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Objective. Tight glycemic control reduces the risk of diabetes complications, but it may increase the risk of hypoglycemia or
mortality in elderly patients. This study is aimed at evaluating the incidence and progression of renal complications and its
association with glycemic control in elderly patients with type 2 diabetes. Methods. This retrospective cohort study examined the
data of 3099 patients with type 2 diabetes who were followed for at least 10 years at the Korean Veterans Hospital and for
whom glycated hemoglobin (HbA, ) was measured in 2008 and 2017. Participants were divided into six groups according to
their baseline or dynamic HbA,_ levels. Extended Cox models were used to calculate adjusted hazard ratios for the development
of chronic kidney disease (CKD) and end-stage renal disease (ESRD) associated with specific HbA,_ ranges. Results. During the
10-year follow-up period, 30% of patients developed new CKD, 50% showed progression, and ESRD developed in 1.7%. The risk
of CKD was associated with baseline HbA,_ from the first year of the study and dynamic HbA,_ throughout the study period.
The adjusted hazard ratios for CKD were 1.98 and 2.32 for baseline and dynamic HbA,_ respectively, at the level of
>69 mmol/mol. There was no increased risk for any complications in baseline and dynamic HbA,  below 58 mmol/mol.
Conclusions. A higher HbA, > 58 mmol/mol was associated with an increased risk of diabetes complications. A less stringent

glycemic target of HbA, . could be used as the threshold of renal complications.

1. Introduction

Type 2 diabetes is a chronic metabolic disorder characterized
by hyperglycemia due to defects in insulin secretion, action,
or both [1, 2]. In 2015, approximately 415 million people
worldwide had diabetes, including 230 million Asians [3],
and this is projected to increase to 642 million people world-
wide and 355 million Asians by 2040. The rapidly growing
incidence of diabetes is a serious problem [3]. Despite the
high prevalence of diabetes in the general and elderly popula-
tion, the appropriate glycemic goal remains controversial
because large-scale longitudinal studies for diabetic compli-
cations, such as nephropathy, are lacking.

The widely accepted glycated hemoglobin (HbA,_) goal
of <53 mmol/mol (7.0%) is based on the results of the Diabe-

tes Control and Complication Trial and UK Prospective Dia-
betes Study (UKPDS), which showed that HbA_ levels < 53
mmol/mol (7.0%) reduced the risk of microvascular compli-
cations [4-6]. Based on these findings, many organizations,
including the Korea Diabetes Association, recommend main-
taining a target HbA,_ < 48 mmol/mol (6.5%) for the general
population with type 2 diabetes patients, and 53 mmol/mol
(7.0%) for type 1 diabetes patients or elderly type 2 diabetes
patients. However, although it was still effective in preventing
the development and progression of nephropathy and albu-
minuria, intensive glycemic control failed to show a protective
effect in reducing cardiovascular complications in elderly
patients with longstanding diabetes or cardiovascular risks
[7-9]. Furthermore, the Action to Control Cardiovascular
Risk in Diabetes (ACCORD) trial revealed a higher mortality
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rate in the intensive glucose-lowering treatment group [9].
Subsequent observational studies have also revealed conflict-
ing results regarding optimal glycemic targets [10-12].

Chronic kidney disease (CKD) is one of the major com-
plications of diabetes. It occurs in approximately one-third
of patients with diabetes [13]. In the Veterans Affairs Diabe-
tes Trial (VADT) [14], intensive glycemic control did not
significantly affect the progression of renal disease in the
entire cohort except in the high-risk groups. However, a
recent meta-analysis showed that intensive glucose control
over 5 years reduced both kidney and eye events [15].

CKD and diabetes reinforce the risk of cardiovascular
disease [16]; thus, given the increasing prevalence of diabetes
and longstanding diabetes, the burden of CKD might
increase in the future. Data for determining the appropriate
HbA,_ level to prevent CKD in specific elderly patients with
type 2 diabetes are limited. Thus, this study is aimed at inves-
tigating the association between target HbA, . and the risk of
CKD development and its progression in elderly patients
with longstanding diabetes. Towards this goal, we conducted
a large-scale analysis of a Korean Veterans Diabetes cohort.

2. Materials and Methods

2.1. Subjects. This was a retrospective cohort study of patients
with type 2 diabetes in the outpatient clinic of the Veterans
Health Service Medical Center (Seoul, Korea). Since elec-
tronic medical records (EMR) were first introduced in this
hospital in 2008, we screened patients who had been followed
for at least 10 years and whose HbA  _ values were measured
both in the first year (2008) and in the last year (2017) of the
study. The inclusion criteria were as follows: (1) outpatients
aged 18 years or older who visited the endocrinology depart-
ment with type 2 diabetes (defined using the ICD-10 codes
E11.0-11.9) in 2008 and (2) first HbA,_ >48 mmol/mol
(6.5%) or at least taking antidiabetic medication. Further,
most study subjects were regular patients at the outpatient
clinic. At the beginning of the study, patients with ESRD were
excluded, because they no longer showed a progression of
renal complications or the development of ESRD, which are
the primary endpoints of the current study. Of the 3648
patients identified, we excluded 549 patients with evidence
of end-stage renal disease (ESRD) before the baseline period
(n=2), those who had missing data (serum creatinine and
urine protein within 2 years of the initial and last year of
the study period; n = 316), and those who had malignancies
affecting diabetes progression (stomach, pancreas, and
kidney; n =231). Finally, 3099 patients were included. Avail-
able data of these patients were extracted from the Veterans
Hospital Medical Information System (ezCaretech, Korea)
using a clinical data warehouse. This study was approved
by the Institutional Research Committee (IRB No. 2017-11-
002), and the need for informed consent was waived owing
to the retrospective study design.

2.1.1. HbA,_ Categories and Variables. Because the existing
target HbA, _ levels have been suggested in 0.5% increments,
the patients were divided into six groups according to their base-
line or median dynamic HbA, _ levels as follows: <48 mmol/mol
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(6.5%), 48-53 mmol/mol (6.5-7.0%), 53-58 mmol/mol (7.0-
7.5%), 58-64 mmol/mol (7.5-8.0%), 64-69 mmol/mol (8.0-
8.5%), and >69 mmol/mol (8.5%). Dynamic HbA | was defined
as the HbA,_ values, measured at approximately two-year
intervals during the follow-up period or until the events
occurred. HbA, . were measured by high-performance liquid
chromatography (HLC-723G7; Tosoh, Tokyo, Japan) certi-
fied by the National Glycohemoglobin Standardization
Program (NGSP). Baseline covariates were obtained within
the first 2 years of study and included demographics, such as
age and sex. Body mass index (BMI) was calculated as weight
(kg) divided by height” (kg/m®). Blood pressure was measured
using an automatic manometer. Blood samples were obtained
after at least 8 hours of fasting. High-density lipoprotein
(HDL) cholesterol, low-density lipoprotein (LDL) choles-
terol, triglycerides, uric acid, and creatinine were measured
using an enzymatic colorimetric method (Toshiba Medical
System Co. Ltd., Tokyo, Japan). As an indicator of renal
complication, serum creatinine and urine protein levels were
measured 1.9 times per year and 1.47 times per year on aver-
age, respectively, over the entire study period. The estimated
glomerular filtration rate (eGFR) was calculated using the
abbreviated Modification of Diet in Renal Disease equation
as follows: 175 x serum creatinine™'1>* x age 029 (x0.742 if
female) [17]. Baseline comorbidities and other diabetes com-
plications were extracted from the electronic medical
records throughout the study period defined by the following
ICD-10 codes: hypertension (110.9-11.0), hyperlipidemia
(E78.0-78.5), ischemic heart disease (120.0-24.9), heart
failure (I50.0-51.9), cerebrovascular disease (160.0-69.0),
diabetic retinopathy associated with type 2 diabetes mellitus
(E11.30-11.38), type 2 diabetes with neuropathy (E11.28-
11.42), and diabetic foot (E11.7 and E14.8). Prescription data
for statin, antihypertensive agents, and glucose-lowering
agents were investigated, and the baseline medication was
included if the drug was started within 3 years from the start
of the study.

2.1.2. Assessment of Renal Complications. Renal complication
was assessed using eGFR and albuminuria categories accord-
ing to the Kidney Disease: Improving Global Outcomes
(KDIGO) guidelines [18]. CKD development and progression
were also defined according to the KDIGO guidelines. CKD
stage 1-2 with normal to mildly increased albuminuria was
considered as a normal renal function (CKD-naive during
the initial study period). New CKD development was defined
as having an eGFR < 60 mL/min/1.73 m* or albuminuria > 3
mg/mmol over 3 months in CKD-naive patients. CKD pro-
gression was defined as a decline in the eGFR category without
reversion. Due to the variable amount of albuminuria, a
decline in albuminuria category was considered as increased,
but not interpreted as CKD progression. As defined, CKD
progression was possible only in preexisting CKD patients
(CKD stage 3A, 3B, 4, and/or albuminuria at moderately or
severely increased levels). The time of CKD progression was
calculated as the time at which the stage was deteriorated
owing to a decreased eGFR in patients with CKD stage 3A,
3B, or 4 at the beginning of the study. ESRD development
was defined as an eGFR < 15mL/min/1.73 m” Based on
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initial values, subjects were divided into two groups as the
CKD-naive group and the preexisting CKD group, and
changes in renal function were estimated. The proportion of
patients who developed CKD in the CKD-naive group and
CKD progression in the preexisting CKD group was analyzed
with the final eGFR and albuminuria category in the last
observation at 10 years. In the survival analysis, the renal out-
come was defined as a composite of CKD development in the
CKD-naive group and CKD progression in the preexisting
CKD group. Because the group with normal GFR with
micro-/macroalbuminuria was neither CKD naive nor CKD,
by definition, it was not included in the CKD analysis. In
contrast, it was included in the ESRD analysis, which was
performed in all subjects.

2.2. Data Analyses. The characteristics of the enrolled
patients were analyzed based on the six baseline HbA, _ cate-
gories. Categorical data were analyzed using Fisher’s exact or
Chi-square tests. One-way analysis of variance was used for
continuous variables, and Tukey’s test was used as a post
hoc test. Survival analysis was initiated from the day of first
HbA, . measurement in 2008 and ended the day of the last
HbA,. measurement in 2017, or the day when the events
(e.g., renal or other complications) were first identified. Indi-
viduals without an event until the end of the follow-up were
considered as censoring. Kaplan-Meier methods with log
rank tests were used to estimate survivals of CKD and ESRD
according to baseline or dynamic HbA,  groups. An
extended Cox model was used to identify risk factors of the
events. We considered the dynamic HbA,_ value as a time-
varying covariate. Statistically significant variables in the
univariable Cox model were included in the multivariable
Cox model. Variable selection was performed through a
backward stepwise process until the smallest Akaike infor-
mation criterion value had been reached. Hazard ratios
(HRs) of the baseline and dynamic HbA,  group were
presented with 95% confidence intervals, after adjustment
for age, sex, BMI, systolic blood pressure, HDL cholesterol,
antihypertensive, glucose-lowering agents, baseline protein-
uria, and eGFR. In addition, we performed a Cox regression
with propensity scores as weights for the sex ratio for each
HbA,. group (baseline and dynamic). The proportional
hazard assumption was evaluated using the Schoenfeld
residuals method. When the proportional hazard assump-
tion was violated, the time-dependent coeflicient analysis
was considered, and the hazard ratios were estimated
separately in appropriate time intervals. Data analyses were
performed by a statistical expert (Y.L.) using the R Statisti-
cal Package, Version 3.5.1 (R Foundation for Statistical
Computing, Vienna, Austria). Statistical significance was
set at p <0.05.

3. Results

3.1. Patient Characteristics according to Baseline HbA . The
patients’ baseline characteristics are shown in Table 1. The
mean age was 64.67 £ 6.60 years, and 85.48% were men.
The longitudinal data of median HbA,_ are presented every
two years according to the HbA,_ category in Electronic

Supplementary Figure 1. The HbA,  curve maintained
similar values in each group over time, except for the initial
values at a higher HbA, >64mmol/mol (8.0%), which
shows a marked decrease afterwards.

3.1.1. Renal Complications. At the beginning of the study, 2357
(76.06%) patients were CKD-naive and 412 (23.94%) patients
had preexisting CKD (Figure 1). During the study period,
27.24% of the CKD-naive patients developed new CKD;
50.24% of the preexisting CKD patients had CKD progression.
In the groups with initial eGFR > 60 mL/min/1.73 m” with
moderate to severe albuminuria, 42.42% of the patients pro-
gressed to declined eGFR. The group with initial eGFR < 60
mL/min/1.73 m* with/without albuminuria developed ESRD
at the highest rate of 8.25%, while the overall incidence of
ESRD was 1.7%.

3.1.2. Hazard Ratio of Glycemic Control for CKD and ESRD.
Figures 2 and 3 present survival rates for the first progression
of CKD or ESRD according to baseline HbA, . The group with
HbA, > 64 mmol/mol (8.0%) had a higher progression rate
for CKD (log rank p < 0.001 for both baseline and dynamic
HbA,, Figure 2, and Supplementary Figure 2). For ESRD
development, the group with HbA, > 69 mmol/mol (8.5%)
had a higher risk compared to the rest of the groups (log
rank p=0.025 for baseline HbA, . in Figure 3, and log
rank p=0.003 for dynamic HbA,_ in the Supplementary
Figure 3).

In the multiple Cox regression (Table 2), baseline HbAlc
showed high time-dependent hazard ratios for CKD from the
second year of the study and ESRD for the entire follow-up
period. Dynamic HbA,_ was also a risk factor for CKD with
the satisfaction of proportional hazard assumption, but not
for ESRD (Supplementary Table 1).

For the group with baseline HbA, > 69 mmol/mol
(8.5%), the hazard ratio was 1.98 (95% CI, 1.52-2.57) for
CKD development or progression and 4.52 (95% CI, 1.44-
14.13) for ESRD development (Table 3). For dynamic HbA,
there was an increased risk for CKD at >69 mmol/mol (8.5%,
HR =2.32; 95% CI, 1.76-3.05, Supplementary Table 2). The
composite risk for CKD was marginally elevated in patients
with baseline HbA . 64-69 mmol/mol (8.0-8.5%) even after
weighted analysis (Table 3, Supplementary Table 2-4). In
contrast, there was no increased risk in those with baseline
or dynamic HbA, . of <64 mmol/mol.

3.2. Other Microvascular Complications. Both baseline and
dynamic HbA,_were associated with neuropathy risk at 0-
60 months, retinopathy risk after 60 (70 for dynamic)
months, and risk for diabetic foot over the entire period
(Table 2 and Supplementary Table 1). The HbA, . group
with >58 mmol/mol (7.5%) showed a higher risk for
neuropathy (during 22-110 months) and retinopathy (after
60 months, Table 3 and Supplementary Table 2-4) before
and after weighted analysis. Meanwhile, there was no
increased risk for any complications at baseline or dynamic
HbA, . < 58 mmol/mol (7.5%) for the entire period.
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CKD naive group

Initial eGFR 2> 60 with normal to
mildly increased albuminuria
(n=2357)
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No CKD development
(n=1715, 72.76%)

Increased albuminuria
without eGFR declines
(n =204, 8.66%)

Declined eGFR with
stationary albuminuria
(n=315,13.36%)

New CKD development
(n =642, 27.24%)

Declined eGFR with
increased albuminuria
(n=123,5.22%)

Stationary eGFR (n = 190, 57.58%)

Initial eGFR > 60 with moderate
to severe albuminuria
(n=330)

Stationary eGFR with
stationary albuminuria
(n =99, 30%)

Stationary eGFR with
increased albuminuria
(n=91,27.58%)

Declined GFR (n = 140, 42.42%)

Initial eGFR < 60
with/without albuminuria
(n=412)

Declined eGFR with
stationary albuminuria
(n=31,9.39%)

Declined eGFR with
increased albuminuria
(n =109, 33.03%)

CKD stage 3a - 3b
(n=114,27.67%)

CKD stage 3a > 4
(n=32,7.77%)

CKD stage 3b > 4
(n =27, 6.55%)

Development of ESRD

(n=5,0.21%)

Development of

ESRD
(n =13, 3.94%)

Stationary CKD stages

(no change of eGFR category)

(n =205, 49.76%)

CKD progression
within CKD stage 4
(n =173, 41.99%)

CKD progression
(n =207, 50.24%)

Development of ESRD
(n=34,8 0)

F1GURE 1: Development of chronic kidney disease (CKD) in the CKD-naive group and CKD progression in the preexisting CKD group after
10 years. Abbreviations: CKD: chronic kidney disease; ESRD: end-stage renal disease; eGFR: estimated glomerular filtration rate.

4. Discussion

This is somewhat higher than the usual HbA,_ target of

The current study showed the development and progression
of renal complications in the Korean Veterans Diabetes
Cohort, which is mostly composed of older men with type
2 diabetes. A higher HbA, . > 69 mmol/mol (8.5%) was asso-
ciated with an increased risk of renal complications, while the
risk for other complications was elevated at a HbA,_ of
>58 mmol/mol (7.5%) with a time-varying effect. Based on
our 10-year analysis, a slight upward adjustment of target
HbA, _ below 58 mmol/mol (7.5%) can be acceptable in older
patients to reduce the risk for renal and other complications
for a decade or so.

48-53 mmol/mol (6.5-7.0%). A meta-analysis of UKPDS,
Action in Diabetes and Vascular Disease (ADVANCE), and
ACCORD trials showed that intensive glycemic control
(median HbA,_: 46-57 mmol/mol, 6.4-7.4%) reduced the
risk for the development of CKD compared to that of a
conventional control (median HbA,_: 56-79 mmol/mol,
7.3-9.4%) [19]. Many guidelines still recommend main-
taining a target HbA, <48 mmol/mol (6.5%) or 53 mmol/-
mol (7.0%). Only a few guidelines suggested the targets
for HbA,  below 58mmol/mol (7.5%), 64 mmol/mol
(8.0%), or 69 mmol/mol (8.5%) in elderly type 2 diabetes
patients.
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48-58 - 541 487 444 405 326 0
53-58 — 458 416 384 350 288 0
- 326 301 280 263 213 0
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=69 -538 468 405 356 270 0

FiGure 2: Kaplan-Meier curves for the development or progression of chronic kidney disease according to baseline glycated hemoglobin.
Abbreviations: HbA : glycated hemoglobin; CKD: chronic kidney disease; No.: number. Kaplan-Meier curves stratified by baseline HbA
into six groups. Renal outcome was defined as a composite event of the first CKD development in the CKD-naive group (n =2357) and
CKD progression in the preexisting CKD group (n = 412).
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No. at risk
<48 - 687 687 682 665 521 0
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=069 - 648 647 637 609 459 0

FiGure 3: Kaplan-Meier curves for the development of end-stage renal disease according to baseline glycated hemoglobin. Abbreviations:
HbA,: glycated hemoglobin; ESRD: end-stage renal disease; No.: number. Kaplan-Meier curves stratified by baseline HbA,_ into six
groups. Renal outcome was defined as the first ESRD development in all subjects including CKD naive (n =2357), normal GFR with
albuminuria (n = 330), and preexisting CKD (n = 412).
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In elderly patients, the correlation between glycemic con-
trol and renal outcomes tends to be more ambiguous with
their comorbid condition as shown in a previous large-scale
cohort study [20]. In a posttrial follow-up of the ADVANCE
trial, the benefit of intensive glucose control on ESRD was
only in the groups with no CKD or CKD stage 1-2, but not
significant in the group with CKD stage 3 [21]. This is
relevant to the current patients who were elderly veterans
with several comorbidities. For elderly patients, it may be
reasonable to suggest a slightly higher glycemic control
target, because previous studies showed higher mortality at
HbA, . < 42 mmol/mol (6.0%), with the relationship showing
a U-shaped curve [10, 20, 22-26]. Some studies have sug-
gested individualized strategies for diabetes treatment, espe-
cially in the elderly [27]. This is consistent with the purpose
and the results of our study, suggesting a slightly higher target
HbA, . while minimizing the risk of long-term complications.

Renal outcomes are variably defined as a composite of
deterioration in albuminuria and GFR decline, which may
lead to discrepancies in the study results. In UKPDS,
ACCORD, ADVANCE, and VADT, intensive glycemic con-
trol reduced the risk of albuminuria, but not the risk of GFR
decline [4, 7-9, 14]. The lower risk in renal outcome at some-
what higher HbA,_ of >69 mmol/mol (8.5%) in this study
might be because our definition of CKD included decreased
eGFR, rather than only incident albuminuria according to
the recent KDIGO guideline [18].

Blood pressure control, together with antihypertensive
drugs, is effective in preventing CKD progression [28-30].
In our cohort, angiotensin blockers had already been
administered in most patients with hypertension. Thus, the
effect of hypertension is presumed to be diluted. Recent stud-
ies demonstrated that sodium-glucose cotransporter 2 or
glucagon-like peptide-1 also have protective effects against
CKD progression [31, 32]. Because these drugs were not intro-
duced before 2017, they were not included in our study.

There are only a few studies on the progression of renal
outcome in type 2 diabetes. Data from UKPKDS showed the
prevalence of diabetic kidney disease of 28.6% and renal
replacement therapy of 0.4% at 10 years [33], consistent with
our findings. A recent study reported no difference in the type
of diabetes, age, and sex in the progression of nephropathy
[34]. Considering this, the findings from our cohort, which
is comprised of mostly older men, may be applied to younger
patients or women.

This study has some limitations. Because of the retro-
spective cohort design, there may be unmeasured confound-
ing factors, and a causal relationship cannot be made. There
were some missing data on smoking or diabetes duration,
which are known to be important risk factors for renal out-
comes [35]. Earlier studies, however, failed to find significant
associations between renal complications and smoking [14,
36, 37] or diabetes duration [10]. Because the current study
sample consists primarily of male veterans, results must be
carefully interpreted when attempting to generalize the find-
ings to the entire population, although our weighted analysis
with the sex ratio showed similar results. In our study, neu-
ropathy and retinopathy, as well as baseline comorbidities,
were identified using the diagnostic code, and there may be
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a risk of overestimation or misclassification, and variations
depending on the clinicians. In addition, there may be selec-
tion bias, because cases with missing data for HbA_, eGFR,
and proteinuria at the beginning and end of the study were
excluded. However, a major strength of the present study is
the large veteran cohort of elderly men with a long-term
follow-up observation of 10 years and which features a low
dropout rate. The natural history of diabetic kidney disease,
which remains to be clarified to date, was also reviewed in
these patients. Moreover, because clinical decisions are often
based on the values at one point of time, rather than inte-
grated values, the analysis of baseline HbA,_ may be easier
to interpret in the real world.

5. Conclusions

The progression of renal complications was analyzed accord-
ing to baseline or dynamic HbA | _for a decade. Although care-
ful interpretation is needed, a less stringent glycemic target is
acceptable to prevent renal and other complications. Our
findings will be valuable for establishing optimal glycemic
targets, particularly in elderly patients with a long duration
of diabetes and comorbidities.
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