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Abstract

Background Decline of estimated glomerular filtration rate (eGFR) is associated with increased cardiovascular (CV) mor-
bidity and mortality, but the predictive value of different eGFR on CV outcomes is limited in Southeast Asian populations.
Aims We aimed to stratify CV outcomes according to renal function among Thai patients with high atherosclerosis risk.
Methods We performed a secondary analysis in a 5-year national cohort entitled “CORE-Thailand study.” Subjects were
classified in 6 groups according to baseline kidney function: group I, eGFR > 90; group II, eGFR 60-89; group Illa, eGFR
45-59; group IIIb, eGFR 30—44; group IV, eGFR 15-29; group V, eGFR < 15 ml/min/1.73 m? or receiving renal replacement
therapy. The primary outcome was 4-point major adverse cardiovascular events (MACE). Secondary outcomes included
all-cause mortality, CV mortality, hospitalization for heart failure, nonfatal myocardial infarction, and nonfatal stroke.
Results A total of 6376 subjects (3467 men and 2909 women) were categorized in 6 groups. After adjusting covariates in the
Cox proportional hazards model, compared to group I, subjects in groups II-V had a 1.65-fold, 2.17-fold, 2.67-fold, 4.24-
fold, and 4.87-fold risk for 4-point MACE, respectively, with statistical significance at P <0.05 in all groups. Kaplan—-Meier
analysis illustrated stepwise lower survivals from 4-point MACE following the groups with lower baseline eGFR (log-rank
test with P <0.001). All secondary outcomes showed similar trends as the primary outcome, except nonfatal stroke.
Conclusion Lower baseline kidney function was independently associated with increased risk of CV events and all-cause
mortality in Thai populations at high CV risk.
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Introduction

Advanced chronic kidney disease (CKD) with and without
dialysis exhibits extremely high mortality rates and over one
half of these deaths are attributable to cardiovascular (CV)
events [1]. Early kidney disease has a major effect on global
morbidity and mortality [2]. Early estimated glomerular fil-
tration rate (eGFR) decline and albuminuria are associated
with an increased risk for CV disease and are risk multipli-
ers among patients with multiple comorbid diseases [3, 4].
Further understanding of CV risks and outcomes of patients
with mild kidney impairment is necessary.

CKD is regarded as a coronary heart disease risk equiv-
alent and CKD reveals a risk of coronary events similar to
those with previous myocardial infarction [5]. Although
both CKD and CV diseases share common traditional risk
factors, decreased renal function is independently associ-
ated with increased CV events. This phenomenon could be
seen at early stages of kidney impairment until late stages
in both general and high CV risk populations [6, 7]. Fur-
ther, meta-analysis in settings of heart failure confirmed
that mortality worsened incrementally across the range of
kidney function [8]. Conflicting evidence exists concern-
ing whether mild to moderate kidney impairment was an
independent risk factor for CV disease in the general pop-
ulation [9]. Several literature reports provided evidence
of mild kidney impairment and the risk for subsequent
CV events among patients having pre-existing vascular
disease or high CV risk [10, 11]. Evidence in Southeast
Asian populations with high CV risk remains limited. We
analyzed data from the prospective cohort study in CORE-
Thailand project to estimate the impact of GFR on CV
outcomes and mortality after adjusting for other CV risk
among Thai patients with high-risk CV.

Materials and methods

We performed a secondary analysis of data collected from
the CORE-Thailand study, which was a multicenter prospec-
tive cohort of patients with high cardiovascular risks across
Thailand. Twenty-five secondary to tertiary care centers par-
ticipated in this cohort. The enrollment started from April
2011 to March 2014. The inclusion criteria were as follows:
age 45 years or older, having at least three CV risk factors
or documented CV diseases. The exclusion criteria were as
follows: missing data on baseline serum creatinine or eGFR,
having a history of CV events in the past three months, aor-
tic aneurysm needed for surgery, participating in a blinded
study, limited life expectancy less than 3 years from non-CV
diseases or difficulty in obtaining follow-up appointments.

Definitions

The CV risk factors consisted of male aged 55 years or
older, female aged 65 years or older, diabetes (type 1 or
type 2 diabetes mellitus), impaired fasting glucose (fast-
ing plasma glucose between 100 to 125 mg/dL), hyperten-
sion (systolic blood pressure (BP) > 140 mmHg or diastolic
BP>90 mmHg), dyslipidemia (total cholesterol >200 mg/
dL or low density lipoprotein (LDL) > 130 mg/dL or tri-
glycerides > 150 mg/dL or high-density lipoprotein
(HDL) <40 mg/dL), CKD (estimated GFR 15-60 mL/
min/1.73 m? or persistent albuminuria over past three
months), currently smoking (at least one cigarette daily),
or a family history of premature coronary artery disease
(myocardial infarction (MI) or coronary angioplasty/coro-
nary artery bypass surgery before 55 years of age in male
first-degree relative or before 65 years of age in female first-
degree relative).

Documented CV diseases included coronary artery dis-
ease (CAD), cerebrovascular disease (CVD) or peripheral
artery disease (PAD). CAD consisted of one of the follow-
ing: a history of chronic stable angina, unstable angina,
myocardial infarction, percutaneous coronary intervention
or coronary artery bypass graft surgery. CVD consisted of
one of the following: a history of transient ischemic attack,
ischemic stroke, carotid stenting or endarterectomy. PAD
consisted of one of the following: a history of claudication
with ankle-brachial index less than 0.9, aortic dissection,
aortic surgery, peripheral artery angioplasty/stenting/bypass
graft or amputation of ischemic limbs.

Data collection

Demographic data, a history of smoking and exercise, a
family history of premature CAD, underlying diseases and
ongoing medications were reviewed at baseline. We also col-
lected data of physical and laboratory examination, includ-
ing body mass index (BMI), waist circumference, BP, left
ventricular ejection fraction (LVEF), serum creatinine, total
cholesterol, HDL, LDL, triglycerides, fasting plasma glu-
cose, hemoglobin Alc (HbAIc) and dipstick urine protein.

The Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) equation was used to calculate estimated
GFR. Subjects were stratified in six groups according to
estimated GFR: group I, eGFR at least 90 ml/min/1.73 m2;
group II, eGFR between 60 and 89 ml/min/1.73 m?; group
IIla, eGFR between 45 and 59 ml/min/1.73 m?; group IlIb,
eGFR between 30 and 44 ml/min/1.73 m?; group IV, eGFR
between 15 and 29 ml/min/1.73 m?; group V, eGFR less
than 15 ml/min/1.73 m? or receiving renal replacement ther-
apy, including hemodialysis, peritoneal dialysis or kidney
transplant.
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Outcomes

Cardiovascular events and mortality were prospectively
recorded for five years after the enrollment. Data was col-
lected using a standardized case record form at each hos-
pital, then forwarded to the data management group. The
data management group performed quality data assessments
before data analysis. The annual site data monitoring was
randomly performed. The primary and secondary outcomes
were expressed as the HRs and 95% CI according to esti-
mated GFR groups. We focused on 4-point major adverse
cardiovascular events (MACE) as the primary outcome.
The secondary outcomes included all-cause mortality, CV
mortality, hospitalization for heart failure (HF), nonfatal MI
and nonfatal stroke. The 4-point MACE is a composite of
nonfatal MI, nonfatal stroke, hospitalization for heart failure
or CV mortality.

Statistical analysis

Continuous and categorical data were presented in mean
with standard deviation, and count with a percentage in col-
umns, respectively. The ANOVA and Chi-square test were
performed to compare mean and counts between groups,
respectively. For each outcome, we compared the number of
events using Chi-square test and analyzed the incidence rate
with 95% confidence intervals (CI). Comparisons between
groups are reported as hazard ratios (HR) with correspond-
ing 95% Cls. Mixed-effects generalized linear model was
performed for repeated data analysis in CV events and
reported as risk ratios with 95% ClIs. The multivariable
model included factors at baseline for age, sex, BMI, diabe-
tes, hypertension, dyslipidemia, CAD, CVD, PAD, family
history of premature atherosclerosis, history of smoking,
regular exercise, aspirin, ACEI/ARBs, statin, insulin and
metformin. Sensitivity analysis was performed by includ-
ing either LVEF or urine protein dipstick to the multivariable
model. Subgroup analysis was classified regarding sex, dia-
betes status and BMI. Kaplan—Meier analysis and log-rank
statistics were used to analyze outcomes and to compare sur-
vival and differences among the six groups according to esti-
mated GFR levels. All tests performed were two-tailed and
P <0.05 was considered statistically significant. All analyses
were performed using SPSS 26.0 and STATA/MP 16.0.

Results
Baseline characteristics

A total of 6376 subjects (3467 men and 2909 women)
were enrolled and categorized in six groups according
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to eGFR. Each group had mean eGFR for 98.84 +6.66,
74.31 +£8.68, 52.65+4.31, 38.35+4.23, 23.76 +4.14 and
12.97 + 18.02 ml/min/1.73 m?, respectively. Among 340
subjects in group V, proportions of subjects receiving hemo-
dialysis, peritoneal dialysis and kidney transplantation were
38.24, 17.65 and 10%, respectively. The characteristics of
the different patient groups are given in Table 1. The mean
age of the entire population was 66.12 +9.81 years. Gener-
ally, patients with impaired eGFR were more likely to be
men, be hypertensive, have PAD and have higher age, sys-
tolic BP, triglyceride levels, urine protein levels, and higher
percentage of CCBs, nitrates, diuretics, insulin and DPP-4
inhibitors use. In contrast, patients with impaired eGFR were
more likely to present lower BMI, diastolic BP, LVEF, HDL,
physical activity, family history of premature CAD, preva-
lence of dyslipidemia, be smokers and have lower percentage
of statin, sulfonylurea and metformin use.

CV events and outcomes

For all end-points considered, impaired eGFR was highly
significantly associated with CV outcomes (Table 2).
Patients with impaired renal function had significantly
higher incidence rate for the primary end-point (4-point
MACE), all-cause mortality, CV mortality, hospitalization
for heart failure and nonfatal stroke. However, the associa-
tion was not significant for nonfatal MI.

Hazard ratios and 95% CIs for comparisons between
groups for the 4-point MACE, all-cause mortality, CV mor-
tality, hospitalization for heart failure, nonfatal MI and non-
fatal stroke are shown in in Table 3. Compared with group
I, the unadjusted hazard ratios for all CV outcomes were
significantly higher among the lower eGFR groups. After
adjusting for demographic variables in model 1, underly-
ing diseases, risk factors and medications, lower eGFR was
more informative as a predictor of all CV outcomes except
nonfatal MI and nonfatal stroke.

Survival analysis is shown in Figs. 1, 2a—e. The impaired
estimated GFR groups were associated with a worse survival
from Kaplan—Meier curves. The worse outcomes were obvi-
ously seen in group V for all-cause mortality (P <0.001),
CV mortality (P <0.001) and nonfatal MI (P =0.009), but
group IV exhibited the worst survival for nonfatal stroke
(P=0.001).

Sensitivity analysis

Sensitivity analyses were performed in model 2 with 32.79%
of total subjects and in model 3 with 26.35% of total subjects
by adding LVEF and urine albumin dipstick, respectively, to
the adjusted model 1. After including LVEF in a multivari-
able model, the adjusted model 2 demonstrated similar trend
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Table 1 Baseline Characteristics Stratified by eGFR Levels
Variable Different groups of renal function according to eGFR (mL/min/1.73 m?) p value
Group I Group II Group Illa Group IIIb Group IV Group V
eGFR> =90 eGFR60-89 eGFR 45-59 eGFR 30-44 eGFR 15-29  eGFR<15or
(n=1098) (n=2517) (n=1155) (n=841) (n=425) receiving RRT
(n=340)
Age (years) 5822+723  65.62+9.17  69.25+8.78  71.3+9.17 70.72+£9.96  66.16+9.56 <0.001
Female (N, %) 573 (52.19%) 1091 (43.35%) 462 (40%) 398 (47.32%) 223 (52.47%) 162 (47.65%) <0.001
BMI (kg/m?) 26.05+4.85  2552+726  2528x4.13  25.35+4.75 25.64+494  2438+443 <0.001
Waist circumference (cm) 89.01+11.81 88.89+10.74 89.24+11.25 89.5+11.87 90.29+11.99 88.19+11.76 0.132
Systolic BP (mmHg) 131.35+17 132.14+17.55 133.86+19.28 134.38+19.92 136.08+20.43 137.17+22.7 <0.001
Diastolic BP (mmHg) 76.69+1042 75.05+10.59 73.96+11 72.66+11.49  71.87+12.59 72.54+12.36 <0.001
Diabetes (N, %) 735 (66.94%) 1356 (53.87%) 681 (58.96%) 576 (68.49%) 299 (70.35%) 224 (65.88%) <0.001
Hypertension (N, %) 1003 (91.35%) 2427 (96.42%) 1123 (97.23%) 829 (98.57%) 418 (98.35%) 332 (97.65%) <0.001
Dyslipidemia (N, %) 986 (89.8%) 2247 (89.27%) 1011 (87.53%) 739 (87.87%) 357 (84%) 267 (78.53%) <0.001
Exercise (N, %) 967 (88.07%) 2142 (85.1%) 980 (84.85%) 667 (79.31%) 297 (69.88%) 208 (61.18%) <0.001
History of smoking (N, %) 268 (24.41%) 632 (25.11%) 303 (26.23%) 196 (23.31%) 84 (19.76%) 42 (12.35%) <0.001
Current smoking (N, %) 89 (8.11%) 124 (4.93%) 42 (3.64%) 26 (3.09%) 12 (2.82%) 7 (2.06%) <0.001
Family history of premature 132 (12.02%) 214 (8.5%) 58 (5.02%) 50 (5.95%) 17 (4%) 31 (9.12%) <0.001
CAD (N, %)
CAD (N, %) 400 (36.43%) 1153 (45.81%) 552 (47.79%) 390 (46.37%) 160 (37.65%) 102 (30%) <0.001
CVD (N, %) 86 (7.83%) 226 (8.98%) 89 (7.71%) 84 (9.99%) 37 (8.71%) 26 (7.65%) 0.426
PAD (N, %) 16 (1.46%) 53 (2.11%) 28 (2.42%) 35 (4.16%) 25 (5.88%) 20 (5.88%) <0.001
Renal replacement therapy (N, %) <0.001
Hemodialysis (N, %) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 130 (38.24%)
Peritoneal dialysis (N, %) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 60 (17.65%)
Kidney transplantation (N, %) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 34 (10%)
LVEF (%) 59.37+14.81 57.15+16.16 5597+15.88 5597+16.13  53.47+18.85 56.55+17.91 0.008
Fasting plasma glucose (mg/ 129.67+46.08 121.42+41.41 124.52+60.24 131.59+53.39 136.59+63.62 134.81+70.88  <0.001
dL)
HbAlc (%) 743+1.72 7.04+1.5 7.05+1.37 7.21+1.55 7.43+1.93 7.12+1.79 <0.001
Total cholesterol (mg/dL) 172.93+38.68 170.44+41.83 165.69+36.26 163.71+38.6 168.01+45.28 168.51+40.21 <0.001
Triglyceride (mg/dL) 136.97+83.42 135.51+77.18 138.12+74.08 154.44+114.61 155.92+98.35 156.91+195.06 <0.001
HDL (mg/dL) 51.71+14.68 50.39+14.07 49.25+15.54 4646+13.92  4574+13.32 47.63x+1551 <0.001
LDL (mg/dL) 98.45+33.83 97.79+35 93.19+30.83  90.81+30.7 95.08 +37.62 93.89+32.75 <0.001
Serum creatinine (mg/dL) 0.72+0.13 0.96+0.16 1.25+0.17 1.59+0.26 2.38+0.47 6.59+3.34 <0.001
eGFR (mL/min/1.73 m?) 98.84+6.66  7431+8.68  52.65+4.31 38.35+4.23 23776 +4.14 12.97+18.02 <0.001
Urine protein (N, %) <0.001
Negative 317 (82.98%) 530 (85.48%) 207 (73.93%) 154 (68.44%) 50 (39.68%) 13 (27.66%)
1+ 46 (12.04%) 49 (1.9%) 37(13.21%) 33 (14.67%) 25(19.84%) 7 (14.89%)
2+ 12 (3.14%) 30 (4.84%) 28 (10%) 23 (10.22%) 25(19.84%) 9 (19.15%)
3+ 6 (1.57%) 9 (1.45%) 7 (2.5%) 14 (6.22%) 20 (15.87%) 10 (21.28%)
44 1 (0.26%) 2(0.32%) 1 (0.36%) 1 (0.44%) 6 (4.76%) 8 (17.02%)
Aspirin (N, %) 638 (58.11%) 1666 (66.19%) 807 (69.87%) 596 (70.87%) 300 (70.59%) 207 (60.88%) <0.001
ACEI/ARBs (N, %) 711 (64.75%) 1751 (69.57%) 866 (74.98%) 548 (65.16%) 199 (46.82%) 137 (40.29%) <0.001
Beta-blockers (N, %) 477 (43.44%) 1413 (56.14%) 682 (59.05%) 529 (62.9%) 251 (59.06%) 169 (49.71%) <0.001
Calcium channel blockers (N, 401 (36.52%) 960 (38.14%) 477 (41.3%) 411 (48.87%) 237 (55.76%) 171 (50.29%) <0.001
%)
Nitrates (N, %) 135 (12.3%) 458 (18.2%) 270 (23.38%) 215 (25.56%) 107 (25.18%) 90 (26.47%) <0.001
Diuretics (N, %) 227 (20.67%) 621 (24.67%) 377 (32.64%) 333 (39.6%) 203 (47.76%) 144 (42.35%) <0.001
Statin (N, %) 980 (89.25%) 2249 (89.35%) 1021 (88.4%) 748 (88.94%) 353 (83.06%) 257 (75.59%) <0.001
Fibrates (N, %) 65 (5.92%) 165 (6.56%) 122 (10.56%) 84 (9.99%) 31 (7.29%) 19 (5.59%) <0.001
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Table 1 (continued)

Variable Different groups of renal function according to eGFR (mL/min/1.73 m?) p value

Group I Group II Group Illa Group I1Ib Group IV Group V

eGFR> =90 eGFR 60-89 eGFR 45-59  eGFR 3044 eGFR 15-29  eGFR< 15 or

(n=1098) (n=2517) (n=1155) (n=841) (n=425) receiving RRT

(n=340)

Insulin (N, %) 135 (12.3%) 184 (7.31%) 102 (8.83%) 135 (16.05%) 132 (31.06%) 109 (32.06%) <0.001
Sulfonylurea (N, %) 369 (33.61%) 591 (23.48%) 327 (28.31%) 267 (31.75%) 80 (18.82%) 26 (7.65%) <0.001
Metformin (N, %) 551(50.18%) 916 (36.39%) 414 (35.84%) 228 (27.11%) 34 (8%) 23 (6.76%) <0.001
Thiazolidinedione (N, %) 111 (10.11%) 139 (5.52%) 86 (7.45%) 78 (9.27%) 41 (9.65%) 19 (5.59%) <0.001
DPP-4 inhibitors (N, %) 34 (3.1%) 66 (2.62%) 39 (3.38%) 60 (7.13%) 40 (9.41%) 13 (3.82%) <0.001

Continuous data are presented as mean +SD while categorical data are expressed as number with percentage in column

CKD indicates chronic kidney disease, eGFR estimated glomerular filtration rate, BMI body mass index, BP blood pressure, CAD coronary
artery disease, CVD cerebrovascular disease, PAD peripheral artery disease, LVEF left ventricular ejection fraction, HbAIc hemoglobinAlc,
HDL high-density lipoprotein cholesterol, LDL low density lipoprotein cholesterol, ECG electrocardiogram, ACEI/ARBs angiotensin-convert-
ing enzyme inhibitors or angiotensin receptor blockers, CCBs calcium-channel blockers, DPP-4 inhibitors, dipeptidyl-peptidase 4 inhibitors.
Diuretics are composites of hydrochlorothiazide, furosemide or spironolactone. CAD consisted of a history of chronic stable angina, unstable
angina, myocardial infarction, percutaneous coronary intervention or coronary artery bypass graft surgery. CVD consisted of a history of tran-
sient ischemic attack, ischemic stroke, carotid stenting or carotid endarterectomy. PAD consisted of a history of intermittent claudication with
ABI<0.9, aortic dissection/surgery, peripheral artery angioplasty/stenting/bypass graft, amputation of ischemic limbs

as model 1 in 4-point MACE, all-cause mortality, hospi-
talization for heart failure and nonfatal MI. Meanwhile, the
adjusted model 3 had similar trend as model 1 in 4-point
MACE, all-cause mortality, hospitalization for heart failure
and nonfatal stroke, after including dipstick proteinuria in
the multivariable model. However, hazard ratios of group
V in model 3 had disproportionately decreased in 4-point
MACE and hospitalization for heart failure (Table 3).

Subgroup analysis

Stepwise increases in cardiovascular risk according to lower
eGFR levels, except in group V of nonfatal stroke, were
demonstrated in every subgroup. After dividing subjects by
sex, diabetes status and BMI at 25 kg/mz, trends of 4-point
MACE, all-cause mortality, CV mortality and hospitaliza-
tion for heart failure were still similar within each subgroup.
Subjects with diabetes notably had significant hazard ratios
of 4-point MACE, all-cause mortality, CV mortality and
hospitalization for heart failure at earlier eGFR stages, com-
pared with the non-diabetes group (Table 4). Subjects in
male, diabetes and BMI >25 kg/m? subgroups commonly
had significantly increased risks of nonfatal MI in eGFR
group V and nonfatal stroke in eGFR group IV.

Repeated data analysis

Repeated data analysis of 4-point MACE, hospitalization for
heart failure, nonfatal MI and nonfatal stroke was performed
at 6, 12, 24, 36, 48 and 60 months of follow-up using mixed-
effects generalized linear model. Comparisons between
groups were reported as risk ratios with corresponding 95%
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CIs and demonstrated in Table 5. The results were similar to
hazard ratios in Table 3 in both crude and adjusted models.
However, the repeated measured model had narrower 95%
CIs and more significant p value than the overall cox pro-
portional hazards models.

Discussion

The prospective CORE-Thailand study recruited a total of
6376 subjects with high-risk CV from 25 centers across
Thailand. The combination of a wide geographic distribution
population provided an opportunity to assess the informa-
tiveness of kidney function on CV outcomes. The findings
indicated that renal insufficiency was associated with an
increased risk of CV events and other adverse cardiovascu-
lar events in Thai populations with high atherosclerosis risk,
independent of all other measured variables. Our findings
were consistent with several cohort studies [12—14].

A meta-analysis illustrated that a lower estimated GFR
and a higher albuminuria were the independent risk factors
for all-cause and CV mortality among high-risk patients.
Both estimated GFR and albuminuria were independent of
each other and independent of traditional CV risks. Although
the study included 266,975 individuals from ten cohorts, the
majority of the population were Caucasian [15]. A study in
a Japanese population with high atherosclerosis risk also
demonstrated a stepwise increase of major cardiac events
according to the 5 CKD stages. Significant differences were
found among subjects with CKD stages I or II, those with
stages IV or V and subjects with stage III compared with
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Table 2 Incidence of Cardiovascular Outcomes Stratified by eGFR Levels

Outcome Different groups of renal function according to eGFR (mL/min/1.73 m?) p value
Group I Group II Group Illa Group IIIb Group IV Group V
eGFR> =90 eGFR 60-89 eGFR 45-59 eGFR 3044 eGFR 15-29 eGFR < 15 or
(n=1098) (n=2517) (n=1155) (n=841) (n=425) receiving RRT
(n=340)
4-point MACE
Events (N, %) 30 (2.73%) 146 (5.8%)* 99 (8.57%)™° 98 (11.65%)*® 69 (16.24%)™>¢ 46 (13.53%)*>¢  <0.001
Person-years at risk ~ 3782.38 8282.6 3810.46 2607.55 1130.71 715.52

Incidence rate per 0.79 (0.55-1.13) 1.76 (1.5-2.07) 2.6 (2.13-3.16)  3.76 (3.08-4.58) 6.19 (4.9-7.82)  6.29 (4.7-8.42)
100 person-years

(95% CI)
All-cause mortality

Events (N, %) 18 (1.64%) 71 (2.82%) 61 (5.28%)° 48 (5.71%)*® 63 (14.82%)**<¢ 51 (15%)»><d <0.001
Person-years at risk ~ 3803.99 8319.37 3803.15 2612.93 1117.89 704.67

Incidence rate per 0.47 (0.3-0.75)  0.85(0.68-1.08) 1.6 (1.25-2.06) 1.84 (1.38-2.44) 5.64 (4.4-7.21) 7.24 (5.5-9.52)
100 person-years

(95% CI)
CV mortality
Events (N, %) 3(0.27%) 27 (1.07%) 27 (2.34%)* 21 (2.5%)* 17 (4%)*® 14 (4.12%)*° <0.001
Person-years at risk ~ 3826.87 8478.39 3948.5 2729.75 1218.31 760.86

Incidence rate per 0.08 (0.03-0.24) 0.32(0.22-0.46) 0.68 (0.47-1) 0.77(0.5-1.18) 1.4(0.87-2.24) 1.84 (1.09-3.11)
100 person-years

(95% CI)
Hospitalization for HF
Events (N, %) 9 (0.82%) 34 (1.35%) 42 (3.64%)*® 47 (5.59%)*° 38 (8.94%)>¢4 22 (6.47%)*° <0.001
Person-years at risk ~ 3808.12 8437.9 3876.66 2659.31 1151.71 730.72

Incidence rate per 0.18 (0.09-0.39) 0.34 (0.24-0.49) 0.98 (0.71-1.35) 1.69 (1.26-2.27) 2.52 (1.75-3.62) 2.46 (1.55-3.91)
100 person-years

(95% CI)
Nonfatal MI
Events (N, %) 11 (1%) 44 (1.75%) 17 (1.47%) 15 (1.78%) 11 (2.59%) 10 (2.94%) 0.117
Person-years atrisk ~ 3810.02 8406.18 3919.86 2710.87 1200.71 754.31

Incidence rate per 0.29 (0.16-0.52) 0.52(0.39-0.7) 0.43(0.27-0.7)  0.55(0.33-0.92) 0.92 (0.51-1.65) 1.33(0.71-2.46)
100 person-years

(95% CI)
Nonfatal stroke
Events (N, %) 9 (0.82%) 50 (1.99%) 21 (1.82%) 17 (2.02%) 16 (3.76%)* 5(1.47%) 0.008
Person-years atrisk ~ 3816.32 8427.67 3925.16 2716.66 1200.14 753.25

Incidence rate per 0.24 (0.12-0.45) 0.59 (0.45-0.78) 0.54 (0.35-0.82) 0.63 (0.39-1.01) 1.33 (0.82-2.18) 0.66 (0.28-1.59)
100 person-years
(95% CI)

Number of events are presented as number with percentage

MI myocardial infarction, HF heart failure, CV mortality cardiovascular mortality, 4-point MACE 4-point major adverse cardiovascular events,
including composite of nonfatal MI, nonfatal stroke, hospitalization for HF or CV mortality

#<0.05 compared with group I
©<0.05 compared with group II
€<0.05 compared with group Illa
4<0.05 compared with group IITb
€<0.05 compared with group IV

those in stage V. The major cardiac events were defined as A comparison of South Asian, predominantly Indian ori-
cardiac mortality, nonfatal MI or unstable angina [16]. gin, and European cohorts showed longitudinal associations
between baseline eGFR and mortality or CV events. eGFR
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Table 3 Hazard Ratio of Cardiovascular Outcomes Stratified by eGFR Levels

Crude HR (95% CI) pvalue  Adjusted HR pvalue  Adjusted HR pvalue  Adjusted HR p value
Model 1 Model 2* (95% CI) Model 3** (95%CI)
(95% CI)

4-point MACE

Group 1 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Group II 2.23 (1.51-3.31) <0.001 1.65 (1.1-2.49) 0.017 1.91 (1.05-3.47) 0.03 1.67 (0.67-4.16) 0.27

Group ITla  3.29 (2.19-4.95) <0.001 2.17 (1.4-3.36) 0.001 2.29 (1.22-4.32) 0.01 3.08 (1.2-7.89) 0.02

Group IIIb 4.8 (3.19-7.22) <0.001 2.67 (1.7-4.17) <0.001 2.64(1.36-5.1) <0.001 2.57 (0.95-6.94) 0.06

Group IV 7.91 (5.15-12.15) <0.001 4.24 (2.63-6.83) <0.001 3.43 (1.66-7.09) <0.001 4.41(1.59-12.23) <0.001

Group V 8.15 (5.14-12.93) <0.001 4.87 (2.95-8.04) <0.001 3.49 (1.57-7.72) <0.001 2.19 (0.59-8.14) 0.24
All-cause mortality

Group I 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Group II 1.82 (1.08-3.05) 0.024 1.08 (0.63-1.85) 0.772 1.83 (0.71-4.74) 0.21 0.96 (0.35-2.58) 0.93

Group IIla ~ 3.41 (2.02-5.78) <0.001 1.59 (0.91-2.77) 0.104 1.78 (0.65-4.84) 026 2.31(0.85-6.24) 0.10

Group ITIb ~ 3.94 (2.29-6.78) <0.001 1.55(0.87-2.77) 0.138 2.36 (0.86-6.49) 0.10 1.21(0.4-3.71) 0.74

Group IV 12.67 (7.5-21.4) <0.001 4.22(2.36-7.54) <0.001 4.12 (1.44-11.8) 0.01 3.87(1.32-11.3) 0.01

Group V 16.39 (9.55-28.12) <0.001 6.83(3.83-12.17) <0.001 7.35(2.55-21.21) <0.001 3.38 (0.98-11.66) 0.05
CV mortality

Group | 1.0 (reference) 1.0 (reference) 0 (0-2.691E +250)**** 0.966 1.0 (reference)

Group II 4.09 (1.24-13.47) 0.021 2.27 (0.67-7.67) 0.187 1.0 (reference)*** 1.3 (0.14-12.08) 0.82

Group ITla  8.73 (2.65-28.79) <0.001 3.64 (1.06-12.5) 0.04 0.97 (0.45-2.09) 0.928 2.59 (0.28-23.99) 0.40

Group ITIb  9.95 (2.97-33.36) <0.001 3.48 (0.98-12.31) 0.053 1.14 (0.51-2.53) 0.749 0.79 (0.06-10.1) 0.86

Group IV 18.63 (5.46-63.62) <0.001 6.51 (1.78-23.8) 0.005 0.97 (0.33-2.86) 0.956 5.87 (0.57-60.7) 0.14

Group V 24.68 (7.07-86.09) <0.001 12.07 (3.29-44.28) <0.001 1.09 (0.24-5.02) 0.916 4.39 (0.33-58.07) 0.26
Hospitalization for heart failure

Group | 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Group IT 1.89 (0.83-4.31) 0.132 1.35(0.58-3.14) 0.485 0.9 (0.33-2.51) 0.85 0.86 (0.14-5.36) 0.87

Group Illa ~ 5.37 (2.4-12.03) <0.001 3.54 (1.53-8.17) 0.003 2.46 (0.9-6.7) 0.08 4.57(0.89-23.51) 0.07

Group ITIb ~ 9.37 (4.23-20.78) <0.001 4.53(1.95-10.55) <0.001 3.1(1.11-8.68) 0.03 6.26 (1.17-33.64) 0.03

Group IV 13.58 (5.93-31.12) <0.001 5.69 (2.32-13.95) <0.001 3.01 (0.96-9.37) 0.06 7.78 (1.34-45.08) 0.02

Group V 14 (5.87-33.38) <0.001 6.54 (2.58-16.57) <0.001 3.78 (1.15-12.43) 0.03  3.34 (0.36-31.08) 0.29
Nonfatal MI

Group I 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Group II 1.81 (0.93-3.5) 0.08 1.57(0.77-3.21) 0.212 2.3 (0.78-6.79) 0.13  3.01 (0.36-25.04) 0.31

Group IlTa 1.5 (0.7-3.2) 0.295 1.25(0.54-2.88) 0.605 2.48 (0.74-8.25) 0.14 2.74 (0.28-26.41) 0.38

Group IITb ~ 1.91 (0.88-4.16) 0.103 1.51 (0.63-3.64) 0.357 1.36 (0.31-5.88) 0.68 2.73 (0.26-28.39) 0.40

Group IV 3.11 (1.35-7.18) 0.008 2.52 (0.96-6.63) 0.06 5.18 (1.26-21.34) 0.02 1.01 (0.07-14.16) 1.00

Group V 4.18 (1.77-9.87) <0.001 3.93 (1.53-10.08) 0.004 6.82 (1.68-27.67) 0.01  2.06 (0.14-30.3) 0.60
Nonfatal stroke

Group I 1.0 (reference) 1.0 (reference) 1.0 (reference) 1.0 (reference)

Group II 2.53(1.24-5.14) 0.01 1.97(0.94-4.11) 0.071 2.09 (0.7-6.24) 0.19 1.8(0.37-8.83) 0.47

Group IlTa ~ 2.28 (1.05-4.98) 0.038 1.84 (0.8-4.24) 0.15 1.46 (0.4-5.35) 0.57 4.06 (0.78-21.24) 0.10

Group IIIb ~ 2.68 (1.2-6.02) 0.017 1.96 (0.81-4.75) 0.135 1.22 (0.27-5.55) 0.79 1.81(0.28-11.85) 0.53

Group IV 5.84 (2.58-13.23) <0.001 4.6(1.84-11.49) 0.001 1.46 (0.22-9.54) 0.69 6.42 (1.01-40.64) 0.05

Group V 2.89 (0.97-8.63) 0.058 1.68 (0.49-5.73) 0.411 0.91 (0.09-9.4) 0.94  0.00 (0.00-00.00)*** 0.99

MI myocardial infarction, HF heart failure, CV mortality cardiovascular mortality, 4-point MACE 4-point major adverse cardiovascular events
including composite of nonfatal MI, nonfatal stroke, hospitalization for HF or CV mortality. Multivariable analysis model 1 adjusted by age, sex,
BMI, diabetes, hypertension, dyslipidemia, CAD, CVD, PAD, family history of premature atherosclerosis, history of smoking, regular exercise,
aspirin, ACEI/ARBES, statin, insulin and metformin

*Adjusted model 2 was a sensitivity analysis performed with 32.79% of total subjects by adding LVEF variable to the model 1

**Adjusted model 3 was a sensitivity analysis performed with 26.35% of total subjects by adding urine protein dipstick variable to the model 1

*#* Abnormal results due to the number of participants and outcomes in the multivariable analyses were too small

****There were too small numbers of events or participants in the group 1. The group II was selected as a reference group instead. All variables

are at baseline
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Fig. 1 Kaplan-Meier Survival Analysis of 4-point MACE Stratified
by eGFR Levels. Kaplan—-Meier analysis for 4-point major adverse
cardiovascular events including a composite of nonfatal MI, nonfatal

calculated by the CKD-EPI-creatinine equation was signifi-
cantly associated with only CV mortality in Europeans after
adjusting in a multivariable model. There was no significant
interaction between eGFR from the CKD-EPI-creatinine
equation and mortality or CV events among South Asians
[17]. Another cohort of South Asian and white individu-
als found a significant association between eGFR from the
CKD-EPI-creatinine equation and all-cause mortality and
CV events in the whole cohort. However, they did not find
any association between eGFR and CV events among the
South Asian subgroup [18]. In contrast, the present study
found significant interactions between CKD-EPI eGFR
and all CV outcomes in the Southeast Asian population.
However, subjects in our study had noticeably higher CV
risk at baseline than those in the South Asian and European
cohorts.

Possible links between CV diseases and impaired kid-
ney function comprise several explanations. A recent lit-
erature review by Diising et al. provided an overview about

stroke, hospitalization for HF or CV mortality stratified by eGFR lev-
els (log-rank test, p <0.001)

pathophysiology between CKD and CV diseases [19]. Apart
from traditional CV risk factors, accumulation of uremic
toxins, chronic inflammation, endothelial dysfunction and
oxidative stress were identified to act as CKD-specific altera-
tions that increase cardiovascular risk [19]. Moreover, CKD
itself is independently associated with deficiency of endog-
enous vasodilator nitric oxide [20, 21], valvular calcifica-
tion [22], occurrence of plaque rupture and progression of
calcification [23].

Interestingly, the present study demonstrated a signifi-
cantly different incidence of nonfatal stroke among each
group. However, subjects in group V had a lower incidence
of nonfatal stroke than other groups. Patients with End-Stage
Renal Disease (ESRD) have a 3—-10 times higher risk of
developing a stroke compared with the general population.
The reason is due to the effect of both traditional cardio-
vascular risk factors [24, 25] and also uremic-specific risk
factors (including chronic inflammation, oxidative stress,
and uremic retention products), which can potentially cause
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Fig.2 Kaplan—-Meier Survival Analysis of Secondary Outcomes
Stratified by eGFR Levels. a Kaplan—-Meier analysis for all-cause
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Kaplan—Meier analysis for cardiovascular mortality stratified by
eGFR levels (log-rank test, p<0.001) ¢ Kaplan—-Meier analysis
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Table 5 Repeated data analysis

. Crude risk ratio (95% CI) p value Adjusted risk ratio (95% CI) p value
of Cardiovascular Events
Stratified by eGFR Levels 4-point MACE

Group I 1.0 (reference) 1.0 (reference)
Group 11 1.92 (1.57-2.35) <0.001 1.48 (1.20-1.83) 0.001
Group Illa 291 (2.37-3.58) <0.001 1.99 (1.59-2.48) <0.001
Group IIIb 4.21 (3.42-5.17) <0.001 2.43 (1.94-3.06) <0.001
Group IV 6.09 (4.90-7.57) <0.001 3.39 (2.66-4.33) <0.001
Group V 6.41 (5.10-8.05) <0.001 3.83(2.97-4.92) <0.001

Hospitalization for heart failure
Group I 1.0 (reference) 1.0 (reference)
Group II 1.41 (0.99-2.00) 0.054 1.24 (0.85-1.82) 0.266
Group Illa 3.65 (2.59-5.14) <0.001 2.75 (1.88-5.99) <0.001
Group IIIb 6.11 (4.36-8.57) <0.001 342 (2.32-5.03) <0.001
Group IV 10.29 (7.29-14.54) <0.001 4.74 (3.18-7.09) <0.001
Group V 9.36 (6.50-13.46) <0.001 4.78 (3.15-7.25) <0.001

Nonfatal MI
Group I 1.0 (reference) 1.0 (reference)
Group II 1.53 (1.11-2.11) 0.009 1.37 (0.96-1.94) 0.082
Group IIa 1.47 (1.02-2.12) 0.036 1.26 (0.84-1.89) 0.255
Group IIIb 1.93 (1.34-2.80) <0.001 1.58 (1.04-2.42) 0.033
Group IV 2.73 (1.82-4.09) <0.001 2.59 (1.62-4.13) <0.001
Group V 3.71 (2.47-5.57) <0.001 4.10 (2.61-6.46) <0.001

Nonfatal stroke
Group I 1.0 (reference) 1.0 (reference)
Group II 2.80 (1.89-4.14) <0.001 242 (1.51-3.39) <0.001
Group IIIa 2.66 (1.74-4.07) <0.001 2.07 (1.38-3.40) 0.001
Group IIIb 3.19 (2.07-4.93) <0.001 2.15 (1.46-3.75) <0.001
Group IV 5.89 (3.78-9.17) <0.001 4.04 (2.99-7.96) <0.001
Group V 3.44 (2.02-5.88) <0.001 2.01 (1.10-3.71) 0.023

Repeated data analysis was performed at 6, 12, 24, 36, 48 and 60 months of follow-up using mixed-effects
generalized linear model

MI myocardial infarction, HF heart failure, 4-point MACE 4-point major adverse cardiovascular events
including composite of nonfatal MI nonfatal stroke, hospitalization for HF or CV mortality. Multivariable
analysis adjusted by age, sex, BMI, diabetes, hypertension, dyslipidemia, CAD, CVD, PAD, family history
of premature atherosclerosis, history of smoking, regular exercise, aspirin, ACEI/ARBS, statin, insulin and

metformin

endothelial dysfunction, platelet aggregation, and vascu-
lar calcification that contribute to cerebrovascular disease
risks [26, 27]. Other possible risks of developing ischemic
stroke in patients with ESRD include erythropoietin-induced
thromboembolic events, arteriovenous shunt-related steal-
like influence, and hypotensive effect during the ultra-fil-
tration stage of hemodialysis [27, 28]. In addition, there are
possible risks of developing hemorrhagic stroke includ-
ing major bleeding due to using anticoagulation therapy
in patients with hemodialysis [29] and polycystic kidney
disease [30]. A previous case—control study showed that
patients with ESRD had an almost three-fold and two-fold
risk of stroke mortality compared to patients with chronic
kidney disease and propensity-matched controls, respec-
tively. Stroke mortality was higher in patients with ESRD

who had hypertension, anemia, diabetes, ischemic heart dis-
ease, mental disorder, chronic obstructive pulmonary dis-
ease, hyperlipidemia, or liver cirrhosis [31]. Another cohort
study conducted on the Australian and New Zealand ESRD
population found that most factors of stroke mortality were
non-modifiable, including older age, female, year of ESRD,
and cause of ESRD [32]. The high risk of stroke mortality
and CV mortality in patients with ESRD could be important
factors that caused the decreased hazard ratio of nonfatal
stroke within subjects in group V, with a simultaneously
increased hazard ratio of CV mortality in group V.

The advantages of this study included being a nationwide
prospective cohort from 25 centers across Thailand with
a 5-year observation and generalizability representing a Thai
population with high CV risk. Several limitations existed.
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First, we had a limited number of subjects with albuminuria
and LVEF in the baseline characteristics, with 73.65 and
67.21% missing values. Therefore, we could not include both
variables in the adjusted models because it would exclude
approximately 70% of subjects with missing data. However,
we performed sensitivity analyses with about 30% of par-
ticipants in the adjusted models with LVEF or albuminuria.
Still, we did not include LVEF and albuminuria in the same
model because it would exclude 96.8% of cases. Second,
important cardiovascular and renal variables, such as blood
urea nitrogen, quantitative urine albumin and prevalence
of left ventricular hypertrophy were not assessed. Patient
characteristics requiring 24 h urine collection for adequate
assessments of renal function and albuminuria were not
measured in this cohort. Among these, aging, obesity and
dietary protein intake might have been relevant in our study
and could not be controlled for in our analysis. Third, labo-
ratory investigations were made in different centers. A vali-
dated central laboratory was not used to assay serum creati-
nine concentrations. Finally, most reported data sources did
not repeat serum creatinine over three months to confirm
the chronicity of abnormalities. Use of one measurement of
decreased estimated GFR to characterize CKD might have
overestimated disease prevalence.

In summary, this analysis from the prospective CORE-
Thailand study confirmed the capacity of estimated GFR to
independently predict CV events and all-cause mortality in a
Thai population with high CV risk. Estimated GFR could be
added to the list of criteria, defining subjects at highest risk
of future CV events and constitute one of the appropriate
methods for the accurate stratification of CV risk.
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