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Abstract
Background: Albuminuria predicts progression of diabetic nephropathy (DN) but lacks speci�city and
sensitivity for the diagnosis of chronic kidney disease (CKD) and progressive decline in estimated
glomerular �ltration rate (eGFR). We evaluated the decline in renal function in patients with DN and
analyzed the prognosis of renal function according to the level of albuminuria and the incidence of
cardiovascular disease (CVD), cerebrovascular diseases, and peripheral artery disease (PAD) according to
the level of albuminuria.

Methods: This retrospective study included 331 patients with eGFR > 60 mL/min/1.73 m2 and urinary
albumin/creatinine (Cr) ratio (ACR) > 30 mg/g Cr who were treated at the Chungnam National University
Hospital between January 2012 and December 2018. Patients were divided into mildly increased
albuminuria, moderately increased albuminuria, and severely increased albuminuria groups according to
their urine ACRs of 30–300, 300–900, and >900 mg/g Cr, respectively. Renal outcomes and incidence of
CVD, cerebrovascular disease, and PAD were compared among the three groups.

Results: The rate of reduction in eGFR per year was 1.47 ± 6.61 mL/min/1.73 m2 in the mildly increased
albuminuria, 4.10 ± 8.98 mL/min/1.73 m2 in the moderately increased albuminuria, and 9.19 ± 10.39
mL/min/1.73 m2 in the severely increased albuminuria (p < 0.001). More severe albuminuria was
associated with higher rates of progression to CKD (p < 0.001) and >50% reduction in eGFR from baseline
(p < 0.001). There was a statistically signi�cant difference in the rate of PCI with angina or myocardial
infarction (p = 0.030). However, cerebrovascular disease and PAD did not signi�cantly differ among the
three groups.

Conclusion: Among patients with DN who maintained a relatively preserved renal function with an eGFR >
60 mL/min/1.73 m2, the rates of renal deterioration and progression to CKD were signi�cantly more
frequent in those with more severe albuminuria.

Background
The incidence and prevalence of type 2 diabetes mellitus (DM) in adults are increasing, and diabetic
nephropathy (DN), one of the most common complications of DM that develops in approximately 40% of
the patients, has become the leading cause of end-stage renal disease (ESRD) in developed countries [1–
4]. DN is usually a clinical diagnosis based on the presence of albuminuria and/or reduced estimated
glomerular �ltration rate (eGFR) in the absence of signs or symptoms of other primary causes of kidney
damage [5–7].

Albuminuria, albeit a strong predictor of DN progression, lacks speci�city and sensitivity for the diagnosis
of ESRD and the progressive decline in eGFR [8–10]. Kidney biopsy, which is the gold standard for
de�nitive diagnosis of DN, is not indicated in patients with DM [7]. The risk of such intervention is not
justi�ed in the absence of other treatment options currently available for DN beyond the current approach
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including optimal control of DM, hypertension (HTN), dyslipidemia, and lifestyle modi�cation [11–13].
Worsening DN over time is associated with increased risk of cardiovascular and cerebrovascular events
as well as renal morbidity and mortality[8, 14, 15]. We evaluated the decline in renal function according to
albuminuria levels in patients with DN and analyzed the prognosis of renal function and the incidence of
cardiovascular disease (CVD), cerebrovascular disease, and peripheral artery disease (PAD).

Methods

Study population
In this single-center retrospective study, medical records of 1345 patients with DN treated in Chungnam
National University Hospital between January 1, 2012 and December 31, 2018 were reviewed. The
inclusion criteria were (1) urinary albumin to creatinine (Cr) ratio (ACR) > 30 mg/g Cr in two or more tests,
(2) age > 18 years, (3) eGFR (Modi�cation of Diet in Renal Disease) ≥ 60 mL/min/1.73 m2 at the time of
DN diagnosis, (4) follow-up of one year or more. The exclusion criteria were (1) type 1 DM, (2) diagnosis
of a kidney disease other than DN by kidney biopsy, (3) kidney transplantation before or after urine ACR
test, and (4) DN diagnosis by urine dipstick or urinary protein to Cr ratio test without an accompanying
urine ACR test.

The urine ACR was within normal limits or was > 30 mg/g Cr in only one test in 141 patients, whereas it
was not determined in 167 patients. Additionally, 632 patients had an eGFR of < 60 mL/min/1.73 m2 at
the time of urine ACR test and 27 patients had kidney transplantation before urine ACR test. Furthermore,
26 patients have an out-patient follow-up of less than one year and 21 patients were diagnosed with a
disease other than DN by kidney biopsy. After the exclusion of these patients, the remaining 331 patients
were included in the �nal analyses.

Measurements and de�nitions
The patient medical records were reviewed to collect data on age, sex, initial urine ACR, serum Cr, and
eGFR during and after initial urine ACR test; comorbidities (HTN and hyperlipidemia); percutaneous
coronary intervention (PCI); heart failure diagnosis (ejection fraction < 50%); cerebrovascular disease;
PAD; hemodialysis (HD); results of kidney biopsy; treatment with renin-angiotensin system inhibitors
(RASi; angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers); and duration of follow-
up.

The clinical diagnosis of DN was based on the detection of microalbuminuria (urine ACR > 30 mg/g Cr in
two randomly collected urine samples). Chronic kidney disease (CKD) was de�ned as eGFR < 
60 mL/min/1.73 m2 for 3 months. CVD was de�ned as a history of PCI performed for angina or
myocardial infarction. Cerebrovascular disease was de�ned as a history of stroke or brain hemorrhage
excluding trauma. PAD was de�ned as an ankle-brachial index < 0.9 or a history of percutaneous
transluminal angioplasty in lower extremities.
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Primary outcomes were renal prognosis including CKD (eGFR < 60 mL/min/1.73 m2), > 50% decrease in
eGFR from baseline value determined at initial DN diagnosis, and HD due to deterioration of renal
function. Secondary outcomes were prevalence of CVD, heart failure, cerebrovascular disease, and PAD.

The study cohort of 331 patients was classi�ed into mildly increased albuminuria (microalbuminuria),
moderately increased albuminuria, and severely increased albuminuria groups according to their urine
ACR of 30–300, 300–900, and > 900 mg/g Cr, respectively. The primary and secondary outcomes were
compared among the three groups.

The urine ACR test was evaluated with the �rst urine ACR. After that, urine ACR test was evaluated as the
average value when the initial urine ACR test was performed within one year; subsequent values were
excluded from the evaluation because urine ACR levels could be high due to the exacerbation of DN.

Statistical analysis
Continuous variables were expressed as means with standard deviation, and discrete variables were
presented as percentages. Continuous variables were analyzed using Student’s t test, and categorical
variables were analyzed using Pearson’s χ2 test (or Fisher’s exact test used with limited data) and linear
by linear association test. Differences in follow-up duration among the groups were evaluated using the
Kruskal–Wallis test. Multivariate analysis of risk factors for renal prognosis was performed using logistic
regression. All analyses were performed using SPSS Statistics version 20.0 (IBM, Armonk, NY, USA), and p
values of less than 0.05 were considered statistically signi�cant (SPSS version 20.0, Chicago, IL, USA).

Results

Baseline characteristics and laboratory �ndings
Table 1 shows the demographic characteristics of the three groups. The mean age of the whole cohort
was 60.05 ± 13.04 years. There was a signi�cant difference in ages among the three groups, and it was
found that age in the severe albuminuria group was signi�cantly young. HTN was more common in the
macroalbuminuria group (moderately to severely increased albuminuria groups; 92.2%, 94/102) than that
in the microalbuminuria group (mildly increased albuminuria group; 67.2%, 154/229; p < 0.001). However,
there was no signi�cant difference in the prevalence of HTN between the moderately increased
albuminuria and severely increased albuminuria (p = 0.391). There were among-group differences in the
rates of duration of follow-up, HTN, and RASi treatment. Due to the among-group difference in the rate of
HTN as a comorbidity, the rate of patients on RASi treatment was also lower than in the microalbuminuria
group than in the macroalbuminuria group (p < 0.001).
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Table 1
Baseline characteristics

  Mildly increased
albuminuria

(n = 229)

Moderately
increased
albuminuria

(n = 62)

Severely
increased
albuminuria

(n = 40)

Total

(n = 
331)

p
value

General Characteristics

Male (n = 184,
55.6%)

131 (57.2%) 29 (46.8%) 24 (60.0%) 184
(55.6%)

0.285

Age (years) 61.0 ± 12.7 58.5 ± 14.6 56.8 ± 11.7 60.05 
± 13.04

0.031

Duration of
follow-up
(Months)

55.5 ± 30.2 61.5 ± 29.8 67.6 ± 33.6 58.1 ± 
30.8

0.012

Comorbidity

HTN 154 (67.2%) 56 (90.3%) 38 (95.0%) 248
(74.9%)

< 
0.001

Hyperlipidemia 172 (75.1%) 53 (85.5%) 34 (85.0%) 259
(78.2%)

0.116

Mortality 5 (2.2%) 0 (0.0%) 0 (0.0%) 5
(1.5%)

0.785a

Medication and HbA1c

HbA1c (%) 7.5 ± 1.1 7.8 ± 1.2 7.8 ± 1.5 7.6 ± 
1.2

0.071

RASi treatment 142 (62.0%) 52 (83.9%) 37 (92.5%) 231
(69.8%)

< 
0.001

Statin treatment 167 (72.9%) 50 (80.6%) 33 (82.5%) 250
(75.5%)

0.250

HbA1c, glycated hemoglobin; HTN, hypertension; RASi, renin-angiotensin system inhibitor

Renal function and renal prognosis
Table 2 shows the comparison of renal function and renal prognosis among the three groups. Serum Cr
and eGFR at the time of DN diagnosis based on the initial urine ACR were not signi�cantly different
among the three groups. Final serum Cr and eGFR showed a statistically signi�cant tendency to worsen
in the group with high urine ACR at the time of DN diagnosis (p < 0.001). The follow-up duration was
different among the three groups (Table 1); therefore, the rate of reduction in eGFR per year was
calculated. The mean rate of reduction in eGFR was 2.90 ± 8.02 mL/min/1.73 m2 per year in the overall
study cohort, with a signi�cant difference observed among the three groups (p < 0.001). Speci�cally, the
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rate of deterioration in renal function based on eGFR reduction per year was faster in the group with high
urine ACR at the time of DN diagnosis. Comparison between the microalbuminuria (mildly increased
albuminuria) and macroalbuminuria (moderately to severely increased albuminuria) groups revealed that
the mean eGFR decreased by 1.47 ± 6.61 mL/min/1.73 m2 per year in the microalbuminuria group and by
6.10 ± 9.83 mL/min/1.73 m2 per year in the macroalbuminuria group (p < 0.001). The rate of deterioration
in renal function based on eGFR reduction per year in macroalbuminuria group was as follows: 4.10 ± 
8.98 mL/min/1.73 m2 in moderately increased albuminuria group, 9.19 ± 10.39 mL/min/1.73 m2 in
severely increased albuminuria group (Table 2).
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Table 2
Renal function and renal outcomes

  Mildly
increased
albuminuria

(n = 229)

Moderately
increased
albuminuria

(n = 62)

Severely
increased
albuminuria

(n = 40)

Total

(N = 
331)

p
value

Initial renal function

Urine ACR (mg/g
creatinine)

100.1 ± 61.9 456.0 ± 145.9 2205.4 ± 
1546.3

421.2 ± 
864.2

< 
0.001

s-Cr (mg/dL) 0.78 ± 0.18 0.77 ± 0.18 0.84 ± 0.16 0.78 ± 
0.18

0.088

eGFR
(mL/min/1.73 m2)

101.75 ± 25.72 100.01 ± 25.33 93.18 ± 20.35 100.39 
± 25.14

0.060

Final renal function

s-Cr (mg/dL) 0.87 ± 0.43 1.13 ± 1.44 2.73 ± 3.76 1.14 ± 
1.59

< 
0.001

eGFR
(mL/min/1.73 m2)

94.84 ± 30.88 83.20 ± 31.84 54.58 ± 34.58 87.79 ± 
34.05

< 
0.001

Reduction of eGFR per
year

(mL/min/1.73 m2)

1.47 ± 6.61 4.10 ± 8.98 9.19 ± 10.39 2.90 ± 
8.02

< 
0.001

Renal prognosis

CKD 21 (9.2%) 15 (24.2%) 21 (52.5%) 57
(17.2%)

< 
0.001

> 50% reduction in
eGFR compared to
initial eGFR

8 (3.5%) 4 (6.5%) 15 (37.5%) 27
(8.2%)

< 
0.001

HD 1 (0.4%) 1 (1.6%) 7 (17.5%) 9
(2.7%)

< 
0.001a

ACR, albumin to creatinine ratio; CKD, chronic kidney disease; eGFR, estimated glomerular �ltration
rate; HD, hemodialysis; s-Cr, serum creatinine

a Fisher's exact test

In the whole cohort, the rates of patients with CKD and those with > 50% reduction in eGFR from baseline
were 17.2% (n = 57) and 8.2% (n = 27), respectively, and the renal prognosis was poor in the group with
high initial urine ACR (p < 0.001) (Table 2). HD was performed because of the deterioration of renal
function in 2.7% (n = 9) of the entire cohort, and the frequency of patients on HD was higher in the group
with high initial urine ACR (p < 0.001) (Table 2).
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The logistic regression analysis to determine risk factors of renal function revealed that PCI (odds ratio
[OR] 4.149, 95% con�dence interval [CI] 1.496–11.509, p = 0.006), PAD (OR 4.788, 95%CI 1.180–19.429, p 
= 0.028), and the degree of albuminuria (OR 4.437, 95%CI 2.564–7.679, p < 0.001) were signi�cant risk
factors for a > 50% reduction in eGFR from baseline.

Cardiovascular and cerebrovascular prognosis
Table 3 shows the comparison of the incidence of CVD, heart failure, cerebrovascular disease, and PAD
among the three groups. The incidence of CVD tended to be higher in the group with higher initial urine
ACR, with statistically signi�cant difference (p = 0.030). However, the incidence of heart failure,
cerebrovascular disease, such as stroke and brain hemorrhage, and PAD did not exhibit signi�cant
differences among the three groups.

Table 3
Cardiovascular and cerebrovascular disease outcomes

  Mildly increased
albuminuria

(n = 229)

Moderately
increased
albuminuria

(n = 62)

Severely
increased
albuminuria

(n = 40)

Total

(n = 
331)

p value

PCI 32 (14.0%) 4 (6.5%) 10 (25.0%) 46
(13.9%)

0.030

Heart failure 14 (6.1%) 1 (1.6%) 4 (2.3%) 19
(5.7%)

0.166a

Cerebrovascular
disease

51 (22.3%) 13 (21.0%) 11 (27.5%) 75
(22.7%)

0.720

PAD 11 (4.8%) 1 (1.6%) 3 (7.5%) 15
(4.5%)

0.381a

PCI, percutaneous coronary intervention; PAD, peripheral artery disease

a Fisher's exact test

Discussion
Diabetic nephropathy, a renal microvascular complication of DM characterized by albuminuria and
progressive loss of kidney function, is a leading cause of ESRD [1–4, 13]. As a marker for glomerular
disease, albuminuria is often the �rst clinical indicator of DN and is utilized as a clinical tool for
predicting prognosis and monitoring therapeutic response [1, 10]. The absence of albuminuria in patients
with a reduced eGFR and DM raises the possibility of nondiabetic CKD [1].

Concurrent with HTN, which occurs in approximately 65% of patients with DM, hyperglycemia, and
genetic predisposition are key factors in the development and progression of kidney disease [8, 13]. DN is
characterized by the development of proteinuria with a subsequent decline in eGFR [6, 8, 11]. Although
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increasing urinary albumin excretion and serum Cr levels accompanied with diminished eGFR are likely
important markers of kidney decline, it is unclear whether these biomarkers are independent risk factors
for the progression of kidney disease or subsequent outcomes in patients with type 2 DM [8, 16].

In a study of patients with type 2 DM, Berhane et al. reported that the risk of progression to ESRD was 2.1
fold higher in patients with microalbuminuria and 9.3 fold higher in those with macroalbuminuria,
compared to those without albuminuria [17]. Conversely, Norris et al. reported that albuminuria, serum Cr,
and eGFR were signi�cant factors associated with renal outcomes [8]. In the present study, the rate of
reduction in eGFR per year was 1.47 ± 6.61 mL/min/1.73 m2 in the microalbuminuria group and 6.10 ± 
9.83 mL/min/1.73 m2 in the macroalbuminuria group, indicating a signi�cant decrease in renal function
in patients with macroalbuminuria. Additionally, comparison of the patients according to the severity of
macroalbuminuria revealed that the rate of reduction in eGFR per year was signi�cantly higher in those
with severe albuminuria (4.10 ± 8.98 mL/min/1.73 m2 in the moderately increased albuminuria group;
9.19 ± 10.39 mL/min/1.73 m2 in the severely increased albuminuria group). Consistent with these results,
> 50% reduction in eGFR compared to baseline eGFR, CKD, and HD due to the deterioration of renal
function were also signi�cantly more frequent in patients with more severe albuminuria.

A study by Yokoyama et al. found that cardiovascular events were more frequent in patients with
microalbuminuria and macroalbuminuria compared to those with normal albuminuria and that lower
eGFR was associated with higher frequency of cardiovascular events [18]. Moreover, a study by Solomon
et al. showed that the higher the urine ACR, the greater the cardiovascular death and all-cause mortality
[19]. In the present study, there was statistically signi�cant difference in the incidence of CVD. However,
no statistically signi�cant difference was found in the incidences of heart failure, cerebrovascular
disease, and PAD.

In the present study, renal outcomes were compared by classifying the cohort of patients with DN into
three groups according to the degree of albuminuria. All patients in the study had a relatively preserved
renal function with an initial eGFR > 60 mL/min/1.73 m2. The patients with microalbuminuria and those
with macroalbuminuria showed signi�cant differences in the rates of progression to CKD, > 50% reduction
in eGFR compared to baseline, and HD due to deterioration of renal function. In particular, even within the
macroalbuminuria group, the severely increased albuminuria group exhibited more severe renal
dysfunction compared with the moderately increased albuminuria group. The rate of reduction in eGFR
per year was also signi�cantly different depending on the degree of albuminuria.

In agreement with the present study �ndings, the poor prognosis of renal function in patients with
macroalbuminuria compared to those with microalbuminuria has been shown in previous studies [17, 19,
20]. In the present study, the prognosis of renal function was worse in patients with severely increased
albuminuria (urine ACR > 900 mg/g Cr) compared to those with moderately increased albuminuria (urine
ACR 300–900 mg/g Cr). There was no signi�cant difference in the prevalence of HTN between the
moderately increased albuminuria and the severely increased albuminuria. However, there were
signi�cant differences in the rates of progression to CKD (p = 0.003), > 50% reduction in eGFR compared
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to baseline (p < 0.001), and HD due to deterioration of renal function (p = 0.004). Therefore, faster
deterioration of renal function is expected in patients with severely increased albuminuria. In previous
studies, albuminuria was reported to affect cardiovascular outcomes [8, 18, 19, 21]. In the incidence of
CVD, there was a signi�cant difference according to the level of albuminuria; however, no signi�cant
difference was found in the incidences of heart failure, cerebrovascular disease, and PAD among the
groups in the present study.

Several limitations of the present study should be acknowledged. First, this was a single-center study and
there were differences in the number of patients among the three groups. As the number of patients was
not su�cient, the current study �ndings should be con�rmed in future studies with larger cohorts.
Second, DN was not diagnosed by kidney biopsy in most patients, and only 3 (0.9%) patients were
diagnosed with DN based on kidney biopsy. Although the DN diagnosis was based on clinical �ndings, it
is known that there are cases in which kidney biopsy is diagnosed as other glomerular disease in
approximately 10–85% [22–25], and there may be a bias for this. Third, the DN diagnosis was based on
the date of �rst urine ACR test; however, accurate con�rmation of the duration of DM and presence of DN
were di�cult due to the retrospective study design [21]. Fourth, the prevalence rate of HTN and RASi
treatment were different between the microalbuminuria and macroalbuminuria groups. HTN and RASi
treatment can affect renal prognosis and might have introduced a bias [6, 26, 27]. However, there was no
signi�cant difference in the prevalence rate of HTN and RASi treatment between the moderately
increased albuminuria group and severely increased albuminuria group despite the signi�cant difference
in renal prognosis between the moderately increased albuminuria group and severely increased
albuminuria group. Finally, whether the patients had HTN and were on RASi treatment could be
con�rmed; however, it was di�cult to con�rm the degree of blood pressure control in patients. Therefore,
although HTN is a risk factor that can impact renal prognosis [27], there is a limitation that can act as a
bias because the e�cacy of blood pressure control could not be evaluated.

Conclusion
In conclusion, this retrospective study compared the degree of deterioration in renal function according to
the albuminuria level in patients with DN who maintained a relatively preserved renal function with an
eGFR > 60 mL/min/1.73 m2. Our analyses revealed that the deterioration of renal function was
signi�cantly worse in patients with more severe albuminuria. Also, in the incidence of CVD, there was a
signi�cant difference according to the albuminuria level. Further investigation with randomized controlled
trials and large cohorts is warranted.
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