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                    Abstract
Hypertension and diabetes are independent risk factors for both cardiovascular disease and renal complications. Coexistence of these comorbid conditions predisposes the patient to a much greater risk of progression to end-stage renal disease. Combined with the increased cardiovascular mortality, this has led to recent Joint National Committee-VI recommendations for the initiation of antihypertensive therapy for people with diabetes at a blood pressure of 130/85 mm Hg, a level lower than that recommended for the nondiabetic population. Results of a review of recently published investigations on the effects of blood pressure on diabetic nephropathy progression are presented in this article. This review finds evidence to support reducing the mean arterial blood pressure to levels below 95 mm Hg, a level that is even lower than the blood pressure of 130/80 mm Hg (mean arterial pressure of 97 mm Hg) recommended by the American Diabetes Association and National Kidney Foundation. The effect of blood pressure on renal disease progression is linear and appears to have no lower threshold for the benefits of blood pressure reduction on limiting nephropathy progression. The answer to the question of how low does blood pressure have to be to minimize the effects of blood pressure on diabetic nephropathy progression might be "the lower, the better."



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Blood pressure targets in type 2 diabetes. Evidence against or in favour of an aggressive approach
                                        
                                    

                                    
                                        Article
                                        
                                         25 January 2018
                                    

                                

                                Giuseppe Mancia & Guido Grassi

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Benefit of Blood Pressure Control in Diabetic Patients
                                        
                                    

                                    
                                        Article
                                        
                                         12 June 2015
                                    

                                

                                Ulrich Kintscher

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Update on Blood Pressure Goals in Diabetes Mellitus
                                        
                                    

                                    
                                        Article
                                        
                                         22 April 2015
                                    

                                

                                Luke J. Laffin & George L. Bakris

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References and Recommended Reading
	Wingard DL, Barrett-Connor E: Heart disease and diabetes. In Diabetes in America. National Institutes of Health Publication No. 95-1468. Bethesda, MD: National Institutes of Health; 1995:429–448.

                    Google Scholar 
                

	
                           USRDS 2001 Annual Data Report: Atlas of End-stage Renal Disease in the United States. Bethesda, MD: US Renal Data System, National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases; 2001.

	Nelson RG, Knowler WC, Pettitt DJ, Bennett PH: Kidney disease in diabetes. In Diabetes in America. National Institutes of Health Publication No. 95-1468. Bethesda, MD: National Institutes of Health; 1995:349–400.

                    Google Scholar 
                

	Marks JB, Raskin P: Cardiovascular risk in diabetes—a brief review. J Diabetes Complications 2000, 14:108–115.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Jandeleit-Dahm K, Cooper ME: Hypertension and diabetes. Curr Opin Nephrol Hypertens 2002, 11:221–228.
Article 
    PubMed 
    
                    Google Scholar 
                

	
                           The sixth report of the Joint National Committee on prevention, detection, evaluation and treatment of high blood pressure [no authors listed]. Arch Intern Med 1997, 157:2413–2446.

	Bakris GL, Williams M, Dworkin L, et al.: Preserving renal function in adults with hypertension and diabetes: a consensus approach. Am J Kidney Dis 2000, 36:646–661. Summarizes the current opinions of the National Kidney Foundation and provides an algorithm for treating elevated blood pressure to achieve levels below 130/80 mm Hg in patients with hypertension and diabetes already with or at risk of renal disease.
PubMed 
    CAS 
    
                    Google Scholar 
                

	American Diabetes Association: Standards of medical care for patients with diabetes mellitus. Diabetes Care 2002, 25(suppl 1):S33-S49.

                    Google Scholar 
                

	
                           Ecological analysis of the association between mortality and major risk factors of cardiovascular disease. The World Health Organization MONICA Project [no authors listed]. Int J Epidemiol 1994, 23:505–516.

	Bruce NG, Cook DG, Shaper AG, Thomson AG: Geographical variation in blood pressure in British men and women. J Clin Epidemiol 1990, 43:385–398.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	MacMahon S, Peto R, Cutler J, et al.: Blood pressure, stroke, and coronary heart disease. Part 1, prolonged differences in blood pressure: prospective observational studies corrected for the regression dilution bias. Lancet 1990, 335:765–774.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hansson L, Zanchetti A, Carruthers SG, et al.: Effects of intensive blood-pressure lowering and low-dose aspirin in patients with hypertension: principal results of the Hypertension Optimal Treatment (HOT) randomized trial. Lancet 1998, 351:1755–1762.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	
                           Tight blood pressure control and risk of macrovascular and microvascular complications in type 2 diabetes: UKPDS 38. UK Prospective Diabetes Study Group [no authors listed]. BMJ 1998, 317:703–713.

	
                           The effect of intensive treatment of diabetes on the development and progression of long-term complications in insulindependent diabetes mellitus. The Diabetes Control and Complications Trial Research Group [no authors listed]. N Engl J Med 1993, 329:977–986.

	
                           Intensive blood-glucose control with sulphonylureas or insulin compared with conventional treatment and risk of complications in patients with type 2 diabetes (UKPDS 33). UK Prospective Diabetes Study Group [no authors listed]. Lancet 1998, 352:837–853.

	Joss N, Paterson KR, Deighan CJ, et al.: Diabetic nephropathy: how effective is treatment in clinical practice?
                           Q J Med 2002, 95:41–49.
CAS 
    
                    Google Scholar 
                

	Klag MJ, Whelton PK, Randall BL, et al.: Blood pressure and end-stage renal disease in men. N Engl J Med 1996, 334:13–18.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Peterson JC, Adler S, Burkart JM, et al.: Blood pressure control, proteinuria, and the progression of renal disease—the modification of diet in renal disease study. Ann Intern Med 1995, 123:754–762.
PubMed 
    CAS 
    
                    Google Scholar 
                

	
                           Efficacy of atenolol and captopril in reducing risk of macrovascular and microvascular complications in type 2 diabetes: UKPDS 39. UK Prospective Diabetes Study Group [no authors listed]. BMJ 1998, 317:713–720.

	Mauer M, Drummond K: The early natural history of nephropathy in type 1 diabetes. I. Study design and baseline characteristics of the study participants. Diabetes 2002, 51:1572–1579.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Drummond K, Mauer M: The early natural history of nephropathy in type 1 diabetes. II. Early renal structural changes in type 1 diabetes. Diabetes 2002, 51:1580–1587.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	White KE, Pinel N, Cordonnier DJ, Bilous RW: Does ACE inhibition slow progression of glomerulopathy in patients with type 2 diabetes mellitus?
                           Diabet Med 2001, 18:933–936.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lewis EJ, Hunsicker LG, Bain RP, Rohde RD: The effect of angiotensin-converting-enzyme inhibition on diabetic nephropathy. N Engl J Med 1993, 329:1456–1462.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Herbert LA, Bain RP, Verme D, et al.: Remission of nephrotic range proteinuria in type 1 diabetes. Kidney Int 1994, 46:1688–1693.

                    Google Scholar 
                

	Estacio RO, Gifford N, Jeffers BW, Schrier RW: Effect of blood pressure control on diabetic microvascular complications in patients with hypertension and type 2 diabetes. Diabetes Care 2000, 23(suppl 2):B54-B64.
PubMed 
    
                    Google Scholar 
                

	Schrier RW, Estacio RO, Esler A, Mehler P: Effects of aggressive blood pressure control in normotensive type 2 diabetic patients on albuminuria, retinopathy and strokes. Kidney Int 2002, 61:1086–1097. Presents evidence that intensive lowering of the diastolic blood pressure to less than 75 mm Hg, even in normotensive patients with type 2 diabetes, is not only possible but also slows the progression of renal function deterioration compared with less intense therapy. The correlation between achieved blood pressure reductions and reduced decline in kidney function provides direct evidence for the benefits of aggressive blood pressure reduction.
Article 
    PubMed 
    
                    Google Scholar 
                

	Horvind P, Rossing P, Tarnow L, et al.: Progression of diabetic nephropathy. Kidney Int 2001, 59:702–709. Provides evidence in patients with type 1 diabetes that reducing blood pressure levels in those with hypertension to similar levels as those who were normotensive without antihypertensive therapy will result in loss of differences in the decline in kidney function present between hypertensive and normotensive patients.
Article 
    
                    Google Scholar 
                

	Dillon JJ: The qualitative relationship between treated blood pressure and progression of diabetic renal disease. Am J Kidney Dis 1993, 22:798–802.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Lebovitz HE, Wiegmann TB, Cnaan A, et al.: Renal protective effects of enalapril in hypertensive NIDDM: role of baseline albuminuria. Kidney Int 1994, 45(suppl):S150-S155.
CAS 
    
                    Google Scholar 
                

	Parving HH, Smidt UM, Hommel E, et al.: Effective antihypertensive treatment postpones renal insufficiency in diabetic nephropathy. Am J Kidney Dis 1993, 22:188–195.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Bangstad HJ, østerby R, Rudberg S, et al.: Kidney function and glomerulopathy over 8 years in young patients with type 1 (insulin-dependent) diabetes mellitus and microalbuminuria. Diabetologia 2002, 45:253–261.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Christensen PK, Gall MA, Parving HH: Course of glomerular filtration rate in albuminuric type 2 diabetic patients with or without diabetic glomerulopathy. Diabetes Care 2000, 23(suppl 2):B14-B20.
PubMed 
    
                    Google Scholar 
                

	Mulec H, Blohm’e G, Grände B, Björck S: The effect of metabolic control on rate of decline in renal function in insulindependent diabetes mellitus with overt diabetic nephropathy. Neprol Dial Transplant 1998, 13:651–655.
Article 
    CAS 
    
                    Google Scholar 
                

	Elving LD, Wetzels JF, van Lier HJ, et al.: Captopril and atenolol are equally effective in retarding progression of diabetic nephropathy: results of a 2-year prospective, randomized study. Diabetologia 1994, 37:604–609.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Björck S, Mulec H, Johnsen SA, et al.: Renal protective effect of enalapril in diabetic nephropathy. BMJ 1992, 304:339–343.
Article 
    PubMed 
    
                    Google Scholar 
                

	Jacobsen P, Rossing K, Tarnow L, et al.: Progression of diabetic nephropathy in normotensive type 1 diabetic patients. Kidney Int 1999, 56(suppl 71):S101-S105.
Article 
    
                    Google Scholar 
                

	Mogensen CE: Progression of nephropathy in long-term diabetics with proteinuria and effect of initial anti-hypertensive treatment. Scand J Clin Lab Invest 1976, 36:383–388.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Brenner BM, Cooper ME, de Zeeuw D, et al.: Effects of losartan on renal and cardiovascular outcomes in patients with type 2 diabetes and nephropathy. N Engl J Med 2001, 345:861–869. Provides evidence that angiotensin receptor antagonists confer renal protection in patients with type 2 diabetes and nephropathy.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Parving HH, Smidt UM, Friisberg B, et al.: A prospective study of glomerular filtration rate and arterial blood pressure in insulin-dependent diabetics with diabetic nephropathy. Diabetologia 1981, 20:457–461.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Walker WG: Hypertension-related renal injury: a major contributor to end-stage renal disease. Am J Kidney Dis 1993, 22:164–173.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Bidani AK, Griffin KA: Long-term renal consequences of hypertension for normal and diseased kidneys. Curr Opin Nephrol Hypertens 2002, 11:73–80.
Article 
    PubMed 
    
                    Google Scholar 
                

	Yoshioka T, Rennke HG, Salant DJ, et al.: Role of abnormally high transmural pressure in the permselectivity defect of glomerular capillary wall: a study in early passive Heymann nephritis. Circ Res 1987, 61:531–538.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Staessen JA, Thijs L, Gasowski J, et al.: Treatment of isolated systolic hypertension in the elderly: further evidence from the Systolic Hypertension in Europe (Syst-Eur) trial. Am J Cardiol 1998, 82:20R-22R.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Tuomilehto J, Rastenyte D, Birkenhäger, et al.: Effects of calcium-channel blockade in older patients with diabetes and systolic hypertension. N Engl J Med 1999, 340:677–684.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Curb JD, Pressel SL, Cutler JA, et al.: Effect of diuretic-based antihypertensive treatment on cardiovascular disease risk in older diabetic patients with isolated systolic hypertension. JAMA 1996, 276:1886–1892.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Arauz-Pacheco C, Parrott MA, Raskin P: The treatment of hypertension in adult patients with diabetes. Diabetes Care 2002, 25:134–147.
Article 
    PubMed 
    
                    Google Scholar 
                

	Bakris GL, Weir MR: Angiotensin-converting enzyme inhibitor-associated elevations in serum creatinine: is this a cause for concern?
                           Arch Intern Med 2000, 160:685–693.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hansson L, Lindholm LH, Niskanen L, et al.: Effect of angiotensin-converting-enzyme inhibition compared with conventional therapy on cardiovascular morbidity and mortality in hypertension: the Captopril Prevention Project (CAPPP) randomised trial. Lancet 1999, 353:611–616.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Yusuf S, Sleight P, Pogue J, et al.: Effects of an angiotensinconverting-enzyme inhibitor, ramipril, on cardiovascular events in high-risk patients. The Heart Outcomes Prevention Evaluation Study Investigators. N Engl J Med 2000, 342:145–153.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Katayama S, Kikkawa R, Isogai S, et al.: Effect of captopril or imidapril on the progression of diabetic nephropathy in Japanese with type 1 diabetes mellitus: a randomized controlled study (JAPAN-IDDM). Diabetes Res Clin Pract 2002, 55:113–121.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Onozato ML, Tojo A, Goto A, et al.: Oxidative stress and nitric oxide synthase in rat diabetic nephropathy: effects of ACEI and ARB. Kidney Int 2002, 61:186–194.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lonn EM, Yusuf S, Jha P, et al.: Emerging role of angiotensinconverting enzyme inhibitors in cardiac and vascular protection. Circulation 1994, 90:2056–2069.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Schnackenberg CG: Physiological and pathophysiological roles of oxygen radicals in the renal microvasculature. Am J Physiol Regul Integr Comp Physiol 2002, 282:R335-R342.
PubMed 
    CAS 
    
                    Google Scholar 
                

	
                           Effects of ramipril on cardiovascular and microvascular outcomes in people with diabetes mellitus: results of the HOPE study and MICRO-HOPE substudy. Heart Outcomes Prevention Evaluation Study Investigators [no authors listed]. Lancet 2000, 355:253–259. This analysis of the population within the HOPE study with diabetes provides evidence that the ACEI, ramipril, confers both cardiovascular and renal protection to patients with diabetes.

	Ruggenenti P, Perna A, Gherardi G, et al.: Renal function and requirement for dialysis in chronic nephropathy patients on long-term ramipril: REIN follow-up trial. Lancet 1998, 352:1252–1256.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Parving HH, Lehnert H, Bröchner-Mortensen J, et al.: The effect of irbesartan on the development of diabetic nephropathy in patients with type 2 diabetes. N Engl J Med 2001, 345:870–878. Presents evidence of renal benefit through the use of angiotensin receptor antagonists in patients with type 2 diabetes and microalbuminuria.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lewis EJ, Hunsicker LG, Clarke WR, et al.: Renoprotective effect of the angiotensin-receptor antagonist irbesartan in patients with nephropathy due to type 2 diabetes. N Engl J Med 2001, 345:851–860. By demonstrating renal and cardiovascular benefits in patients with type 2 diabetes and nephropathy, this study has provided evidence to support the role of angiotensin receptor antagonists as principle agents in treating hypertension in this patient population.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Estacio RO, Jeffers BW, Hiatt WR, et al.: The effect of nisoldipine as compared with enalapril on cardiovascular outcomes in patients with non-insulin dependent diabetes and hypertension. N Engl J Med 1998, 338:645–652.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Neal B, MacMahon S, Chapman N: Effects of ACE inhibitors, calcium antagonists, and other blood-pressure-lowering drugs: results of prospectively designed overviews of randomised trials. Blood Pressure Lowering Treatment Trialists’ Collaboration. Lancet 2000, 356:1955–1964.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lièvre M, Gueyffier F, Ekbom T, et al.: Efficacy of diuretics and beta-blockers in diabetic hypertensive patients. Diabetes Care 2000, 23(suppl 2):B65-B71.
PubMed 
    
                    Google Scholar 
                

	Collado-Mesa F, Colhoun HM, Stevens LK, et al.: Prevalence and management of hypertension in type 1 diabetes mellitus in Europe: the EURODIAB IDDM complications study. Diabet Med 1999, 16:41–49.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Burt VL, Cutler JA, Higgins M, et al.: Trends in the prevalence, awareness, treatment and control of hypertension in the adult US population. Data from the health examination surveys, 1960 to 1991. Hypertension 1995, 26:60–69.
PubMed 
    CAS 
    
                    Google Scholar 
                

	Boutitie F, Gueyffier F, Pocock S, et al.: J-shaped relationship between blood pressure and mortality in hypertensive patients: new insights from a meta-analysis of individualpatient data. Ann Intern Med 2002, 136:438–448.
PubMed 
    
                    Google Scholar 
                

	Bakris GL: Progression of diabetic nephropathy. A focus on arterial pressure level and methods of reduction. Diabetes Res Clin Pract 1998, 39(suppl):S35-S42.
Article 
    PubMed 
    
                    Google Scholar 
                

	Komers R, Anderson S: Are angiotensin-converting enzyme inhibitors the best treatment for hypertension in type 2 diabetes?
                           Curr Opin Nephrol Hypertens 2000, 9:173–179.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Internal Medicine, University of Texas Southwestern Medical Center at Dallas, 5323 Harry Hines Boulevard, G5.238, 75390-8858, Dallas, TX, USA
Christopher A. Newton MD & Philip Raskin MD


Authors	Christopher A. Newton MDView author publications
You can also search for this author in
                        PubMed Google Scholar



	Philip Raskin MDView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Newton, C.A., Raskin, P. Blood pressure control—Effects on diabetic nephropathy progression: How low does blood pressure have to be?.
                    Curr Diab Rep 2, 530–538 (2002). https://doi.org/10.1007/s11892-002-0124-0
Download citation
	Issue Date: November 2002

	DOI: https://doi.org/10.1007/s11892-002-0124-0


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Diabetic Nephropathy
	Captopril
	Losartan
	Blood Pressure Control
	Ramipril








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					34.238.189.62
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    