Patients with diabetes as the primary kidney disease have a worse survival than patients with comorbid diabetes in chronic hemodialysis patients
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Abstract
Aim
Diabetes is the leading cause of chronic kidney disease (CKD) that required dialysis. It is not clear if survival of patients with diabetes as primary kidney disease (DKD) is different from the survival of patients with diabetes as comorbidity (DCM). We investigated the survival of patients with DKD and patients with DCM in patients on maintenance hemodialysis (HD) using propensity score matching approach.
Methods

All patients on maintenance HD in Taiwan Renal Registry Database from 1997 to 2005 were analyzed and were prospectively followed to December 31, 2008. Patients’ survival was determined using Cox proportional-hazards regression.
Results

We analyzed the survival of 2632 patients with DCM and 13160 matched patients with DKD.  The first year mortality rate was 11.9% in patients with DCM and 13.9% in patients with DKD. The incidence density rate of overall mortality was 11.2 per 100 patient-years in patients with DCM and 12.9 in patients with DKD. Patients with DKD had a worse survival than patients with DCM (p<0.01). Compared to patients with DCM, the odds ratio [95% confidence interval (CI)] for first year mortality was 1.27 (1.10-1.47) and the hazard ratio for overall mortality was 1.18 (1.12-1.25) in patients with DKD. Patients’ age, male gender, comorbid liver cirrhosis, higher fasting blood glucose, lower hematocrit, and lower serum phosphorus were independently associated with higher mortality.
Conclusions
Patients with diabetes as primary kidney disease are associated with higher first year and overall mortality, compared to patients with diabetes as comorbidity in patients on maintenance hemodialysis.
Diabetes was the leading cause of chronic kidney disease that required dialysis 
 ADDIN EN.CITE 
1, 2
. The prevalence of diabetes related kidney disease (CKD) was increased in the last decade 
 ADDIN EN.CITE 
3, 4
 with the increasing prevalence of diabetes in general population 
 ADDIN EN.CITE 
5, 6
. Diabetes and diabetes-related disease were associated with higher overall and cardiovascular mortality in general population 
 ADDIN EN.CITE 
7, 8
 and in patients with CKD 15


14

. This suggested that patients with diabetes as primary kidney disease (DKD) may be associated with poor clinical outcomes than patients with diabetes as comorbidity (DCM). However, inconsistent results were found in the previous studies. No differences were found in one of Schroijen et als’ studies that compared the survival of patients with DKD and patients with DCM in Dutch dialysis patients HYPERLINK \l "_ENREF_14" \o "Rigalleau, 2010 #14" 
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. Relatively enlarged kidneys were common in patients with diabetes as primary kidney disease and were associated poor outcomes HYPERLINK \l "_ENREF_13" \o "Selby, 1990 #13" 
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. Diabetes associated kidney disease was usually considered as a late complication of diabetes and was developed after neuropathy and retinopathy HYPERLINK \l "_ENREF_9" \o ", 2005 #9" 
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. The complications of diabetes include hyperlipidemia, neuropathy, retinopathy, coronary artery disease (CAD), cerebral vascular accident (CVA) and nephropathy 
. In this study, 22% patients had diabetic and the percentage of patients with diabetes was lower than the prevalence (30-40%) usually found in most CKD population 
 ADDIN EN.CITE 
3, 5, 16, 17
. Patients’ basal characteristics were different in patients with DKD and patients with DCM, such as the higher rate of CAD and HD in patients with DCM that may affect the results. In another study by Schroijen et al, patients with DKD was associated with worse outcomes using data from European Renal Association–European Dialysis and Transplant Association Registry
Methods
This study was approved by the institute review broad China Medical University Hospital (DMR098-IRB-093). The data was obtained from Taiwan Renal Registry Database. The Taiwan Renal Registry was initially funded by the Department of Health, Taiwan in 1987. Information on all patients receiving dialysis from all dialysis units was initially collected every year. Currently, it is a nationwide, non-government system, supervised by the Taiwan Society of Nephrology. Its data collection covers up to 95 percent of all dialysis patients in Taiwan. This is a prospective observational cohort using Taiwan Renal Registry Database including 85439 patients on renal replacement therapy from 1995 to 2005. Data of these subjects who are older than 20 years old and HD for at least 90 days with a complete laboratory data available were collected. All patients were followed to the date of death or December 31, 2008. Date of death was determined using death registration database of Ministry of Interior, Taiwan. Patients who were transferred to peritoneal dialysis and/or kidney transplantation were censored and were followed to the date of the date of transfer.

The cause of primary kidney disease including diabetes, chronic glomerular nephritis (CGN), or hypertension was diagnosed by the physician of nephrology at the initiation of HD. Coronary artery disease (CAD) was defined as a positive exercise test, angiographic findings of at least one stenosis of more than 50%, or positive findings on scintigraphy21

. Patients reported comorbid cerebral vascular accident (CVA), liver cirrhosis, and any type of cancer were recorded at the initiation of HD. The comorbidities were CAD, diabetes, hypertension, CVA, liver cirrhosis, and cancer. The number of comorbidity was recorded accordingly.
Blood samples were obtained using uniform techniques and measured by automated analyzers in all dialysis facilities. FBG was obtained monthly in diabetic patients and every 3 months in non-diabetic patients. Hematocrit, serum albumin, phosphorus, calcium was obtained monthly and intact parathyroid hormone (iPTH) was obtained every 3 months. For patients with more than two values available, the average value was used.
Statistical analysis

Data are reported as mean ± SD, median, (interquartile range), or percent frequency, as appropriate. Testing for statistical significance as conducted using Student’s t-test for parametric variables and Mann-Whitney U test for non-parametric variables. Propensity score matching based on patients’ age, gender, number of comorbidity, comorbid hypertension, comorbid CAD, comorbid CVA, comorbid liver cirrhosis, comorbid cancer, hematocrit and albumin. Survival of patients with DKD and patients with DCM was analyzed using Kaplan-Meier analysis. All possible confounders including gender, age, the number of comorbidity, DKD, hematocrit, FBG, serum albumin, phosphorus, calcium, calcium-phosphorous product and iPTH was analyzed using logistic regression for first year mortality and Cox proportional hazard regression for overall mortality. The logistic regression and the Cox proportional hazard regression was performed in univariable analysis and confounders with a p < 0.05 were further analyzed in multivariable regressions. An odds ratio (OR) and 95% confidence interval (95% CI) of OR were calculated in logistic regression. A hazard ratio (HR) and 95% CI of HR were calculated in the Cox proportional hazard regression. All statistical analyses were performed with SPSS version 18 (SPSS Inc, Chicago, IL, USA).

Results
Of 46596 chronic HD patients, 20,489 (43.9%) patients had diabetes including 17724 patients with DKD and 2765 patients with DCM (Figure 1). A propensity score matching using patients’ age, gender, number of comorbidity, hypertension, CAD, CVA, liver cirrhosis, cancer, hematocrit, and albumin at the initiation of HD was applied with a ratio of 1:5. A total of 2632 DCM patients and 13160 DKD patients were analyzed. Patients’ age, gender, number of comorbidity, hypertension, CAD, CVA, liver cirrhosis, cancer, hematocrit, and albumin were not different in DKD and DCM patients (Table 1). FBG was higher and iPTH was lower in DKD patients. First year mortality was 13.9% in patients with DKD and 11.2% in patients with DCM (p<0.01). Patients with DCM had a longer follow-up than patients with DKD and incidence density rates of overall mortality were calculated. The incidence density rate of overall mortality was 12.9 per 100 patient years in patients with DKD and 11.2 in patients with DCM (p<0.01).
Patients with DKD was associated with higher first year mortality and overall mortality than patients with DCM in univariable analysis (Table 2). The OR for the first year mortality was 1.19 (95% CI: 1.05-1.36, p < 0.01) in patients with DKD. The HR for the overall mortality was 1.21 (95% CI: 1.14-1.28, p < 0.01). The first year mortality was analyzed because the mortality risk was highest in the first year of HD. Male patients were not associated with higher the first year and overall mortality. The number of comorbidity was associated with higher overall mortality but not the first year mortality. Comorbid hypertension, higher hematocrit, higher albumin, higher serum phosphorus, and iPTH were associated with lower first year mortality and overall mortality. Comorbid CAD, comorbid CVA, comorbid liver cirrhosis, higher serum calcium, and higher FBG were associated with higher first year and overall mortality.
In multivariable analysis, the OR of patients DKD was 1.27 (95% CI 1.10-1.47, p < 0.01) for the first year mortality and the HR of patients of DKD was 1.18 (95% CI: 1.12-1.25, p < 0.01) for the overall mortality (Table 3). Patients’ age, comorbid liver cirrhosis, and higher FBG were associated with higher first year and overall mortality. Every 10 mg/dl higher of FBG was associated with an OR of 1.03 (95% CI: 1.02-1.03) for first year mortality and a HR of 1.02 (95% CI: 1.02-1.03). Higher hematocrit, albumin, and phosphorus were associated with lower first year mortality. The serum phosphorus was used in the multivariable analysis because patients’ serum calcium and serum phosphate were negatively correlated. Every one mg/dl higher of serum phosphorus was associated with an OR of 0.89 (95% CI: 0.85-0.93) for first year mortality and a HR of 0.97 (95% CI: 0.96-0.99) for overall mortality. A higher iPTH was not associated with first year mortality but was associated with lower overall mortality. The HR for every 100 pg/ml higher of iPTH was 0.95 (95% CI: 0.93-0.96).
Discussions
Patients with diabetes as primary kidney disease were associated with a higher first year mortality and overall mortality based on a national registry data of patients on maintenance hemodialysis. This finding was not only found in univariable analysis (Figure 1, Table 2) but also confirmed in multivariable analysis (Table 3). This finding was different from Schroijen 
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. Diabetes as primary kidney disease was usually diagnosed based on normal to relatively large kidneys in renal ultrasound, overt proteinuria in diabetic patients with retinopathy and neuropathy in clinical setting HYPERLINK \l "_ENREF_27" \o "Lin, 2010 #27" 
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, and depression HYPERLINK \l "_ENREF_26" \o "Dalrymple, 2010 #26" 
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, infection HYPERLINK \l "_ENREF_25" \o "Belch, 2008 #25" 
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, peripheral vascular disease HYPERLINK \l "_ENREF_22" \o "Wei, 1998 #22" 
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. Second, patients on maintenance HD were analyzed in this study but patients on maintenance HD and peritoneal dialysis were included in Schroijens’ study. Third, patients’ baseline characteristics including a higher prevalence of CAD, a higher prevalence of peripheral vascular disease, and older age in DCM patients in Schroijens’ study and these confounders may interact with the effect of DKD on survival. The number of patients they had may not be enough to avoid over adjustments. The poor survival in patients with DKD can be partially explained by higher risk for cardiovascular disease 15

 et al’s study because a larger number of patients were included and patients’ basal characteristics were adjusted using propensity score matching in this study. First, the prevalence of patients with DKD was 15% in Schroijens’ study and was 37% in our population. The 37% of prevalence of DKD was close to the reported prevalence of DKD for counties with high prevalence of diabetes in the annual report of USRDS
2, 12, 28
. Renal biopsy was rarely indicated in patients who meet the criteria for the diagnosis of diabetic kidney disease 29

. Rigalleaus’ study 
Other comorbidities were important prognostic factors in patients with diabetes and the comorbidities were also analyzed in this study. Patients with comorbid CVA, patients with comorbid CVA, and patients with comorbid liver cirrhosis were independently associated with higher first year mortality and overall mortality in multivariate analysis (Table 3). Glycemic control was one of the most important prognostic factors in diabetic patients 

30-33

. Every 10 mg/dl higher of FBG was associated with a 3% higher of first year mortality and a 2% higher of overall mortality. The OR and HR were similar in univariable and multivariable analysis suggesting a strong association between FBG and clinical outcome. Patients with comorbid hypertension was strongly association with lower first year mortality and overall mortality. This may be explained by lower risk of mortality related to intra-dialysis hypotension in patients with comorbid hypertension 
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. Higher hematocrit, albumin, phosphorus, iPTH were independently associated with lower mortality had been widely reported in the previous studies  HYPERLINK \l "_ENREF_34" \o "Zager, 1998 #49" 
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.
There were some potential limitations of this study. First, anti-diabetic and anti-hypertensive medications were not recorded in the registry data. The effect of medications on patients’ survival cannot be analyzed in this study. Second, some of the comorbidity were recorded based on self-reported diagnosis and the prevalence of the comorbidities can be under-estimated. Third, patients with new onset diabetes diagnosed at the initiation of HD can be missed. This may have limited effect on the result of the study because patients without diabetes were not included in this study. Fourth, the numbers or errors in the registration of variables and the generalization of findings can be limited because of the nature of registry data.
In a large cohort of patients on maintenance hemodialysis, patients with diabetes as primary kidney disease were associated with higher first year mortality and overall mortality, compared to patients with diabetes as comorbidity. This association was independent of the traditional prognostic factors such as hematocrit, albumin, serum phosphorus and other comorbidities including coronary artery disease, cerebral vascular accident, and liver cirrhosis.
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Legends

Figure 1. Scheme of study design

Figure 2. Survival curve of patients with diabetes as primary kidney disease (DKD) and patients with diabetes as comorbidity (DCM)
Table 1. Clinical characteristics of all patients
	
	DKD
n=13160
	DCM
n=2632
	p

	Age 
	61.4±10.8
	61.7±11.7
	0.30

	Male n(%)
	6551(49.8)
	1314(49.9)
	0.89

	Follow-up (year)
	4.5(3.1-6.6)
	4.9(3.3-7.6)
	<0.01

	Primary kidney disease
	
	
	

	Diabetes
	13160(100)
	0(0)
	-

	CGN
	0(0)
	1235(46.9)
	-

	Hypertension
	0(0)
	270(10.3)
	-

	Number of comorbidity
	2.0±1.0
	2.0±1.0
	0.99

	Comorbidity
	
	
	

	Hypertension
	7185(54.6)
	1436(54.6)
	0.99

	CAD
	2379(18.1)
	474(18.0)
	0.93

	CVA
	1026(7.8)
	192(7.3)
	0.37

	Liver cirrhosis
	840(6.4)
	168(6.4)
	0.99

	Cancer
	395(3)
	79(3)
	0.99

	Hematocrit 
	29.4±3.5
	29.3±3.6
	0.17

	Albumin (g/dl)
	3.7±0.4
	3.7±0.4
	0.99

	Calcium (mg/dl)
	9.6±0.8
	9.6±0.8
	0.64

	Phosphorus (mg/dl)
	4.7±1.3
	4.7±1.3
	0.82

	FBG (mg/dl)
	192±87
	169±83
	<0.01

	iPTH (pg/ml)
	78.5(35-164)
	89.9(40.9-185.1)
	<0.01*


DKD: patients with diabetic as primary kidney disease, DCM: patients with diabetes as comorbidity, CGN, chronic glomerulonephritis; CAD: coronary artery disease, CVA: cerebral vascular accident, FBG, fasting blood glucose; iPTH, intact parathyroid hormone.

*: Manny Whitney U test

Table 2. Odds ratio (OR) of possible confounders for the first year mortality and hazard ratio (HR) of possible confounders for overall mortality in univariable analysis
	Possible confounders
	OR (95% CI) of first year mortality
	HR (95% CI) of overall mortality

	DKD v.s. DCM
	1.19
	(1.05-1.36)
	1.21
	(1.14-1.28)

	Age (every 10 additional years)
	1.56
	(1.49-1.63)
	1.47
	(1.44-1.50)

	Male
	0.99
	(0.90-1.08)
	1.02
	(0.98-1.06)

	Number of comorbidity (every one more)
	1.04
	(0.99-1.09)
	1.03
	(1.01-1.05)

	Hypertension
	0.78
	(0.72-0.86)
	0.88
	(0.85-0.92)

	CAD
	1.16
	(1.04-1.30)
	1.15
	(1.10-1.21)

	CVA
	1.25
	(1.07-1.47)
	1.24
	(1.16-1.33)

	Liver cirrhosis
	1.23
	(1.04-1.45)
	1.09
	(1.02-1.17)

	Cancer
	1.28
	(0.98-1.68)
	1.17
	(1.04-1.32)

	Hematocrit (ever 1 % higher)
	0.89
	(0.88-0.90)
	0.94
	(0.93-0.94)

	Albumin (every 1g/dl higher)
	0.17
	(0.15-0.19)
	0.33
	(0.32-0.35)

	Calcium (every 1 mg/dl higher)
	1.09
	(1.03-1.15)
	1.05
	(1.03-1.08)

	Phosphorus (every 1 mg/dl higher)
	0.78
	(0.75-0.81)
	0.86
	(0.84-0.87)

	FBG (every 10 mg/dl higher)
	1.03
	(1.02-1.03)
	1.02
	(1.02-1.02)

	iPTH (every 100pg/ml higher)
	0.90
	(0.87-0.94)
	0.89
	(0.88-0.91)


DKD: patients with diabetic as primary kidney disease, DCM: patients with diabetes as comorbidity, CGN, chronic glomerulonephritis; CAD: coronary artery disease, CVA: cerebral vascular accident, FBG, fasting blood glucose; iPTH, intact parathyroid hormone.

Table 3. Odds ratio (OR) of possible confounders for the first year mortality and hazard ratio (HR) of possible confounders for overall mortality in multivariable analysis
	Possible confounders
	OR (95% CI) of first year mortality
	HR (95% CI) of overall mortality

	DKD v.s. DCM
	1.27
	(1.10-1.47)
	1.18
	(1.12-1.25)

	Age (every 10 additional years)
	1.51
	(1.43-1.59)
	1.46
	(1.43-1.49)

	Hypertension
	0.79
	(0.71-0.87)
	0.88
	(0.85-0.92)

	CAD
	1.08
	(0.94-1.23)
	1.11
	(1.06-1.17)

	CVA
	1.03
	(0.86-1.25)
	1.08
	(1.01-1.16)

	Liver cirrhosis
	1.34
	(1.12-1.61)
	1.14
	(1.06-1.22)

	Hematocrit (ever 1 % higher)
	0.91
	(0.89-0.92)
	0.94
	(0.94-0.95)

	Albumin (every 1g/dl higher)
	0.23
	(0.21-0.27)
	0.45
	(0.43-0.48)

	Phosphorus (every 1 mg/dl higher)
	0.89
	(0.85-0.93)
	0.97
	(0.96-0.99)

	FBG (every 10 mg/dl higher)
	1.03
	(1.02-1.03)
	1.02
	(1.02-1.03)

	iPTH (every 100pg/ml higher)
	0.97
	(0.93-1.05)
	0.95
	(0.93-0.96)


DKD: diabetes as primary kidney disease, DCM: diabetes as comorbidity, CAD: coronary artery disease, CVA: cerebral vascular accident, FBG: fasting blood glucose, iPTH: intact parathyroid hormone
Figure 1. Scheme of study design
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Figure 2. Survival curve of patients with diabetes as primary kidney disease (DKD) and patients with diabetes as comorbidity (DCM)
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