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ABSTRACT
Background:   Diabetic nephropathy (DN) and diabetic retinopathy (DR) are arguably the two most dreaded complications of diabetes. In  Thailand, only little  is known about the associated of DR and  DN among type 2 diabetic patients in Thailand.

Objective:  To examine association of DR and DN among type 2 diabetic patients in Thailand.  

Methods:  A cross sectional analytical study is part of “An assessment on quality of care among patients diagnosed with type 2 diabetes and hypertension(HT) visiting hospitals of ministry of public health and Bangkok metropolitan administration in Thailand in 2012”.  Members of the study was based on medical records while diabetic nephropathy was the main outcome of  this study. To examine the association of diabetic retinopathy and diabetic nephropathy was analyzed using multiple logistic regression. 
Results:  DN was 24.9% and 35.9% in patients with DM and DMHT.  DR was significantly associated with DN. Patients with DR were 1.98 times more likely to be  DN than patients without DR (ORadj =1.98, 95%CI:1.70 to 2.30; p<0.001) and the strongest factor that associated to DN was duration of DM were significantly, more than 10 years  were 2.30 and 5-10 years were 1.35 times (ORadj =2.30, 95%CI:1.94 to 2.71; p<0.001), (ORadj =1.35, 95%CI: 1.17 to 1.55; p<0.001), respectively. Others factor that were highly significant factors associated with DN included age, sex, triglyceride, HDL, blood pressure and smoking history.  
Conclusions:  Our results indicate that DR associated with DN. Patients with DR must be regarded as a risk group. Therefore, ophthamologists should refer these patients for regular medical evaluation, resulting in possibly earlier therapy and treatment of risk factors.  
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INTRODUCTION


Diabetes mellitus (DM)  is one of the most common and rapidly increasing chronic diseases globally. The prevalence of diabetes was estimated to be 2.8% in 2000 and is expected to increase to 4.4% by 2030, indicating that the number of the people living with diabetes will increase from 171 million in 2000 to 366 million in 2030(1). Diabetic nephropathy(DN) and retinopathy(DR) are two complications of diabetes that substantially affect patient quality of life (2–7). Diabetic nephropathy is a frequent cause of chronic renal failure resulting from arteriolar disease or glomerulosclerosis(8,9) and develops in 40% of type 2 diabetic patients and characterized by persistent albuminuria(10).The prevalence of DR among patients with diabetes is 34.6% worldwide(11). In Thailand, prevalence of diabetes with age of more than 35 years old was 9.6%(2.4 million people), which included 4.8% previously diagnosed and 4.8% newly diagnosed in 1999(12). In 2004 to 2009, prevalence of diabetes were increase from 6.7% to 7.5%, respectively(13,14). The prevalence of DN was 42.9%, 37% and 37.2% in 2003, 2006 and 2009 respectively(15–17). DR occurred in 31.2%(16). Preventing complications is important because of the morbidity, mortality, and health care costs associated with diabetes complications, they can progress to more costly advanced diseases such as blindness and end-stage renal disease(18–21). The relationship between DN in type 2 diabetes and DR is less clear than type 1 diabetes. Microalbuminuria or macroalbuminuria  in type 2 diabetes can be detected nonproliferative diabetic retinopathy(NPDR) or  proliferative diabetic retinopathy(PDR) more than noralbuminuria(22).  Presence of diabetic retinopathy strongly suggests that a diabetic glomerulopathy is the cause of albuminuria(23). Albuminuria and DR almost always precedes nephropathy in type 2 diabetic patients(2,3,8). Especially PDR may be a highly specific indicator for diabetic nephropathy(3). Overt nephropathy is well correlated with diabetic retinopathy(6). Therefore early detection of diabetic retinopathy can be crucial for treating both complications(8). In Thailand had a study about incidence, prevalence and risk factor of DR and DN, but had a little know about the associated of DR and DN among type 2 diabetic patients in Thailand.

MATERIALS AND METHODS


The study was approved by the ethics committee of each participating hospital. Signed informed consent was obtained from all participants.


A cross sectional analytical study is part of “An assessment on quality of care among patients diagnosed with type 2 diabetes and hypertension(HT) visiting hospitals of ministry of public health and Bangkok metropolitan administration in Thailand in 2012”. The sampling method was proportional to size, stratified cluster sampling of the patients for each hospital. Collected data by case record form (CRF) follow by Toward Clinical Excellence’ Network (TCEN). Sixty-two thousand two hundred twenty tree  patients was randomly selected for each hospital. Our study involved 28,941 patients with only DM and DMHT.(Fig.1)
Primary outcome: Diabetic Nephropathy


DN was defined as the presence  of  two method, was diagnosed from physician in medical record and from lab test. Laboratory results reported in the registry were collected from routine examinations of the institutes’ clinical care which had been tested with the past 12 months after registration. Urine albumin to creatinine ratio(UACR) or albumin to creatinine ratio(ACR)  between 30-299 mg/g as microalbuminuria and > 300 mg/g as macroalbuminuria , positive  microalbuminuria  dipstick  mean found microalbumin ≥ 20 mg/L,  positive urine dipstick found and serum creatinine was equal or more than 2 mg/dl (24) . The laboratory measurements were done in each hospital but no standardization of UACR measurements because fifferent method for each hospital. 

Study variable: Diabetic Retinopathy


DR was assessed by formal ophthalmological examination in patients by opthalmologist.
Potential confounders

 
To obtain a valid estimate of the associated of DR and DN, potential confounders were accounted for in the analysis; including sex, age, HbA1c, lipid profile, blood pressure, smoking history and duration of diabetes.


The charecteristics of the patients about laboratory test-lipid profile, HbA1c and blood pressure there were categorized by guidelide of American Diabetic Association(ADA)(25,26), such as HbA1c<7%, triglyceride < 150 mg/dl, cholesterol < 170 mg/dl, LDL < 100 mg/dl, HDL ≥ 40 mg/dl, and blood pressure ≤ 130-80 mmHg for target gold to control DM. Duration of DM were categorized in 3 group(<5 year, 5-10 year, and >10 year) by stages in a development of renal changes and lesions in DM(27)
Statistical analysis


Each demographic characteristics of the participants were described using frequency and percentage for categorical variables and as a mean and a standard deviation(SD) for continuous varibles. Association between DR and DN was calculated by using multiple logistic regression. This method was also investigated factors that affect DN, odd ratios(OR) and their 95% confidence intervals(CI) were estimated. This analysis was adjusted for baseline variables that were considered biologically and sociologically relevant or which  showing  a univariate relationship with outcome such as sex, age, lipid profile, blood pressure, smoking history and duration of diabetes. All analyses were performed using Stata version 12.0 (StataCrop, College Station, TX). All test statistics were two-side and p-value of less than 0.05 was considered statistic significant. 

Fig. 1. The inclusion flow chart
RESULTS


A total of 3,373,089 patients diagnosed with type 2 diabetes and HT with visiting hospitals of ministry of public health and Bangkok metropolitan administration in Thailand in 2012. Thia study had 28,941 patients with DM and DMHT. 
Demographic characteristics 


A total of  28,941 patients with DM and DMHT composed of 30.3% were males and 69.7% were females. Age of the participants ranged from 20.0 to 97.0 years with 51.8% more than or equal to 60 years and the  mean age was 60.0 ± 10.7 years. Duration of  DM ranged from 0.0 to 54.0 years, mean duration of DM was 6.8± 4.6 years and 17.3% had DM for more than 10 years. The number of patients with DR was 16.0%  


According to the ADA guideline of metabolic control for diabetic patients(26) and Toward Clinical Excellence’ Network (TCEN),  33.3% of the patients  had HbA1c of less than 7%. For lipid profile, 37.7 %  had cholesterol less than 170 mg/dL, 50.2%  had triglyceride less than 150 mg/dL,  43.5% had  LDL less than 100 mg/dL and  66.8% had  HDL more and equal 40  mg/dL(Table 1).    

In addition,  All demographic characteristics of  DN assessment and missing group were according with DM and DMHT. Proportion of the percentage of each variable were related between group. 
   Table 1. Demographic characteristics of patients at baseline

	Characteristics
	Number
	Percent

	Sex
	
	

	Female
	20,164
	69.7

	Male
	8,777  
	30.3

	Total
	28,941  
	100.0

	Age (years)
	
	

	< 60
	13,946
	42.2

	≥ 60
	14,989
	51.8

	Total
	28,935
	100.0

	Mean(SD),  Median(Min : max)
	60.0(10.7) ,  60.0(20.0:97.0)

	HbA1c (%)
	
	

	< 7.00
	7,377
	33.3

	≥ 7.00
	14,760
	66.7

	Total
	22,137
	100.0

	Triglyceride (mg/dL)
	
	

	< 150
	12,199
	50.2

	≥ 150
	12,116
	49.8

	Total
	24,315
	100.0

	Cholesterol (mg/dL)
	
	

	< 170
	8,768
	37.7

	≥ 170
	14,468
	62.3

	Total
	23,236
	100.0

	LDL (mg/dL)
	
	

	< 100 
	10,455
	43.5

	≥ 100
	13,599
	56.5

	Total
	24,054  
	100.0

	HDL (mg/dL)
	
	

	< 40
	7,299
	33.2

	≥ 40
	14,672
	66.8

	Total
	21,971
	100.0

	Blood pressure (mmHg)
	
	

	≤ 130/80
	14,335  
	50.8

	> 130/80
	13,905  
	49.2  

	Total
	28,240  
	100.0

	Smoking
	
	

	No
	21,975
	88.0

	Yes
	2,773
	11.2

	Total
	24,748
	100.0

	Duration of diabetes (Year)
	
	

	< 5
	9,725
	35.4

	5-10
	13,004
	47.3

	> 10
	4,756
	17.3

	Total
	27,485
	100.0

	Mean(SD), Median(Min : max)
	6.8(4.6),  6.0(0.0:54.0)

	Diabetic Retinophaty
	
	

	No
	12,456
	84.0  

	Yes
	2,378
	16.0  

	Total
	14,834
	100.0


Bivariate analysis

The prevalence of DN was 24.9% and 35.9% in patients with only DM and DMHT.  DN  prevalence  with DR 45.7%  . Male was greater than female 37.8%. Age greater than or equal to 60 years were 37.6%.  DN prevalence increased with advancing duration of DM as follows less than 5 years were 24.8%, 5-10 years were 32.6% and more than 10 years were 45.5%.

The univariate and simple logistic regression analysis of baseline variables associated with DN included sex, age, HbA1c, lipid profile, blood pressure, smoking history, duration of DM and DR were most a statistically significant. The variables associated  for  DN was male(OR=1.40, 95%CI: 1.29 to1.51; p<0.001), Age more than or equal to 60 years(OR=1.63, 95%CI: 1.51 to1.76; p<0.001),  HbA1c < 7% (OR=1.16,95%CI: 1.06 to1.26), triglyceride <150 mg/dl  (OR=1.29, 95%CI: 1.19 to1.40; p<0.001),  HDL ≥40 mg/dl (OR=1.39, 95%CI: 1.27 to 1.51; p<0.001), blood pressure ≤ 130-80 mmHg (OR=1.24, 95%CI: 1.15 to1.33; p<0.001), smoking history(OR=1.25, 95%CI: 1.11 to 1.41; p<0.001) duration of DM more than 10 years (OR=2.53, 95%CI: 2.28 to 2.82; p<0.001),  and DR (OR=2.14, 95%CI: 1.90 to 2.42; p<0.001) (Table 2).

  Table 2. 
Odds ratios for each category of factors on DN  based on simple logistic regression 

	Characteristics
	Number
	% DN
	Odds ratio
	95%CI
	p-value

	Sex
	
	
	
	
	
	<0.001

	Female
	9,074
	30.2
	1
	
	
	

	Male
	3,934
	37.8
	1.40
	1.29
	to 1.51
	

	Age (years)
	
	
	
	
	
	<0.001

	< 60
	6,193
	27.0
	1
	
	
	

	≥ 60
	6,814
	37.6
	1.63
	1.51
	to 1.76
	

	HbA1c (%)
	
	
	
	
	
	<0.001

	< 7.00
	3,654
	30.3
	1
	
	
	

	≥ 7.00
	7,507
	33.5
	1.16
	1.06
	to 1.26
	

	Triglyceride (mg/dL)
	
	
	
	
	
	<0.001

	< 150
	5,827
	28.7
	1
	
	
	

	≥ 150
	5,965
	34.2
	1.29
	1.19
	to 1.40
	

	Cholesterol (mg/dL)
	
	
	
	
	
	0.315

	< 170
	4,331
	31.1
	1
	
	
	

	≥ 170
	7,016
	32.0
	1.04
	0.96
	to 1.13
	

	LDL (mg/dL)
	
	
	
	
	
	0.863

	< 100 
	5,265
	32.0
	1
	
	
	

	≥ 100
	6,641
	31.9
	0.99
	0.92
	to 1.07
	

	HDL (mg/dL)
	
	
	
	
	
	<0.001

	≥ 40
	7,203
	29.0
	1
	
	
	

	< 40
	3,778
	36.2
	1.39
	1.28
	to 1.51
	

	Blood pressure (mmHg)
	
	
	
	
	
	<0.001

	≤ 130/80
	6,675
	30.3
	1
	
	
	

	> 130/80
	6,259
	35.0
	1.24
	1.15
	to 1.33
	

	Smoking
	
	
	
	
	
	<0.001

	No
	10,550
	31.7
	1
	
	
	

	Yes
	1,369
	36.8
	1.25
	1.11
	to 1.41
	

	Duration of diabetes (Year)
	
	
	
	
	
	<0.001

	< 5
	4,225
	24.8
	1
	
	
	

	5-10
	6,067
	32.6
	1.47
	1.34
	to 1.60
	

	> 10
	2,383
	45.5
	2.53
	2.28
	to 2.82
	

	Diabetic Retinophaty
	
	
	
	
	
	<0.001

	No
	6,956
	28.2
	1
	
	
	

	Yes
	1,313
	45.7
	2.14
	1.90
	to 2.42
	


Factors associated with DN


The multivariate adjusted OR(ORadj) by DR, age, sex, HbA1c, triglyceride, HDL, blood pressure, smoking history and duration of DM  are list in Fig.2, presented as ORadj and 95% CI. DR was significantly associated with DN. Patients with DR were 1.98 times more likely to be DN than patients without DR (ORadj =1.98, 95%CI:1.70 to 2.30; p<0.001) and the strongest factor that associated to DN was duration of DM were significantly, more than 10 years  were 2.30 and 5-10 years were 1.35 times (ORadj =2.30, 95%CI:1.94 to 2.71; p<0.001), (ORadj =1.35, 95%CI: 1.17 to 1.55; p<0.001), respectively. Others factor that were highly significant factors associated with DN included age, sex, triglyceride, HDL, blood pressure and smoking history. But HbA1c were not significant.(Fig.2)
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Fig.2. Factors affecting DN adjusted in DM and DMHT pateints, presented as ORadj  for DR, sex, age, HbA1c, triglyceride, HDL, blood  pressure, smoking history and duration of DM  using multiple logistic regression.

DISCUSSIONS


DN is a well-known microvascular complication of diabetes, is characterized by microalbuminuria, and possible end-stage renal disease and also associated with increased mortality(28), is one of the major causes of death among Thai diabetics(29) and should raise concern among health care policy makers. DR is the most common microvascular complication of diabetes(30) and the leading cause of acquired blindness among people of working age in the Western world(31,32). The burden of DR is increasing with the rising prevalence  of  type 2 DM(33).  Early detection of DR and DN should be encouraged because these complications can be attenuated with appropriate medication and glycemic control(34). This present study showed that the prevalence of  DN was 24.9% and 35.9% in patients with DM and DMHT.  And previous study was 42.9%, 37% and 37.2% in 2003, 2006 and 2009 respectively(15–17).  And 37.8% of  DN was  male  and   female was 30.2%. More female subject were enrolled in the study accounting 69.7% was DM.  Duration of DM is a well-established risk factor for vascular complications as the average known duration was only 8 years(35). Our study duration of DM was significantly associated with DN. Patient with DM more than 10 years was 2.30 times more than patient with DM less than or equal 10 years  (ORadj =2.30, 95%CI:1.94 to 2.71; p<0.001)

Previous studies have established microalbuminuria as a powerful independent predictor of microvascular lesions, cardiovascular mortality, and kidney disease including end-stage renal failure in patients with diabetes, hypertensive subjects, and even in the general population(36–39) and a clear  association of higher levels of albuminuria with an increased frequency of renal insufficiency(35). DR and DN was related with microalbuminuria. That showed an association between micro-/macroalbuminuria and two factor was DN and DR. Microalbuminuria or macroalbuminuria  in type 2 diabetes can be detected nonproliferative diabetic retinopathy(NPDR) or  proliferative diabetic retinopathy(PDR) more than noralbuminuria(22).  In Denmark had a study in type 2 DM showed that DR was present in 15 of 27 patients (56%) with diabetic glomerulosclerosis and the diagnostic specificity(predictive value of a positive test) of retinopathy is 100% (15/15) while the diagonostic sensitivity(predictive value of a negative test) is only 40%(8/20)(23). In 2007, the Kidney Disease Outcomes Quality Initiative (KDOQI) Clinical Practice Guidelines and Clinical Practice Recommendations for Diabetes and Chronic Kidney Disease(24,40) stated that, in most patients with DM, chronic kidney disease is attributable to DM if microalbuminuria is present along with DR, suggesting that DR plays an important role in the diagnosis of DN. In contrast, a precise role for microalbuminuria in the screening for and monitoring of  DR remains to be determined(41). And  DR  is well correlated with overt nephropathy(6). DR is useful in diagnosing or screening for DN in  patients  with  type 2 diabetes and renal disease. Proliferative diabetic retinopathy may be a highly specific indicator for DN(3).  This study showed DR was significantly associated with DN. Patients with DR were 1.98 times more  likely to be  DN than patients without DR (ORadj =1.98, 95%CI:1.70 to 2.30; p<0.001). These observed association of DR and DN were consistent with other studies.

However there are a number potential limitations to our study . Patients  in this study were  missing data  about  DN diagnosed, did not available in the medical record more than 50%. Thus, those lost missing did not differ from those who were diagnosed to demographic characteristics of patients at baseline. The probability that an in tended observation were missing did not depend on the outcome that would have been observed but did depend on observed outcomes or predictors. And this study had to handle with missing by using  best-worst case scenario in order to compare with base case.  
Strength of the study


The present  study  recruited  a large DM patients as a nationally representative sample. The sampling method was proportional to size, stratified cluster sampling of the patients for each hospital  from across the country. This is a large enough sample size to see the characteristics and burden of diabetic in Thai population.

Limitation of the study

Screening for DN may be more serious, some patient had not been tested for UACR is due to financial limitation and  different methods for measure UACR  for DN diagnosed. Insufficient data and missing values in the medical records (secondary data) and recall bias from self-directed questionaire by patients. 
Conclusions


Our results indicate that DR associated with DN. Patients with DR must be regarded as a risk group. Therefore, ophthamologists should refer these patients for regular medical evaluation, resulting in possibly earlier therapy and treatment of risk factors. Nevertheless, in this study have a conflict with proportion of patients with long DN (>12 months) have just developed DR(≤ 12 months) and patients with long DR just developed DN were 2.29, showed that progession of DN before DR. Furthemore, this study inconclusive for DR before or DN before, but showed only associated in epidimiological evidence based.
Recommendations


There are probably many factors for DN involved such as limited time during the clinic visit, limited financial resources, limited physician, limited a standard method for laboratory. These factor need to be further explored and intervened to improve diabetes care.  
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