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Interaction of proteinuria and diabetes on the ==
risk of cardiovascular events: a prospective
cohort CKD-ROUTE study
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Abstract

Objective We evaluated the interaction of urinary protein-to-creatinine ratio (UPCR) with diabetes on the risk of
cardiovascular events in a cohort study.

Methods The study population consisted of 639 participants with chronic kidney disease (CKD) stages 2-5, enrolled
between 2010 and 2011 in Japan. Cox proportional hazards models were used to evaluate the independent and
combined effects of the UPCR and diabetes on cardiovascular events.

Results During a median follow-up of 3 years, 59 participants developed cardiovascular events during follow-up.

A notably higher risk of cardiovascular events was found in participants with proteinuria [hazards ratio (HR): 2.16,
95% confidence interval (95% Cl): 1.17-3.97] compared to those without proteinuria at UPCR levels. In addition,

the participants with diabetes had a higher risk of cardiovascular events (HR: 2.53, 95% Cl: 1.49-4.30) than those
without diabetes. Moreover, an interaction was found between UPCR and diabetes on cardiovascular events (P for
interaction=0.04). Participants with both proteinuria (UPCR>0.5 g/gCr) and diabetes had a 4.09 times higher risk of
cardiovascular events (HR: 4.09, 95% Cl: 1.97-8.47) compared with those without proteinuria (UPCR< 0.5 g/gCr) and
diabetes.

Conclusions In summary, among participants with CKD stages 2-5, proteinuria and diabetes were found to
independently and jointly affect the risk of cardiovascular events. Participants with proteinuria and diabetes had the
highest risk of cardiovascular events compared with other groups.
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Introduction

Cardiovascular disease (CVD) is the leading cause of
death, and its incidence is rapidly increasing in every
region of the world [1, 2]. Diabetes is known to be a
major risk factor for CVD, and patients with diabetes
have a 2-3 fold increased risk of dying from CVD com-
pared with those who do not have diabetes [3, 4]. Sev-
eral risk factors, including smoking, hypertension, and
hyperlipidemia, have also been shown to contribute to
the development of CVD [5]. Controlling hyperglycemia,
hypertension, and dyslipidemia reduces CVD in patients
with diabetes and chronic kidney disease (CKD); despite
strict control, a high residual risk remains [6, 7].

Proteinuria is an important predictor of CVD in dia-
betic populations. Individuals with massive proteinuria
have a CVD risk that is four to five times that of diabetic
individuals without proteinuria [8]. Similarly, a popu-
lation-based study conducted by Liu et al. on American
Indian participants also confirmed that albuminuria
is significantly associated with left ventricular systolic
and diastolic dysfunction in type 2 diabetes mellitus [9].
Moreover, Valmadrid and his colleagues [10] showed that
diabetic patients with an older age of onset and micro-
albuminuria or gross proteinuria have a higher risk of
death from CVD in a prospective study. Thus, the co-
existence of proteinuria and diabetes may have additive
and, at times, multiplicative effects on CVD risk. How-
ever, there is limited evidence about the combination of
proteinuria and diabetes with CV events, especially in
patients with CKD.

Our primary interest was to investigate the hypoth-
esis that the relationship between proteinuria and CVD
risk might be modified by diabetes. The results from this
study will significantly contribute to addressing crucial
data gaps. More importantly, it will provide a more accu-
rate method for predicting and preventing cardiovascular
events in participants with CKD stages 2-5.

Methods

Study population and design

Details regarding the study design and major results of
the Chronic Kidney Disease Research of Outcomes in
Treatment and Epidemiology (CKD-ROUTE) have been
reported elsewhere [11]. Briefly, the CKD-ROUTE was
a prospective, observational, multicenter cohort study
conducted from 2006 to 2011 and followed up until
December 2012 in Japan. The data were kindly shared
by the original authors, Soichiro limori et al. [12], from
the Dryad repository. A total of 1138 participants diag-
nosed with CKD stages 2-5, as classified by the Kidney
Disease Improving Global Outcomes (KDIGO) clas-
sification, were recruited from the Tokyo Medical and
Dental University Hospital and its affiliated hospitals in
the Tokyo metropolitan area. These participants were
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not on dialysis at the time of recruitment. The baseline
characteristics of the study population were established
at the initial medical examination, and follow-up data
were collected every six months. The study followed all
participants until the outcome was reached or until two
years after enrollment. Researchers are allowed to uti-
lize these data for secondary analysis in accordance with
the Dryad Terms of Service, without infringing on the
author’s rights. Since informed consent and research eth-
ics approval were obtained in the original study [11], they
are not required for this secondary study. A total of 639
participants were included in the present study, with the
requirement that they had no history of cardiovascular
disease, had recorded baseline urinary protein-to-creat-
inine ratio (UPCR) levels, and were followed for at least 6
months (Figure S1).

Data collection

The variables employed in this study included age, sex,
body mass index (BMI), UPCR, systolic blood pressure
(SBP), hemoglobin, serum albumin, serum creatinine
(Scr), causes of CKD, diabetes, hypertension, antihyper-
tensive therapies including renin-angiotensin-aldoste-
rone system (RAAS) inhibitors, calcium channel blockers
(CCBs), and diuretics, years of follow-up, and cardiovas-
cular events at follow-up. The estimated glomerular fil-
tration rate (eGFR) was calculated using the Modification
of Diet in Renal Disease (MDRD) equation modified for
Japanese subjects [13]: eGFR=194 X serum creatinine —
1.094 x age — 0.287 x ( 0.739, if female ). Proteinuria was
assessed through both the dipstick test and the UPCR.

Study outcomes

The outcome was CV events, including ischemic heart
disease (angina pectoris or myocardial infarction), con-
gestive heart failure, peripheral arterial disease (necro-
sis, amputation, or revascularization surgery of the
extremities), and stroke (cerebral infarction, transient
ischemic attack, cerebral hemorrhage, or subarachnoid
hemorrhage).

Statistical analysis

Baseline characteristics are presented as means and
standard deviations or median (interquartile range
[IQR]) for continuous variables and proportions for cat-
egorical variables by baseline proteinuria categories and
diabetes status. The differences in population character-
istics were compared using two-sample t-tests or x* tests,
accordingly.

Cox proportional hazards models were used to test the
independent and combined effects of UPCR and diabe-
tes on the CV events, with and without adjustments for
age, sex, BMI, SBP, eGFR, hypertension, use of calcium
channel blockers, use of RAAS inhibitors, and use of
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diuretics. As additional exploratory analyses, possible
modifications of the association between UPCR and
CV events were also evaluated by stratified analyses and
interaction testing. In addition to stratified analyses, pos-
sible modifications of the association between UPCR and
CV events were also assessed for the following variables:
age (<60 vs. > 60 years), sex, BMI (<24 vs. > 24 kg/m?),
SBP (<140 vs. 2 140 mmHg), or eGER levels (<30 vs. > 30
mL/min/1.73 m?). Heterogeneity across subgroups was
assessed using Cox proportional hazards models, and
interactions between subgroups and UPCR were tested
using likelihood ratio tests.

A 2-tailed P<0.05 was considered to be statistically sig-
nificant in all analyses. R software version 3.4.1 (http://w
ww.r-project.org) was used for all statistical analyses. The
“epicalc” and “survival” packages of R were used in our
statistical analyses.

Results

Study participants and baseline characteristics

As shown in Table S1, 639 participants with a mean
age of 69.0 (IQR, 58.0-76.0) years were included in this
analysis. The median UPCR of those participants was
1.8 (IQR, 0.1-2.1) g/gCr. The clinical characteristics of
the study participants, categorized by clinical categories
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of UPCR and diabetes status, are listed in Table 1. Par-
ticipants with higher baseline UPCR were more likely to
have a history of hypertension and diabetic nephropathy.
They had higher levels of Scr, SBP, and a higher antihy-
pertensive drug usage rate, as well as lower levels of
hemoglobin, eGFR and serum albumin at baseline. Com-
pared with nondiabetic patients, diabetic patients had
higher BMI, UPCR, Scr, SBP, and a higher antihyperten-
sive drug usage rate, and lower levels of eGFR, hemoglo-
bin, and serum albumin.

Independent effect of UPCR and diabetes on the risk of CV
events

During a median follow-up of 3 years, 59 participants
developed CV events. Overall, there was a significant
positive association between UPCR concentrations and
the occurrence of CV events. Per 1-g/gCr increase in
UPCR levels was associated with a 1.25 times higher
adjusted risk of CV events (hazards ratio [HR]: 1.25, 95%
confidence interval [95% CI]: 1.17-1.33; P<0.001). Con-
sistently, when UPCR was assessed in clinical catego-
ries, a significantly higher risk of CV events was found in
those with proteinuria (2.16, 95% CI: 1.17-3.97; P<0.014)
compared with participants without proteinuria. Similar
results were observed when UPCR was assessed using

Table 1 Characteristics of the study participants according to baseline UPCR concentrations or diabetes status”

UPCR, g/gCr Diabetes status
Characteristics Normal (< 0.5) Proteinuria (=0.5) P value No Yes Pvalue
No. of participants 306 333 438 201
Age, year 70.0 (61.0-77.0) 68.0 (56.0-75.0) 0.027 69.0 (57.0-76.0) 69.0 (61.0-75.0) 0.366
BMI, kg/m2 23.0(21.0-25.5) 234 (21.2-264) 0113 22.9(20.8-25.2) 24.7 (21.6-274) <0.001
Systolic blood pressure, mmHg 130.0 (120.0-147.5) 143.0 (130.5-160.0) <0.001 136.0 (123.0-150.0)  140.0 (129.0-160.0)  0.004
Gender, No. (%) 0.228
Male 214 (69.9) 218 (65.5) 291 (66.4) 141 (70.1) 0.352
Female 92 (30.1) 115 (34.5) 147 (33.6) 60 (29.9)
Etiology of CKD, No. (%) <0.001 <0.001
Diabetic nephropathy 23(75) 102 (30.6) 7(1.6) 118 (58.7)
Nephrosclerosis 160 (52.3) 91 (27.3) 201 (45.9) 50 (24.9)
Glomerulonephritis 40 (13.1) 101 (30.3) 121 (27.6) 20 (10.0)
Other 83(27.1) 39(11.7) 109 (24.9) 13 (6.5)
Hypertension, n (%) 240 (78.4) 318(95.5) <0.001 364 (83.1) 194 (96.5) <0.001
Laboratory results
Hemoglobin, g/dL 1283+£195 1183+£225 <0.001 125.1+219 118.7+20.7 <0.001
Serum albumin, g/dL 43.0 (40.0-45.0) 38.0(33.0-41.0) <0.001 41.0(38.0-44.0) 39.0(33.0-42.0) <0.001
Serum creatinine, mg/dL 125.5(105.2-160.0)  205.0 (135.0-310.0) <0.001 1355(108.0-221.8)  180.0 (136.0-263.0)  0.012
eGFR, ml/min per 1.73 m? 426 (30.5-52.5) 24.6 (15.2-38.4) <0.001 37.8(22.0-51.0) 27.8(18.7-38.9) <0.001
UPCR, g/gCr 0.1(0.0-0.2) 2.1(1.0-4.4) <0.001 04 (0.1-14) 1.3(0.2-4.6) <0.001
Medication use, No. (%)
Use of RAAS inhibitor 159 (52.0) 236 (70.9) <0.001 240 (54.8) 155 (77.1) <0.001
Use of calcium channel blocker 94 (30.7) 188 (56.5) <0.001 169 (38.6) 113 (56.2) <0.001
Use of diuretics 47 (154) 117 (35.1) <0.001 88 (20.1) 76 (37.8) <0.001

“Continuous variables are presented as mean (standard deviation) or median (interquartile range), categorical variables are presented as numbers (percentages)

Abbreviations: UPCR, urinary protein-to-creatinine ratio; BMI, body mass index; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; RASS, renin-

angiotensin-aldosterone system; CCB, calcium channel blocker
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Table 2 Independent effect of baseline UPCR concentrations and diabetes on the risk of CV events
HR (95% ClI)

Variables Events/N (%) Crude model Adjusted model” Pvalue
UPCR
Per 1-g/gCr increase 59/639 (9.2) 1.18(1.13,1.24) 1.25(1.17,1.33) <0.001
Clinical categories

Normal (<0.5) 17/355 (4.8) Ref (1.00) Ref (1.00)

Proteinuria (=0.5) 42/413(10.2) 2.76 (1.57,4.85) 2.16(1.17,3.97) 0014
Medians

Median 1 (<0.6) 17/315 (54) Ref (1.00) Ref (1.00)

Median 2 (= 0.6) 42/324 (13.0) 3.01(1.71,5.29) 242 (1.32,4.45) 0.004
Diabetes status
Categories

No 27/438 (6.2) Ref (1.00) Ref (1.00)

Yes 32/201 (15.9) 3.10(1.85,5.18) 2.53(1.49,4.30) <0.001

“Adjusted for age, sex, body mass index, systolic blood pressure, estimated glomerular filtration rate, history of hypertension, and use of calcium channel blocker,

use of renin-angiotensin-aldosterone system inhibitor, as well as use of diuretics

Abbreviations: HR, hazards ratio; Cl, confidence interval; UPCR, urinary protein-to-creatinine ratio; CV, cardiovascular
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Fig. 1 Kaplan-Meier curves of cumulative hazards of CV events by base-
line urinary protein-to-creatinine ratio (<0.5, > 0.5 g/gCr) and diabetes sta-
tus (yes, no) on the risk of CV events

median categories. After adjustment for confounding
factors, participants with diabetes had a significantly
increased risk of CV events (HR: 2.53, 95% CI: 1.49-4.30;
P<0.001) than those without diabetes (Table 2).

Interaction between UPCR and diabetes on the risk of CV
events

In Cox regression analyses, a statistically significant
interaction between baseline UPCR and diabetes was

observed for CV events (P for interaction=0.04) (Fig. 1).
The hazard ratios (HRs) for CV events were approxi-
mately 4.09 times higher in participants with proteinuria
(UPCR=0.5 g/gCr) and diabetes compared to those with-
out proteinuria (UPCR<0.5 g/gCr) and without diabetes
(HR: 4.09, 95% CI: 1.97-8.47) (Table 3; Fig. 2). Addi-
tionally, similar results were observed when UPCR was
assessed using median categories (Table S2, Figure S2).

Stratified analyses by other important covariables
Stratified analyses were performed to further assess the
association between UPCR and CV events in various
subgroups. The following variables did not significantly
modify the association between UPCR and CV events:
age (<60 vs. > 60 years; P for interaction=0.358), sex (P
for interaction=0.823), BMI (<24 vs. > 24 kg/m?% P for
interaction=0.108), systolic blood pressure (<140 vs. >
140 mmHg; P for interaction=0.243), and eGFR levels
(<30 vs. = 30 mL/min/1.73 m% P for interaction=0.580)
(Table S3).

Discussion

Our current study demonstrated that proteinuria and
diabetes had independent and combined effects on car-
diovascular events among participants with CKD stages

Table 3 Interaction of baseline UPCR concentrations (< 0.5, > 0.5 g/gCr) and diabetes (yes, no) on the risk of CV events

HR (95% ClI)
Diabetes UPCR, g/gCr Events/N (%) Unadjusted Adjusted” P for interaction”
No Normal (<0.5) 13/238 (5.5) Ref (1.00) Ref (1.00) 0.04
Proteinuria (=0.5) 14/200 (7.0) 1.42(0.67,3.03) 1.15(0.52, 2.54)
Yes Normal (<0.5) 4/68 (5.9) 1.09 (0.36, 3.34) 0.91(0.29,2.82)
Proteinuria (= 0.5) 28/133(21.1) 5.59(2.88,10.84) 4.09(1.97,847)

“Adjusted for age, sex, body mass index, systolic blood pressure, estimated glomerular filtration rate, history of hypertension, and use of calcium channel blocker,

use of renin-angiotensin-aldosterone system inhibitor, as well as use of diuretics

Abbreviations: HR, hazards ratio; Cl, confidence interval; UPCR, urinary protein-to-creatinine ratio; CV, cardiovascular
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Fig. 2 CV events after 3 years of follow-up by categories of UPCR (<0.5, = 0.5 g/gCr) and diabetes status (yes, no) at baseline

2-5. Participants with both proteinuria (UPCR>0.5 g/
gCr) and diabetes had a 4.09-fold increased risk of car-
diovascular events at the 3 years follow-up compared to
those without proteinuria (UPCR<0.5 g/gCr) and diabe-
tes, after adjusting for potential confounding factors.
Numerous studies have shown that proteinuria has a
significant association with CV events and mortality in
patients with diabetes [14—17], but not for patients with
both diabetes and CKD. Reductions in albuminuria have
been shown to have cardioprotective effects in patients
with type 1 and type 2 diabetes [18, 19]. In our study,
we found that proteinuria accounted for an increase in
the risk of CV events by a factor of 2.16 (Proteinuria vs

Normal). Moreover, patients with proteinuria and diabe-
tes had a 4.09-fold greater risk of CV events than those
without proteinuria and without diabetes. Consistent
with the present findings, prospective data from the
Strong Heart study demonstrated that diabetic individu-
als with macroalbuminuria were associated with four to
five times the CVD risk compared with those without
albuminuria [20]. However, in the AdDIT study, Marc-
ovecchio and colleagues [21] reported that ACR at the
higher end of the normal range is associated with an
increased risk of future CV events, independently of the
HbA1lc level. This discrepancy may be partly due to dif-
ferences in patient characteristics and research design
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among these studies. First, our study has different base-
line proteinuria levels compared to the AdDIT study. The
median baseline UPCR was 0.6 g/gCr (68.2 mg/mmol) in
our study, much higher than the mean of 1.28 mg/mmol
in the AdDIT study. Another possible explanation is that
our study included participants with CKD, and diabetic
patients with decreased renal function have a higher
prevalence of several CVD risk factors, including hyper-
tension, dyslipidemia, and proteinuria, as well as other
complications [22—24]. It is noteworthy that demonstrat-
ing this relationship in the CKD population is particularly
valuable because this population has a high cardiovascu-
lar risk and is well suited for regular health screening.

Our study is the first to show that proteinuria and dia-
betes have an interactive effect on CV events in patients
with CKD. This finding is supported by a Hong Kong
cohort study, which showed that the coexistence of pro-
teinuria and glycated hemoglobin>6.2% in patients
results in a higher risk of ischemic stroke than the iso-
lated occurrence of either risk factor alone [25]. A sec-
ondary sub-analysis of the SUPPORT trial investigated
the prognostic significance of impaired glucose tolerance
with reference to albuminuria in patients with chronic
heart failure and reported that impaired glucose toler-
ance is associated with a poor prognosis when compli-
cated by albuminuria in chronic heart failure patients
[26]. Accordingly, screening and intervention for elevated
glucose levels and the management of proteinuria may
reduce CV events and mortality risks.

There are several potential mechanisms that may
explain the synergistic effect of proteinuria and diabetes
on cardiovascular events. Firstly, diabetic patients with
proteinuria exhibit a higher prevalence of various CVD
risk factors, including hypertension and dyslipidemia,
as well as complications. The simultaneous presence of
these risk factors significantly accelerates endothelial
dysfunction, thereby elevating the risk of CVD [27, 28].
Secondly, the RAAS is central to the pathogenesis of
macrovascular and microvascular disease; hyperglycemia
can activate the RAAS, leading to increased angioten-
sin II levels, which can cause vasoconstriction, inflam-
mation, and proteinuria—all of which contribute to the
development of atherosclerosis [29, 30]. Thirdly, diabetes,
a leading cause of decreased renal function, is also associ-
ated with proteinuria, which reflects widespread vascular
damage and is a risk factor for CVD [22, 31]. In addition,
decreased renal function may further impair islet func-
tion and raise blood glucose levels [32], which may also
increase the risk of CVD.

Potential limitations should be noted. First, the partici-
pants were enrolled at Tokyo Medical and Dental Univer-
sity Hospital and its 15 affiliated clinical centers in Japan.
Whether the results can be extrapolated to other popu-
lations requires further verification. Second, because this
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was a secondary data analysis, variables not included in
the data set cannot be adjusted, such as fasting plasma
glucose, glycosylated hemoglobin, and low-density lipo-
protein levels. Third, this study includes only a single
measurement of UPCR and lacks data assessing current
glycemic control. Finally, the participants enrolled in this
study were patients with CKD stages 2—5 (most of whom
have significant proteinuria); therefore, for patients with
CKD stage 1 or without CKD, the relationship between
proteinuria, diabetes, and CVD needs to be further
explored.

The findings of the present study may have important
clinical implications. A particularly notable finding is that
proteinuria and diabetes synergistically increase the risk
of CVD. Therefore, increased monitoring of proteinuria
and blood glucose in clinical practice could lead to better
prognostication and intensified interventions in patients
with CKD. Moreover, considering that the combination
of proteinuria and diabetes leads more rapidly to CVD,
combination therapy is recommended to reduce risk.
Novel therapies for proteinuria and diabetes may also
improve cardiovascular outcomes. Recent outcome trials
have shown a significant impact on CVD risk reduction
in patients with CKD and diabetes after treatment with
sodium-glucose co-transporter 2 (SGLT2) inhibitors [33].

In conclusion, this prospective, multicenter cohort
study shows an association between proteinuria and
diabetes status with a higher risk of CV events in par-
ticipants with CKD stages 2—5. The results illustrate the
importance of managing the combined early stages of
proteinuria and diabetes in the prevention and treatment
of CVD.
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