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Abstract

Background: Data on the relations between kidney function abnormalities and stroke in type 2 diabetes are limited.
We evaluated the associations of kidney function abnormalities and chronic kidney disease (CKD) stages with incident

stroke in a large sample of adults with type 2 diabetes.

Methods: Participants with type 2 diabetes from the Action to Control Cardiovascular Risk in Diabetes (ACCORD)
study without history of stroke at baseline were included. Urine albumin-to-creatinine ratio (UJACR) and estimated
glomerular filtration rate (eGFR) were assessed at baseline. CKD categories were defined according to the KDIGO
(Kidney Disease: Improving Global Outcomes) guidelines. Cox proportional hazards regression models were used to
compute hazard ratios (HR) and 95% confidence intervals (Cl) for stroke in relation to measures of kidney function and

CKD categories.

Results: A total of 9170 participants (mean age 62.8 [SD: 6.6] years, 38.2% women, 62.9% white) were included. Over
a median follow-up of 4.9 years (interquartile range: 4.0-5.7), 156 participants developed a stroke (incidence rate
3.6/1000 person-years [95% Cl 3.0-4.2]). After adjusting for relevant confounders, higher UACR and lower eGFR were
each associated with increased risk of stroke. Compared to UACR < 30mg/g, moderate albuminuria and severe albu-
minuria were associated with increasing hazards for stroke (HR 1.61 [95% Cl 1.12-2.32] and 2.29 [95% Cl 1.39-3.80],
respectively). Compared to eGFR of >60 mL/min/1.73 m?, decreased eGFR (eGFR <60 mL/min/1.73 m?) was associ-
ated with higher risk of stroke (HR 1.50, 95% Cl 0.98-2.29). Compared to no CKD, worsening CKD stage was associated
with an increasing risk of stroke (HRs of 1.76 [95% Cl 1.10-2.83] for CKD G, 1.77 [95% Cl 1.13-2.75] for CKD G2, and

2.03[95% ClI 1.27-3.24] for CKD G3).

Conclusions: In alarge sample of adults with type 2 diabetes, increasing albuminuria and worsening stages of early
CKD were independently associated with higher risk of incident stroke.

Trial registration: ClinicalTrials.gov. Identifier: NCTO0000620.
Keywords: Albuminuria, Diabetic kidney disease, Epidemiology, Glomerular filtration rate, Stroke, Type 2 diabetes

Background

Atherosclerotic cardiovascular disease (ASCVD) is a sig-
nificant cause of morbidity and mortality among people
with type 2 diabetes [1, 2]. The huge burden of ASCVD
in type 2 diabetes, mainly coronary artery disease (CAD)
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and stroke, constitutes a major public health problem in
this population and accounts for significant disability and
healthcare costs [3]. Diabetes mellitus is associated with
a 3-fold greater age-adjusted risk of stroke and a higher
post-stroke mortality [3]. The increased burden of stroke
in individuals with type 2 diabetes is driven in large part
by the high prevalence of the metabolic syndrome com-
ponents in this population [3]. However, accruing evi-
dence suggest that other factors such as diabetes-related
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microvascular complications might play a role [4-7].
Indeed, diabetic retinopathy was found to be associated
with higher risk of stroke in people with type 2 diabetes
[8]. The impact on stroke of microvascular disease in
other vascular territories (such as the kidney) in indi-
viduals with type 2 diabetes has received less attention
[9-11].

We aimed to assess the relations of abnormalities in
urine albumin-to-creatinine ratio (UACR), estimated
glomerular filtration rate (eGFR), and earlier stages
(G1-G3) of chronic kidney disease (CKD) (KDIGO
[Kidney Disease: Improving Global Outcomes] clas-
sification) [12] with the risk of stroke in adults with
type 2 diabetes, using data from the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) study. We
hypothesized that kidney function abnormalities and
worsening CKD stages would be associated with higher
risk of incident stroke.

Methods

Study design

The details about the design of the ACCORD study
have previously been published [13]. Briefly, ACCORD
enrolled 10251 patients with type 2 diabetes with gly-
cated hemoglobin (HbA,-)>7.5% who were either
between the ages 40 and 79 years with established cardio-
vascular disease (CVD) or between the ages of 55 and 79
with evidence of significant atherosclerosis, left ventricu-
lar hypertrophy, albuminuria, or > 2 additional CVD risk
factors (current smoking, hypertension, dyslipidemia, or
obesity). Exclusion criteria included frequent or recent
hypoglycemic events, unwillingness to perform home
glucose monitoring or self-administer insulin, a serum
creatinine >1.5mg/dL or other serious illness. Addition-
ally, individuals with CKD stages G4 or G5 were excluded
from ACCORD. The 10251 participants were randomly
assigned to receive either intensive glucose lowering
therapy aiming for HbA,- <6.0% or standard therapy
targeting HbA, -~ of 7.0 to 7.9%. Participants were further
randomized in a double two-by-two factorial design with
4733 individuals randomly assigned to receive intensive
blood pressure (BP) control (systolic BP target <120mm
Hg) or standard treatment (systolic BP<140mm Hg);
5518 participants randomly assigned to either fenofibrate
or placebo while maintaining adequate low-density lipo-
protein (LDL) cholesterol using simvastatin.

For the current analysis, participants with history of
prior stroke (n=630) or missing data on UACR/eGFR
(n=451) were excluded. After these exclusions, 9170
participants were included in our analyses. The exclusion
process is summarized in Additional file 1, Supplemen-
tary Fig. S1.
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The ACCORD study was conducted in accordance with
the principles of the Helsinki declaration. All participants
provided written informed consent, and the study pro-
tocol was approved by the institutional review board or
ethics committee of each participating center.

Assessment of kidney function abnormalities

Blood and urine samples were collected at baseline from
each participant. All urine and serum specimens were
analyzed on the day of the sample receipt. Serum and
urine creatinine was measured via enzymatic methods
on a Roche Double Modular P Analytics automated ana-
lyzer. The inter-assay precision coefficients have been
reported to be less than 1.4 and less than 2.2% for the
% for the high-quality control and low-quality control
samples, respectively [14]. eGFR was calculated in mL/
min/1.73 m? using the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) formula [15]. Urine
microalbumin was assayed on spot urine by immunon-
ephelometry on a Siemens BN11 nephelometer. The sen-
sitivity of this assay was 0.16 mg/dL with an inter-assay
coefficient of variation of 3.0%, 2.6% and 4.9% for control
levels of 0.89mg/dL, 6.6 mg/dL, and 16.1 mg/dL, respec-
tively. Urinary albumin excretion was estimated as the
UACR in mg albumin per g of creatinine.

Kidney function abnormalities were defined as clini-
cally relevant categories. UACR was categorized as nor-
mal (UACR<30mg/g), moderate albuminuria (UACR
30 to <300mg/g), and severe albuminuria (UACR
>300mg/g). eGFR was categorized as decreased eGFR
(eGFR <60mL/min/1.73 m?) or normal eGFR (eGFR
>60mL/min/1.73 m?) [12].

CKD stages were defined by categories of eGFR and
UACR based on the KDIGO clinical practice guide-
line as follows: (1) no CKD defined as eGFR>60 and
UACR<30; (2) CKD G1, as eGFR>90 and UACR > 30;
(3) CKD G2, as eGFR between 60 and 89 and UACR > 30;
and (4) CKD G3, as eGFR between 30 and 59 regardless
of UACR [12]. Of note, participants with stages G4 and
G5 were excluded by design in ACCORD [13].

Additionally, participants were classified accord-
ing to risk categories defined by the KDIGO guidelines:
(1) low risk was defined as eGFR > 60 and UACR < 30;
(2) moderate risk, as (45 <eGFR <60 and UACR<30)
or (eGFR > 60 and 30 <UACR <300); (3) high risk, as
(30 <eGFR <44 and UACR <30) or (45 <eGFR <60 and
30 <UACR <300) or (eGFR > 60 and UACR >300); (4)
very high risk, as 30 <eGFR <44 and (30 < UACR < 300)
or (30 <eGFR <60 and UACR> 300) [12].

Ascertainment of stroke
Participants were followed from enrollment through the
onset of stroke, death, or end of study. Stroke cases were
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ascertained at clinic visits scheduled every 4 months dur-
ing which participants were asked about emergency room
visits and hospitalizations since the previous visit. In case
participants did not attend a clinic visit, clinic staff con-
tacted them and conducted events ascertainment via tel-
ephone. Stroke was defined as a focal neurologic deficit
lasting more than 24 h, with evidence of brain infarction
or hemorrhage by computed tomography, magnetic reso-
nance imaging, or autopsy. An expert adjudication com-
mittee blinded to the study interventions confirmed the
stroke cases’ adjudication [13, 16]. Stroke cases were not
further classified into ischemic vs hemorrhagic.

Covariates

Covariates were selected a priori based on their relation-
ship with kidney function and stroke. They included the
following variables collected at baseline: age, sex, race/
ethnicity, treatment arm, body mass index (BMI), ciga-
rette smoking status, alcohol intake, BP, use of BP-lower-
ing medications, atrial fibrillation diagnosed on 12-lead
electrocardiograms, established ASCVD excluding
stroke (history of prior myocardial infarction, coronary
revascularization, carotid or peripheral revasculariza-
tion, or angina), HbA,, duration of diabetes, and lipid
variables [13].

Statistical analyses

The baseline characteristics of study participants were
compared by KDIGO CKD categories, as well as UACR
and eGFR using the Analysis of Variance or Kruskal-Wal-
lis test for continuous variables depending on their distri-
bution; and the y* test for categorical variables.

Incidence rates (IR) of stroke per 1000 person-years
were computed by dividing the number of stroke cases
by the person-years estimated from baseline through
the earliest of date of stroke’s occurrence, date of death,
or study end. The time-to-event distributions for stroke
were assessed using the Kaplan-Meier curve and com-
pared by CKD stages using the log-rank test. Cox propor-
tional hazard regression models were used to generate
hazard ratios (HRs) and 95% confidence intervals (ClIs)
for stroke by UACR, eGER (analyzed as continuous and
categorical variables), and CKD stages. For analyses as
continuous variables, UACR and eGFR were logarithmi-
cally transformed and HRs were reported per standard
deviation (SD) increment of the log-transformed value.

We constructed regression models sequentially by first
accounting for age, sex, race, and treatment arm (model
1); model 2 accounted for variables in model 1 plus fur-
ther adjustment for duration of diabetes, hemoglobin
A, cigarette smoking, and alcohol intake; body mass
index, total-to-HDL cholesterol, systolic BP, use of BP-
lowering medications, and atrial fibrillation; and history

Page 3 of 10

of CVD (excluding stroke). Model 3 adjusted for model
2 variables plus use of antiplatelet agents (including aspi-
rin)/anticoagulants, as well as various classes of antihy-
pertensive medications that may affect kidney function
such as use of angiotensin-converting enzyme inhibitor
(ACEI)/ angiotensin-II receptor blocker (ARB), and diu-
retics. For analyses of UACR, model 4 further adjusted
for baseline eGFR; alternatively, for the assessment of
eGFR, model 4 included additional adjustment for base-
line UACR.

In sensitivity analyses, we repeated the analyses after
excluding participants on fenofibrate as fenofibrate has
been shown to increase serum creatinine without causing
any alterations in kidney function [17]. Additionally, we
tested for statistical interaction of CKD stage by age, sex,
race/ethnicity, and treatment arm.

A two-sided P-value <0.05 was considered statistically
significant for all analyses. The analyses were performed
using STATA 14.2 (Stata, Inc., College Station, TX).

Results

Baseline characteristics

A comparison of characteristics of participants excluded
(due to prior history of stroke or missing values on kid-
ney function markers, Additional file 1, Supplementary
Fig. S1) to those included in the final analytical sample is
displayed in Additional file 1, Supplementary Table S1.

A total of 9170 participants were included in the analy-
ses (mean age: 62.8 [SD: 6.6] years, 38.2% women, 62.9%
white). Of the entire sample, 62.2% of participants had no
CKD; 13.3%, CKD G1; 14.1%, CKD G2; and 10.5%, CKD
G3. Compared to those without CKD, participants with
higher CKD stages were older, more likely to be women,
and had higher systolic BP, total cholesterol, total/HDL
cholesterol ratios, and longer durations of diabetes. They
were also more likely to have atrial fibrillation, hyper-
tension, and history of CVD at baseline (Table 1). The
characteristics of study participants were similar when
compared by CKD risk categories (Additional file 1, Sup-
plementary Table S2) as well as UACR and eGFR catego-
ries (Additional file 1, Supplementary Table S3).

Incident stroke by UACR and eGFR levels

Over a median follow-up of 4.9 years (interquartile range:
4.0-5.7), a total of 156 participants experienced a stroke
event (incidence rate 3.6/1000 person-years [95% CI
3.0-4.2]).

After multivariable adjustment, UACR was associ-
ated with elevated risks of incident stroke. Compared
to normal UACR (Table 2), moderate albuminuria and
severe albuminuria were each associated with greater
hazards of stroke (HRs 1.61 [95% CI 1.12-2.32] and
2.29 [95% CI 1.39-3.80), respectively). Each 1-SD
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Table 1 Baseline characteristics of participants by CKD stage
Characteristics Whole sample  KDIGO CKD stages P value*
No CKD CKD G1 CKD G2 CKD G3

N 9170 5703 1218 1290 959
Age, years 62.8 (6.6) 62.1(6.2) 60.0 (5.3) 65.2 (7.0) 674 (6.6) <0.001
Women, % 382 39.8 364 274 454 <0.001
Race/ethnicity, % <0.001

White 629 63.6 57.0 61.7 67.9

Black 186 183 223 208 144

Hispanic 7.0 6.8 79 7.1 6.9

Other 13 1.3 129 104 10.8
Intensive glycemic managementarm, % 503 50.2 49.8 50.1 517 0.817
Body mass index, kg/m? 323(54) 322(53) 329(56) 322(55) 323(5.5) <0.001
Current smoking, % 138 13.1 209 14.2 8.2 <0.001
Alcohol drinking, % 244 252 256 249 17.2 <0.001
Systolic BR, mm Hg 136.3 (17.0) 133.6(15.8) 1309 (17.1) 142.0(184) 138.6(18.0) <0.001
Diastolic BR, mm Hg 74.9 (10.6) 74.9(10.3) 774 (10.5) 749 (11.2) 719(11.2) <0.001
Use of BP-lowering drug, % 834 80.3 84.2 90.1 92.0 <0.001
Use of ACEI/ARB, % 69.1 659 715 754 76.0 <0.001
Use of diuretics, % 36.1 323 31.0 434 555 <0.001
Use of antiplatelets/ anticoagulants, % 575 56.4 54.8 60.7 62.5 <0.001
Atrial fibrillation, % 12 0.7 1.1 26 2.7 <0.001
History of CVD 313 279 337 37.1 40.2 <0.001
Hemoglobin A, ¢, % 8.3(1.1) 8.2 (1.0 86 (1.1) 84(1.1) 83(1.2) <0.001
Duration of diabetes, years 9.0 (5.0-15.0) 8.0 (4.5-14.0) 10.0 (5.0-15.0) 11.0 (7.0-18.0) 11.0 (6.0-19.0) <0.001
Total cholesterol, mg/dL 183.5 (41.7) 182.5 (40.2) 1885 (47.3) 181.9 (41.5) 185.6 (42.8) <0.001
HDL-cholesterol, mg/dL 41.8(11.6) 423(11.5) 408 (11.5) 413(11.9) 41.0(011.4) <0.001
LDL-cholesterol, mg/dL 105.0 (34.0) 105.1 (33.2) 105.0 (35.7) 104.2 (34.9) 105.8 (34.7) 0.721
Total/HDL-cholesterol ratio 47 (1.7) 46 (1.6) 49 (2.0) 47 (16) 48(1.7) <0.001
UACR, mg/g 14.0 (7.0-45.0) 9.0 (6.0-14.0) 78.0(45.0-1920) 97.0(51.0-239.0) 23.0(9.0-106.0) <0.001
eGFR, mL/min/1.73 m? 86.7 (71.8-96.7) 904 (77.9-97.6)  97.7(93.9-104.2) 754 (67.8-82.5) 52.7(473-56.7)  <0.001

*P values are for comparisons between CKD stages using the analysis of variance (ANOVA) for continuous variables with a normal distribution, the Kruskal-Wallis

test for continuous variables with a skewed distribution, and the y? test for categorical variables. Data are mean (standard deviation), median (interquartile range),

or proportion (%) unless otherwise indicated. CKD was classified according to the KDIGO clinical practice guidelines as follows: 1) No CKD defined as eGFR > 60 and
UACR < 30; CKD G1, as eGFR > 90 and UACR > 30; CKD G2, as eGFR between 60 and 89 and UACR > 30; CKD G3, as eGFR between 30 and 59 regardless of UACR. ACE/
indicates angiotensin-converting enzyme inhibitors, ARB angiotensin-I receptor blockers, BP blood pressure, CKD chronic kidney disease, CVD cardiovascular disease,
eGFR estimated glomerular filtration rate in mL/min/1.73 m2, HDL high-density lipoprotein, KDIGO Kidney Disease: Improving Global Outcomes, LDL low-density

lipoprotein, UACR urine albumin-to-creatinine ratio in mg/g

increase in log-transformed UACR was associated with
a 44% higher risk of stroke (HR 1.44, 95% CI 1.24—1.68).

Participants with decreased eGFR (eGFR <60mL/
min/1.73 m?) had a 50% greater risk of stroke (HR
1.50, 95% CI 0.98-2.29) compared to those with nor-
mal eGFR (eGFR >60mL/min/1.73m?). Each 1-SD
decrease in log-transformed eGFR was associated
with an 18% increased risk of stroke (HR 1.18, 95% CI
1.01-1.38).

Compared with participants with both normal UACR
and eGFR (Table 3), those with UACR>30mg/g and
eGFR <60mL/min/1.73 m? had increased hazards of
stroke (HR 2.54, 95% CI 1.45-4.43).

Incident stroke by KDIGO CKD categories

Participants with higher CKD stages had increased
cumulative incidence of stroke as compared to those with
lower stages (Fig. 1, P-value-log rank <0.001).

Compared to the absence of CKD, increasing CKD
stages were associated with greater risk of stroke; the
adjusted HRs were 1.76 (95% CI 1.10-2.83) for CKD Gl1,
1.77 (95% CI 1.13-2.75) for CKD G2, and 2.03 (95% CI
1.27-3.24) for CKD G3. Additionally, compared to the
low-risk stage, the HRs for incident stroke were 1.55 (95%
CI 1.05-2.27) for the moderate risk stage, 2.56 (95% CI
1.61-4.07) for the high-risk stage, and 2.86 (95% CI 1.41-
5.80) for the very high-risk stage (Table 4).
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Table 3 Rates and hazard ratios of incident stroke by combined measures of kidney function

Measures of No events/ P-years Rate/1000 p-years Model 1 Model 2 Model 3
kidney function no atrisk
HR (95% ClI) P HR (95% CI) P HR (95% CI) P
UACR eGFR
<30 > 60 61/5703 274143 22(1.7-29) 1 (reference) 1 (reference) 1 (reference)
<30 <60 13/537 2698.0 48(2.8-83) 1.76 (0.95-3.26)  0.070 1.64(0.88-3.06) 0.117 1.59(086-297) 0.142
>30 =60 62/2508 117912  53(4.1-6.7) 230(1.61-3.28) <0.001 1.80(1.24-261) 0002 1.79(1.23-260) 0.002
>30 <60 20/422 2021.5 9.9 (6.4-15.3) 366 ((2.17-6.17) <0001 261 (1.50-4.55) 0001 254 (1.45-443) 0.001

Model 1 adjusted for age, sex, race, and treatment arm; model 2, model 1 variables plus duration of diabetes, hemoglobin A,, cigarette smoking, alcohol intake; body
mass index, total-to-HDL cholesterol, systolic BP, use of BP-lowering medications, atrial fibrillation; history of CVD (excluding stroke) at baseline; model 3, model 2
variables plus use of antiplatelet agents (including aspirin)/ anticoagulants, diuretics, ACEI/ARB

ACEl indicates angiotensin-converting enzyme inhibitors, ARB angiotensin-Il receptor blockers, BP blood pressure, C/ confidence interval, CVD cardiovascular disease,
eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, HR hazard ratio, p-years person-years, UACR urine albumin-creatinine ratio

We conducted sensitivity analyses by restricting the
analytical sample to participants not on fenofibrate as
it has been shown to elevate serum creatinine without
altering kidney function. These did not materially affect
the magnitude or significance of the results (Additional
file 1, Supplementary Tables S4 & S5).

Additionally, we tested for statistical interaction of
CKD stage by age, sex, race/ethnicity, and treatment
arm. We found statistically significant evidence of inter-
action by age (P=0.035), but not sex (P =0.400), race/
ethnicity (P =0.289), or treatment arm (P?=0.342). Since
we observed statistical interaction by age, we performed
additional analyses stratified into two age groups using
the median age (62years) as the cutoff. The associa-
tion between CKD stage and stroke was stronger among
younger participants (age <62) whereas no signifi-
cant association was observed among those 62 or older
(Fig. 2).

Discussion

We evaluated the associations of kidney function abnor-
malities and CKD stages with incident stroke in adults
with type 2 diabetes enrolled in the ACCORD study and
made several observations. First, the higher the albumi-
nuria level, the greater was the risk of stroke. Second,
decreased eGFR was related to a greater risk of stroke.
Third, worsening CKD stages defined by the KDIGO cri-
teria were associated with greater risk of stroke.

Our study has unique features, in that it assesses the
impact of several CKD classification schemes on the risks
of incident stroke using a prospective study design of
adults with type 2 diabetes. A recent systematic review
and meta-analysis identified a gap in this area by show-
ing that most studies of the association between CKD
and incident stroke did not focus on people with type 2
diabetes [9], and the few studies with a focus on diabe-
tes were limited by a retrospective design [18, 19], a short

duration of follow-up [20], a hospital-based setting [20],
or the lack of diversity in their study samples [18-20].
Our results are however consistent with prior reports
of a positive relation between markers of kidney disease
and adverse cardiovascular events both from the general
population, as well as people with diabetes mellitus [9,
18-26]. Indeed, in a retrospective analysis of 653 Japa-
nese individuals with type 2 diabetes, participants with
CKD stages 2 and 3 had a higher risk of stroke compared
to those without CKD. In the same cohort, the incidence
of stroke was elevated among participants with kidney
function abnormalities assessed in isolation (reduced
eGFR as well as increased urinary excretion) [18]. In
another cohort of Chinese patients with type 2 diabetes,
lower eGFR was independently associated with higher
risks of recurrent stroke or transient ischemic attacks
[20]. Likewise, decreasing eGFR was also found to be
related to increasing hazards of cerebrovascular events in
a large primary care database of patients with type 2 dia-
betes in the UK [19].

While the exact mechanisms linking kidney func-
tion abnormalities and incident stroke are incompletely
understood, a few hypotheses can be formulated. First,
increased urinary albumin excretion has been suggested
to be marker of vascular dysfunction and may in fact
reflect a widespread vascular process involving the cer-
ebral vasculature, independently of diabetes or hyperten-
sion, as shown in studies of people without hypertension
or diabetes [27-29]. Additionally, albuminuria may be
a reflection of other widespread derangements such as
microinflammation, endothelial dysfunction, oxidative
stress, and elevated aortic pressures, which are known to
increase the risk of atherosclerotic CVD [30]. Moreover,
unifying pathways linking microvascular and macrovas-
cular events in diabetes mellitus have been shown [31,
32]. These include the formation of advanced glycation
end products from hyperglycemia induced nonenzymatic
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Fig. 1 Cumulative Incidence of Stroke by CKD stage (A) and CKD risk category (B). CKD was classified according to the KDIGO clinical practice
guidelines: (1) no CKD defined as eGFR > 60 and UACR < 30; (2) CKD G1, as eGFR > 90 and UACR > 30; (3) CKD G2, as eGFR between 60 and 89
and UACR > 30; (4) CKD G3, as eGFR between 30 and 59 regardless of UACR. CKD risk categories were defined by eGFR and UACR as follows: (1)
low risk, as eGFR > 60 and UACR < 30; (2) moderate risk, as (45 <eGFR <60 and UACR < 30) or (eGFR > 60 and 30 < UACR < 300); (3) high risk, as
(30 <eGFR <44 and UACR< 30) or (45 < eGFR <60 and 30 < UACR < 300) or (eGFR > 60 and UACR >300); (4) very high risk, as (30 < eGFR <44 and
30 <UACR <300) or (30 <eGFR <60 and UACR >300). CKD indicates chronic kidney disease; eGFR, estimated glomerular filtration rate; KDIGO,
Kidney Disease: Improving Global Outcomes; UACR, urine albumin-creatinine ratio

glycation of proteins. These products may deposit in
blood vessel walls, forming cross-links in the extracellu-
lar matrix and resulting in several pathological changes
including glomerulosclerosis, accelerated atherosclerosis,
and thrombosis [31-33].

Our findings should be interpreted in the context of
a few limitations. First, patients with advanced CKD
(stages G4 and G5) were excluded from ACCORD;
hence, the results do not capture the entire spectrum of
CKD and are not generalizable to people with advanced

CKD. Second, kidney function abnormalities were diag-
nosed using only one timepoint; while this is commonly
performed in large epidemiological studies of CKD
[34], this may have led to an overestimation of the true
prevalence of CKD in our sample. Third, the ACCORD
study did not record data on stroke type (ischemic vs
hemorrhagic); hence, we could not evaluate the effect of
kidney measures’ abnormalities on stroke type. Finally,
our analysis was observational; hence, there remains a
possibility of residual confounding. These limitations
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Table 4 Rates and hazard ratios of incident stroke by KDIGO CKD categories

CKD classification No events/ P-years Rate/1000 p-years Model 1 Model 2 Model 3
no atrisk HR (95% Cl) P HR (95% Cl) P HR (95% Cl) P
CKD stage
No CKD 61/5703 274143 2.2(1.7-29) 1 (reference) 1 (reference) 1 (reference)
CKD G1 27/1218 57011 4.7 (3.2-6.9) 227 (144-359) <0001 1.76(1.10-2.83) 0.019 1.76 (1.10-2.83)  0.020
CKD G2 35/1290 6090.1 5.7 (4.1-8.0) 231(151-3.53) <0001 1.79(1.15-2.79) 0.010 1.77 (1.13=2.75) 0.012
CKD G3 33/959 4719.5 7.0 (5.0-9.8) 257 (1.65-4.02) <0.001 209(1.31-3.33) 0.002 2.03(1.27-3.24) 0.003
CKD risk categories
Low risk 61/5703 274143 22(1.7-29) 1 (reference) .. 1 (reference) 1 (reference)
Moderate risk 52/2484 118766 44 (3.3-57) 1.84 (1.27-2.68) 0.001 1.56 (1.06-229) 0.023 1.55(1.05-2.27) 0.026
High risk 33/797 3719.8 89 (6.3-12.5) 362 (235-557) <0001 262(1.65-4.16) <0.001 256(1.61-4.07) <0.001
Very high risk 10/186 9144 10.9 (5.9-20.3) 422(2.14-832) <0001 2.95(1.46-596) 0.003 2.86(141-5.80) 0.004

CKD was classified according to the KDIGO clinical practice guidelines as follows: (1) no CKD defined as eGFR > 60 and UACR < 30; (2) CKD G1, as eGFR > 90 and
UACR > 30; (3) CKD G2, as eGFR between 60 and 89 and UACR > 30; (4) CKD G3, as eGFR between 30 and 59 regardless of UACR

CKD risk categories were defined by eGFR and UACR as follows: (1) low risk, as eGFR > 60 and UACR < 30; (2) moderate risk, as (45 < eGFR <60 and UACR < 30) or (eGFR
> 60 and 30 < UACR < 300); (3) high risk, as (30 < eGFR <44 and UACR < 30) or (45 < eGFR <60 and 30 < UACR < 300) or (eGFR > 60 and UACR > 300); (4) very high risk,
as (30 <eGFR <44 and 30 < UACR < 300) or (30 < eGFR <60 and UACR> 300)

Model 1 adjusted for age, sex, race, and treatment arm; model 2, model 1 variables plus duration of diabetes, hemoglobin A,, cigarette smoking, alcohol intake; body
mass index, total-to-HDL cholesterol, systolic BP, use of BP-lowering medications, atrial fibrillation; history of CVD (excluding stroke) at baseline; model 3, model 2
variables plus use of antiplatelet agents (including aspirin)/ anticoagulants, diuretics, ACEI/ARB.

ACEl indicates angiotensin-converting enzyme inhibitors, ARB angiotensin-Il receptor blockers, BP blood pressure, CKD chronic kidney disease, Cl confidence interval,

CVD cardiovascular disease, eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, HR hazard ratio, KDIGO Kidney Disease: Improving Global
Outcomes, p-years person-years, UACR urine albumin-creatinine ratio

Age group CKD Stage  Cases/No Hazard ratio (95% Cl)
at risk

Age <62 No CKD 22/3096 * 1.00 (Reference)
CKD G1 16/801 * 1.93 (0.88, 4.19)
CKD G2 12/465 g 2.62(1.14,6.01)
CKD G3 8/209 3.12 (1.02, 9.56)

Age262 No CKD 39/2607 * 1.00 (Reference)
CKD G1 11/417 1.49 (0.67, 3.31)
CKD G2 23/825 — 1.64 (0.87, 3.08)
CKD G3 25/750 — 1.56 (0.84, 2.92)

T T T T T T T T T T

0 1 2 3 4 5 6 7 8 9 10
Fig. 2 Hazard ratios for incident stroke by age group and CKD stage. Hazard ratios are adjusted for sex, race, treatment arm, duration of diabetes,
hemoglobin A, cigarette smoking, alcohol intake; body mass index, total-to-HDL cholesterol, systolic BP, use of BP-lowering medications, atrial
fibrillation and history of cardiovascular disease, use of antiplatelet agents (including aspirin)/ anticoagulants, diuretics, ACEI/ARB. CKD was
classified according to the KDIGO clinical practice guidelines: (1) no CKD defined as eGFR > 60 and UACR < 30; (2) CKD G1, as eGFR>90 and
UACR > 30; (3) CKD G2, as eGFR between 60 and 89 and UACR > 30; (4) CKD G3, as eGFR between 30 and 59 regardless of UACR. ACEl indicates
angiotensin-converting enzyme inhibitors; ARB, angiotensin-Il receptor blockers; BP, blood pressure; CKD, chronic kidney disease; eGFR, estimated
glomerular filtration rate; HDL, high-density lipoprotein; KDIGO, Kidney Disease: Improving Global Outcomes; UACR, urine albumin-creatinine ratio

notwithstanding, this study has several strengths. These
include the use of a large and diverse sample of adults
with type 2 diabetes, the standardized adjudication of
stroke events, and the rigorous evaluation of the various

aspects of CKD and its severity using multiple classi-
fications, as well as the rigorous adjustment of poten-
tial confounders including diabetic duration and atrial
fibrillation.
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Conclusions

In conclusion, in a large and diverse cohort of adults
with type 2 diabetes, higher UACR, decreased eGFR,
and worsening CKD stages were associated with
increased risk of stroke, independently of other stroke
risk factors. These data support the notion that the pre-
vention of CKD and its progression may help mitigate
the risk of stroke in people with type 2 diabetes. Our
findings have several research and public health impli-
cations for people with type 2 diabetes. Diabetes mel-
litus represents the primary cause of CKD in the US
[35]. Our findings underscore the notion that strate-
gies designed to prevent the onset and progression of
CKD in type 2 diabetes may help mitigate the burden
of stroke and its associated disability in this popula-
tion. Further research is needed to clarify the mecha-
nisms linking measures of kidney disease to stroke
and develop strategies targeting both CKD and stroke
prevention.
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