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OBSERVATIONAL STUDY

Visit-to-Visit Glucose Variability Predicts the Development of
End-Stage Renal Disease in Type 2 Diabetes

10-Year Follow-Up of Taiwan Diabetes Study

Ya-Fei Yang, MD, Tsai-Chung Li, PhD, Chia-Ing Li, PhD, Chiu-Shong Liu, MD,
Wen-Yuan Lin, MD, PhD, Sing-Yu Yang, BS, Jen-Huai Chiang, MD, Chiu-Ching Huang, MD,
Fung-Chang Sung, PhD, MP, and Cheng-Chieh Lin, MD, PhD

Abstract: The purpose of this study was to examine the association of
glucose variability using coefficient of variation of fasting plasma
glucose (FPG-CV) and coefficient of variation of glycated hemoglobin
(HbA.-CV) to end-stage renal disease (ESRD) in 31,841 Chinese
patients with type 2 diabetes.

Patients with type 2 diabetes enrolled in National Diabetes Care
Management Program, aged =30 years, and free of ESRD (n=31,841)
in January 1, 2002 to December 31, 2004 were included. Extended Cox
proportional hazards regression models with competing risk of all-cause
mortality were used to evaluate risk factors on ESRD incidence. Patients
were followed till 2012.

After a median follow-up period of 8.23 years, 1642 patients
developed ESRD, giving a crude incidence rate of 6.27/1000 person-
years (6.36 for men, 6.19 for women). After the multivariate adjustment,
both FPG-CV and HbA,.-CV were independent predictors of ESRD
with corresponding hazard ratios of 1.20 (95% confidence interval [CI]
1.01, 1.41), 1.24 (95% CI 1.05, 1.46) in HbA,.-CV from fourth to fifth
quintile and 1.23 (95% CI 1.03, 1.47) in FPG-CV from fifth quintile.

One-year visit-to-visit glucose variability expressed by FPG-CV and
HbA,.-CV predicted development of ESRD in patients with type 2
diabetes, suggesting therapeutic strategies toward a goal to minimize
glucose fluctuation.
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Abbreviations: CIs = confidence intervals, DM = Diabetes
mellitus, eGFR = estimated glomerular filtration rate, ESRD =
end-stage renal disease, FPG = fasting plasma glucose, FPG-CV =
variation of fasting plasma glucose, HbA,;. = glycosylated
hemoglobin, HbA.-CV = variation of glycated hemoglobin,
HbA .-SD = standard deviation of HbA,., HRs = hazard ratios,
ICD-9-CM = International Classification of Disease, 9th Revision,
Clinical Modification, NDCMP = National Diabetes Case
Management Program, NHI = National Health Insurance, PIN =
personal identification numbers.

INTRODUCTION

D iabetes mellitus (DM) ranks as a leading cause of end-stage

renal disease (ESRD) in many developed and developing
countries." Controlling glucose had been proposed to be an
important way to control diabetic nephropathy. However, asses-
sing glucose control in diabetes can be challenging. Glucose
was usually measured by fasting glucose, postprandial glucose,
or 3-month average glucose, glycosylated hemoglobin (HbA.)
level.? Several studies have revealed the importance of time-
averaged mean levels of glycemia, measured by HbA ., and is
currently considered the ‘‘gold standard”’ of glycemic control in
reducing diabetes-related complications.>~> However, random-
ized controlled trials such as Action to Control Cardiovascular
Risk in Diabetes (ACCORD),® the Action in Diabetes and
Vascular Disease (ADVANCE),” and the Veterans’ Adminis-
tration Diabetes Trial (VADT)® reported that lowering blood
glucose did not appreciably reduce ESRD incidence and inci-
dence of serum creatinine doubling or 20 mL/min per 1.73 m?
decrease in estimated glomerular filtration rate (¢GFR) decline
in ACCORD study,® risk of the need for renal-replacement
therapy or death from renal causes in ADVANCE study,” and
mean GFR decline and incidence of severe renal changes,
defined as GFR < 15 mL/min in VADT study.® Such findings
may be partly due to the fact that these studies used HbA. as
marker of glucose control, which failed to reflect glucose
variability and risk associated with extreme glucose change
over a long period of time.” These findings have raised the
concern that glucose variability, irrespective of the magnitude
of hyperglycemia, may confer an additional risk for the
development of micro- and macrovascular diabetic compli-
cations.>*’

Among type 2 DM studies, glucose variability showed a
positive association with the development of progression of
diabetic retinopathy, cardiovascular events, and mortality.'’
With regard to nephropathy, HbA,. variability was reported
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a significant predictor of microalbuminuria, independent of the
mean HbA,.."" Lin et al reported that not only coefficient of
variation in HbA ;. (HbA.-CV), but also coefficient of vari-
ation in fasting plasma glucose (FPG-CV) had strong associ-
ation with diabetic nephropathy.'? Although fasting plasma
glucose and HbA ;. were widely used to monitor glucose level,
only one study has explored the association between standard
deviation of HbA;. (HbA;.-SD) and ESRD.!* More data are
required to characterize the effect that the glucose variation
exerts on ESRD. This study used the National Diabetes Care
Management Program (NDCMP) registration in Taiwan to test
whether glucose variation, measured by FPG-CV or HbA.-CV,
is associated with ESRD in type 2 diabetes.

METHODS

Study Population and Data Sources

NDCMP is a case management program which enrolled
patients with diabetes in medical center, regional hospital, and
local clinic nationwide in Taiwan since 2002. DM was clinically
diagnosed based on American Diabetes Association criteria
(International Classification of Disease, 9th Revision, Clinical
Modification [ICD-9-CM] diagnosis code 250), and patients
were recruited without restriction for antidiabetes medication.
A total of 63,084 ethnic Chinese patients diagnosed with type 2
diabetes were enrolled from 2002 to 2004. Date of entry into
NDCMP was defined as index date. We excluded patients with
type 1 diabetes (ICD-9-CM code 250.x1/x3), gestational dia-
betes (ICD-9-CM code 648.83), ESRD at baseline (ICD-9-CM
code V45.1 with catastrophic illness identification), being
followed up <1 year and persons <30 years of age
(n=3942). Enrollees of NDCMP program have to complete
comprehensive evaluation, including demographic data,
medical and drug history, blood pressure, body weight, height,
waist circumference, and fundoscopy. After 12 hours of over-
night fasting, blood was drawn from an antecubital vein and sent
for analysis within 4 hours postcollection. Biochemical data
including urea nitrogen, creatinine, total cholesterol,
triglyceride, alanine transaminase, high-density lipoprotein,
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low-density lipoprotein, and HbA1c were examined at baseline.
Patients were followed up every 3 to 6 months and received
blood tests during follow-up visits. This study was approved by
the China Medical University Hospital Ethical Review Board
(DMR100-IRB-292).

The Taiwan government launched the National Health
Insurance (NHI) program in 1995. Ninety-nine percent of
Taiwan populations were enrolled in the program, and the
proportion of withdrawing from NHI is very low.'* Patient
demographics, diagnoses, and prescriptions in hospital and
outpatient claims were recorded. Claims data are randomly
audited by the NHI Bureau. This study used NHI data sets
for inpatient care by admission and outpatient visits during 2001
to 2004 to identify baseline comorbidity. Individuals in Taiwan
carry unique personal identification numbers (PIN). All NHI
and NDCMP data sets can be interlinked with the PIN. For
security and privacy purposes, patient identity data are
scrambled cryptographically by the NHI Research Database.
We followed from 1 year after index date until ESRD, death, or
withdrawal from NHIL.

Outcome and Comorbidity Ascertainment

The primary outcome measure, ESRD, was determined by
catastrophic illness certification (ICD-9-CM code 585 with
V45.1) from the registry for catastrophic illness database of
NHI program from 2002 to 2012. The catastrophic illness certi-
fication was issued by a nephrologist and confirmed by another
nephrologist. We searched all ESRD incident events by excluding
those who had ESRD events before the index date. To rule out the
possibility of cause-and-effect, those who had ESRD incident
events within 1 year of index date were also excluded.

Ten chronic conditions were tabulated for 12 months
before enrollment by using NDCMP data set as well as out-
patient and inpatient claims data: morbid obesity (body mass
index [BMI] >27 kg/mz), albuminuria (ICD-9-CM code 719.0
or urinary albumin-to-creatinine ratio >30mg/g creatinine),
coronary artery disease (ICD-9-CM codes 410-413, 414.01—
414.05, 414.8, and 414.9), congestive heart failure (ICD-9-
CM codes 428, 398.91, and 402.x1), cancer (ICD-9-CM codes
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FIGURE 1. Risks of ESRD for (A) HbA1c-CV and (B) FPG-CV. Log-rank test, all P<0.001. ESRD =end-stage renal diseases.
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140-149, 150-159, 160-165, 170-175, 179-189, 190-199,
200, 202, 203, 210-213, 215-229, 235-239, 654.1, 654.10,
654.11, 654.12, 654.13, and 654.14), hyperlipidemia (ICD-9-
CM code 272), atrial fibrillation (ICD-9-CM code 427.31),
hypertension (ICD-9-CM codes 401-405), chronic hepatitis
(ICD-9-CM codes 571, 572.2, 572.3, 572.8, 573.1, 573.2,
573.3,573.8, and 573.9), chronic obstructive pulmonary disease
(ICD-9-CM codes 490, 491-495, and 496).

Statistical Analysis

For each individual patient, FPG-CV and HbA,.-CV were
computed using the measurements of outpatient visits within the
first year of index date. These 2 measures were calculated only
for those who had >2 FPG and HbA ;. measurements within the
first year. The CV value was divided by the square root of the
ratio of total visits divided by total visits minus 1 for the
adjustment of variation in the number of visits among individual
patients.'> FPG-CV and HbA,.-CV were categorized into 5
classes according to quintiles. We performed sensitivity
analysis by classifying patients into 10 subgroups according
to deciles of FPG-CV to assess the impact of different threshold
of FPG-CV on our findings. Kaplan—Meier curve for cumulat-
ive incidence was generated. We adopted extended Cox pro-
portional hazards models of Lunn—McNeil approach on ESRD
incidence by considering competing risk of all-cause mortality.
Lunn—McNeil approach fits a proportional subdistribution
hazards regression model on cause-specific hazards of each
competing risk.'® Hazard ratios (HRs) and their 95% confidence
intervals (CIs) were reported with adjustment for age, sex, and
multiple variables. We considered 2 multivariate models. The
first multivariate model adjusted for age (continuous) and sex
(female/male). The second one further adjusted for tobacco use
(yes/no), alcohol use (yes/no), duration of diabetes (continuous,
years), type of hypoglycemic drug (diet or exercise, 1 oral
hypoglycemic drug, 2 oral hypoglycemic drugs, 3 oral hypo-
glycemic drugs, >3 oral hypoglycemic drugs, insulin only,
insulin, and oral hypoglycemic drug), antihypertensive treat-
ment (yes/no), obesity (BMI >27 kg/m?), coronary artery dis-
ease (yes/no), congestive heart failure (yes/no), cancer (yes/no),
hyperlipidemia (yes/no), hypertension (yes/no), atrial fibrilla-
tion (yes/no), chronic hepatitis (yes/no), chronic obstructive
pulmonary disease (yes/no), mean values of the first year
follow-up of fasting glucose (continuous, mg/dL) and HbAlc
(continuous, %), and eGFR (continuous, mL/min/1.73 m?). We
assessed interaction of FPG-CV and HbA,. by adding their
product terms into the full multivariate model with the use of
likelihood ratio test for statistical significance. The level of
significance was set at 0.05 and all P values were 2-tailed. We
performed all analyses using the SAS statistical package for
Windows (Version 9.4, SAS, Cary, NC).

RESULTS

During January 1, 2002 and December 31, 2004, 63,084
individuals were enrolled in the NDCMP. Twenty-nine thou-
sand eight hundred twenty-two individuals were excluded for
age <30 years, with type 1 diabetes, without >2 records of
HbA,. or FPG measurements, or being followed up <1 year.
One thousand four hundred twenty-one individuals were further
excluded because of lacking sociodemographic, lifestyle, drug,
or comorbidity information. A total of 31,841 individuals were
included for analysis, and 1642 incident ESRD cases were
identified during follow-up period with cumulative incidence
rates of 4.72%, 6.03%, and 15.97% for patients with normal
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urinary albumin-to-creatinine ratio, microalbuminuria, and
macroalbuminuria and of 1.90%, 2.53%, 9.68%, and 43.15%
for patients with eGFR >90, 60 to 89, 30 to 59, and <30mL/
min/1.73m?. We compared baseline characteristic between
patients included and those excluded by using standardized
mean differences. Except for no medication slightly >0.1 SD
(0.17), the standardized mean differences for the other variables
were <0.1 SD, indicating a negligible difference in means or
proportions between groups. In our cohort, the median numbers
of FPG and HbA - measurements within 1 year were both 3
tests and both 25th and 75th percentiles were 2 and 4 tests,
respectively. The mean age is 60.94 4= 11.16 years with lowest
in the highest quintile in both FPG-CV and HbAc-CV. In the
highest quintile of FPG-CV, 17.75% use tobacco, 9.15% drink
alcohol, which is highest among other quintiles and is similar to
18.07% and 9.97% in the HbA;c-CV group. The highest
quintile of FPG-CV and HbA,--CV were not with highest
burden of comorbidity. The highest quintile of FPG-CV had
the lowest mean BMI and prevalence of hyperlipidemia and
hypertension. The highest quintile of HbA;c-CV had the lowest
mean BMI and prevalence of coronary artery disease, hyperli-
pidemia, hypertension, and hepatitis. Tables 1 and 2 show
baseline sociodemographic and clinical factors in subjects
grouped according to quartiles of FPG-CV and HbA . levels.
Patients reaching ESRD have higher mean age, longer diabetes
duration, higher prevalence of hypertension drug treatment,
congestive heart failure, hyperlipidemia, hypertension, chronic
obstructive pulmonary disease, stroke, and hypoglycemia, and
lower prevalence of chronic hepatitis. After an average of 8.23
years of follow-up, 1642 patients developed ESRD, giving a
crude incidence rate of 6.27/1000 person-years (6.36 for men,
6.19 for women); 6491 died, with a mortality rate of 24.77/1000
person-years (28.82 men, 21.38 women). Figure 1 presents the
Kaplan—Meier cumulative risk for ESRD within subgroups
defined by FPG-CV and HbA-CV. Patients with FPG-
CV >48.6% faced higher risk (log-rank test P <0.001,
Figure 1A) similar to those with HbA.-CV > 24.4% (log-rank
test P <0.001, Figure 1B).

Multivariate adjusted Cox regression was performed to
examine the relative contribution of FPG-CV and HbA,.-CV to
the development of ESRD. Table 3 shows HRs for ESRD in
subjects grouped by quintiles of FPG-CV and HbA.-CV. Both
FPG-CV and HbAlc-CV were independent predictors for
ESRD with age and sex adjustment. Considering mean values
of the first year follow-up of fasting glucose and HbA, life-
styles, comorbidity, and complications, FPG-CV and HbA,.
effects were slightly attenuated but still remained significant.
The correlation coefficient between FPG-CV and HbA,.-CV
was determined to be 0.34 based on Pearson correlation, which
was a weak correlation. These results showed no possibility of
collinearity between FPG-CV and HbA.-CV if both were
simultaneously considered in the multivariate model. By sim-
ultaneously considering FPG-CV and HbA.-CV in the model,
both of them were independent predictors of ESRD with
corresponding HR of 1.20 (95% CI 1.01, 1.41), 1.24 (95%
CI 1.05, 1.46) in HbA.-CV from fourth to fifth quintile and
1.13 (95% C10.95, 1.36), 1.23 (95% CI 1.03, 1.47) in FPG-CV.
In addition, they were both independent predictors of all-cause
mortality with corresponding HR of 1.15 (95% CI 1.06, 1.25),
1.23 (95% CI 1.13, 1.34) in HbA.-CV from fourth to fifth
quintile and 1.21 (95% CI 1.11, 1.31), 1.29 (95% CT 1.18, 1.40)
in FPG-CV.

To eliminate potential bias caused by the existence of
comorbidities, sensitivity analyses were conducted, and patients
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TABLE 1. Comparisons of Baseline Sociodemographic Factors, Lifestyle Behaviors, Diabetes-Related Variables, Drug-Related
Variables, and Comorbidity According to Quintiles of HbA1c-CV in Patients With Type 2 Diabetes Enrolled in the NDCMP, Taiwan

(n=31,841)
HbA1lc-CV (%)
<5.7 5.7-9.7 9.7-14.9 14.9-24.4 >24.4

Variables (N =6366) (N=6356) (N =6346) (N=6385) (N=6388) P
Sociodemographic factors
Male, n (%) 2909 (45.70) 2872 (45.19) 2868 (45.19) 2917 (45.69) 3225 (50.49)  <0.001
Age, y, mean (SD) 61.24 (11.07) 61.3 (10.9) 61.28 (11.08)  61.05 (11.07)  59.85 (11.58)  <0.001
Lifestyles, n (%)
Tobacco 895 (14.06) 847 (13.33) 906 (14.28) 990 (15.51) 1154 (18.07)  <0.001
Alcohol 504 (7.92) 464 (7.30) 507 (7.99) 543 (8.50) 637 (9.97) <0.001
Diabetes-related variables
Duration of diabetes, y, median 5.00 5.00 5.00 5.00 3.00 <0.001

(Q1-Q3) (2.00-10.00)  (2.00-10.00)  (2.00—11.00)  (2.00—10.00) (1.00-9.00)
Type of hypoglycemic drug use, n (%) <0.001
No medication 119 (1.87) 68 (1.07) 65 (1.02) 52 (0.81) 54 (0.85)
One oral hypoglycemic drug 1584 (25.36) 1424 (22.65) 1150 (18.31) 1095 (17.29) 1010 (15.95)
Two oral hypoglycemic drugs 2819 (45.13) 2817 (44.80) 2892 (46.04) 2751 (43.44) 2833 (44.73)
Three oral hypoglycemic drugs 1318 (21.10) 1433 (22.79) 1511 (24.06) 1615 (25.5) 1595 (25.18)
>3 oral hypoglycemic drugs 526 (8.42) 614 (9.76) 728 (11.59) 872 (13.77) 896 (14.15)
Insulin only 164 (2.58) 197 (3.10) 195 (3.07) 181 (2.83) 155 (2.43)
Insulin+ oral hypoglycemic drug 652 (10.24) 748 (11.77) 920 (14.5) 998 (15.63) 1021 (15.98)
Antihypertensive drugs, n (%)
Renin-angiotensin system (RAS) 2698 (42.38) 2674 (42.07) 2740 (43.18) 2605 (40.80) 2518 (39.42)  <0.001
Beta blocking agents (BBs) 1111 (17.45) 1092 (17.18) 1149 (18.11) 1107 (17.34) 984 (15.40)  <0.001
Calcium channel blockers (CCBs) 2175 (34.17) 2198 (34.58) 2267 (35.72) 2249 (35.22) 1997 (31.26)  <0.001
Diuretics 805 (12.65) 936 (14.73) 1021 (16.09) 1085 (16.99) 1033 (16.17)  <0.001
Comorbidity, n (%)
Albuminuria 570 (8.95) 637 (10.02) 705 (11.11) 683 (10.70) 639 (10.00)  <0.001
Obesity (BMI >27) 2392 (37.57) 2289 (36.01) 2357 (37.14) 2325 (36.41) 2233 (34.96) 0.02
CAD 555 (8.72) 577 (9.08) 589 (9.28) 579 (9.07) 483 (7.56) 0.004
CHF 143 (2.25) 138 (2.17) 168 (2.65) 177 (2.77) 162 (2.54) 0.13
Cancer 133 (2.09) 127 (2.00) 133 (2.10) 122 (1.91) 151 (2.36) 0.46
Hyperlipidemia 1785 (28.04) 1791 (28.18) 1698 (26.76) 1586 (24.84) 1378 (21.57)  <0.001
Hypertension 3014 (47.35) 3050 (47.99) 3040 (47.9) 2860 (44.79) 2525 (39.53)  <0.001
Atrial fibrillation 24 (0.38) 41 (0.65) 25 (0.39) 33 (0.52) 37 (0.58) 0.14
Chronic hepatitis 607 (9.54) 605 (9.52) 644 (10.15) 631 (9.88) 603 (9.44) 0.62
COPD 244 (3.83) 276 (4.34) 324 (5.11) 309 (4.84) 299 (4.68) 0.007
Blood biochemical indices, mean (SD)
Systolic blood pressure, mm Hg 134.05 (14.51) 134.25 (14.58) 134.66 (14.58) 134.29 (15.07) 134.30 (15.70) 0.22
Diastolic blood pressure, mm Hg 79.33 (8.66) 79.37 (8.45) 79.71 (8.66) 79.71 (8.76) 80.28 (9.09)  <0.001
Triglyceride, mg/dL, median (Q1-Q3) 131 (89-192) 131 (89-196) 139 (95-204) 143 (96-213) 146 (98-224) <0.001
Cholesterol, mg/dL 194.27 (41.96) 194.01 (41.95) 195.63 (42.92) 197.39 (45.92) 200.01 (49.57) <0.001
High-density lipoprotein, mg/dL 46.92 (14.04)  47.13 (14.41)  46.66 (14.19)  46.26 (14.03)  45.87 (14.29) <0.001
Low-density lipoprotein, mg/dL 117.15 (30.59) 116.69 (30.58) 117.04 (30.72) 117.61 (31.43) 118.29 (32.12)  0.05
Fasting plasma glucose, mg/dL 160.1 (57.51)  163.02 (57.34) 168.09 (57.34) 177.59 (66.14) 194.32 (77.04) <0.001
HbA., % 7.59 (1.65) 7.76 (1.64) 8.02 (1.68) 8.37 (1.86) 9.35 (2.41) <0.001
Creatinine, mg/dL 1.02 (0.53) 1.02 (0.42) 1.03 (0.49) 1.05 (0.53) 1.07 (0.62) <0.001
¢GFR, mL/min/1.73 m? 74.74 (21.43)  74.30 (21.18)  74.05 (22.00) 73.6 (22.29) 74.33 (23.30) 0.06

Differences in continuous variables were tested by ANOVA. Differences in categorical variables were tested by x° test. BMI = body mass index,
CAD = coronary artery disease, CHF = congestive heart failure, COPD = chronic obstructive pulmonary disease, Q1 = 25th percentile, Q3 = 75th

percentile, SD = standard deviation.

with hyperglycemic hyperosmolar nonketotic coma, diabetic
ketoacidosis, myocardial infarction, atrial fibrillation, and
hypoglycemia were excluded (n=1812). A similarly signifi-
cant HRs for ESRD were observed among patients with a
HbA,.-CV from fourth to fifth quintile (1.22 [95% CI 1.03,
1.45] and 1.28 [95% CI 1.08, 1.52]) and with a FPG-CV from
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fourth to fifth quintile (1.20 [95% CI 1.00, 1.44] and 1.30 [95%
CI 1.09, 1.56]). The results of HbA.-CV and FPG-CV, further
stratification according to each other (Figure 2), were generally
consistent with those determined in the initial analysis. The
interaction between HbA.-CV and FPG-CV was statistically
insignificant (P > 0.05). With HbA .-CV subgrouped based on
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TABLE 2. Comparisons of Baseline Sociodemographic Factors, Lifestyle Behaviors, Diabetes-Related Variables, Drug-Related
Variables, and Comorbidity According to Quintile of FPG-CV in Patients With Type 2 Diabetes Enrolled in the NDCMP, Taiwan

(n=31,841)
FPG-CV (%)
<11.8 11.8-20.5 20.5-30.9 30.9-48.6 >48.6

Variables (N=6342) (N=6381) (N =6358) (N=6388) (N=6372) P
Sociodemographic factors
Male, n (%) 3036 (47.87) 2954 (46.29) 2903 (45.66) 2921 (45.73) 2977 (46.72) 0.08
Age, y, mean (SD) 60.84 (11.30)  61.18 (10.98)  60.88 (11.05)  61.18 (11.04)  60.63 (11.39) 0.02
Lifestyles, n (%)
Tobacco 896 (14.13) 877 (13.74) 926 (14.56) 962 (15.06) 1131 (17.75)  <0.001
Alcohol 527 (8.31) 537 (8.42) 513 (8.07) 495 (7.75) 583 (9.15) 0.06
Diabetes-related variables
Duration of diabetes, y, median 4.00 5.00 5.00 5.00 5.00 <0.001

(Q1-Q3) (1.00-9.00) (2.00-10.00)  (2.00-10.00)  (2.00—11.00)  (2.00—11.00)
Type of hypoglycemic drug use, n (%) <0.001
No medication 116 (1.83) 84 (1.32) 53 (0.83) 53 (0.83) 52 (0.82)
One oral hypoglycemic drug 1726 (27.72) 1443 (22.92) 1088 (17.26) 1006 (15.88) 1000 (15.82)
Two oral hypoglycemic drugs 2819 (45.28) 2967 (47.12) 2910 (46.15) 2814 (44.42) 2602 (41.17)
Three oral hypoglycemic drugs 1030 (16.24) 1096 (17.18) 1333 (20.97) 1283 (20.08) 1162 (18.24)
>3 oral hypoglycemic drugs 489 (7.85) 593 (9.42) 706 (11.20) 843 (13.31) 1005 (15.90)
Insulin 107 (1.69) 106 (1.66) 129 (2.03) 233 (3.65) 317 (4.97)
Insulin+ oral hypoglycemic drug 477 (7.52) 567 (8.89) 763 (12.00) 1053 (16.48) 1479 (23.21)
Antihypertensive drugs, n (%)
Renin-angiotensin system (RAS) 2532 (39.92) 2643 (41.42) 2669 (41.98) 2753 (43.10) 2638 (41.40) 0.008
Beta blocking agents (BBs) 1031 (16.26) 1103 (17.29) 1130 (17.77) 1131 (17.71) 1048 (16.45) 0.06
Calcium channel blockers (CCBs) 2073 (32.69) 2160 (33.85) 2164 (34.04) 2307 (36.11) 2182 (34.24) 0.002
Diuretics 783 (12.35) 886 (13.88) 955 (15.02) 1073 (16.80) 1183 (18.57)  <0.001
Comorbidity, n (%)
Albuminuria 576 (9.08) 633 (9.92) 657 (10.33) 701 (10.97) 667 (10.47) 0.007
Obesity (BMI >27) 2373 (37.42) 2399 (37.60) 2345 (36.88) 2267 (35.49) 2212 (34.71) 0.002
CAD 518 (8.17) 581 (9.11) 578 (9.09) 556 (8.70) 550 (8.63) 0.31
CHF 136 (2.14) 146 (2.29) 174 (2.74) 151 (2.36) 181 (2.84) 0.05
Cancer 114 (1.80) 122 (1.91) 129 (2.03) 130 (2.04) 171 (2.68) 0.005
Hyperlipidemia 1715 (27.04) 1714 (26.86) 1683 (26.47) 1617 (25.31) 1509 (23.68)  <0.001
Hypertension 2777 (43.79) 2896 (45.38) 2921 (45.94) 3062 (47.93) 2833 (44.46) <0.001
Atrial fibrillation 32 (0.50) 28 (0.44) 25 (0.39) 44 (0.69) 31 (0.49) 0.16
Chronic hepatitis 611 (9.63) 546 (8.56) 645 (10.14) 660 (10.33) 628 (9.86) 0.007
COPD 232 (3.66) 269 (4.22) 289 (4.55) 302 (4.73) 360 (5.65) <0.001
Blood biochemical indices, mean (SD)
Systolic blood pressure, mm Hg 134.00 (14.63) 134.41 (14.45) 134.16 (14.74) 134.71 (14.83) 134.26 (15.80) 0.08
Diastolic blood pressure, mm Hg 79.69 (8.70) 79.63 (8.52) 79.48 (8.60) 79.85 (8.77) 79.76 (9.07) 0.16
Triglyceride, mg/dL, median (Q1-Q3) 134 (91-195) 133 (91-198) 137 (93-201) 141 (96-213) 146 (97-223) <0.001
Cholesterol (mg/dL) 193.99 (41.66) 194.34 (42.84) 195.27 (43.02) 198.03 (45.43) 199.68 (49.42) <0.001
High-density lipoprotein, mg/dL 46.77 (14.09)  46.59 (13.44) 46.42 (14.38)  46.58 (13.92)  46.48 (15.13) 0.70
Low-density lipoprotein, mg/dL 117.19 (30.06) 117.31 (30.90) 117.45 (31.19) 117.32 (31.09) 117.50 (32.22) 0.98
Fasting plasma glucose, mg/dL 158.41 (48.00) 160.84 (47.64) 167.75 (52.56) 177.51 (61.61) 198.66 (93.66) <0.001
HbAlc, % 7.69 (1.75) 7.82 (1.74) 8.15 (1.83) 8.5 (1.97) 8.95 (2.24) <0.001
Creatinine, mg/dL 1.00 (0.42) 1.01 (0.54) 1.02 (0.46) 1.05 (0.51) 1.10 (0.65) <0.001
¢GFR, mL/min/1.73 m? 75.75 (21.07)  75.40 (21.01)  74.64 (21.77)  73.25(22.29)  71.96 (23.80) <0.001

Differences in continuous variables were tested by ANOVA. Differences in categorical variables were tested by x° test. BMI = body mass index,
CAD = coronary artery disease, CHF = congestive heart failure, COPD = chronic obstructive pulmonary disease, Q1 = 25th percentile, Q3 = 75th

percentile, SD = standard deviation.

deciles, multivariate-adjusted HRs for HbA.-CV levels from
sixth to tenth decile were 1.36 (1.07, 1.74), 1.20 (0.94, 1.54),

1.37 (1.08, 1.75), 1.66 (1.32, 2.10), and 1.57 (1.23, 1.99); and
for FPG-CV were 1.42 (1.11, 1.81), 1.26 (0.98, 1.61), 1.48

(1.16, 1.88), 1.82 (1.44, 2.29), and 1.77 (1.40, 2.24).

DISCUSSION

We found that visit-to-visit glucose variations in both
FPG-CV and HbA,.-CV independently predict ESRD in
patients with type 2 diabetes >30 years. After adjusting for

mean FPG, HbA |, and other conventional risk factors, FPG-CV

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. HRs of ESRD and All-Cause Mortality According to Different Quintiles of 1-Year HbA1c-CV and FPG-CV in patients With

Diabetes Enrolled in the NDCMP, Taiwan

ESRD HR (95% CI)

All-Cause Mortality HR (95% CI)

Person- Age and Sex Multivariate Age and Sex Multivariate
Variables n Cases Years IR Adjusted Adjusted’ Adjusted Adjusted’
Model for HbA1c-CV (%)
<57 6366 249 53,35029  4.67 1.00 1.00 1.00 1.00
57-9.7 6356 278 5331359 521 1.67 (1.39,2.00)"" 1.06 (0.89, 1.27) 1.00 (0.92, 1.09) 1.04 (0.95, 1.14)
9.7-14.9 6346 332 52,579.63 631  2.04 (1.71,2.43)""" 1.12 (0.94, 1.32) 112 (1.03, 1.21)"" 1.10 (1.01, 1.19)"
149-244 6385 376 51,953.71 724 2.37(2.00,2.82)"" 1.22 (1.04, 1.44)" 126 (1.16, 1.37)"** 120 (1.11, 1.31)"*"
>24.4 6388 407 50,835.16  8.01  2.75(2.32,326)"" 129 (1.09, 1.52)"" 143 (1.32, 1.55)""  1.34 (1.23, 1.45)7"
P for trend <0.001 <0.001 <0.001 <0.001
Model for FPG-CV (%)
<118 6342 209 53,425.05  3.91 1.00 1.00 1.00 1.00
11.8-20.5 6381 258 5404798 477 191 (1.57,2.33)"" 1.13 (0.94, 1.36) 0.93 (0.85, 1.01) 0.94 (0.86, 1.03)
205-30.9 6358 322 53,04133  6.07 248 (2.05,3.00)"" 1.19 (0.9, 1.42) 111 (1.02, 1.21)" 1.09 (0.99, 1.19)
30.9-48.6 6388 362 51,853.11 698  2.86 (2.38, 3.44)""" 1.17 (0.98, 1.39) 138 (127, 149" 125 (1.14, 1.36)"""
>48.6 6372 491 4966491  9.89  4.19(3.51,5.00)F 129 (1.09, 1.53)""  1.68 (1.55, 1.82)"" 136 (1.25, 1.48)"""
P for trend <0.001 0.003 <0.001 <0.001
Model for HbAlc-CV and FPG-CV
HbAlc-CV (%)
<57 6366 249 53,35029  4.67 1.00 1.00 1.00 1.00
57-9.7 6356 278 5331359 521 147 (1.22, 1.76)"" 1.05 (0.88, 1.25) 1.00 (0.92, 1.09) 1.03 (0.95, 1.13)
9.7-14.9 6346 332 52,579.63 631 171 (1.4, 2.04)""" 1.10 (0.93, 1.30) 1.09 (1.01, 1.19)" 1.08 (0.99, 1.18)
149-244 6385 376 51,953.71 724 1.84(1.55,2.19°"" 120 (1.01, 1.41)" 118 (1.08, 1.28)""  1.15 (1.06, 1.25)""
>24.4 6388 407 50,835.16  8.01  1.88(1.58,2.24)""" 124 (1.05, 1.46)" 124 (1.14, 135" 123 (1.13, 1.34)"""
P for trend <0.001 0.002 <0.001 <0.001
FPG-CV (%)
<118 6342 209 53,425.05 391 1.00 1.00 1.00 1.00
11.8-20.5 6381 258 5404798 477 175 (1.44,2.13)""" 1.12 (0.93, 1.35) 0.93 (0.85, 1.02) 0.94 (0.86, 1.03)
20.5-30.9 6358 322 53,04133 607  2.17 (1.80,2.62)""" 1.17 (0.97, 1.40) 1.10 (1.01, 1.20)" 1.07 (0.98, 1.17)
30.9-48.6 6388 362 51,853.11 698 242 (2.01,292)""" 1.13 (0.95, 1.36) 133 (1.23, 145" 121 (.11, 1.31)"
>48.6 6372 491 4966491  9.89  3.43(2.86, 4.12)""" 1.23 (1.03, 1.47)" 1.58 (146, 1.72)"™* 129 (1.18, 1.40)"""
P for trend <0.001 0.03 <0.001 <0.001

CV =coefficient of variation, ESRD = end-stage renal diseases, FPG = fasting plasma glucose, HR =hazard ratio, IR =incidence density

rate = number of incident cases/person-years x 1000. *P<0.05 ""P<0.01;

skokok

P <0.001.

"Multivariate adjusted for age, sex, smoking, alcohol consumption, duration of diabetes, type of hypoglycemic antihypertensive drugs (RAS, BBs,
CCBs, diuretics), albuminuria, obesity, coronary artery disease, congestive heart failure, cancer, hyperlipidemia, hypertension, atrial fibrillation,
chronic hepatitis, chronic obstructive pulmonary disease, stroke, hypoglycemia, eGFR, systolic blood pressure, diastolic blood pressure, fasting

glucose, and HbAlc.

and HbA .-CV still pinpoint the association between oscillating
plasma glucose and ESRD. These findings are relevant to the
clinical management of type 2 diabetes such that long-term CV
of both FPG and HbA . should be evaluated, in addition to only
reading the raw data. Recent therapies used should be evaluated
for their potential to minimize glucose fluctuation in patients
with type 2 diabetes to prevent ESRD.

Glucose variability has been measured in different
ways,'7 2% including with-in day blood glucose variation,
hypoglycemia and hyperglycemia episodes, and visit-to-visit
variation. Preferred measures of glycemic variability lack con-
sensus. Previous studies that examine the effect of short-term
intraday glucose variability on late diabetes complications in
patients with type 1 diabetes have mixed results.'>!*?! How-
ever, long-term glycemic variance demonstrated a more con-
sistent relationship with diabetes-related complications in
patients with type 1 or type 2 diabetes.'' ~'*2? The spectra of
FPG-CV, HbA,.-CV, and with-in day glucose variation might

6 | www.md-journal.com

be different. Wide variation of FPG-CV and HbA.-CV might
reflect a more complicated clinical course, suboptimal medi-
cations, and self-management in addition to oxidative stress by
acute variance of glucose.'>** Although visit-to-visit glucose
variation may not reflect actual glucose variation like self-
monitored blood glucose (SMBG) or continuous monitor of
glucose, it is difficult to long term measure SMBG or continu-
ous blood glucose. The association of HbA;. variation to
proteinuria,'' chronic kidney disease (CKD),"* and ESRD,"
and FPG variation to DM nephropathy,'* had been reported. We
fill the gap of FPG variation to ESRD. These findings provide
evidence that these longer-term indexes of glucose variation
might be proper indicators for estimating diabetic compli-
cations.

Patients with high glucose level may be subject to change
of hypoglycemic drug use or more intensive diabetes control,
that would lead to decreasing glucose level and higher variation
in fasting plasma glucose. In order to rule out this possibility, we

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Risks of ESRD for HbA1C-CV stratified by FPG-CV (<median or >median) and FPG-CV stratified by HbA1C-CV (<median or
>median) in patients with type 2 diabetes enrolled in the NDCMP, Taiwan. “P < 0.05; **P<0.01; ***P < 0.001. ESRD = end-stage renal

diseases, NDCMP = National Diabetes Care Management Program.

have examined change in type of hypoglycemic drug use
between 1 year before index date and 1 year after index date,
and the concordance of each type of hypoglycemic drug use was
high, ranging from 94.91% to 99.13%. Thus, the possibility that
change of hypoglycemic drug use or intensification of treatment
that may explain the association between glycemic variation
and ESRD would be less likely. In addition, we also evaluated
the concordance of change in type of antihypertensive drug use,
and the concordance rate was all above 95% for each type
of medication use. Thus, the probability that changes in
antihypertensive and/or hypoglycaemic medications may influ-
ence the effects of HbA1c-CV and FBG-CV on risk of ESRD
was low.

Our data showed both FPG-CV and HbA.-CV predict
ESRD in patients with type 2 DM. Weak association of FPG-CV
and HbA.-CV is observed (r=0.34, P <0.001). Therefore,
these 2 measures capture different aspects of glycemic vari-
ation. HbA . is regarded as mean glucose and does not reflect
acute fluctuation in glucose level.?* The contribution of fasting
or postprandial glucose varies with different HbA. levels
while Eostprandial glucose contributed more at lower HbA,.
levels.”>?® HbA,. is also affected by test time,?* elevated blood
urea nitrogen level, metabolic acidosis, anemia, blood transfu-
sion, hemoglobinopathies, erythropoietin-stimulating agents,

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

and protein-energy wasting,”’ which might occur in CKD
patients. On the contrary, FPG level captures acute fluctuation
in glucose level caused by irregular eating or lifestyle episode,
which was not easily detected by HbA .. Thus, FPG might be a
more sensitive indicator than HbA . for capturing variation of
glucose because of overindulgence in food given that HbA . is
considered a mean. Extending FPG and HbA . to visit-to-visit
FPG-CV and HbA .-CV as a marker for glucose variability has
2 benefits. First, FPG and HbA,. are routinely measured
in almost all patients with diabetes, and estimating their
CV is easy. Second, such approach seems to provide longer
observation spectrum and good prediction power to further
survival,lo’28 cardiovascular events,10 stroke,29 DM nephro-
pathy,'"'>3® and ESRD."?

Several mechanisms explained the impact of high glucose
variation and renal toxicity, including increase in glomerular
permeability,®’ mesangial lipid accumulation,®* mesangial
and tubulointerstitial cell matrix production,®® expression
of ﬁbrino§enesis markers, circulating level of inflammatory
cytokines,”* endothelial dysfunction,”* and free radicals that
activate the pathogenesis of diabetic complications.>>=

This study has limitations. First, it is an observational
study, and a few residual and unrecognized confounding vari-
ables such as diet might be present. Thus, it is likely that a

www.md-journal.com | 7
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reduced risk of ESRD might reflect a delay of initiation of
dialysis due to amelioration of uremic symptoms possibly due
to diet rather than an actual slowing of the decline in renal
function. Second, we only have 1-year FPG and HbA;.
measurements in NDCMP data set. Thus, we could not evaluate
the intraindividual variation of FPG-CV and HbA.-CV during
follow-up and their dynamic effects on ESRD incidence. Third,
FPG cannot possibly represent the actual glycemic level
because of blood drawing without fasting, overeating, or glut-
tony before blood drawing because of social events and these
factors cannot represent the dietary behavior of a typical day or
dietary restriction before regular outpatient visits. These con-
ditions would further result in measurement error for visit-to-
visit variation for FPG represented by FPG-CV. However, these
conditions would result in a consistent distortion of FPG-CV
measurements to higher values. If a true association exists
between FPG-CV and ESRD incidence, then this type of error
would result in underestimation of the effect. Fourth, the present
study did not measure postprandial glucose. The effect of
postprandial hyperglycemia contributing to ESRD could not
be assessed.

CONCLUSIONS

In this large cohort of Chinese patients with type 2
diabetes, both FPG-CV and HbAlc-CV were independent
predictors of ESRD, after adjusting mean FPG, HbAlc, and
other conventional risk factors. Our results expand existing
knowledge about the relationship of glycemia variation and
ESRD, suggesting glucose variation using FPG-CV and HbA .-
CV might be used in managing patients with diabetes in
predicting clinical prognosis. Future studies should assess the
effects of interventions for reducing glucose variation on pro-
gression of diabetic nephropathy or ESRD incidence.
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