF according to changes in 
proteinuria phenotype between first and subsequent examina-
tions, regardless of eGFR levels (Supplementary Table 2). Ap-
proximately 92% of total population had no proteinuria (PU– 
→ PU–). The proportion of patients manifesting regressive pro-
teinuria (PU+ → PU–), new-onset proteinuria (PU– → PU+), and 
persistent proteinuria (PU+ → PU+) was 3.4%, 3.5%, and 1.4%, 
respectively. The aHR values for regressive, new-onset, and 
persistent proteinuria were 1.52 (95% CI, 1.38 to 1.69), 2.10 
(95% CI, 1.94 to 2.27), and 2.76 (95% CI, 2.47 to 3.08), respec-
tively, compared with no proteinuria.

Sensitivity analyses
We performed sensitivity analyses using positive proteinuria 
≥2+ based on urinary dipstick test. Baseline characteristics ac-
cording to changes in DKD phenotype are presented in Supple-

Fig. 2. Incidence rates (IRs) and hazard ratios (HRs) of hospitalization for heart failure (HHF) according to changes in diabetic 
kidney disease phenotype. Bar graphs represent IR per 1,000 person-years with scales on the right. Line graphs with error bars 
represent the HR with 95% confidence interval (CI) for HHF with scales on the left. HRs were adjusted for age, sex, body mass in-
dex, smoking, drinking, physical activity, hypertension, dyslipidemia, atrial fibrillation, ischemic heart disease, fasting glucose, di-
abetes duration, hemoglobin level, and insulin usage. G1, estimated glomerular filtration rate (eGFR) ≥60 mL/min/1.73 m2, pro-
teinuria (PU)−; G2, eGFR ≥60 mL/min/1.73 m2, PU+; G3, eGFR <60 mL/min/1.73 m2, PU−; G4, eGFR <60 mL/min/1.73 m2, 
PU+. PY, person-year. aIn case of group 3 and 4 at 2nd examination, only patients with eGFR 30 to 60 mL/min/1.73 m2 were in-
cluded according to the study inclusion criteria. 

5

4

3

2

1

15

10

5

0

0.8

0.4

0

H
R 

(9
5%

 C
I)

IR (per 1,000 PY)

 G1 G2 G3a G4a

G1

 G1 G2 G3a G4a

G2

  G3a  G4a

G3

0.60
1.20

4.14

1
(ref)

2.19
(1.98–2.42)

3.10
(2.73–3.52)

3.04
(2.59–3.56)2.76

(2.30–3.33)

3.44
(2.77–4.25)

1.55
(1.44–1.67)

2.36
(1.92–2.91)

1.86
(1.73–1.99)

1.63
(1.46–1.83)

1.69
2.64

7.15

2.40

4.22
4.77 5.07

2nd Examination

1st Examination



Lee SE, et al.

https://e-dmj.orgDiabetes Metab J 2023;47:523-534 530

mentary Table 3. Similar to primary analyses, the IR of HHF 
was the highest in group 4, followed by groups 3, 2, and 1 based 
on the result of the second examination. Taking category 1 → 1 
as the reference, the aHR for HHF in each phenotype change 
from baseline group 1 were 2.85 (95% CI, 2.51 to 3.24), 1.53 
(95% CI, 1.42 to 1.64), and 3.61 (95% CI, 2.89 to 4.51) in cate-
gories 1 → 2, 1 → 3, and 1 → 4, respectively. Similarly, the aHR of 
HHF from baseline group 2 were 2.05 (95% CI, 1.76 to 2.40), 
3.37 (95% CI, 2.73 to 4.15), 2.84 (95% CI, 2.18 to 3.71), and 4.25 
(95% CI, 3.19 to 5.66) in categories 2 → 1, 2 → 2, 2 → 3, and 2 → 4, 
respectively. From baseline group 3, the aHR values were 1.88 
(95% CI, 1.76 to 2.01) and 3.10 (95% CI, 2.53 to 3.79) in catego-
ries 3 → 3 and 3 → 4, respectively (Supplementary Table 4). 

Subgroup analysis
Subgroup analyses were performed to identify the subgroups 
that were more strongly affected by changes in DKD pheno-
type (Fig. 3). Compared with persistent eGFRnorPU–, those in 
the other categories showed a significantly higher risk of HHF 
regardless of age, BMI level, and presence or absence of previ-
ous HF. The increased risk of HHF associated with changes in 
DKD phenotype was more prominent in patients aged <65 
years than in those 65 years or older (P for interaction <0.001). 
Compared with patients having a BMI ≥25 kg/m2 or those 
with HF at baseline, subjects with BMI less than 25 kg/m2 or 
those without HF were strongly affected by changes in DKD 
phenotype (P for interaction <0.001).

Fig. 3. Subgroup analyses according to age, body mass index (BMI), and heart failure (HF) subgroups. Hazard ratios (HRs) and 
95% confidence intervals (CIs) for the incidence of hospitalization for heart failure according to changes in diabetic kidney dis-
ease phenotype stratified by age group (A), BMI (B), and presence of HF (C). HRs were adjusted for age, sex, body mass index, 
smoking, drinking, physical activity, hypertension, dyslipidemia, atrial fibrillation, ischemic heart disease, fasting glucose, diabe-
tes duration, hemoglobin level, and insulin usage. G1, eGFR ≥60 mL/min/1.73 m2, proteinuria (PU)−; G2, eGFR ≥60 mL/
min/1.73 m2, PU+; G3, eGFR <60 mL/min/1.73 m2, PU−; G4, eGFR <60 mL/min/1.73 m2, PU+. aIn case of group 3 and 4 at 2nd 
examination, only patients with eGFR 30 to 60 mL/min/1.73 m2 were included according to the study inclusion criteria.
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DISCUSSION 

Using a nationwide population DB, the current study demon-
strated that 2-year trajectories of eGFR or proteinuria provide 
valuable insight into HHF risk stratification of patients with 
T2DM with an initial eGFR >30 mL/min/1.73 m2. Especially, 
patients with proteinuria carried a higher risk of HHF.

T2DM is the most powerful risk factor for incident HHF 
[13]. Regarding the prognostic implications of concurrent 
T2DM and HF, it is important to develop a screening strategy 
for unrecognized HF among patients with T2DM. Neverthe-
less, the current screening strategies for HF in patients with 
T2DM are scarce and primarily based on the clinical charac-
teristics of elderly subjects [14,15] or HF with reduced ejection 
fraction [16]. Since T2DM has been considered as a broad-
spectrum disease with many associated complications, HHF 
risk stratification remains an important issue. Our findings 
point to the significance of evaluating changes in DKD pheno-
type in assessing the risk of diabetes-related HHF. 

The DKD phenotype in our study was based on previous 
studies [7-9]. The distribution of each phenotype at the second 
examination was 87.4%, 4.1%, 7.7%, and 0.8% for group 1 
(GFRnorPU–), group 2 (GFRnorPU+), group 3 (GFRlowPU–), and 
group 4 (GFRlowPU+), respectively. It is similar to the distribu-
tion of phenotypes of 87.6%, 2.8%, 8.4%, and 1.2%, respective-
ly in the Korea National Health and Nutrition Examination 
Survey 2011 to 2013 survey using UACR >300 mg/g as pro-
teinuria among adults with diabetes aged ≥20 years [17]. Al-
though this study had the inherent weakness using dipstick 
proteinuria, it showed a distribution similar to the national 
survey, indicating the reliability of our study design.

Notably, the risk of HHF has been shown to increase in the 
presence of transient or persistent proteinuria. Our finding is 
similar to a previous study showing higher risk of CVD events 
in GFRnorPU+ than in GFRlowPU– [7,8]. A recent meta-analysis 
showed that albuminuria contributes to better HF risk predic-
tion than eGFR and most modifiable traditional risk factors 
[18,19]. HHF risk stratification using a novel clinical risk score 
in patients with T2DM based on the Does Saxagliptin Reduce 
the Risk of Cardiovascular Events When Used Alone or Added 
to Other Diabetes Medications (SAVOR-TIMI 53) trial also 
showed a strong association of UACR >300 mg/g than eGFR 
<60 mL/min/1.73 m2 [20]. However, most of the aforemen-
tioned studies have been based on high-risk T2DM and a sin-
gle time point DKD phenotype. We analyzed the changes in 

DKD phenotype over a 2-year assessment, which could further 
stratify the HHF risk than those studies focused on a single 
time point DKD phenotype. Interestingly, the transient pro-
teinuria whether regressive or new-onset, revealed an in-
creased hazard of HHF. Even in normal eGFR phenotype at 
the second examination, the regression of proteinuria showed 
a higher hazard for HHF than no proteinuria, but a lower haz-
ard for new-onset proteinuria. This is in line with the latest 
DKD guidelines recommending reducing proteinuria as a top 
priority [21]. Surprisingly, the persistent GFRlowPU– showed 
lower hazard of HHF than persistent GFRnorPU+ or the altered 
phenotype from GFRnorPU– to GFRnorPU+. As such, the dedi-
cated renal trial, The Study of Heart and Kidney Protection 
With Empagliflozin (EMPA-KIDNEY), should answer impor-
tant questions regarding the CVD outcomes of this category 
[22].

Further analysis of changes in proteinuria phenotype re-
gardless of eGFR status revealed that persistent proteinuria was 
associated with the highest HR for HHF. Notably, the HR for 
HHF increased in the transient proteinuria compared with ab-
sence of proteinuria. This trend is similar to the study of myo-
cardial infarction in diabetes, which showed that the HR of re-
mittent, incident, and persistent proteinuria was 0.85 (95% CI, 
0.35 to 0.85), 1.29 (95% CI, 0.85 to 1.97), and 2.50 (95% CI, 
1.48 to 4.22), respectively, compared with absence of protein-
uria [23]. In our study, combined changes of proteinuria and 
eGFR showed additive predictive value on HHF risk. 

Because the urine dipstick test had poor sensitivity and high 
false-positive rates for UACR ≥30 mg/g detection [24], we 
performed a sensitivity analysis using proteinuria ≥2+ based 
on dipstick test, which revealed robust HHF risk. Although we 
did not analyze the medications that affect proteinuria or pre-
vent CKD progression such as sodium-glucose cotransporter 2 
inhibitors (SGLT2i), we analyzed the use of renin-angiotensin-
aldosterone system inhibitors (RAASi). In each group, the use 
of RAASi increased with advancing CKD. 

Advanced age, obesity, and previous HF per se are well 
known traditional risk factors for HF [25]. Therefore, in pa-
tients with these risk factors, the relative risk of HF attributable 
to DKD may be attenuated by the presence of comorbidities. 
Interestingly, our subgroup analyses showed that the increased 
risk of HHF in DKD phenotype changes was more prominent 
in subjects aged <65 years after adjusting for confounders, al-
though the incidence of HHF was higher in those aged 65 and 
older than in those below 65 years. Furthermore, patients with 
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BMI less than 25 kg/m2 or those without HF were more 
strongly affected by DKD phenotype changes compared with 
patients with BMI ≥25 kg/m2, or those having HF at baseline. 
Thus, DKD may exert a relatively stronger effect on the devel-
opment of HHF in patients without traditional risk factors 
than in those with comorbid conditions, suggesting the need 
for screening of HHF in patients with DKD, even in the lower-
risk population. 

Our study results support the American Diabetes Associa-
tion recommendations for the annual screening of asymptom-
atic adults for eGFR and UACR [5], especially for risk stratifi-
cation of HHF. However, the adherence to CKD guidelines in 
T2DM is low, with the rate of annual UACR assessment at 43%, 
while the rate of annual eGFR assessments was 85% in patients 
with T2DM [26]. As a result of this s tudy, clinicians should be 
aware that changes in DKD phenotype based on eGFR or pro-
teinuria help predict HF. 

To the best of our knowledge, this was the first population-
based longitudinal study that explored the association between 
changes in DKD phenotype and the risk of HHF in patients 
with T2DM. However, the present study had some limitations 
that should be considered when interpreting the results. First, 
in this nationwide study, we defined eGFR or proteinuria using 
only one-time values although the guideline suggests repeated 
measurements. Second, the use of spot dipstick urinalysis 
alone to detect proteinuria is another limitation, since the test 
is not sensitive enough to detect microalbuminuria [27]. Third, 
the prevalence of HF in Korea was 1.53% according to the Na-
tional Health Insurance Service-National Sample Cohort in 
2013, which is relatively low compared with the prevalence in 
South Asian countries (4.5% to 6.7%) [28]. Also, Asians carry 
the heaviest burden of DKD [29]. Thus, the results of this anal-
ysis based on the Korean setting may not be directly applicable 
to other countries. Fourth, no adjustments were made for 
drugs affecting CKD or HF in this study such as SGLT2i and 
angiotensin receptor neprilysin inhibitor. Fifth, we did not in-
vestigate the mortality, which might affect the final HHF oc-
currence. It might inadvertently affect baseline GFRlowPU- 
phenotype which is expected to carry a high burden of all-
cause death. Lastly, having only two observation points or ex-
cluding those who had eGFR less than 30 mL/min/1.73 m2 at 
baseline may also be considered as a weakness. 

Current recommendations for HF screening are limited to 
symptomatic patients [30]. Neither European Society of Cardi-
ology nor American Heart Association guidelines recommend 

biomarker use for stratifying patients at risk for HF. The results 
of our study suggest that eGFR and proteinuria trajectories in 
T2DM facilitate HHF risk stratification, especially in patients 
manifesting proteinuria. 
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