Original Article
Complications

Diabetes Metab J 2016;40:473-481
https://doi.org/10.4093/dm;.2016.40.6.473
PpISSN 2233-6079 - eISSN 2233-6087

DIABETES & METABOLISM ngJ
@SE%S%M?EF

Risk Factors for the Development and Progression of

Diabetic Kidney Disease in Patients with Type 2

Diabetes Mellitus and Advanced Diabetic Retinopathy

Kyung-Jin Yun', Hye Ji Kim', Mee Kyoung Kim', Hyuk-Sang Kwon', Ki-Hyun Baek', Young Jung Roh?, Ki-Ho Song'

Departments of 'Internal Medicine, *Ophthalmology, Yeouido St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Background: Some patients with type 2 diabetes mellitus (T2DM) do not develop diabetic kidney disease (DKD) despite the
presence of advanced diabetic retinopathy (DR). We aimed to investigate the presence of DKD and its risk factors in patients with
T2DM and advanced DR.

Methods: We conducted a cross-sectional study in 317 patients with T2DM and advanced DR. The phenotypes of DKD were di-
vided into three groups according to the urine albumin/creatinine ratio (tACR, mg/g) and estimated glomerular filtration rate
(eGFR, mL/min/1.73 m?): no DKD (uACR <30 and eGFR >60), non-severe DKD (uACR >30 or eGFR <60), and severe DKD
(uACR 230 and eGFR <60). Mean systolic and diastolic blood pressure, mean glycosylated hemoglobin (HbAlc) level, and
HbA ¢ variability (standard deviation [SD] of serial HbAlc values or HbA1lc-SD) were calculated for the preceding 2 years.
Results: The prevalence of no DKD, non-severe DKD, and severe DKD was 37.2% (n=118), 37.0% (n=117), and 25.8% (n=82),
respectively. HbA1c-SD and the triglyceride/high density lipoprotein cholesterol (TG/HDL-C) ratio correlated positively with
uACR and negatively with eGFR. Multiple linear regression analyses showed that the HbAlc-SD and TG/HDL-C ratio were sig-
nificantly related with eGFR. Multiple logistic regression analyses after adjusting for several risk factors showed that HbAlc-SD
and the TG/HDL-C ratio were significant risk factors for severe DKD.

Conclusion: The prevalence of DKD was about 60% in patients with T2DM and advanced DR. HbA1c¢ variability and TG/HDL-
C ratio may affect the development and progression of DKD in these patients.

Keywords: Cholesterol, HDL; Diabetes mellitus, type 2; Diabetic nephropathies; Diabetic retinopathy; Hemoglobin Alc protein,
human; Triglycerides

INTRODUCTION

Recently, some studies have reported the discordance be-
tween DR and DKD in patients with diabetes. In type 1 diabe-

The major complications of diabetes mellitus are diabetic reti-
nopathy (DR) and diabetic nephropathy/diabetic kidney dis-
ease (DKD), which can ultimately lead to blindness and end-
stage renal disease, respectively. Both are closely associated with
morbidity and mortality in patients with diabetes. Long-term
exposure to high glucose levels and high blood pressure (BP)
are risk factors for both DR and DKD [1,2], and DKD is often
accompanied by DR.

tes mellitus (T1DM), about one-quarter of participants (23.6%)
had discordant progression of DR and DKD during the Diabe-
tes Control and Complications Trial [3]. In the Italian multi-
center Renal Insufficiency and Cardiovascular Events (RIACE)
study, 637 of 1,540 patients (41.4%) with type 2 diabetes melli-
tus (T2DM) and advanced DR—including severe non-prolif-
erative DR (non-PDR), pre-PDR, maculopathy, or blindness—
showed no evidence of DKD, which is characterized by nor-
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moalbuminuria and normal estimated glomerular filtration
rate (eGFR) [4]. Interestingly, this study reported that age, male
sex, duration of diabetes, glycosylated hemoglobin (HbA1c)
level, hypertension, high triglyceride (TG) level, and low high
density lipoprotein cholesterol (HDL-C) level were associated
with the presence of DKD in patients with advanced DR. By
contrast, diabetes treatment, albuminuria, age, age at diabetes
diagnosis, and smoking were associated with the presence of
advanced DR in patients with DKD. Another study [5] showed
that 85 of 196 patients (43.4%) with PDR had normoalbumin-
uria. Nighttime diastolic BP and a relative increase in platelet
count were associated with albuminuria in patients with PDR.

The variability of glycemic control comprises both “glucose
variability” and “HbA1c variability” [6]. Glucose variability is
the daily fluctuations in the blood glucose level and represents
a short-term change, whereas HbA1lc variability reflects lon-
ger-term fluctuations in the blood glucose. Recent studies sug-
gest that HbA1c variability is an independent risk factor for
microvascular and macrovascular complications in patients
with T1DM [7,8]. In patients with T2DM, HbA1c variability is
associated with microalbuminuria [9,10]. Interestingly, in the
Italian multicenter RIACE study, HbAc variability was an in-
dependent predictor of DKD, but not of DR [6].

All of these studies suggest that some patients do not devel-
op any signs of DKD despite the presence of advanced DR and
that different factors may play roles in the pathogenesis of DR
and DKD. However, the risk factors for the development and
progression of DKD have not been clarified fully in patients
with T2DM and advanced DR. Therefore, the first aim of this
study was to investigate the prevalence of DKD in these pa-
tients. The second aim was to identify which risk factors in-
cluding HbA1c variability were valuable to predict the progres-
sion of DKD in patients with advanced DR.

METHODS

Subjects

The inclusion criteria for the study subjects were as follows: (1)
diagnosed with T2DM; (2) visited both the Eye Clinic and Dia-
betes Clinic at Yeouido St. Mary’s Hospital, Seoul, Korea, from
January 2013 to December 2013; and (3) had HbAlc measure-
ments at least four times during the preceding 2 years so that
the mean HbA1c levels and HbA1c variability could be calcu-
lated. The exclusion criteria were as follows: (1) diagnosed with
T1DM (fasting C-peptide <0.6 ng/mL or positive result of islet
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cell antibody [ICA] or glutamic acid decarboxylase antibody)
or secondary diabetes (history of chronic pancreatitis or pan-
createctomy); (2) had primary renal disease or received a ne-
phrectomy or renal transplantation; (3) had severe systemic
disease (liver cirrhosis, active malignancy, or immune disor-
ders); (4) pregnant women; and (5) had history of hyperglyce-
mia caused by medications such as steroid or immunosuppres-
sant. Thirty-five patients were excluded, and 984 patients were
included in this study. This study was approved by the Institu-
tional Review Board of Yeouido St. Mary’s Hospital.

Measurements

The following information about the study subjects was col-
lected from their medical records: age, sex, body weight, BP,
duration of diabetes, insulin use, smoking status, history of hy-
pertension and cardiovascular disease (CVD), use of an angio-
tensin-converting-enzyme inhibitor (ACEi) or angiotensin re-
ceptor blocker (ARB), and laboratory data. Hypertension was
defined as a systolic BP =140 mm Hg or diastolic BP 290 mm
Hg or any use of antihypertensive medications. CVD was de-
fined as a history of coronary artery disease or cerebrovascular
disease. Body mass index (BMI) was calculated using the fol-
lowing formula: BMI=weight (kg)/height (m?).

The presence of DR was assessed by two expert ophthalmol-
ogists using a digital fundus camera (TRC-NW6S; Topcon,
Tokyo, Japan). The type of DR was classified as reported by the
Global Diabetic Retinopathy Project Group [11]. Patients were
classified into the following categories: absent DR; mild, mod-
erate, or severe non-PDR; and PDR. Using the classification of
the worse eye, patients with absent DR or mild non-PDR were
classified as having non-advanced DR, and those with moder-
ate or severe non-PDR or PDR were classified as having ad-
vanced DR [12]. A total of 317 patients (32.2%) were classified
as having advanced DR.

The presence of DKD was identified by assessing albumin-
uria and the eGFR. Albuminuria was identified by calculating
the urine albumin/creatinine ratio (uACR, mg/g) in first-void-
ed spot urine samples, and eGFR (mL/min/1.73 m?) was cal-
culated using the Modification of Diet in Renal Disease study
equation [13]. Phenotypes of DKD were classified according to
the following categories: no DKD (uACR <30 and eGFR >60),
non-severe DKD (uACR =30 or eGFR <60), and severe DKD
(uACR =30 and eGFR <60).

Mean systolic and diastolic BP, and mean HbA1c level were
calculated during the preceding 2 years. HbAlc variability was

Diabetes Metab ] 2016;40:473-481  http://e-dmj.org



Risk factors of DKD in patients with advanced DR

calculated for each patient as the intraindividual standard de-
viation (SD) of serial HbAlc values (HbA1lc-SD) during the
preceding 2 years. To correct for the interindividual differences
in the number of HbA1c assessments, an adjusted value (adj-
HbA1c-SD) was also calculated according to the following for-
mula: adj-HbA1c-SD=SD/square root of [n/(n-1)], where n
was the number of HbAlc measurements [7]. The coefficient
of variation of HbAlc (HbA1lc-CV) was calculated as the ratio
of HbA1c-SD to mean HbA1lc to adjust for larger SDs because
of higher absolute values of mean HbAlc [8].

Statistical analysis

All statistical analyses were performed using SAS software ver-
sion 9.3 (SAS Institute, Cary, NC, USA). Data are presented as
mean+SD for continuous variables except for TG concentra-
tion, ACR, and the TG/HDL-C ratio, which are presented as
geometric mean (95% confidence interval [CI]), and as pro-
portions for categorical variables. The -test or chi-square test
was performed to identify differences in baseline clinical char-
acteristics between the non-advanced DR and advanced DR
groups. Analysis of variance or the chi-square test were used to
compare the clinical characteristics between the no DKD, non-
severe DKD, and severe DKD groups of patients with T2DM
and advanced DR. Post hoc analysis was used to compare be-
tween no DKD and severe DKD groups. Spearman correlation
analysis was used to confirm the associations between HbAlc
variability and uACR or eGFR, and between the TG/HDL-C
ratio and uACR or eGFR.

Multiple linear regression analysis was used to identify asso-
ciations between uACR or eGFR and HbA 1¢ variability or the
TG/HDL-C ratio. The results are reported for both before and
after adjusting for age, sex, mean systolic BP, duration of diabe-
tes, hemoglobin, mean HbAIc levels, and the TG/HDL-C ratio
or HbAlc-SD. Finally, multivariate logistic regression analysis
was performed to confirm HbAIc variability or TG/HDL-C
ratio as risk factors for severe DKD. The results are shown both
before and after adjusting for age, sex, mean systolic BP, dura-
tion of diabetes, hemoglobin and mean HbA1c levels, and the
TG/HDL-C ratio or HbAlc-SD. A P<0.05 was considered sig-
nificant.

RESULTS

The baseline clinical characteristics of all the study subjects are
shown in Table 1. Compared with patients with non-advanced
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Table 1. Baseline clinical characteristics of all the study sub-
jects

Characteristic Non-advanced  Advanced Pvalue
DR DR

Number 667 (67.8) 317 (32.7) .
Age, yr 59.58+11.04 63.20+£10.74 <0.01
Female sex 379 (56.82) 155 (48.90) 0.02
BMI, kg/m* 25.24+3.49 25.01£3.40 0.33
SBP, mm Hg 126.54+14.61 132.06+£17.12 <0.01
DBP, mm Hg 76.51+10.61 75.27+11.41 0.09
Diabetes duration, yr 11.33+7.17 19.84+8.15 <0.01
Insulin user 66 (9.90) 155 (48.90) <0.01
Current smoker 124 (18.59) 47 (14.83) <0.01
Hypertension history 388 (58.17) 238 (75.08) <0.01
ACEi or ARBs user 349(52.32)  213(67.19)  <0.01
Statin user 496 (74.4) 224 (70.7) 0.22
Fenofibrate user 67 (10.0) 18 (5.7) 0.02
CVD history 175 (26.24) 123 (38.8) <0.01
Mean HbAlc 7.06£0.85 7.76+1.05 <0.01
DKD <0.01

No DKD 476 (71.36)  118(37.22)

Non-severe DKD 154 (23.09) 117 (36.91)

Severe DKD 37 (5.55) 82 (25.87)
DR <0.01

Absent DR 494 (74.1) -

Mild non-PDR 173 (25.9) -

Moderate non-PDR - 80(25.2)

Severe non-PDR - 130 (41.0)

PDR . 107 (33.8)

Values are presented as number (%) or mean +standard deviation.
DR, diabetic retinopathy; BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure; ACEi, angiotensin-convert-
ing-enzyme inhibitor; ARB, angiotensin receptor blocker; CVD, car-
diovascular disease; HbA1c, glycosylated hemoglobin; DKD, diabetic
kidney disease; PDR, proliferative diabetic retinopathy.

DR, those with advanced DR were older; predominantly male;
had a higher systolic BP; longer duration of diabetes; more fre-
quent use of insulin, ACEi, or ARB; and more frequent history
of hypertension and CVD. The prevalence of DKD (non-severe-+
severe DKD) was higher in patients with advanced DR than in
those with non-advanced DR (62.8% vs. 28.6%, P<0.01).

In study subjects with advanced DR, the prevalence of no
DKD, non-severe DKD, and severe DKD was 37.2% (n=118),
37.0% (n=117), and 25.8% (n=82), respectively (Table 2).
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Table 2. Clinical characteristics of the patients with type 2 diabetes mellitus and advanced diabetic retinopathy according to DKD

Characteristic No DKD Non-severe DKD Severe DKD Pvalue
Number 118 (37.2) 117 (37.0) 82(25.8) -
Age, yr 62.73+£8.92 63.18+11.26 63.90+£12.38 0.75
Female sex 62 (52.54) 50 (42.74) 50 (60.98) 0.04
BML, kg/m’ 24.94+3.58 24.66+2.95 25.61+£3.69 0.16
Mean SBP, mm Hg 127.99+£10.88 129.29+11.68 132.65+£10.65 0.01
Mean DBP, mm Hg 72.86+7.08 73.35+£7.99 74.70+£16.99 0.49
Diabetes duration, yr 19.79+£8.21 19.38+8.17 20.55+£8.09 0.61
Insulin user 51 (43.22) 51 (43.59) 53 (64.63) <0.01
Current smoker 16 (14.41) 22(19.47) 9(11.39) 0.29
Hypertension history 76 (64.41) 89 (76.07) 73(90.12) <0.01
ACEi or ARB user 70 (59.32) 84 (72.41) 59 (71.95) 0.06
Statin user 80 (67.8) 81 (69.2) 63 (76.8) 0.35
Fenofibrate user 9(7.6) 7 (6.0) 2(2.4) 0.29
CVD history 49 (41.53) 37 (31.62) 37 (45.12) 0.12
C-peptide, nmol/L 0.92£0.72 1.01£0.69 141+1.14 <0.01
Hemoglobin, g/L 135.2+13.6 129.8+16.0 115.4+15.0 <0.01
Mean HbAlc, % 7.70£1.03 7.82+£1.08 7.74%£1.04 0.68
Mean HbA1c, mmol/mol 61+12 62+12 61+12 0.68
HbA1c-SD, % 0.58+0.39 0.61+0.39 0.74+0.43 0.02
Adj-HbA1c-SD, % 0.53£0.35 0.56+0.36 0.68+0.39 0.02
HbA1c-CV, % 0.07£0.04 0.08+0.04 0.09+0.05 <0.01
HDL-C, mmol/L 1.21£0.30 1.17+0.35 1.03+0.29 <0.01
LDL-C, mmol/L 2.13+0.66 2.08+0.70 2.09+0.70 0.84
TG, mmol/L 1.18 (1.09-1.29) 1.47 (1.34-1.62) 1.64 (1.47-1.83) <0.01
TG/HDL-C ratio 2.3(2.1-2.6) 3(2.7-3.4) 3.8(3.3-4.3) <0.01
Creatinine, umol/L 78.68+12.38 94.59+35.36 194.5+161.8 <0.01
eGFR, mL/min/1.73 m? 80.88+13.32 71.62+17.84 38.20+£15.32 <0.01
uACR, pg/mg 11.51 (10.46-12.67) 81.87 (62.36-107.49) 494.57 (334.1-732.1) <0.01

Values are presented as number (%), mean +standard deviation, or geometric mean (95% confidence interval).

DKD, diabetic kidney disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ACE, angiotensin-convert-
ing-enzyme inhibitor; ARB, angiotensin receptor blocker; CVD, cardiovascular disease; HbAlc, glycosylated hemoglobin; SD, standard devia-
tion; Adj, adjusted; CV; coefficient of variation; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG,
triglyceride; eGFR, estimated glomerular filtration rate; uACR, urine albumin/creatinine ratio.

Compared with the no DKD group, the severe DKD group had
higher systolic BP (127.99+10.88 mm Hg vs. 132.65+10.65
mm Hg, P=0.01); lower HDL-C (1.21£0.30 mmol/L vs. 1.03+
0.29 mmol/L, P<0.01); higher TG (1.18 [1.09 to 1.29] mmol/L
vs. 1.64 [1.47 to 1.83] mmol/L, P<0.01); and higher TG/HDL-
C ratio (2.3 [2.1 to 2.6] vs. 3.8 [3.3 to 4.3], P<0.01) by post hoc
analysis. Compared with the no DKD group, the severe DKD
group had higher values for all three indices of HbAlc vari-
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ability: HbA1c-SD, 0.58+£0.39 vs. 0.74+0.43 (P=0.03); adj-
HbA1c-SD, 0.53+0.35 vs. 0.68+0.39 (P=0.02); and HbAlc-
CV 0.07£0.04 vs. 0.09+0.05 (P=0.01). However, BMI, dura-
tion of diabetes, and mean HbAlc and LDL-C levels did not
differ significantly between the no DKD and severe DKD
groups.

In study subjects with advanced DR, the indices of HbAlc
variability correlated positively with uACR (HbA1c-SD, r=
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Fig. 1. The mean (A) urine albumin/creatinine ratio (uACR; pg/mg) or (B) estimated glomerular filtration rate (eGFR; mL/
min/1.73 m*) and 95% confidence interval according to four quartiles (Q1, Q2, Q3, and Q4) of indices of glycosylated hemoglo-
bin (HbA 1c) variability and the triglyceride (TG)/high density lipoprotein cholesterol (HDL-C) ratio in patients with type 2 dia-
betes mellitus and advanced diabetic retinopathy were presented in the figure. Median and interquartile ranges of indices of
HbA Ic variability were 0.56 (0.35 to 0.78) for HbAlc-standard deviation (SD), 0.51 (0.32 to 0.72) for adjusted (Adj)-HbA1lc-SD
and 0.07 (0.05 to 0.10) for HbAlc-coefficient of variation (CV), respectively. Median and interquartile ranges of indices of the

TG/HDL-C ratio were 2.9 (1.8 to 4.5). All P for trend <0.05 by analysis of variance.

0.17, P<0.01; adj-HbA1c-SD, r=0.17, P<0.01; HbAlc-CV, r=
0.18, P<0.01). These indices correlated negatively with eGFR
(HbA1c-SD, r=-0.11, P=0.049; adj-HbA1c-SD, r=-0.11, P=
0.048; HbA1c-CV, r=-0.14, P=0.01). The TG/HDL-C ratio
correlated significantly with uACR (r=0.27, P<0.01) and
eGFR (r=-0.21, P<0.01). The mean uACR and eGFR and 95%
CI according to four quartiles (Q1, Q2, Q3, and Q4) of indices
of HbAlc variability and the TG/HDL-C ratio in patients with
T2DM and advanced DR are presented in Fig. 1. uACR in-
creased significantly as HbA ¢ variability and the TG/HDL-C
ratio increased (Fig. 1A, all P for trend <0.01). By contrast,
eGFR decreased significantly as HbA1lc variability and the TG/
HDL-C ratio increased (Fig. 1B) (HbAlc-SD, P for trend=
0.01; adj-HbA1c-SD, P for trend=0.04; HbAlc-CV, P for
trend=0.01; TG/HDL-C ratio, P for trend <0.01).

We have conducted additional analyses to confirm whether
HbA ¢ variability and TG/HDL ratio are risk factors of DKD
progression in patients with advanced DR. Multiple linear re-
gression analysis (Table 3) showed that indices of HbA1c vari-
ability were negatively related to eGFR both before and after
adjusting for age, sex, mean systolic BP, duration of diabetes,
hemoglobin, mean HbA1c levels, and the TG/HDL-C ratio in
the study subjects with advanced DR. Indices of HbAlc vari-
ability were positively related to uACR before and after adjust-
ing for age and sex. Similarly, the TG/HDL-C ratio was signifi-
cantly related to uACR and eGFR both before and after adjust-
ing for age, sex, mean systolic BP, duration of diabetes, hemo-
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Table 3. Multiple linear regression analyses in patients with
type 2 diabetes mellitus and advanced diabetic retinopathy

uACR eGFR
Variable
B Pvalue B Pvalue

HbA1c-SD

Model 1 0.56 <0.01 -4.24 0.05

Model 2 0.50 <0.01 -4.99 0.02

Model 3 0.22 0.26 -5.04 0.02
Adj-HbA1c-SD

Model 1 0.56 <0.01 -4.23 0.05

Model 2 0.50 <0.01 -4.97 0.02

Model 3 0.23 0.24 -5.06 0.02
HbA1lc-CV

Model 1 0.64 <0.01 -5.87 0.01

Model 2 0.57 <0.01 -7.01 <0.01

Model 3 0.23 0.25 -5.14 0.02
TG/HDL-C ratio

Model 1 0.80 <0.01 -7.26 <0.01

Model 2 0.77 <0.01 -8.28 <0.01

Model 3a 0.58 <0.01 -6.66 <0.01

Model 1: non-adjusted; model 2: adjustments for age and sex; model
3: model 2 plus adjustments for mean systolic blood pressure (SBP),
diabetes duration, hemoglobin, mean HbAlc, TG/HDL-C ratio;
model 3a: model 2 plus adjustments for mean SBP, diabetes duration,
hemoglobin, mean HbA1lc, HbAlc-SD.

uACR, urine albumin/creatinine ratio; eGFR, estimated glomerular
filtration rate; HbAlc, glycosylated hemoglobin; SD, standard devia-
tion; Adj, adjusted; CV, coefficient of variation; TG, triglyceride;
HDL-C, high density lipoprotein cholesterol.
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Table 4. Multivariate logistic regression analyses of HbA1c variability or TG/HDL-C ratio as predictors of the severe diabetic kid-
ney disease in patients with type 2 diabetes mellitus and advanced diabetic retinopathy

OR (95% CI)*
Variable
HbA1c-SD Adj-HbAlc-SD HbA1c-CV TG/HDL-C ratio
Model 1 1.92 (1.24-2.97) 1.91 (1.24-2.97) 2.26 (1.38-3.69) 2.43 (1.58-3.74)
Model 2 2.03 (1.29-3.18) 2.02 (1.29-3.17) 2.47(1.49-4.11) 2.65 (1.69-4.14)
Model 3 2.22(1.17-4.22) 2.22(1.17-4.21) 2.24 (1.18-4.25) -
Model 3a - - - 2.51 (1.46-4.30)

Model 1: non-adjusted; model 2: adjustments for age and sex; model 3: model 2 plus adjustments for mean systolic blood pressure (SBP), diabe-
tes duration, hemoglobin, mean HbA1lc, TG/HDL-C ratio; model 3a: model 2 plus adjustments for mean SBP, diabetes duration, hemoglobin,
mean HbAlc, HbAlc-SD.

HbAIc, glycosylated hemoglobin; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; OR, odds ratio; CI, confidence interval; SD,

standard deviation; Adj, adjusted; CV, coeflicient of variation.
*All P<0.05.

globin, mean HbA1c levels, and HbAlc-SD. Therefore, HbAlc
variability and the TG/HDL-C ratio were independent risk
factors of eGFR aggravation in these patients.

Finally, after adjusting for age, sex, mean systolic BP, dura-
tion of diabetes, hemoglobin, and mean HbAlc levels, the
multivariate logistic regression analysis showed that HbAlc
variability and the TG/HDL-C ratio were significant and inde-
pendent risk factors for severe DKD in study subjects with ad-
vanced DR (Table 4).

DISCUSSION

In this cross-sectional study, we found that the prevalence of
DKD (non-severe+severe DKD) was 62.8% in patients with
advanced DR. Indices of HbAlc variability and the TG/HDL-
C ratio were significantly associated with uACR and eGFR,
and were significant risk factors for the presence of severe
DKD. These associations were independent of age, sex, mean
systolic BP, duration of diabetes, hemoglobin, and mean HbAlc
levels.

DKD, which is defined as kidney disease attributable to dia-
betes, remains one of the most frequent complications of T2DM
and the leading cause of end-stage renal disease. DKD is close-
ly associated with DR, possibly because both share long-term
exposure to high glucose. However, some patients do not de-
velop any sign of DKD despite the presence of advanced DR.
Thus, it is crucial to identify the risk factors for the develop-
ment and progression of DKD in patients with DR. Identifying
and monitoring DKD requires assessment of both kidney func-
tion, usually an eGFR <60 mL/min/1.73 m’ and albuminuria,
usually an uACR >30 mg/g creatinine [14]. Because both
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eGFR and albuminuria have limitations in the evaluation of
DKD, we attempted to divide the phenotypes of DKD into no
DKD (no reduced eGFR and no albuminuria), non-severe
DKD (reduced eGFR or albuminuria), and severe DKD (re-
duced eGFR and albuminuria) on the basis of the eGFR and
uACR values. In the present study, the prevalence of DKD
(non-severe DKD, 37.0%; severe DKD, 25.8%) in patients with
advanced DR was 62.8%. This finding is consistent with the re-
sults of the RIACE study, which found that 58.6% of 1,540 pa-
tients with advanced DR had DKD (non-severe DKD, 39.9%;
severe DKD, 18.7%), although the definition of advanced DR
was a little different [4].

Evidence suggests that short- or long-term glycemic vari-
ability (i.e., glucose or HbA 1c¢ variability) is independently as-
sociated with microvascular complications in patients with di-
abetes [6,15]. This reflects that glycemic instability, and not just
hyperglycemia, contributes to the development of diabetic
complications. Several prospective studies have demonstrated
that HbA 1c variability influences the development of microal-
buminuria and reduced eGFR [9,10,16]. Although the mecha-
nisms underlying the deleterious effects of HbAlc variability
in the kidney are not clear, one possible mechanism involves
“metabolic memory” from repeated exposure to glycemic in-
stability [17], which causes increased oxidative stress [18,19].
In the present study, HbAIc variability was significantly asso-
ciated with uACR and eGFR, and was a significant risk factor
of the presence of severe DKD after adjusting for age, sex,
mean systolic BP, duration of diabetes, hemoglobin and mean
HbAIc levels, and the TG/HDL-C ratio in patients with ad-
vanced DR. This finding is consistent with those of other stud-
ies [6,9,10,16]. Interestingly, the RIACE study demonstrated
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that HbA 1¢ variability affected the DKD phenotype with both
albuminuria and reduced eGFR (severe DKD in the present
study) more than average HbAlc [6].

Dyslipidemia occurs frequently in patients with T2DM and
plays a central role in the development of atherosclerosis. High
TG and low HDL-C concentrations are the main features of
dyslipidemia in patients with diabetes [20]. Several studies
have reported that a higher HDL-C level is protective against
the progression of DKD in patients with T2DM [21,22]. In
particular, the Action in Diabetes and Vascular Disease: preter-
Ax and diamicroN-MR Controlled Evaluation (ADVANCE)
study, which was the largest prospective analysis that specifi-
cally addressed HDL-C level and risk of microvascular disease
in patients with T2DM [23], showed that a lower baseline
HDL-C level is a significant and independent predictor of the
development and progression of DKD. By contrast, there was
no association between baseline HDL-C level and the risk of
DR. The association between HDL-C level and the progression
of DKD has been attributed to several possible pathological
mechanisms. The HDL involves reverse cholesterol transport
pathway and plays an important role in glomerulosclerosis and
tubulointerstitial damage. HDL also has antioxidant and anti-
inflammatory properties [24,25].

In addition, hypertriglyceridemia can aggregate fat infiltra-
tion and deposition within renal tubules, which results in pro-
gressive tubulointerstitial damage [26,27]. The Fenofibrate In-
tervention and Event Lowering in Diabetes Study and the Dia-
betes Atherosclerosis Intervention Study showed that improve-
ment of hypertriglyceridemia by fenofibrate reduced albumin-
uria and slowed the reduction of eGFR [28,29]. Another study
in Korean patients with T2DM also showed that hypertriglyc-
eridemia significantly affected the progression of DKD [30].
Therefore, it is not surprising that a high TG/HDL-C ratio is an
independent risk factor for the development of reduced eGFR
in patient with T2DM [21]. Consistent with the aforemen-
tioned studies, in our patients with advanced DR, the TG/
HDL-C ratio was significantly associated with uACR and
eGFR, and was a significant risk factor of the presence of the
severe DKD after adjusting for age, sex, mean systolic BP, dura-
tion of diabetes, hemoglobin, and mean HbAlc levels.

There are some limitations in the present study. First, data-
base in the present study is based on cross-sectional data, ex-
cept HbAlc and BP. Therefore, it is difficult to prove that
HbA ¢ variability and TG/HDL-C ratio are predictors of DKD
progression in patients with T2DM and advanced DR. How-
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ever, according to various analyses in this study, HbAlc vari-
ability and TG/HDL-C ratio were significantly related with
eGFR, uACR, and severe DKD. Then, large scale, prospective
studies were needed to confirm the causal relationship of
HbA1c variability or TG/HDL-C ratio and severe DKD in pa-
tients with advanced DR. Second, this study was performed by
data collection from a single center, and with a relatively small
number of patients. Third, the study subjects might have had
other etiologies for chronic kidney disease in addition to dia-
betes mellitus. Patients diagnosed with primary renal disease
and/or history of nephrectomy or renal transplantation ac-
cording to chart review were excluded. However, a limitation
of the study includes the fact that not all of the patients under-
went renal biopsy. Fourth, the HbA1c variability could be af-
fected by glycemic status and other comorbidities of patients
during previous 2 years. Thus, certain medications and other
interventions had confounding results. However, we excluded
the subjects who had severe systemic disease such as liver cir-
rhosis, active malignancy, or immune disorders.

In conclusion, the prevalence of DKD was about 60% in pa-
tients with T2DM and advanced DR. HbAlc variability and
TG/HDL-C ratio may affect the development and progression
of DKD in these patients. In other words, patients with no evi-
dence of DKD despite the presence of advanced DR showed
relatively good glucose variability, lower TG, and higher HDL-
C. Thus, control of glucose variability, TG, and HDL-C can be
thought to be important in order to prevent the progression of
DKD in patients with advanced DR. However, the present
study is cross-sectional design, so it is difficult to investigate
the causal relationship. The large scale, well-designed prospec-
tive studies about DKD progression according to glucose vari-
ability and lipid profile in patients with T2DM and advanced
DR are needed to confirm the associations observed here.
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