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Abstract

Diabetic kidney disease (DKD) is heterogeneous in terms of proteinuria. Patients with DKD
who present with low-grade proteinuria are more likely to have nephrosclerosis rather than
traditional diabetic nephropathy. The amount of proteinuria might reflect the underlying
pathology of renal failure and influence the prognosis after dialysis initiation. Clinical implica-
tions of proteinuria at the start of dialysis have not been confirmed, while greater proteinuria
is associated with higher risk of cardiovascular disease (CVD) in the predialysis stages of
chronic kidney disease. We performed a retrospective multicenter cohort study enrolling
incident hemodialysis patients with diabetes. Patients were stratified using proteinuria quar-
tiles. We examined the association of proteinuria quartiles with types of subsequent CVD.
Among the enrolled 361 patients, the estimated mean glomerular filtration rate and protein-
uria was 5.4 mL/min/1.73 m? and 6.3 g/gCr, respectively. Lower quartile of proteinuria (cut-
offs: 3.0, 5.4, and 8.8 g/gCr) was significantly associated with male, older age, and history of
atherosclerotic CVD including coronary artery disease, peripheral arterial disease, and cere-
bral infarction (Pyeng<0.05). Kidney size was smaller in patients with lower levels of protein-
uria. Patients with higher levels of proteinuria were more likely to have proliferative diabetic
retinopathy (Peng<0.05). Multivariate competing risk analysis revealed that the first quartile
of proteinuria was associated with a greater risk of atherosclerotic CVD than the third quar-
tile (subhazard ratio [95% confidence interval]: 2.04 [1.00-4.14]). This association was
attenuated after additional adjustments for history of atherosclerotic CVD. Furthermore,
patients with lower quartiles of proteinuria were more likely to die of atherosclerotic CVD
than those with non-atherosclerotic CVD (Pyeng = 0.01). Diabetic patients with lower protein-
uria at dialysis initiation were characterized by severer macroangiopathy, as shown by a
more atrophic kidney and higher prevalence of past atherosclerotic CVD. Hence, they are at
a high risk of developing atherosclerotic CVD.
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Introduction

Diabetic kidney disease is heterogeneous: patients with diabetes develop kidney disease due to
diabetes per se and/or other comorbidities, including aging-related nephron loss and hyper-
tension [1]. Among patients with classical diabetic nephropathy, macroalbuminuria usually
precedes the decline of renal function (proteinuric pathway) [2, 3]. In contrast, some patients
with diabetes develop renal insufficiency without albuminuria [4], similar to patients with
nephrosclerosis. In fact, a previous study showed that most patients with diabetic nephropathy
and estimated glomerular filtration rate (¢GFR)<60 mL/min/1.73 m” had concomitant macro-
albuminuria, while a small proportion of patients with nephrosclerosis showed macroalbumi-
nuria even when their eGFR reached 45 mL/min/1.73 m” [5]. Furthermore, the population-
based National Health and Nutrition Examination Survey showed that the prevalence of albu-
minuria (albuminuria-to-creatinine ratio >30 mg/g) decreased progressively from 20.8% in
1988-1994 to 15.9% in 2009-2014, while the prevalence of reduced eGFR (<60 mL/min/1.73
m®) increased from 9.2% in 1988-1994 to 14.1% in 2009-2014 [6]. In patients with diabetes,
non-proteinuric pathways, which include obesity, dyslipidemia, and hypertension, are also
involved in the loss of renal function [3].

These non-proteinuric pathway components are risk factors for atherosclerosis [7, 8]. In a
study enrolling patients with biopsy-proven diabetic nephropathy, patients with normoalbu-
minuria and eGFR<60 mL/min/1.73 m” were reported to have pathologically more severe ath-
erosclerosis (intimal thickening) in the kidney than patients with microalbuminuria or
macroalbuminuria and eGFR<60 mL/min/1.73 m” [9]. Intimal thickening suggests the
involvement of hypertension [10]. In this context, non-proteinuric pathways may have con-
tributed to atherosclerosis in patients with diabetes. Moreover, these patients with diabetes
and low levels of proteinuria at dialysis initiation might have suffered from a more severe ath-
erosclerosis during pre-dialysis chronic kidney disease (CKD). The deterioration of renal func-
tion might be attributed to non-proteinuric pathways rather than the proteinuric pathway. In
addition, patients with diabetes and modest proteinuria might have smaller kidneys than
patients with severe proteinuria, because atherosclerosis, accompanied with aging, accelerates
kidney atrophy [11]. Supposing that moderate proteinuria at dialysis initiation reflects the
severity of atherosclerosis, it might also predict future atherosclerotic cardiovascular disease
after dialysis initiation. Regarding the prognostic implications of proteinuria, a previous study
including 105,872 participants showed that the albumin/creatinine ratio was linearly associ-
ated with the risk of cardiovascular mortality on a log-log scale without threshold effects [12].
However, in this study, patients with eGFR < 15 mL/min/1.73 m* accounted for only 0.1% of
all participants [12]. Therefore, it remains to be elucidated whether proteinuria at dialysis initi-
ation is useful for risk stratification.

Therefore, we examined the association between the amount of proteinuria and prior his-
tory of atherosclerotic cardiovascular disease (CVD), classical diabetic nephropathy, and renal
size among incident dialysis patients. We also examined the association between the amount
of proteinuria and subsequent CVD after dialysis initiation.

Materials and methods
Study design and populations

In this retrospective multicenter cohort study, we enrolled diabetic patients with urinary pro-
tein-to-creatinine ratio (UPCR) measured who were introduced to hemodialysis between Jan-
uary 2008 and December 2016 at the Osaka University Hospital or between June 2008 and July
2018 at the Japan Community Health care Organization (JCHO) Osaka Hospital. Patients who
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started dialysis at the intensive care unit of Osaka University Hospital were excluded. The Eth-
ics Committee of Osaka University Hospital approved this study and waived the need for
informed consent due to its retrospective study design (approval number: 18026). Patients
were provided with the option to opt out of participation. The study was conducted in accor-
dance with the Declaration of Helsinki.

Data collection

We used the latest data collected within 3 months prior to dialysis initiation. For the analysis
of renal size, we collected pole-to-pole kidney length measured between 6 months before and 1
month after dialysis initiation. In patients with multiple data during the study period, we
selected the nearest data in relation to the timing of dialysis initiation. Kidney length was mea-
sured using 3D-computed tomography (CT) images created by the Synapse Vincent System
(FUJIFILM Corporation, Tokyo, Japan). For patients without CT data, kidney length was mea-
sured using ultrasonography. We recorded body weights just before the first dialysis (BW) and
dry weights (DW) just before hospital discharge. We defined the overhydration rate (OH-R),
reflecting volume overload at dialysis initiation, using the following formula: OH-R (%) =
[(BW-DW)/DW] x 100.

Outcomes

We followed up patients who initiated dialysis at Osaka University Hospital and JCHO Osaka
Hospital through August 2017 and September 2018, respectively. All patients started dialysis
after admission to the hospital in our cohort. The primary outcome was fatal atherosclerotic
CVD and re-hospitalization for atherosclerotic CVD. Atherosclerotic CVD consists of myocar-
dial infarction, unstable angina, non-hemorrhagic stroke, peripheral vascular disease (including
amputation), and aortic dissection or rupture. The rest of the CVD cases were non-atheroscle-
rotic CVD, which includes heart failure, arrhythmia, hemorrhagic stroke, sudden death, fatal
pulmonary embolism, and death due to unspecified causes of CVD. The outcomes were
obtained from medical records or common questionnaires sent to each dialysis facility. Patients
were censored at the date of kidney transplantation or when they were lost to follow-up.

Statistical analyses

Patients were categorized into quartiles of UPCR, with cut-offs at 3.0, 5.4, and 8.8 g/gCr. For
continuous variables, the mean (standard deviation) was presented, while percentages were
presented for categorical variables. We examined linear trends of baseline characteristics
across quartiles of UPCR using linear or logistic regression, as appropriate. To explore a poten-
tially non-linear relationship between UPCR and renal length, we adopted restricted cubic
spline models adjusted for age, sex, eGFR, height, body mass index at discharge, and modality
for measurement of renal length (CT or ultrasonography).

We examined the association between quartiles of UPCR and first atherosclerotic CVD
events using competing risk regression models with death from diseases other than atheroscle-
rotic CVD as the competing risk. After conducting a univariate analysis, we constructed sev-
eral multivariate models: model 1 adjusted for age, sex, eGFR, body mass index at discharge,
systolic blood pressure, glycated hemoglobin Alc (HbAlc), smoking status, and prescription
(aspirin, statin, and insulin); and model 2 adjusted for covariates in model 1 plus history of
atherosclerotic CVD (percutaneous coronary intervention or coronary artery bypass grafting,
peripheral arterial disease, and cerebral infarction). Additionally, we examined the association
between quartiles of UPCR and fatal atherosclerotic CVD using competing risk regression
models with death from other diseases than atherosclerotic CVD as the competing risk.
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Statistical significance was set at P < 0.05. All statistical analyses were performed using
Stata/IC 14 (StataCorp, College Station, TX, USA).

Results
Baseline characteristics

In our cohort study, urinary protein levels were measured in 89% of patients with diabetes
who started dialysis (Fig 1). There was no significant difference in the variables predicting sub-
sequent atherosclerotic CVD between patients with and without the data of urinary protein
(S1 Table). Among the 361 enrolled patients (Fig 1), the mean age was 66 years, 73% were
male, and the mean eGFR was 5.4 mL/min/1.73 m> Patients in the lower quartile of UPCR
were more likely to be male and elderly. They were more likely to have a history of atheroscle-
rotic CVD, including coronary artery disease, peripheral arterial disease, and cerebral infarc-
tion (Fig 2A). There was a significant tendency toward higher OH-R and systolic blood
pressure with the increase in UPCR, suggesting overhydration in patients with higher UPCR.
Patients with massive proteinuria had lower albumin levels accompanied with higher low-den-
sity lipoprotein (LDL) levels despite having a higher likelihood of receiving statins. They were
more likely to have preserved renal length (Table 1). This association was observed after
adjustment for variables including age, sex, eGFR, height, and body mass index (Fig 2D).
Patients with higher levels of proteinuria were more likely to be diagnosed with proliferative
diabetic retinopathy or had received panretinal photocoagulation (P for trend<0.05) (Fig 2B).
Although the duration of diabetes and HbA1c levels were similar across the quartiles of UPCR,
patients with higher levels of proteinuria were more likely to receive a prescription of insulin
at the start of dialysis (Fig 2C).

Future atherosclerotic CVD

During a median follow-up period of 36 months (IQR, 19-68), 103 patients (28.5%) developed
atherosclerotic CVD. In univariate competing risk analysis, the first quartile (Q1) of UPCR
was a significant risk factor for atherosclerotic CVD (subhazard ratio (SHR) [95% confidence

‘ Diabetic patients who started dialysis ‘

Exclusion (N=60)
First dialysis at ICU (N=12)
«  Without data of urinary protein (N=48)

‘ Diabetic patients with urinary protein measured who started dialysis ‘

Events before leaving the hospital

« Death (N=11)
«  Atherosclerotic CVD(N=8)
« Transition to renal transplant (n=1)

Lost to follow at discharge
(N=14)

‘ Enrollment ‘

N=361
Q1 (UPCR: 3.0 g/gCr>) Q2 (UPCR: 3.0-5.4 g/gCr) Q3 (UPCR: 5.4-8.8 g/gCr) Q4 (UPCR: 8.8 g/gCr<)
N=91 N=90 N=90 N=90

Fig 1. Flow diagram. Abbreviations: CVD, cardiovascular disease; ICU, intensive care unit; Q1-4, quartile 1-4; UPCR,
urine protein-to-creatinine ratio.

https://doi.org/10.1371/journal.pone.0264568.g001
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Fig 2. Baseline characteristics across the quartiles of UPCR. (A) Patients with lower quartile of UPCR are more
likely to have a history of atherosclerotic CVD. (B) Patients with greater quartile of UPCR are more likely to have
advanced diabetic retinopathy (proliferative diabetic retinopathy or history of panretinal photocoagulation). (C)
Patients with greater quartile of proteinuria tend to receive insulin at dialysis initiation (P for trend = 0.01). There are
no significant differences in HbAlc levels across UPCR quartiles. (D) Patients with low levels of proteinuria have small
renal length. The association is adjusted for age, sex, eGFR, height, body mass index at discharge, and modality for
measurement of renal length (CT or ultrasonography). Abbreviations: CVD, cardiovascular disease; eGFR, estimated
glomerular filtration rate; HbAlc, glycated hemoglobin Alc.

https://doi.org/10.1371/journal.pone.0264568.9002

interval (CI)]: 1.84 [1.06-3.17] compared to quartile 3) (Table 2) (Fig 3A). After adjustment
for variables including age, sex, eGFR, body mass index at discharge, systolic blood pressure,
HbAc, prescription, and smoking status, UPCR Q1 remained a significant risk factor for ath-
erosclerotic CVD (SHR [95%CI]: 2.04 [1.00—4.14]). This association was attenuated after addi-
tional adjustment for history of atherosclerotic CVD (SHR [95%ClI]: 1.58 [0.78-3.22]).
Furthermore, patients with lower quartiles of proteinuria were more likely to die of atheroscle-
rotic CVD using competing risk regression analysis (P for trend = 0.01) (Fig 3B).

Discussion

In this multicenter retrospective cohort study enrolling incident dialysis patients with diabetes,
we showed that patients with severe proteinuria were more likely to have advanced diabetic
retinopathy (microangiopathy) and to receive insulin at dialysis initiation. In contrast, patients
with moderate proteinuria were more likely to have atrophic kidneys and a history of athero-
sclerotic CVD (macroangiopathy) (Fig 4). Furthermore, low proteinuria at dialysis initiation
was associated with subsequent atherosclerotic CVD.

Patients with more severe proteinuria had lower serum albumin and higher LDL levels. In
other words, patients with massive proteinuria showed nephrotic syndrome. They were more
likely to receive statins, probably because of their high LDL levels. Furthermore, these patients
also had lower eGFR at dialysis initiation and higher OH-R. They might have withstood more
severe overhydration without suffering from congestive heart failure. This is probably because
edema rather than increased intravascular volume contributed to overhydration since they
have low serum osmotic pressure accompanied with vascular hyperpermeability, as it is often
observed in patients with diabetes [13]. In addition, patients with massive proteinuria tended
to have preserved renal size, which is characteristic of classical diabetic nephropathy [14].
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Table 1. Baseline characteristics.

Variables UPCR P for trend
Q1 (< 3.0 g/gCr) Q2 (3.0-5.4 g/gCr) Q3 (5.4-8.8 g/gCr) Q4(> 8.8 g/gCr)
N=91 N=90 N=91 N=90

UPCR (g/gCr) 1.9 [1.2-2.5] 4.1 [3.6-4.6] 6.7 [6.1-7.6] 11.3 [9.9-14.1] <0.001
Age (years) 69.0 (11.4) 67.6 (11.4) 64.1 (13.9) 61.5(13.4) <0.001
Male (%) 82.4 74.4 65.6 68.9 0.02
Dialysis catheters (%) 8.8 2.2 6.7 2.2 0.14
Classification of diabetes

Type 1 (%) 2.2 2.2 6.7 33 0.37

Type 2 (%) 96.7 97.8 93.3 96.7 0.62

Pancreatic (%) 1.1 0 0 0 NA
Diabetes duration (years) 15.5 [7.5-26.0] 14.6 [9.2-22.4] 15.3 [8.4-20.7] 14.9 [8.0-22.0] 0.67
Systolic blood pressure (mmHg) 145 (25) 149 (21) 155 (24) 161 (25) <0.001
eGFR (mL/min/1.73m?) 6.1(2.5) 52(1.7) 5.2(1.7) 4.9(1.9) <0.001
Renal length (mm) 94.2 (12.9) 93.7 (13.0) 99.1 (13.5) 102.1 (12.8) <0.001
Body mass index

At dialysis initiation 24.2 (4.2) 25.0 (4.4) 24.6 (4.1) 26.9 (5.4) 0.001

At discharge 22.5(3.9) 23.0 (3.8) 22.3(3.9) 23.1(3.9) 0.49
Overhydration rate (%) 6.3 [2.3-11.8] 6.4 [3.9-10.8] 8.7 [3.6-16.4] 14.6 [6.9-22.8] <0.001
Laboratory data

Albumin (g/dL) 3.3(0.6) 3.1(0.5) 2.9(0.5) 2.5(0.5) <0.001

LDL (mg/dL) 79 (24) 87 (30) 93 (35) 109 (52) <0.001

HbAlc (%) 6.1 (0.9) 5.8 (0.6) 6.0 (0.7) 6.1 (1.1) 0.85
Prior history (%)

Advanced diabetic retinopathy 32.1 37.5 53.2 48.2 0.01

Coronary artery disease 24.2 17.8 12.2 12.2 0.02

Heart failure 30.8 25.6 20.0 13.3 0.004

Cerebral infarction 15.4 18.9 11.1 5.6 0.02

Peripheral arterial disease 15.4 13.3 5.6 11.1 0.17

Smoking status (%)

Current 18.7 12.2 21.1 30.0 0.03

Past 30.8 27.8 20.0 28.9 0.52

Never 44.0 56.7 55.6 40.0 0.59

Unknown 6.6 3.3 3.3 1.1 0.07
Prescriptions (%)

Aspirin 39.6 43.3 34.4 30.0 0.10

Statin 29.7 41.1 45.6 54.4 0.001

Insulin 29.7 344 40.0 48.9 0.01

RAAS inhibitors 58.2 56.7 52.2 51.1 0.27

Data are presented as mean standard deviation (SD), median (interquartile range), or percentages. P for trend across quartiles of UPCR is examined using linear or

logistic regression, as appropriate. Advanced diabetic retinopathy is defined as proliferative diabetic retinopathy or a history of panretinal photocoagulation. Log (OH-R

+6) is used for the logarithmic transformation of the overhydration rate.

Abbreviations: eGFR, estimated glomerular filtration rate; HbA1lc, glycated hemoglobin Alc; LDL, low density lipoprotein; NA, not available; OH-R, overhydration rate;

RAAS, renin-angiotensin-aldosterone system; UPCR, urinary protein creatinine ratio.

https://doi.org/10.1371/journal.pone.0264568.t001

Patients with massive proteinuria were more likely to receive insulin and have advanced

diabetic retinopathy. Although we cannot prove causality in our study, insulin therapy was

unlikely to cause microangiopathy because multiple insulin injection treatments (three times
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Table 2. Association of quartile with atherosclerotic CVD.

Univariate

Subhazard ratio [95%CI]

Q1 (UPCR) 1.84 [1.06-3.17]
Q2 (UPCR) 1.53 [0.87-2.67]
Q3 (UPCR) Reference
Q4 (UPCR) 1.24 [0.68-2.25]

Model 1 Model 2
P value Subhazard ratio [95%CI] P value Subhazard ratio [95%CI] P value
0.03 2.04 [1.00-4.14] 0.049 1.58 [0.78-3.22] 0.21
0.14 1.69 [0.89-3.23] 0.11 1.50 [0.80-2.80] 0.20
Reference Reference
0.48 1.29 [0.65-2.58] 0.46 1.27 [0.65-2.48] 0.49

Model 1: univariate + age, sex, eGFR, body mass index, systolic blood pressure, HbAlc, smoking status, and prescription (aspirin, statin, and insulin).

Model 2: Model 1 + history of atherosclerotic CVD (percutaneous coronary intervention or coronary artery bypass grafting, peripheral arterial disease, and cerebral

infarction)

Abbreviations: CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HbAlc, glycated hemoglobin Alc; Q1-4, quartiles 1-4; UPCR, urinary protein

creatinine ratio

https://doi.org/10.1371/journal.pone.0264568.t1002

per day) are more effective to prevent the progression of microangiopathy than conventional
insulin injection therapy (one to two times per day) [15]. Furthermore, intensive blood glucose
control, either by oral antidiabetic agents or insulin, has been shown to reduce the risk of
microangiopathy [16, 17]. Meanwhile, in previous studies, intensive blood glucose control did
not reduce the risk of macroangiopathy in early time course of glycemic control [16-18]. In
fact, HbAlc levels > 7.0% were reported to be associated with microvascular complications,
including retinopathy, but not macrovascular complications such as coronary artery disease,
cerebral infarction, and peripheral arterial disease [19]. These findings suggest a stronger asso-
ciation between blood glucose levels and microangiopathy than with macroangiopathy. Taken
together, patients with severe proteinuria at dialysis initiation might have been exposed to
hyperglycemia refractory to oral antidiabetic agents before the start of insulin therapy, result-
ing in the progression of microangiopathy.

Another possibility is that the necessity of insulin prescription at dialysis initiation might
reflect severely decreased insulin secretion due to B-cell dysfunction, which was caused by islet
microangiopathy driven by long-term hyperglycemia. In db/db mice, signs of islet microangio-
pathy have been reported. The observed findings include increase in the average and diversity
of islet capillary size, pericapillary edema and fibrosis, and hypertrophy of the pericyte with
abundant actin-like microfilaments, which suggest capillary hyperperfusion, hypertension,
and secondary vascular response [20]. Hemodynamic changes and vascular responses are
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Fig 3. Cumulative incidence of atherosclerotic CVD after dialysis initiation (A) and percentages of atherosclerotic
CVD to total fatal CVD by UPCR quartile. Patients in UPCR Q1 have a significantly higher risk for atherosclerotic
CVD than patients in UPCR Q3 (subhazard ratio [95% confidence interval]: 1.84 [1.06-3.17]). Abbreviations: CVD,
cardiovascular disease; Q1-4, quartiles 1-4; UPCR, urine protein-to-creatinine ratio.

https://doi.org/10.1371/journal.pone.0264568.g003

PLOS ONE | https://doi.org/10.1371/journal.pone.0264568 February 25, 2022 7/12


https://doi.org/10.1371/journal.pone.0264568.t002
https://doi.org/10.1371/journal.pone.0264568.g003
https://doi.org/10.1371/journal.pone.0264568

PLOS ONE

Low-grade proteinuria and atherosclerotic CVD among incident dialysis patients with diabetes

Urinary Protein

A R R R EEEEEEEREEERRRRRaaY

fan.

Sl Microangiopathy

4 )

Advanced diabetic retinopathy
Preserved size of the kidney
Insulin user
Overhydrated at dialysis initiation

Prior history of CAD/CI
Atrophic kidney
Male
Elderly

- J

Fig 4. Heterogeneity of DKD pathogenesis and amount of proteinuria: Dominancy of macroangiopathy or
microangiopathy. Patients with modest proteinuria are more likely to be male and elderly. They tend to have an
atrophic kidney and a history of atherosclerotic CVD (macroangiopathy). Meanwhile, patients with massive
proteinuria tend to receive insulin and suffer from overhydration. They are characterized by preserved kidney size and
advanced diabetic retinopathy (microangiopathy). Abbreviations: CAD, coronary artery disease; CI, cerebral
infarction; DKD, diabetic kidney disease.

https://doi.org/10.1371/journal.pone.0264568.g004

considered important components of diabetic microangiopathy [21]. Our findings are com-
patible with those of a previous cross-sectional study, which showed an association between
the presence of microangiopathy and f-cell dysfunction [22].

Patients with modest proteinuria were more likely to have a history of atherosclerotic CVD.
In addition, they were more likely to be elderly and male, which have been reported as risk fac-
tors for atherosclerosis [23, 24]. Patients with lower proteinuria had more atrophic kidneys,
suggesting that nephrosclerosis or ischemic nephropathy caused by renal artery sclerosis could
have contributed to the deterioration of renal function. Ischemic nephropathy is characterized
by decreased glomerular pressure, which partially explains the relatively low proteinuria levels
since nephrosclerosis or renal artery sclerosis is a manifestation of advanced atherosclerosis in
the whole body. The observed association between modest proteinuria and future atheroscle-
rotic events is reasonable.

It should be noted that more than 95% of patients in our study had proteinuria correspond-
ing to A3 levels of albuminuria (>300 mg/g) according to the Kidney Disease: Improving
Global Outcomes (KDIGO) criteria. Our findings indicate that the link between severe pro-
teinuria and worsening prognosis advocated by the KDIGO guidelines cannot be extrapolated
to those patients with end-stage renal disease who are new to dialysis. Proteinuria accelerates
kidney function loss [25] that has a strong association with CVD [26]. In other words, protein-
uria is associated with subsequent CVD through renal function loss among patients with pre-
dialysis patients with CKD [27]. After hemodialysis initiation, residual renal function
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deteriorates rapidly [28], which possibly diminishes the association between proteinuria and
CVD risk on maintenance hemodialysis.

Few studies have investigated the association between proteinuria at the initiation of dialy-
sis and prognosis. The findings of our study are consistent with those of previous studies that
enrolled patients with advanced CKD. In pre-dialysis patients with eGFR < 30 mL/min/1.73
m?, a J-shaped association between proteinuria and all-cause mortality has been reported [12,
29]. Among incident dialysis patients, pre-dialysis proteinuria was reported to be inversely
associated with all-cause mortality [30]. In our study, patients with lower proteinuria were
more likely to have a history of coronary artery disease and cerebral infarction. Additional
adjustment for the history of atherosclerotic CVD, such as cerebral infarction and coronary
artery disease, attenuated the association of low proteinuria with the risk of subsequent athero-
sclerotic CVD. Furthermore, the lower the amount of proteinuria, the higher percentage of
atherosclerotic CVD among patients who died of any CVD. These data suggest that atheroscle-
rosis developed during pre-dialysis CKD contributes to the risk of atherosclerotic CVD events
after the initiation of dialysis.

Patients in the fourth quartile of proteinuria had a greater risk of future atherosclerotic
CVD than those in the third quartile of proteinuria. This might be explained by long-term
effects of glycemic control. Patients in the fourth quartile of proteinuria might have had poor
glycemic control as shown in the high prevalence of insulin users. In the UK Prospective Dia-
betes Study, intensive glucose control decreases the risk of microvascular complications, but
not macrovascular complications during the first 10 years after diagnose of diabetes [16].
However, a risk reduction for myocardial infarction was observed during the additional fol-
low-up of 10 years after the trial [31]. Besides, patients in the fourth quartile of proteinuria had
a significantly higher LDL level than patients in the third quartile (109 versus 93, P = 0.02).
Since high LDL levels are risk factors for future atherosclerotic CVD [32], this significant dif-
ference in LDL levels might explain a greater risk of atherosclerotic CVD in the fourth quartile
of proteinuria.

This study had several strengths. First, this is the first study to examine the association
between the amount of proteinuria at the initiation of dialysis and the characteristics of
patients with diabetes. Second, we recorded kidney length at the initiation of dialysis. No study
has examined the association between the amount of proteinuria and kidney size in incident
dialysis patients. In contrast, this study also had several limitations. First, the outcomes were
not adjudicated. The indications for hospitalization might vary among physicians. Second, we
enrolled only patients with diabetes, so our results cannot be extrapolated to patients without
diabetes. Third, the method of measuring renal length was not standardized among the
technicians.

In conclusion, patients with diabetes and with lower levels of proteinuria at dialysis initia-
tion were more likely to have prevalent atherosclerotic CVD at the initiation of dialysis and a
higher risk of developing atherosclerotic CVD after the initiation of dialysis. The amount of
proteinuria at dialysis initiation might be useful in determining the heterogeneous pathologies
of patients with diabetes: the dominance of microangiopathy and macroangiopathy.

Supporting information

S1 Table. Characteristics of patients with or without the data of UPCR. Abbreviations:
eGFR, estimated glomerular filtration rate; HbAlc, glycated hemoglobin Alc; LDL, low den-
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UPCR, urinary protein creatinine ratio.
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