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Background: The optimal level of glycosylated hemoglobin (HbA1¢) to prevent adverse clinical outcomes is unknown in patients
with chronic kidney disease (CKD) and type 2 diabetes mellitus (T2DM).

Methods: We analyzed 707 patients with CKD G1-G5 without kidney replacement therapy and T2DM from the KoreaN Cohort
Study for Outcome in Patients With Chronic Kidney Disease (KNOW-CKD), a nationwide prospective cohort study. The main
predictor was time-varying HbA1c level at each visit. The primary outcome was a composite of development of major adverse
cardiovascular events (MACEs) or all-cause mortality. Secondary outcomes included the individual endpoint of MACEs, all-
cause mortality, and CKD progression. CKD progression was defined as a >50% decline in the estimated glomerular filtration
rate from baseline or the onset of end-stage kidney disease.

Results: During a median follow-up of 4.8 years, the primary outcome occurred in 129 (18.2%) patients. In time-varying Cox
model, the adjusted hazard ratios (aHRs) for the primary outcome were 1.59 (95% confidence interval [CI], 1.01 to 2.49) and 1.99
(95% CI, 1.24 to 3.19) for HbAlc levels of 7.0%-7.9% and >8.0%, respectively, compared with <7.0%. Additional analysis of
baseline HbAlc levels yielded a similar graded association. In secondary outcome analyses, the aHRs for the corresponding
HbA1c categories were 2.17 (95% CI, 1.20 to 3.95) and 2.26 (95% CI, 1.17 to 4.37) for MACE, and 1.36 (95% CI, 0.68 to 2.72) and
2.08 (95% CI, 1.06 to 4.05) for all-cause mortality. However, the risk of CKD progression did not differ between the three groups.
Conclusion: This study showed that higher HbA1c levels were associated with an increased risk of MACE and mortality in pa-
tients with CKD and T2DM.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a common disease with an
increasing prevalence worldwide, accounting for 90% of all
cases of diabetes mellitus [1,2]. If hyperglycemia is not proper-
ly controlled, it can cause various vascular complications, lead-

ing to retinopathy, nephropathy, cardiovascular events, or even
death [3-8]. Therefore, glycemic control is important to pre-
vent adverse clinical outcomes in patients with T2DM.

There have been several major clinical trials to prove clinical
benefits of intensive glycemic control. In the United Kingdom
Prospective Diabetes Study (UKPDS), a landmark trial that
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tested the effects of glycemic control among patients with
T2DM, there was no significant difference in macrovascular
complications, such as cardiovascular disease and cardiac
death, between the intensive and conventional control groups
[9]. The effects of intensive glycemic control on major cardio-
vascular outcomes were further tested in three randomized
controlled trials: Action in Diabetes and Vascular Disease:
Preterax and Diamicron Modified Release Controlled Evalua-
tion (ADVANCE) trial [10], Action to Control Cardiovascular
Risk in Diabetes (ACCORD) trial [11], and Veterans Affairs
Diabetes Trial (VADT) [12]. However, none of these trials
demonstrated the significant benefit of intensive control. Inter-
estingly, a long-term follow-up study of the UKPDS showed
that there were fewer overall deaths, diabetes-related deaths,
and myocardial infarction in the intensive group, suggesting
the clinical benefits of intensive glycemic control on macrovas-
cular disease [13].

In patients with chronic kidney disease (CKD) and T2DM,
the optimal level of glycosylated hemoglobin (HbA1c) to pre-
vent adverse clinical outcomes is unknown. All trials men-
tioned above included patients with CKD G3 and few patients
had an estimated glomerular filtration rate (eGFR) of <45 mL/
min/1.73 m’. This issue has been reported in several observa-
tional studies. Previously, two studies in North America re-
ported a U-shaped association between HbA1c levels and all-
cause mortality in individuals with CKD and diabetes, where
the lowest risk was observed for HbA 1c¢ of approximately 7.0%
[14,15]. Despite uncertain evidence on the optimal level of
HbAlc in these patients, the recently updated Kidney Disease:
Improving Global Outcomes (KDIGO) guideline recommends
a broad range of HbAlc targets from <6.5% to <8.0% in pa-
tients with diabetes and CKD without kidney replacement
therapy (KRT) [16]. The panels also state that this glycemic
goal should be individualized according to clinical conditions,
and a lower HbA1c target (e.g., <6.5%) may be acceptable in
patients with a long-life expectancy, few comorbidities, absent
or minor macrovascular complications, and those aware of hy-
poglycemic symptoms.

With this background, this study aimed to examine the as-
sociation between HbA1lc levels and major adverse clinical
outcomes, including cardiovascular events, all-cause mortality,
and CKD progression among Korean patients with CKD and
T2DM.
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METHODS

Study population

The KoreaN Cohort Study for Outcome in Patients With Chron-
ic Kidney Disease (KNOW-CKD) is a nationwide prospective
cohort study from nine tertiary centers in Korea (NCT0-1630-
486, http://www.clinicaltrials.gov). KNOW-CKD recruited pa-
tients aged 20 to 75 who had CKD G1-G5 without KRT from
2011 until 2016. The detailed design and methods of KNOW-
CKD have been previously published [17]. Among the 2,238
participants, 744 had T2DM. We excluded 37 patients whose
baseline levels of HbAlc were unavailable. Therefore, 707 pa-
tients were included in the final analysis. The study was con-
ducted following the Helsinki Declaration, and the research
protocol was approved by the Institutional Review Board at
each participating center (IRB approval number of Yonsei Uni-
versity Severance Hospital: 4-2011-0163). Written informed
consent was obtained from all participants.

Data collection and measurements

Socio-demographic information and medical history, such as
age, sex, smoking status, drug history, and detailed personal
and family medical history, were evaluated at enrollment. Hy-
pertension was defined as self-reported hypertension, systolic
blood pressure >140 mm Hg, diastolic blood pressure >90
mm Hg, or current use of antihypertensive drugs. Diabetes
mellitus was defined as a history of diabetes mellitus, fasting
glucose >126 mg/dL, or the prescribed use of glucose-lower-
ing drugs. Body mass index (BMI) was calculated by body
weight divided by the square of height. The Charlson comor-
bidity index was used to assess comorbid conditions.

Serum and urine samples were collected after overnight fast-
ing at baseline and 6 months, and annually thereafter, according
to the study protocol. The following laboratory variables were
measured, hemoglobin, creatinine, total cholesterol, high-den-
sity lipoprotein cholesterol, low-density lipoprotein cholesterol
(LDL-C), triglycerides, albumin, ferritin and high-sensitive C-
reactive protein (hs-CRP). Serum HbA1c concentrations were
routinely measured using high-performance liquid chromatog-
raphy (HPLC) at each visit. Serum creatinine was measured us-
ing the isotope dilution mass spectrometry-traceable method,
and eGFR was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) creatinine equation
[18,19]. Urinary protein excretion was determined using the
urinary protein-to-creatinine ratio (UPCR; g/g).
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The main exposure of interest and study outcomes

The patients were followed up from enrollment to March 2020.
The primary exposure of interest was time-updated and base-
line HbA1c levels. Patients were classified into the following
three groups according to HbA1c levels of <7.0%, 7.0%-7.9%,
and >8.0%. We employed these cut-off values, which have
been tested in previous clinical trials with aim to find clinical
benefits associated with intensive glycemic control [9,10,12].
Additionally, HbAlc per 1.0% increase was used for the analy-
sis, in which HbA1c was treated as a continuous variable.

The primary endpoint was a composite of major adverse
cardiovascular events (MACEs) or all-cause mortality. MACE
was defined as nonfatal myocardial infarction, unstable angina,
percutaneous coronary intervention, coronary artery bypass
graft, nonfatal stroke, and cardiac death [20]. Secondary end-
points included individual outcomes of MACEs, all-cause
mortality, and CKD progression. CKD progression was de-
fined as a 250% decline in eGFR from baseline or the onset of
end-stage kidney disease (ESKD) that required dialysis or
transplantation.

Statistical analysis

The baseline characteristics of the study population were de-
scribed according to three categories of HbA1c level. Continu-
ous variables were expressed as mean +standard deviation or
medians with interquartile ranges for skewed data and com-
pared using one-way analysis of variance. Categorical variables
were expressed as numbers and proportions and analyzed by
chi-square test. To explore the association between HbA1c lev-
els and the risk of adverse outcomes, a time-varying Cox pro-
portional hazards model was used for the primary analysis. In
this analysis, all repeated measures, such as HbAlc, systolic
blood pressure, BMI, serum albumin, eGFR, and drugs, were
considered as time-varying exposures. Furthermore, we per-
formed a conventional Cox proportional hazards regression
model using baseline HbAlc levels. The adjusted model in-
cludes variables that showed statistical significance in the un-
adjusted model and well-known risk factors for cardiovascular
events. The proportional hazard assumptions were confirmed
using Schoenfeld residuals. Model 1 was adjusted for age, sex,
BMLI, systolic blood pressure, socioeconomic status, smoking
status and Charlson comorbidity index. Model 2 further in-
cluded the use of medications (renin-angiotensin-aldosterone
system inhibitors and statins) and laboratory parameters (se-
rum albumin, LDL-C, eGFR, and UPCR). The results of the
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hazard models were presented as hazard ratios (HRs) and 95%
confidence intervals (Cls). Kaplan-Meier curve analyses for
the cumulative incidence of the study outcomes were used to
derive the incidence rates, and differences between the groups
were compared by the log- rank test. Survival time was defined
as the time interval between enrollment and the first onset of
clinical outcomes. Patients lost to follow-up were censored on
the date of the last examination. Adjusted restricted cubic splines
with 3 knots were used to reveal the relationship between HbAlc
levels and the risk of mortality. For the secondary analysis of
MACE and CKD progression, a cause-specific hazard function
for competing risk model was used. In this analysis, non-cardi-
ac deaths that occurred before MACE and death that occurred
before kidney outcome were treated as a competing risk and
censored. Cumulative incidence function was used for the cu-
mulative renal outcome curve and were compared using Gray’s
test. The rate of kidney function decline per year was deter-
mined by the slope of eGFR obtained from a generalized linear
mixed model. We additionally examined the effect modifica-
tion among prespecified subgroups by age (<60 or 260 years),
sex (male or female), BMI (<25 or >25 kg/m?), previous car-
diovascular disease (yes or no), eGFR (<45 or =45 mL/min/
1.73 m%), hs-CRP (<1 or 21 mg/L), and serum albumin (<4.0
or >4.0 g/dL). Statistical significance was defined as P<0.05,
and all analyses were performed with Stata version 14.2 (Stata
Corporation, College Station, TX, USA).

RESULTS

Baseline characteristics

Demographic, clinical and laboratory details of participants
according to HbAlc categories are presented in Table 1. The
mean age was 59 years and 478 (67.6%) were men. The mean
baseline eGFR was 40.3 mL/min/1.73 m? and the median pro-
teinuria was 1.04 g/g. A histogram showing the distribution of
HbAIc levels is presented in Supplementary Fig. 1. The mean
and median HbAc levels of all patients were 7.2% and 6.9%,
respectively. The mean HbAIc levels of each group were 6.2%,
7.4%, and 9.1%, and the median levels were 6.3%, 7.3%, and
8.7%, respectively (Table 1).

Overall, there were no significant differences in age, Charl-
son comorbidity index, eGFR, and serum levels of albumin,
LDL-G, ferritin, and hs-CRP. Patients with higher HbAlc lev-
els were more likely to be women and current smokers, and
those with higher levels of urinary protein excretion, and total
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Table 1. Baseline characteristics according to three categories of HbAlc levels

Total HbA1c categories
Variable Pvalue
(n=707) <7.0% (n=357)  7.0%-7.9% (n=178)  >8.0% (n=172)
Age, yr 59.0+£9.79 58.8+10.3 60.3+8.98 58.3+9.79 0.14
Male sex 478 (67.6) 264 (73.9) 118 (66.3) 96 (55.8) <0.01
BMI, kg/m* 25.4+3.37 25.2+3.36 25.5+3.28 25.9+3.44 0.05
SBP, mm Hg 132+17.9 130£16.7 134+18.3 132+17.9 0.04
DBP, mm Hg 75.7+11.7 75.8£12.0 74.5+11.4 76.8+11.3 0.17
CClI score 3.89+1.13 3.86x£1.19 3.90£1.09 3.93£1.05 0.76
Comorbidities
Hypertension 699 (98.9) 355(99.4) 177 (99.4) 167 (97.1) 0.04
Cardiovascular disease 85(12.0) 50 (14.0) 16 (9.0) 19(11.0) 0.25
Smoking status
Never 335 (47.5) 161 (45.2) 83 (46.9) 91 (52.9) 0.03
Former 252 (35.7) 134 (37.6) 72 (40.7) 46 (26.7)
Current 118 (16.7) 61(17.1) 22 (12.4) 35(20.3)
Income level
Low 215 (31.5) 101 (28.9) 50 (29.2) 64 (39.5) 0.14
Intermediate 343 (50.3) 181 (51.9) 87 (50.9) 75 (46.3)
High 124 (18.2) 67 (19.2) 34 (19.9) 23(14.2)
Medications
RAAS inhibitors 615 (87.0) 309 (86.6) 152 (85.4) 154 (89.5) 0.49
CCBs 314 (44.4) 151 (42.3) 78 (43.8) 85 (49.4) 0.30
BBs 237 (33.5) 123 (34.5) 61(34.3) 53 (30.8) 0.69
Diuretics 350 (49.5) 152 (42.6) 98 (55.1) 100 (58.1) <0.01
Statins 453 (64.1) 221 (61.9) 108 (60.7) 124 (72.1) 0.04
eGFR category, mL/min/1.73 m*
>60 132 (18.7) 72(20.2) 30 (16.8) 30 (17.5) 0.30
45-59 115 (16.3) 61(17.1) 23(12.9) 31 (18.0)
30-44 178 (31.4) 99 (27.7) 44 (24.7) 35(20.3)
15-29 222 (31.4) 94(26.3) 66 (37.1) 62 (36.0)
<15 60 (8.5) 31(8.7) 15(8.4) 14(8.1)
Laboratory findings
HbAlc, % 7.22+1.32 6.25+0.47 7.38+0.29 9.07+1.08 <0.01
eGFR, mL/min/1.73 m’ 40.3+£24.4 42.0£25.1 38.4+23.2 38.8+24.2 0.18
UPCR, g/gCr 1.04 (0.3-3.2) 0.86 (0.2-2.8) 0.96 (0.3-3.2) 1.62 (0.4-3.8) 0.02
Hemoglobin, g/dL 12.0£2.02 12.2+£1.99 12.0£2.20 11.8£1.90 0.17
Albumin, g/dL 4.05+£0.52 4.05+£0.56 4.06+£0.48 4.01£0.47 0.61
Calcium, mg/dL 9.03+0.62 9.00+0.60 9.04+0.65 9.08+0.65 0.40
Phosphorus, mg/dL 3.88+0.74 3.86+0.81 3.90+0.64 3.88+0.64 0.82
Total cholesterol, mg/dL 168+42.7 164+40.3 166+44.0 178+44.7 0.02
LDL-C, mg/dL 91.4+32.8 89.8+32.1 92.1+34.0 94.2+32.8 0.34
HDL-C, mg/dL 45.0+£14.6 46.1+14.7 43.7£15.0 44.1+14.1 0.14
Triglyceride, mg/dL 176+107 156+87.1 173+93.7 220+141 <0.01
hs-CRP, mg/L 0.90 (0.6-2.3) 0.80 (0.6-1.4) 1.20 (0.7-3.1) 1.20 (0.6-2.9) 0.18
Ferritin, ng/mL 110.3 (60.4-204.4) 91.6 (53.0-177.0) 95.5 (56.7-176.3) 100.6 (57.6-186.4) 0.26

Values are presented as mean +standard deviation, number (%), or median (interquartile range). eGFR was calculated using the Chronic Kidney Disease-Epide-
miology Collaboration equation.

HbAIg, glycosylated hemoglobin; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CCI, Charlson comorbidity index; RAAS,
renin angiotensin aldosterone system; CCB, calcium channel blocker; BB, beta blocker; eGFR, estimated glomerular filtration rate; UPCR, urine protein/creati-
nine ratio; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high sensitive C-reactive protein.
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serum cholesterol and triglycerides. Most patients were treated
with renin-angiotensin-aldosterone system inhibitors (87%),
with no difference in the use of this drug among the three
groups. However, diuretics were used more frequently in pa-
tients with higher HbA1c levels. There was no difference in the
use of oral antidiabetic medication among the three HbAlc
categories. Not surprisingly, patients with uncontrolled glyce-
mic control undertook insulin therapy more frequently (Sup-
plementary Fig. 2).

Primary outcome analysis

During 3,358 person-years of follow-up, a total of 129 compos-
ite outcome events occurred (incidence rate, 3.78 per 100 per-
son-years). The incidence rates of the composite outcome were
significantly higher in patients with HbAlc levels of 7.0%-
7.9% (3.98 per 100 person-years) and >8.0% (5.04 per 100
person-years) than in those with HbAlc levels of <7.0% (3.12
per 100 person-years) (Table 2). The Kaplan-Meier curve for
the primary outcome also showed that the events were signifi-
cantly higher in patients with higher HbAlc categories (Fig.
1A). In the time-varying Cox model, the adjusted hazard ratios
(aHRs) for HbAlc levels of 7.0%-7.9% and >8.0% were 1.59

dmj

(95% CI, 1.01 to 2.49) and 1.99 (95% CI, 1.24 to 3.19), respec-
tively, compared with HbAlc level of <7.0% (Table 3). In an
additional analysis treating HbAlc as a continuous variable,
the aHR per a 1.0% increase in HbA1c level was 1.17 (95% CI,
1.03 to 1.32) (Table 3). This association was similar to the base-
line HbA1c-based model. The corresponding aHRs (95% Cls)
for each HbA1c categories were 1.29 (95% CI, 0.82 to 2.04) and
2.03 (95% CI, 1.31 to 3.13), respectively (Supplementary Table
1). The continuous model also showed that a 1.0% increase in
HbA ¢ was associated with 1.17-fold (95% CI, 1.03 to 1.33)
higher risk of the primary outcome (Supplementary Table 1).

Secondary outcome analysis

We also studied secondary outcomes for separate associations
of HbA1lc levels with the risk of MACE, all-cause mortality,
and CKD progression. Consistent with the composite outcome
events, there were graded increases in the individual incidence
rates of MACE and all-cause mortality across the three HbAlc
categories (Table 2). We also observed similar findings in the
Kaplan-Meier curve analyses (Fig. 1B and C). In the analysis
with MACE, the time-varying Cox model showed that HbAlc
levels of 7.0%-7.9% and >8.0% were associated with a 2.17-

Table 2. Incidence rates of clinical outcomes by three categories of HbAlc levels

S el HbAIc categories
<7.0% 7.0%-7.9% >8.0%

No. of participants 707 357 178 172
Person-year 3,358 1,727 843 787
Primary composite outcome®

Events, 129 (18.2) 55(15.4) 34(19.2) 40(23.2)

Events, /100 person-yr 3.78 3.12 3.98 5.04
All-cause mortality

Events 76 (10.7) 35(9.8) 16 (9.1) 25(14.5)

Events, /100 person-yr 2.10 1.90 1.73 2.90
MACE®

Events 76 (10.7) 33(9.2) 21(11.8) 22(12.7)

Events, /100 person-yr 2.23 1.87 2.46 2.77
Renal outcome®

Events 325 (45.9) 150 (42.0) 91 (51.4) 84 (48.8)

Events, /100 person-yr 12.24 10.84 13.40 14.17

Values are presented as number (%).
HbA g, glycosylated hemoglobin; MACE, major cardiovascular events.

“Primary composite outcome included MACE, cardiac death or all-cause death, whichever came first, "M ACE included nonfatal myocardial in-
farction, unstable angina, percutaneous coronary intervention, coronary artery bypass graft, nonfatal stroke, and cardiac death, ‘Renal outcome
included a 250% decline in estimated glomerular filtration rate or the onset of end-stage kidney disease, whichever came first.
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Fig. 1. Kaplan-Meier failure curves for (A) the primary composite outcome and individual secondary outcomes of (B) major car-
diovascular events, (C) all-cause mortality, and cumulative incidence function of (D) renal outcome according to glycosylated he-
moglobin (HbA1c) levels of <7.0%, 7.0%-7.9%, and >8.0%. Log-rank test (A) P=0.02, (B) P=0.19, (C) P=0.03, (D) P=0.08.

fold (95% CI, 1.20 to 3.95) and 2.26-fold (95% CI, 1.17 to 4.37),
respectively, higher risk of this outcome than HbAlc level of
<7.0% (Table 4). Furthermore, the aHRs for all-cause mortali-
ty were 1.36 (95% CI, 0.68 to 2.72) and 2.08 (95% CI, 1.06 to
4.05) for the corresponding HbAlc categories. When HbAlc
was used as a continuous variable, the HRs per a 1.0% increase
in HbAlc level were 1.17 (95% CI, 0.98 to 1.40) and 1.23 (95%
CI, 1.04 to 1.46) for MACE and all-cause mortality, respective-
ly (Table 4). Similar trends were also observed in the analysis
of baseline HbA1c levels (Supplementary Table 1). As previous
studies showed a U-shaped association between HbA1c levels
and mortality [14,15], we further examined this association by
restricted cubic spline curve analysis. However, the results
showed a relatively linear relationship between HbAlc levels
and risk of mortality (Supplementary Fig. 3).

In contrast to the results above, there were no differences in
the risk of adverse kidney outcomes among the three HbAlc
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categories. This association was consistent in both the time-
varying and baseline Cox models (Table 4, Supplementary Ta-
ble 1). In an additional analysis considering HbAlc as a con-
tinuous variable, a 1.0% increase in HbAIc level was not asso-
ciated with CKD progression (Table 4). The cumulative inci-
dence curve analyses confirmed this finding (Fig. 1D). We fur-
ther evaluated if this association might differ by CKD severity
because clinical benefits of intensive glycemic control with re-
spect to adverse kidney outcome was observed in previous tri-
als, in which patients with CKD G3 or greater were not includ-
ed. Notably, for eGFR of >45mL/min/1.73 m? patients with
higher HbAlc levels showed greater decline rate of eGFR in
generalized linear mixed models (Supplementary Table 2).

Sensitivity analysis
To validate our findings, we performed a sensitivity analysis in

the tertile group of HbAlc levels. In line with the primary
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Table 3. Association of time-varying HbA1c levels with the primary composite outcome®

HbAle Model 1 Model 2
HR (95% CI) Pvalue HR (95% CI) Pvalue

Categorical model

<7.0% Reference Reference

7.0%-7.9% 1.69 (1.10-2.61) 0.01 1.59 (1.01-2.49) 0.04

>8.0% 1.72 (1.10-2.75) 0.02 1.99 (1.24-3.19) 0.01
Continuous model

Per 1.0% increase 1.14 (1.01-1.29) 0.03 1.17 (1.03-1.32) 0.01

Model 1: Adjusted for age, sex, body mass index, Charlson comorbidity index, socioeconomic status, smoking status and systolic blood pres-
sure; Model 2: Model 1+estimated glomerular filtration rate, urine protein/creatinine ratio, low-density lipoprotein cholesterol, albumin, renin
angiotensin aldosterone system inhibitors, and statins.

HbA ¢, glycosylated hemoglobin; HR, hazard ratio; CI, confidence interval.

*Primary composite outcome included major adverse cardiovascular events, cardiac death or all-cause death, whichever came first.

Table 4. Association of time-varying HbA1c levels with individual secondary outcomes

HbAlC Model 1 Model 2
HR (95% CI) Pvalue HR (95% CI) Pvalue
All-cause mortality
Categorical model
<7.0% Reference Reference
7.0%-7.9% 1.23(0.69-2.21) 0.48 1.36 (0.68-2.72) 0.37
>8.0% 1.64 (0.91-2.92) 0.09 2.08 (1.06-4.05) 0.03
Continuous model
Per 1.0% increase 1.15(0.97-1.35) 0.09 1.23 (1.04-1.46) 0.01
MACE?
Categorical model
<7.0% Reference Reference
7.0%-7.9% 1.91 (1.01-3.60) 0.04 2.17 (1.20-3.95) 0.01
>8.0% 2.26 (1.27-4.02) <0.01 226 (1.17-4.37) 0.01
Continuous model
Per 1.0% increase 1.14 (0.95-1.35) 0.16 1.17 (0.98-1.40) 0.08
Renal outcome”
Categorical model
<7.0% Reference Reference
7.0%-7.9% 0.91(0.70-1.19) 0.48 0.96 (0.70-1.31) 0.79
>8.0% 091 (0.67-1.23) 0.53 1.14 (0.82-1.59) 0.43
Continuous model
Per 1.0% increase 0.97 (0.88-1.04) 0.51 1.05 (0.95-1.16) 0.29

Model 1: Adjusted for age, sex, body mass index, Charlson comorbidity index, socioeconomic status, smoking status and systolic blood pres-
sure; Model 2: Model 1+estimated glomerular filtration rate (eGFR), urine protein/creatinine ratio, low-density lipoprotein cholesterol, albu-
min, renin angiotensin aldosterone system inhibitors and statins.

HbA1c, glycosylated hemoglobin; HR, hazard ratio; CI, confidence interval; MACE, major adverse cardiovascular events.

*MACE included nonfatal myocardial infarction, unstable angina, percutaneous coronary intervention, coronary artery bypass graft, nonfatal
stroke, and cardiac death, "Renal outcome included a >50% decline in eGFR or the onset of end-stage kidney disease, whichever came first.
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analysis, there was a graded association between HbA1c levels
and the risk of the primary outcome. In the time-varying
model, the aHRs for the middle and highest tertiles of HbAlc
levels. were 1.25 (95% CI, 0.77 to 2.00) and 1.90 (95% CI, 1.19
to 3.05), respectively, compared with the lowest tertile. The
corresponding HRs in the baseline Cox model were 1.51 (95%
CIL, 0.94 to0 2.43) and 2.07 (95% CI, 1.29 to 3.33) (Supplementa-
ry Table 3).

Subgroup analysis

Finally, we tested the effect of interactions between baseline
HbA1c levels and prespecified subgroups by age, sex, BMI,
prior cardiovascular disease, baseline eGFR, hs-CRP, and se-
rum albumin level on the risk of the composite outcome. None
of the subgroup factors was statistically significant, suggesting
that the association of higher HbAlc levels with a higher risk
of primary outcome existed in all subgroups (Fig. 2).

DISCUSSION

In this prospective study involving 707 patients with CKD and
T2DM, we observed that higher HbA1c levels were associated
with a significantly higher risk of the composite outcome of
MACE or all-cause mortality. This association was consistent
in both the time-varying and baseline Cox models. There was
no effect modification in this relationship by several key sub-
groups. In the secondary outcome analyses, the association
was statistically significant for separate outcomes of MACE
and all-cause mortality, but HbAlc levels were not associated
with the risk of CKD progression. Given the absence of ran-
domized controlled trials to test the effect of lowering HbAlc
levels, particularly, in patients with CKD and T2DM, our find-
ings suggest clinical implications with respect to glycemic con-
trol in these patients.

T2DM is a common cause of CKD and is associated with in-

* Adjusted hazard ratio ( — 95% confidence interval )

Subgroups N (Events) P for interaction
Male 478 (90) 0.63
Female 229 (33)
Age 260 years 368 (82) 0.44
Age <60 years 339 (40)
BMI 225 kg/m? 356 (49) 0.06
BMI < 25 kg/m? 351 (74)
CVD history 177 (581) 0.79
Non-CVD history 530 (72)
eGFR 245 mL/min/1.73 m? 247 (37) 0.16
eGFR <45 mL/min/1.73 m? 460 (92)
hs-CRP 21 mg/L 319 (66) 0.80
hs-CRP <1 mg/L 388 (63)
Serum albumin 24.0 g/dL 413 (60) 0.13
Serum albumin <4.0 g/dL 294 (62)

0

0.5 1 15 2 25

Fig. 2. Subgroup analysis for showing the effect of glycosylated hemoglobin levels on the risk of the composite outcome®. Hazard
ratios were adjusted for age, sex, body mass index, Charlson comorbidity index, socioeconomic status, smoking status, systolic
blood pressure, use of renin angiotensin aldosterone system inhibitors, statins, estimated glomerular filtration rate (eGFR), serum
albumin, low-density lipoprotein cholesterol, and urine protein/creatinine ratio. BMI, body mass index; CVD, cardiovascular dis-
ease; hs-CRP, high-sensitive C-reactive protein. “Primary composite outcome included major adverse cardiovascular event, cardi-
ac death or all-cause death, whichever came first.
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creased cardiovascular risk [21,22]. The ultimate goal of glyce-
mic control in patients with or without kidney failure is to pre-
vent major diabetes-related vascular complications. However,
previous studies on this issue do not show salutary results. In
early reports from the Diabetes Control and Complications
(DCCT) study in patients with type 1 diabetes mellitus and
UKPDS in patients with T2DM, intensive glucose control
failed to reduce cardiovascular events and mortality [9,13,23].
In contrast, the long-term observation of both studies after the
completion of the intervention has suggested the clinical bene-
fits of intensive glucose control. In the UKPDS T2DM cohort, a
10-year postintervention follow-up showed that there were
fewer microvascular complications, such as kidney failure, as
well as a lower incidence of myocardial infarction and overall
death in the intensive glucose control group with a target
HbAlc level of 7.0% compared to the conventional control
group with an HbA1c level of 7.9% [24]. In line with this find-
ing, an 11-year observation of the DCCT study also showed
similar results [25]. The effects of more intensive glycemic con-
trol with an HbAc target of 6.0%-6.5% on major cardiovascu-
lar outcomes were further tested by ADVANCE trial [10], AC-
CORD trial [11], and VADT [12]. However, these trials did not
demonstrate significant cardiovascular benefits with intensive
glycemic control. In addition, there was a concern regarding
under-power due to fewer reports of adverse events than antici-
pated in ADVANCE and VADT and the early termination of
ACCORD [10-12,26]. Notably, in the ACCORD trial, intensive
control resulted in 22% and 35% higher risk of death and cardi-
ac death, respectively, compared with conventional control and
a similar trend was observed for mild and moderate CKD (G1-
G3) [27]. However, many of these trials showed a lower occur-
rence of microvascular complications in the intensive control
group. Therefore, this benefit should be weighed against unex-
pected events, such as increased mortality and frequent hypo-
glycemia.

In patients with ESKD receiving dialysis therapy, glycemic
control aims to prevent cardiovascular events and reduce mor-
tality. However, intensive glycemic control in these patients
contributes little to improved outcomes. Previous observation-
al studies have shown that poor glycemic control is not associ-
ated with a higher risk of mortality or is weakly associated with
an increased risk of cardiovascular disease [28-30]. It can be
presumed that intensive control may no longer provide clinical
cardiovascular benefits given the severely damaged vascular
systems in these patients. To date, there have been no random-
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ized controlled trials on the effects of intensive glycemic con-
trol in patients with CKD G1-G5 without KRT. In this regard,
the findings of a previous Canadian cohort study are intriguing
because this study analyzed the relationship between glycemic
control and adverse outcomes including mortality, cardiovas-
cular events, and ESKD in patients with CKD G3-G4 [14].
They found that higher HbA1c levels were independently as-
sociated with an increased risk of adverse outcomes. Notably,
the risk of myocardial infarction and stroke appeared to in-
crease in patients with HbAlc levels of 27.0% compared to
those with HbA1c levels of <7.0%. We observed similar find-
ings in our study. Interestingly, all participants in our cohort
had a mean eGFR of 40.4 mL/min/1.73 m*> compared with 47
mL/min/1.73 m* in the Canadian cohort, while both cohorts
had a median HbA1c level of 6.9%. Therefore, all of these find-
ings suggest that intensive glycemic control may be necessary
to improve cardiovascular outcomes even in patients with
CKD G3 or greater.

In contrast to the significant association of HbAlc levels
with adverse cardiovascular event, we found that HbA1c levels
were not associated with the risk of kidney outcomes. This
finding aligns with several previous studies that did not show a
significant association between glycemic control and CKD
progression in patients with CKD [31-33]. In particular, an ob-
servational United States study by Navaneethan et al. [15] used
the same analytical approach with a competing risk model as
our study and showed no significant relationship between
HbAIc levels and the risk of ESKD. However, in the Canadian
cohort study mentioned above [14] and a Taiwanese cohort of
adults with T2DM [34], patients with higher HbAlc levels
were more likely to progress to ESKD. Moreover, in Korean
patients with T2DM and CKD G1-GS3, risk of ESKD develop-
ment was higher in patients with HbAlc levels of 6.50%-
7.49% and 27.50% compared with those with HbAIc level of
<6.50% [35]. It should be noted that our cohort and the US
study included more than 30% of patients with eGFR <45 mL/
min/1.73 m? while most patients had CKD G3 or greater in
the Canadian, Taiwanese, and previous Korean cohort studies.
Interestingly, in a Canadian cohort study, a significant associa-
tion was observed between poor glycemic control and in-
creased risk of ESKD only in patients with CKD G3. In agree-
ment with this result, we showed faster decline in eGFR in
higher HbA1c categories among patients with eGFR =45 mL/
min/1.73 m* These findings suggest that early intervention
with strict glucose control may be beneficial in delaying CKD
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progression before reaching more advanced kidney failure.
This study has several limitations. First, because this was an
observational study, potential uncontrolled confounding fac-
tors were not considered. To mitigate bias, we used various an-
alytic methods using both time-varying and baseline Cox
models and performed a sensitivity analysis with different cut-
off values of HbAIc levels. Nevertheless, our findings should
be interpreted with caution because we did not provide inter-
vention to lower HbA1c levels. Second, HbA ¢ level was mea-
sured in the local laboratory rather than in the central labora-
tory. There are several methods for the determination of
HbA1c levels such as HPLC, immunoassay, and enzymatic
methods. This may raise concerns about bias in measuring
HbAIc levels. However, all laboratories in each participating
center used the same HPLC for the measurements in our
study. Although HPLC is expensive and requires regular main-
tenance, it is a rapid, automated, and highly precise method,
that delivers high resolution compared to other techniques
[36]. Third, the sample size of our cohort was insufficient for
further detailed analyses. For example, contrary to previous
studies that showed a U-shaped association between HbAlc
levels and mortality [14,15], we only observed incremental
mortality associated with higher HbAlc levels. Patients with
extremely low levels of HbAlc can be interpreted as “well-con-
trolled” or “severely ill” This issue should be studied consider-
ing malnutrition and inflammation. In our study, the levels of
markers of malnutrition and inflammation, such as BMI, se-
rum albumin, and hs-CRP, did not differ between the HbAlc
categories at baseline. Furthermore, in the subgroup analysis,
serum albumin and hs-CRP did not modify the relationship
between HbAlc levels and the risk of the primary outcome.
However, we could not exclude the possibility that there were
fewer “seriously ill” patients in our cohort. Fourth, our cohort
data did not include information on hypoglycemic episodes
that could affect glycemic control and increase the mortality
risk. In fact, hypoglycemia is a major obstacle to intensive gly-
cemic control and severe hypoglycemia was more common in
the intensive control arm in ACCORD and ADVANCE studies
[10,11]. Fifth, detailed analyses of anti-diabetic medications
were also limited by the small sample size. We could not in-
clude information on sodium glucose co-transporter 2 inhibi-
tors (SGLT2is) because SGLT2is were unavailable when
KNOW-CKD started in 2011. This drug has been used since
2014, and its prescription rate has risen to 4.4% in 2019 among
patients with T2DM in Korea [37]. KNOW-CKD has recently
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decided to recruit more patients with T2DM until 2026. We
hope to analyze the benefits of SGLT2i in our cohort in the fu-
ture. Finally, since burden of environmental exposures, social
factors, and chronic disease vary greatly between different
countries, our findings may not be generalizable to other pop-
ulations.

In conclusion, we showed that higher HbA1c levels were as-
sociated with increased risk of MACEs and mortality in Kore-
an patients with CKD and T2DM. However, this association
was not observed for kidney outcomes. Given the lack of evi-
dence on the clinical benefits of intensive glycemic control in
patients with CKD, large and well-designed randomized con-
trolled trials are needed to clarify these unresolved issues.
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