Risks of diabetic nephropathy with variation in HbA1C and fasting plasma glucose: The Taichung Diabetes Study
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ABSTRACT
Background: This study examined whether annual variation in glycosylated hemoglobin A1C (HbA1C) and fasting plasma glucose (FPG), as represented by the coefficient of variation (CV), can predict diabetic nephropathy independent of mean FPG, mean HbA1C, and other risk factors in patients with type 2 diabetes.

Methods: A computerized database of patients with type 2 diabetes aged ≥30 years and free of diabetic nephropathy (n=3,220) who were enrolled in the Diabetes Care Management Program of China Medical University Hospital before 2007 was used in a time-dependent Cox proportional hazards regression model.
Results: The incidence rates of diabetic nephropathy were 16.11, 22.95, and 28.86 per 1000 person-years in the first, second, and third tertiles of baseline HbA1C-CV, respectively. The corresponding incidence rates for FPG-CV were 9.46, 21.23, and 37.51 per 1000 person-years, respectively. After multivariate adjustment, the corresponding hazard ratios for the second and third tertiles versus the first tertile of annual HbA1C-CV were 1.18 (0.88, 1.58) and 1.58 (1.19, 2.11), respectively, and 1.55 (0.99, 2.41) and 4.75 (3.22, 7.01) for FPG-CV, respectively. The risks of diabetic nephropathy for HbA1C-CV and FPG-CV stratified according to age, gender, renal function, and hypertension status were provided.

Conclusions: Annual FPG and HbA1c variations have a strong association with diabetic nephropathy in patients with type 2 diabetes. Whether intervention for reducing glucose variation should be administered needs to be examined in the future study. 
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Introduction

Diabetic nephropathy, the most common cause of end-stage renal disease  worldwide, is the primary indication for renal replacement therapy in most developed countries.1, 2 The incidence and prevalence rates of end-stage renal disease have continuously risen in Taiwan since 2000.3, The prevalence rate peaked in 2005 and 2007 at 435 and 2,288 per 1,000,000 population, respectively. 4 The prevalence of chronic kidney disease and end-stage renal disease has become a heavier burden on the medical care in Taiwan because of the increasing aging population.

Previous epidemiological studies have demonstrated that diabetes is one of the major risk factors for the development and progression of chronic kidney disease and microalbuminuria.5, 6 The prevalence and incidence rates of type 2 diabetes have rapidly increased in Taiwan because of lifestyle westernization in the country. This disease has emerged as the fourth major leading cause of death in males and females in Taiwan since 2002. 7-9 Although type 2 diabetes is the leading cause of chronic kidney disease, only a few studies have examined other factors related to diabetic nephropathy expressed in terms of estimated glomerular filtration rate (eGFR) in patients with this type of diabetes.6, 10
 Glucose stability is one of the many factors related to diabetes care and is one of the goals in diabetes management for complication prevention.11 However, glucose instability is not a routine measure for monitoring glucose in clinical practice. Many studies examined the relation of hyperglycemia, classified according to the mean levels of glycosylated hemoglobin A1C (HbA1C) 12-14 or fasting plasma glucose (FPG), 15-18 to diabetic complications. However, only one study examined the relations of HbA1C variation with diabetic microvascular complications in patients with type 1 diabetes.19 A previous study reported that oscillating plasma glucose has more effects on endothelial function and oxidative-stress generation compared with constant high glucose.20 Previous studies on the relation of the coefficient of variation (CV) of FPG to the outcomes in patients with diabetes focused on all-cause or cause-specific mortality.21-23 However, whether annual glycemic variations determined by the CV of HbA1C and FPG are independent predictors of diabetic nephropathy in patients with type 2 diabetes remains unclear. 

The Taiwan Bureau of National Health Insurance established the Diabetes Care Management Program (DCMP) in 2002 to provide an intervention program aimed at meeting the treatment goals recommended by the American Diabetes Association (ADA) through tight control of multiple factors. This program also provides financial incentives for physicians to increase exhaustive follow-up visits, educational programs for diet and lifestyle behaviors, annual examinations, and four annual laboratory tests, such as HbA1C and FPG. The Taichung Diabetes Study is a population-based cohort study of more than 5,000 middle-aged and older Chinese patients with type 2 diabetes who were enrolled in the DCMP of a medical center in central Taiwan. This program facilitated the quantification of the overall effect of annual glucose variation on the incidence of diabetic nephropathy. Thus, the present study examined the association between annual HbA1C and FPG variations as measured by CV and diabetic nephropathy as determined by eGFR in a large number of patients with type 2 diabetes monitored for an average of 4.13 years.

Materials and Methods

Study population

Subjects with type 2 diabetes were participants in the DCMP of the China Medical University Hospital (CMUH), Taichung, Taiwan. A total of 6,964 patients with clinically confirmed diagnosis of diabetes mellitus based on the criteria of the ADA (ICD-9-CM diagnosis code 250) were invited to enroll in this program. Patients with type 1 diabetes (ICD-9-CM Code of 250.x1/x3) and patients with an eGFR value of <60 mL·min-1(1.73 m2)-1 were excluded. Participants who were enrolled in the DCMP by the end of August 2006 were identified based on an automated registry. All patients who were enrolled in the registry from August 2002 to August 2006 and had been continuously enrolled in the program until August 2007 were included. We only included patients who could provide records of at least one year of follow-up to estimate the variability for HbA1C and FPG. The endpoint was August 2008 or the occurrence of diabetic nephropathy. Only the incidence of diabetic nephropathy that occurred one year after that interval was considered to rule out the possibility of effect-cause association. These criteria were met by 3,455 continuously enrolled diabetic patients aged 30 to 89 years. After excluding those individuals with missing data, 3,220 patients were included in the analysis. Among the patients with type 2 diabetes, 465, 669, 541, 353, and 1292 patients provided 1, 2, 3, 4, and 5 or more years of annual HbA1c-CV and FPG measurements, respectively. The current study was approved by the Ethical Reviews Board at CMUH.

Baseline and follow-up assessment
The subjects underwent a comprehensive assessment of the status of their disease and complications as well as a series of blood tests, urine tests, and body measurements at the time of their enrollment into the DCMP. In addition, participants were required to complete a standard computerized questionnaire administered by a case management nurse to record the previous and current status of their disease, medication, and lifestyle behaviors. All patients were followed-up regularly every 3 to 6 months. Patients underwent the same tests as they had at baseline during each follow-up.
After a 12-hour overnight fast, blood was drawn with minimal trauma from an antecubital vein in the morning and was sent for analysis within 4-hour post-collection. Serum FPG, high-density lipoprotein cholesterol (HDL-C), and triglyceride were analyzed using a biochemical autoanalyzer (Beckman Coulter Synchron system, Lx-20, Fullerton, CA, USA) at the Clinical Laboratory Department of the CMUH. The inter- and intra-assay CVs for FPG were both 4%. HDL-C and low-density lipoprotein cholesterol (LDL-C) levels were measured using a direct method. The inter- and intra-assay CVs for HDL-C were both 4.5%, whereas those for LDL-C were 4.5% and 3%, respectively. Serum cholesterol and triglyceride levels were determined using an enzymatic colorimetric method. The inter- and intra-assay CVs for triglyceride were 6.8% and 5%, respectively. HbA1C was measured using a boronate-affinity high-performance liquid chromatography assay (reference range = 4.6% to 6.5%). The inter- and intra-assay CVs for HbA1C were 2.91% for a normal level, 1.79% for an intermediate level, and 1.09% for a high level. We used the CKD Epidemiology Collaboration equation to estimate GFR based on the serum creatinine level,24 where eGFR in mL·min-1 (1.73 m2)-1 = 141 ×min ( SCr/κ, 1)( × max ( SCr/κ, 1)-1.209 × 0.993Age (× 1.018emale), where SCr is serum creatinine, κis 0.7 for females and 0.9 for males, ( is -0.329 for females and -0.411 for males, min indicates the minimum of SCr/κor 1, and max indicates the maximum of SCr/κor 1. Patients were stratified into renal function stages based on the mean annual eGFR values according to the following Kidney Disease Outcome Quality Initiative guidelines: stage 1, eGFR ≥ 90 mg·min-1 (1.73 m2)-1; stage 2, eGFR = 60 mL·min-1 (1.73 m2)-1 to 89 mL·min-1 (1.73 m2)-1; stage 3, eGFR = 30 mL·min-1 (1.73 m2)-1 to 59 mL·min-1 (1.73 m2)-1; stage 4, eGFR = 15 mL·min-1 (1.73 m2)-1 to 29 mL·min-1 (1.73 m2)-1; and stage 5, eGFR <15 mL·min-1 (1.73 m2)-1. Diabetic nephropathy was defined as eGFR <60 mL·min-1 (1.73 m2)-1,25 which corresponds to stages 3 to 5. 

Statistical analyses

The annual CV of all HbA1C and FPG measurements for each patient was calculated using a dataset of electronic laboratory records. HbA1C-CV and FPG-CV were calculated only when more than two HbA1C and FPG measurements were performed for each year. To adjust the possibility that the number of visits a patient had may influence the variation, the CV value was divided by the square root of the ratio of the number of visits divided by the number of visits minus 1.19 Patients were grouped into tertiles according to the first year of HbA1C-CV and FPG-CV.
Kaplan-Meier cumulative incidence plots were generated showing time-to-event for all end points. Time-dependent Cox proportional hazards models were used to evaluate the association of annual HbA1C-CV and FPG-CV with incident diabetic nephropathy by considering time-varying HbA1C-CV and FPG-CV. We calculated hazard ratios (HRs) and their 95% confidence intervals by adjusting for age and multiple variables. Two multivariate models were used. The first multivariate model was adjusted for age (continuous) only. The second model was adjusted for age (continuous), gender, hypertension (yes/no), antihypertensive treatment (yes/no), smoking (yes/no), alcohol consumption (yes/no), exercise (yes/no), hyperlipidemia (yes/no), type of hypoglycemic drug, body mass index, FPG, HbA1C, and complications at baseline (diabetic ketoacidosis, hyperglycemia hyperosmolar non-ketoacidosis, severe hypoglycemia, stroke, myocardial infarction, peripheral neuropathy, intermittent claudication, and neuropathy). The relations of FPG-CV and HbA1C-CV with age, gender, and eGFR at baseline were further examined by adding their product terms into the full model, and the likelihood ratio test was used to test its significance. All p values were two-tailed, and p <0.05 was considered to indicate statistical significance. All analyses were performed with the statistical package SAS for Windows (Version 9.2, SAS, Cary, NC).

Results

The average follow-up of 329 incidence cases of diabetic nephropathy with a crude rate of 22.46 per 1000 person-years (20.39 for males and 24.64 for females) was 4.40 years. The incidence rates of diabetic nephropathy were 16.11, 22.95, and 28.86 per 1000 person-years in the first, second, and third tertiles of baseline HbA1C-CV, respectively. The corresponding incidence rates for FPG-CV were 9.46, 21.23, and 37.51 per 1000 person-years, respectively. Among these 329 incidence cases, 270, 38 and 21 patients were at stages 3, 4, and 5, respectively. Table 1 shows the comparison of baseline variables according to tertiles of baseline HbA1C-CV and FPG-CV. The correlation coefficients among the annual HbA1C-CVs of years 1 to 5 were weak, ranging from 0.05 to 0.27 and for FPG-CVs of years 1 to 5 were moderate, ranging from 0.36 to 0.55.

Figure 1 presents the Kaplan-Meier curves for cumulative incidence of diabetic nephropathy within subgroups defined by baseline HbA1C-CV and FPG-CV. We found that patients with HbA1C-CV ( 13.44% and patients with FPG-CV ( 26.57% were at increased risk for diabetic nephropathy (both log-rank p < 0.001, Figures 1a and 1b). 
Table 2 shows the HRs of diabetic nephropathy according to tertiles of annual HbA1C-CV. Compared with patients with the lowest tertile of annual HbA1C-CV, those with the highest and second tertiles of annual HbA1C-CV were associated with increased risk for diabetic nephropathy [multivariate-adjusted HR: 2.22 (95% confidence interval: 1.67 to 2.93) and 1.36 (1.02 to 1.82), respectively]. We found significant linear trends across annual HbA1C-CV categories. Compared with patients with the lowest tertile of annual FPG-CV, the multivariate-adjusted HRs of diabetic nephropathy in patients with the highest and second tertiles of annual FPG-CV were 5.34 (3.64 to 7.83) and 1.63 (1.05 to 2.55), respectively. When FPG-CV and HbAlc-CV were considered simultaneously, the multivariate-adjusted HR of HbAlc-CV for the highest tertile was 1.58 (1.19 to 2.11), and those of FPG-CV for the highest tertiles were 4.75 (3.22 to 7.01), respectively.
Two separate sensitivity analyses were conducted. One was to investigate the potential for bias caused by the existence of comorbidities by excluding patients with stroke, CVD, diabetic ketoacidosis, and hyperglycemia hyperosmolar non-ketoacidosis (n=2,570). Similar significant associations were found, and the HR for patients with the highest tertile of annual HbA1C-CV was 1.44 (1.02 to 2.03). The HR for patients with the highest tertiles of annual FPG-CV was 5.08 (3.23 to 8.10), respectively. Second one was to consider eGFR and albuminuria for defining nephropathy. Defining urinary albumin-to-creatinine ratio (ACR) above 30 mg g–1creatinine or eGFR below 60 mL·min-1 (1.73 m2)-1 as diabetic nephropathy (n=1164), we observed the HRs for patients with the highest tertile of annual HbA1C-CV and FPG-CV were 1.68 (1.07 to 2.65) and 2.44(1.41 to 4.22), respectively.
The adjusted HRs of HbA1C-CV and FPG-CV for diabetic nephropathy were further stratified according to age, gender, baseline eGFR, and hypertension status (Figure 2). The adjusted HRs of the highest tertile of HbA1C-CV and FPG-CV for diabetic nephropathy were consistently significant across various strata. Table 3 demonstrates the multiple linear regression models of baseline HbA1C-CV and FPG-CV. Higher levels of FPG-CV were observed in patients with older age, smoking status, oral hypoglycemic drug, both oral and insulin use, higher mean FPG and HbA1C,severe hypoglycemia, and stroke. Higher variation in HbA1C was observed in male patients with shorter diabetes duration, higher mean HbA1C, stroke, myocardial infarction, peripheral neuropathy, triglyceride, and high-density lipoprotein cholesterol whereas lower variation in HbA1C was observed in patients with hypertension drug treatment, oral hypoglycemic drug, and higher mean FPG. 
Discussion

The present study is the first to demonstrate that annual variation in HbA1c and FPG measurements can predict diabetic nephropathy in 30- to 89-year-old patients with type 2 diabetes. An estimated HbA1C-CV greater than 13.44% was associated with a 1.58-fold higher risk compared with HbA1C-CV ≤ 6.68%, and an estimated FPG-CV greater than 26.57% was associated with an approximately 4.75-fold higher risk compared with FPG-CV ≤ 15.99%. Our results demonstrated that FPG-CV is a new and good measure of glucose variation that can capture the association between oscillating plasma glucose and diabetic nephropathy in addition to HbA1C variation. These findings are relevant to the clinical management of patients with type 2 diabetes. Managed care has facilitated routine collection of HbA1C and FPG measurements, which should be availed for glycemic assessment. Whether intervention for reducing glucose variation should be administered needs to be examined in the future study.
Several plausible mechanisms can be hypothesized to explain the association of HbA1C and FPG variations with diabetic nephropathy. First, glucose variation may have impact on some mechanisms that affect diabetic nephropathy. One possible mechanism involves glucose variation that may produce free radicals activating the pathways involved in the pathogenesis of diabetes complications.20 Ceriello et al20 reported that oscillating oscillating plasma glucose poses more deleterious effects than constant high glucose on endothelial function and oxidative-stress generation, which are two key factors that result in cardiovascular complications in diabetes.20 The other possible mechanism is that oscillating plasma glucose may act directly on the kidney to interrupt renal function. Instead of focusing on functional and structural changes in the glomerulus, changes within the tubulointerstitium were reported, which contributed to progressive kidney diseases including diabetic nephropathy. Such tubulointerstitial changes were found in approximately one third of type 2 diabetic patients in a biopsy study.26 Cell growth, collagen synthesis, and cytokine secretion in cultured human tubulointerstitial cells were enhanced following intermittent exposure to high glucose rather than constant exposure to high glucose.27 Second, glucose variation may be a sign and not a cause of incident diabetic nephropathy. 

Finally, glucose variation might be an indication of poor health, co-morbidity, or complication that can result in increased risk for diabetic nephropathy. The present study considered baseline co-morbidity and complication in the regression models and excluded those who had comorbidity and complication in the analysis to mitigate this possibility. However, it may exist some residual confounding and uncontrolled confounding factors such as biochemical markers that were not considered in the study.
Our present study has several strengths, such as a standard procedure for data gathering, a large number of potential confounding factors, a large number of patients with type 2 diabetes, and a sufficiently long follow-up period. In addition, the current study is the first to use FPG-CV as a measure of glucose variation to explore its relation to diabetic nephropathy. It is also the first to use repeated measurements of annual glucose variation during the follow-up period. 

However, several limitations should also be acknowledged. Our current study was limited by the potential residual and unrecognized confounding conditions that might be present because our study was observational. In addition, measurement errors may have occurred because of the large amount of data gathered during clinical practice.


In addition to HbA1C, the current study concluded that annual FPG-CV variation can also predict the risk for diabetic nephropathy. The findings of the present study have implications for the understanding of nephropathy in diabetes. Moreover, annual HbA1C-CV and FPG-CV may be included in the evaluation of glucose control in patients with type 2 diabetes for better prediction of diabetic nephropathy. Whether intervention for reducing glucose variation should be administered needs to be examined in the future study. 
Clinical Significance
	Clinical Significance

	· Higher hemoglobin A1C and fasting plasma glucose variation assessed by coefficient of variation is associated with increased risk of diabetic nephropathy in patients with type 2 diabetes. 
· The increased risk persists after controlling for mean hemoglobin A1C, mean fasting plasma glucose, and other risk factors.
· Whether intervention for reducing glucose variation should be administered needs to be examined in the future study.
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Table 1. The comparisons of baseline sociodemographic factors, life style behaviors, diabetes-related variables, drug-related variables, diabetes-related diseases and blood biochemical indexes according to tertiles of coefficient of variation (CV) of baseline glycosylated hemoglobin A1C and fasting plasma glucose in diabetic patients enrolled in Diabetes Care Management Program of a medical center (n=3,220)

	
	Baseline FPG-CV N (%)
	
	Baseline HbA1c-CV N (%)

	Variables
	(15.99
(N=1,063)
	15.99~26.57
(N=1,063)
	>26.57
(N=1,094)
	P value
	
	(6.68
(N=1,059)
	6.68~13.44
(N=1,066)
	>13.44
(N=1,095)
	P value

	Sociodemographic factors
	
	
	
	
	
	
	
	
	

	Gender
	
	
	
	0.04
	
	
	
	
	<0.001

	Female 
	498 (46.85)
	550 (51.74)
	517 (47.26)
	
	
	541 (51.09)
	546 (51.22)
	478 (43.65)
	

	Male
	565 (53.15)
	513 (48.26)
	577 (52.74)
	
	
	518 (48.91)
	520 (48.78)
	617 (56.35)
	

	Age (yrs)†
	56.82 (10.56)
	57.44 (10.52)
	57.30 (11.21)
	0.38
	
	57.78 (10.40)
	57.66 (10.49)
	56.16 (11.32)
	<0.001

	Life style behaviors
	
	
	
	
	
	
	
	
	

	Smoking
	
	
	
	0.001
	
	
	
	
	<0.001

	No
	890 (83.73)
	869 (81.75)
	850 (77.70)
	
	
	884 (83.47)
	879 (82.46)
	846 (77.26)
	

	Yes
	173 (16.27)
	194 (18.25)
	244 (22.30)
	
	
	175 (16.53)
	187 (17.54)
	249 (22.74)
	

	Alcohol drinking
	
	
	
	0.31
	
	
	
	
	0.12

	No
	937 (88.15)
	942 (88.62)
	947 (86.56)
	
	
	939 (88.67)
	944 (88.56)
	943 (86.12)
	

	Yes
	126 (11.85)
	121 (11.38)
	147 (13.44)
	
	
	120 (11.33)
	122 (11.44)
	152 (13.88)
	

	Diabetes related variables
	
	
	
	
	
	
	
	
	

	Diabetes duration (yrs)†
	4.54 (5.43)
	6.44 (6.22)
	7.47 (7.20)
	<0.001
	
	6.37 (6.26)
	6.99 (6.75)
	5.16 (6.20)
	<0.001

	Type of DM treatment
	
	
	
	
	
	
	
	
	

	Oral hypoglycemic drug 
	
	
	
	<0.001
	
	
	
	
	<0.001

	  Metformin
	70 (6.59)
	46 (4.33)
	29 (2.65)
	
	
	53 (5.00)
	38 (3.56)
	54 (4.93)
	

	  SU
	549 (51.65)
	592 (55.69)
	518 (47.35)
	
	
	566 (53.45)
	577 (54.13)
	516 (47.12)
	

	  Metformin/SU
	116 (10.91)
	198 (18.63)
	160 (14.63)
	
	
	125 (11.80)
	149 (13.98)
	200 (18.26)
	

	  other
	190 (17.87)
	120 (11.29)
	119 (10.88)
	
	
	159 (15.01)
	134 (12.57)
	136 (12.42)
	

	Inject insulin
	
	
	
	
	
	
	
	
	

	  CT
	5 (0.47)
	17 (1.60)
	50 (4.57)
	
	
	26 (2.46)
	29 (2.72)
	17 (1.55)
	

	  ICT
	0 (0.00)
	3 (0.28)
	26 (2.38)
	
	
	4 (0.38)
	15 (1.41)
	10 (0.91)
	

	  Basal insulin
	4 (0.38)
	8 (0.75)
	33 (3.02)
	
	
	11 (1.04)
	18 (1.69)
	16 (1.46)
	

	  other
	14 (1.32)
	31 (2.92)
	85 (7.77)
	
	
	36 (3.40)
	47 (4.41)
	47 (4.29)
	

	Both
	
	
	
	
	
	
	
	
	

	  Oral hypoglycemic drug +CT
	0 (0.00)
	1 (0.09)
	7 (0.64)
	
	
	2 (0.19)
	4 (0.38)
	2 (0.18)
	

	  Oral hypoglycemic drug +ICT
	0 (0.00)
	1 (0.09)
	6 (0.55)
	
	
	1 (0.09)
	3 (0.28)
	3 (0.27)
	

	Oral hypoglycemic drug +basal insulin
	0 (0.00)
	0 (0.00)
	1 (0.09)
	
	
	1 (0.09)
	0 (0.00)
	0 (0.00)
	

	  Oral hypoglycemic drug +other
	3 (0.28)
	2 (0.19)
	8 (0.73)
	
	
	5 (0.47)
	2 (0.19)
	6 (0.55)
	

	Diet or exercise
	112 (10.54)
	44 (4.14)
	52 (4.75)
	
	
	70 (6.61)
	50 (4.69)
	88 (8.04)
	

	Drug related variables
	
	
	
	
	
	
	
	
	

	Hypertension drug treatment
	
	
	
	0.82
	
	
	
	
	<0.001

	No
	634 (59.64)
	648 (60.96)
	657 (60.05)
	
	
	582 (54.96)
	621 (58.26)
	736 (67.21)
	

	Yes
	429 (33.49)
	415 (39.04)
	437 (39.95)
	
	
	477 (45.04)
	445 (41.74)
	359 (32.79)
	

	Heart disease drug treatment
	
	
	
	0.18
	
	
	
	
	0.28

	No
	922 (86.74)
	904 (85.04)
	918 (83.91)
	
	
	888 (83.85)
	912 (85.55)
	944 (86.21)
	

	Yes
	141 (13.26)
	159 (14.96)
	176 (16.09)
	
	
	171 (16.15)
	154 (14.45)
	191 (13.79)
	

	Diabetes related diseases
	
	
	
	
	
	
	
	
	

	Hypertension
	
	
	
	0.79
	
	
	
	
	<0.001

	No
	634 (59.64)
	630 (59.27)
	637 (58.23)
	
	
	582 (54.96)
	630 (59.10)
	689 (62.92)
	

	Yes
	429 (33.49)
	433 (40.74)
	457 (41.77)
	
	
	477 (45.04)
	436 (40.90)
	406 (37.08)
	

	Hyperlipidemia
	
	
	
	0.83
	
	
	
	
	0.92

	No
	703 (66.13)
	714 (67.17)
	736 (67.28)
	
	
	707 (66.76)
	709 (66.51)
	737 (7.31)
	

	Yes
	360 (33.87)
	349 (32.83)
	358 (32.72)
	
	
	352 (33.24)
	357 (33.49)
	358 (32.69)
	

	DKA
	
	
	
	0.003
	
	
	
	
	0.14

	No
	1,057 (99.44)
	1,056 (99.34)
	1,073 (98.08)
	
	
	1,051 (99.24)
	1,057 (99.16)
	1,078 (98.45)
	

	Yes
	6 (0.56)
	7 (0.66)
	21 (1.92)
	
	
	8 (0.76)
	9 (0.84)
	17 (1.55)
	

	HHNK
	
	
	
	0.009
	
	
	
	
	0.47

	No
	1,050 (98.78)
	1,052 (98.97)
	1,066 (97.44)
	
	
	1,046 (98.77)
	1,047 (98.22)
	1,075 (98.17)
	

	Yes
	13 (1.22)
	11 (1.03)
	28 (2.56)
	
	
	13 (1.23)
	19 (1.78)
	20 (1.83)
	

	Severe hypoglycemia
	
	
	
	<0.001
	
	
	
	
	0.83

	No
	1,055 (99.25)
	1,050 (98.78)
	1,062 (97.07)
	
	
	1,041 (98.30)
	1,047 (98.22)
	1,079 (98.54)
	

	Yes
	8 (0.75)
	13 (1.22)
	32 (2.93)
	
	
	18 (1.70)
	19 (1.78)
	16 (1.46)
	

	Stroke
	
	
	
	<0.001
	
	
	
	
	0.27

	No
	1,012 (95.20)
	1,010 (95.01)
	1,003 (91.68)
	
	
	1,005 (94.90)
	998 (93.62)
	1,022 (93.33)
	

	Yes
	51 (4.80)
	53 (4.99)
	91 (8.32)
	
	
	54 (5.10)
	68 (6.34)
	73 (6.67)
	

	Coronary artery disease
	
	
	
	0.67
	
	
	
	
	0.78

	No
	1,001 (94.17)
	991 (93.23)
	1,024 (93.60)
	
	
	993 (93.77)
	994 (93.25)
	1,029 (93.97)
	

	Yes
	62 (5.83)
	72 (6.77)
	70 (6.40)
	
	
	66 (6.23)
	72 (6.75)
	66 (6.03)
	

	Myocardial infarction
	
	
	
	0.14
	
	
	
	
	0.05

	No
	994 (93.51)
	972 (91.44)
	1,002 (91.59)
	
	
	982 (92.73)
	994 (93.25)
	992 (90.59)
	

	Yes
	69 (6.49)
	91 (8.56)
	92 (8.41)
	
	
	77 (7.27)
	72 (6.75)
	103 (9.41)
	

	Peripheral neuropathy
	
	
	
	<0.001
	
	
	
	
	0.001

	No
	985 (92.66)
	918 (86.36)
	904 (82.63)
	
	
	950 (89.71)
	932 (87.43)
	925 (84.47)
	

	Yes
	78 (7.34)
	145 (13.64)
	190 (17.37)
	
	
	109 (10.29)
	134 (12.57)
	170 (15.53)
	

	Intermittent claudication
	
	
	
	0.04
	
	
	
	
	0.11

	No
	1,057 (99.44)
	1,054 (99.15)
	1,076 (98.35)
	
	
	1,053 (99.43)
	1,055 (98.97)
	1,079 (98.54)
	

	Yes
	6 (0.56)
	9 (0.85)
	18 (1.65)
	
	
	6 (0.57)
	11 (1.03)
	16 (1.46)
	

	Neuropathy
	
	
	
	<0.001
	
	
	
	
	0.01

	No
	1,028 (96.71)
	985 (92.66)
	988 (91.22)
	
	
	1,009 (95.28)
	993 (93.15)
	1,009 (92.15)
	

	Yes
	35 (3.29)
	78 (7.34)
	96 (8.78)
	
	
	50 (4.72)
	73 (6.85)
	86 (7.85)
	

	Blood biochemical indexes
	
	
	
	
	
	
	
	
	

	Triglyceride (mg/dl)†
	145.79 (136.13)
	157.57 (177.32)
	181.54 (312.70)
	<0.001
	
	137.86 (116.38)
	165.86 (205.92)
	181.07 (302.67)
	<0.001

	High-density lipoprotein (mg/dl)†
	41.38 (10.67)
	41.20 (10.77)
	41.47 (12.12)
	0.86
	
	41.49 (10.43)
	41.32 (11.32)
	41.25 (11.83)
	0.88

	Low-density lipoprotein (mg/dl)†
	122.10 (33.61)
	121.55 (34.78)
	124.79 (39.01)
	0.18
	
	121.12 (30.65)
	121.12 (37.19)
	127.12 (38.89)
	<0.001

	HDL/LDL ratio†
	0.38 (0.27)
	0.37 (0.22)
	0.39 (0.50)
	0.37
	
	0.37 (0.14)
	0.40 (0.53)
	0.37 (0.29)
	0.02

	Estimated Glomerular Filtration Rate ( mL/min/1.73m2) †
	
89.22 (14.80)
	90.22 (15.19)
	89.74 (15.84)
	0.32
	
	88.08 (14.64)
	89.58 (14.96)
	91.46 (16.04)
	<0.001

	Incidence of diabetic nephropathy (eGFR<60 ml/min/1.73 m2)†
	0.05 (0.21)
	0.10 (0.29)
	0.16 (0.37)
	<0.001
	
	0.08 (0.26)
	0.11 (0.31)
	0.12 (0.33)
	0.002

	Body mass index†
	25.66 (3.74)
	25.41 (3.74)
	25.15 (3.87)
	0.007
	
	25.46 (3.60)
	25.49 (3.67)
	25.27 (4.06)
	0.32


†: mean (SD); SU: sulfonylurea; CT: conventional therapy; ICT: intensified conventional therapy; DKA: diabetic ketoacidosis; HHNK: hyperglycemia hyperosmolar non-ketoacidosis.

Chi-square test for categorical variables and analysis of variance for continuous variables were used to calculate P-values.

Table 2. The hazard ratios (HRs) of decreased renal function incidence according to tertiles of annual mean FPG-CV and HbA1c-CV in diabetic patients enrolled in Diabetes Care Management Program of a medical center (n=3,220)

	
	Person-years
	Number of
diabetic nephropathy
	IR
	Decreased renal function (eGFR<60 ml/min/1.73 m2)

	Variables
	
	
	
	Age-Adjusted HR (95%CI)
	
	Adjusteda HR (95%CI)

	FPG-CV (%)
	
	
	
	
	
	

	(15.99
	5071.73
	48
	9.46
	-
	
	-

	 15.99~26.57
	4804.08
	102
	21.23
	1.74*

(1.12-2.71)
	
	1.63*

(1.05-2.55)

	>26.57
	4772.00
	179
	37.51
	6.25***

(4.32-9.03)
	
	5.34***

(3.64-7.83)

	P for trend
	
	
	
	<0.001
	
	<0.001

	HbA1C -CV(%)
	
	
	
	
	
	

	(6.68
	5090.71
	82
	16.11
	-
	
	-

	  6.68~13.44
	4879.72
	112
	22.95
	1.48**

(1.11-1.98)
	
	1.36*

(1.02-1.82)

	>13.44
	4677.38
	135
	28.86
	2.64***

(2.02-3.47)
	
	2.22***

(1.67-2.93)

	P for trend
	
	
	
	<0.001
	
	<0.001

	FPG-CV (%)
	
	
	
	
	
	

	(15.99
	5071.73
	48
	9.46
	-
	
	-

	 15.99~26.57
	4804.08
	102
	21.23
	1.63*

(1.05-2.54)
	
	1.55
(0.99-2.41)

	>26.57
	4772.00
	179
	37.51
	5.40***

(3.70-7.88)
	
	4.75***

(3.22-7.01)

	P for trend
	
	
	
	<0.001
	
	<0.001

	HbA1C -CV(%)
	
	
	
	
	
	

	(6.68
	5090.71
	82
	16.11
	-
	
	-

	  6.68~13.44
	4879.72
	112
	22.95
	1.22
(0.91-1.63)
	
	1.18
(0.88-1.58)

	>13.44
	4677.38
	135
	28.86
	1.64***
(1.24-2.17)
	
	1.58**

(1.19-2.11)

	P for trend
	
	
	
	<0.001
	
	0.001


*:p<0.05; **:p<0.01; ***:p<0.001. 

aMultivariate adjustment for age, sex, lifestyle factors, hypertension, hypertension drug treatment, heart disease drug treatment, kidney disease drug treatment, hyperlipidemia, type of diabetes treatment, BMI, mean FPG, mean HbA1C, DKA, HHNK, severe hypoglycemia, stroke, myocardial infarction, peripheral neuropathy, intermittent claudication, and neuropathy. HR: hazard ratio; HbA1C -CV: coefficient of variation of glycated hemoglobin.
IR: Incidence density rate= Number of incidence cases / Person-years*1000
Table 3. Multiple linear regression models of baseline FPG-CV and HbA1c-CV in diabetic patients enrolled in Diabetes Care Management Program of a medical center (n=3,220)
	
	FPG-CV (%)
	
	HbA1C –CV (%)

	Variables
	( (SE)
	t value
	p value
	
	( (SE)
	t value
	p value

	Age (yrs)
	0.06 (0.03)
	2.26
	0.02
	
	0.01 (0.02)
	0.31
	0.76

	Gender (female as reference)
	0.82 (0.55)
	1.48
	0.14
	
	2.33 (0.51)
	4.56
	<0.001

	Diabetes duration (yrs)
	0.02 (0.04)
	0.47
	0.64
	
	-0.45 (0.04)
	-11.45
	<0.001

	Hypertension drug treatment
	-0.69 (0.70)
	-0.98
	0.33
	
	-1.33 (0.65)
	-2.05
	0.04

	Hypertension
	0.84 (0.71)
	1.19
	0.23
	
	-0.32 (0.65)
	-0.49
	0.62

	Heart disease drug treatment
	-0.51 (0.76)
	-0.67
	0.50
	
	-0.66 (0.70)
	-0.94
	0.35

	Kidney disease drug treatment
	-3.88 (13.59)
	-0.29
	0.78
	
	-11.31 (12.54)
	-0.90
	0.37

	Smoking
	2.53 (0.69)
	3.65
	<0.001
	
	-0.06 (0.64)
	-0.09
	0.93

	Alcohol drinking
	-0.27 (0.79)
	-0.34
	0.74
	
	0.27 (0.73)
	0.37
	0.71

	Type of DM treatment (Diet or exercise as reference)
	
	
	
	
	

	Oral hypoglycemic drug 
	9.32 (1.35)
	6.91
	<0.001
	
	-2.95 (1.25)
	-2.37
	0.02

	Inject insulin
	0.62 (1.00)
	0.62
	0.53
	
	-1.27 (0.92)
	-1.38
	0.17

	 Both
	17.90 (2.79)
	6.42
	<0.001
	
	-0.10 (2.58)
	-0.04
	0.97

	mean FPG (mg/dl)
	0.04 (0.01)
	4.69
	<0.001
	
	-0.05 (0.01)
	-5.46
	<0.001

	mean HbA1C (%)
	3.24 (0.26)
	12.64
	<0.001
	
	4.25 (0.24)
	17.97
	<0.001

	Body mass index
	-0.07 (0.07)
	-0.98
	0.33
	
	-0.05 (0.06)
	-0.84
	0.40

	DKA
	3.73 (2.43)
	1.54
	0.12
	
	2.37 (2.24)
	1.06
	0.29

	HHNK
	1.17 (1.91)
	0.61
	0.54
	
	0.45 (1.76)
	0.25
	0.80

	Severe hypoglycemia
	6.05 (1.91)
	3.16
	0.001
	
	-1.42 (1.77)
	-0.8
	0.42

	Stroke
	6.11 (1.07)
	5.68
	<0.001
	
	3.33 (0.99)
	3.36
	<0.001

	Coronary artery disease
	-0.53 (1.07)
	-0.49
	0.62
	
	0.56 (0.99)
	0.57
	0.57

	Myocardial infarction
	-0.24 (0.94)
	-0.26
	0.79
	
	2.00 (0.87)
	2.31
	0.02

	Peripheral neuropathy
	1.18 (0.84)
	1.40
	0.16
	
	1.79 (0.78)
	2.3
	0.02

	Intermittent claudication
	0.54 (2.42)
	0.22
	0.82
	
	3.14 (2.23)
	1.41
	0.16

	Neuropathy
	0.21 (1.11)
	0.19
	0.85
	
	0.89 (1.02)
	0.87
	0.39

	Triglyceride (mg/dl)
	0.001 (0.001)
	0.91
	0.36
	
	0.003 (0.001)
	2.50
	0.01

	High-density lipoprotein (mg/dl)
	0.002 (0.01)
	0.25
	0.81
	
	0.02 (0.01)
	3.59
	<0.001

	Low-density lipoprotein (mg/dl)
	0.01 (0.02)
	0.57
	0.57
	
	-0.01 (0.02)
	-0.54
	0.59

	R2
	22.77%
	
	
	
	17.18%
	
	


DKA: diabetic ketoacidosis; HHNK: hyperglycemia hyperosmolar non-ketoacidosis; DM: diabetes mellitus; FPG: fasting plasma glucose; (: regression coefficient of multiple linear regression model ; SE: standard error
