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Introduction

The present review focused on the most important metabolic
disorder which is affecting every fourth of the diabetic, and is
known as diabetic nephropathy. This review focused on the
hypertension in diabetic nephropathy, its clinical aspects,
management and guidelines. Hypertension is the most common
phenomenon in diabetics. It increases the risk of kidney
diseases and diabetes and increases the chances for morbidity
and mortality. Diabetic nephropathy is the most common cause
of Chronic Kidney Disease (CKD) in those with diabetes and is
the leading cause for incident end stage renal disease (ESRD).
The mechanism of hypertension in diabetic nephropathy is
complex, not completely understood, and includes excess
accumulation of sodium, sympathetic nervous system (SNS)
and renin-angiotensin-aldosterone system (RAAS) activation
and increased oxidative stress. Both non-pharmacological and
pharmacological interventions, including RAAS antagonists
are critically important in the management of hypertension in
diabetic nephropathy.

The purpose of this article is to examine the pathophysiology
which leads to hypertension in diabetic nephropathy and the
clinical trials that support the implementation of strategies
aimed at these pathophysiological mechanisms.

Diabetic Nephropathy and Hypertension

The hypertension is the condition which is found to be twice
in diabetics as compared to the general population [1]. The

hypertensive patient’s prevalence is also twice as compared
to normal patients with respect to diabetes [2]. However,
the prevalence of hypertension varies in type 1 and type 2
diabetic subjects according to the micro albuminuria and macro
albuminuria levels due to infiltration in kidneys [1]. In type 1
diabetic subjects the hypertension is prevalent in the patients
of micro albuminuria and overt nephropathy [2]. While, in case
of normoalbuminuric patients the prevalence was found to
be somewhat different i.e., 19% [3]. According to one Danish
report including 1700 diabetics and 10,000 controls, the
prevalence of hypertension (160/95mmHg) was found to be
similar to that of the control subjects [2]. The proteinuria and
microalbuminuria is considered to be a potential biomarker
for diabetic and non-diabetic renal disease [4,5]. In addition to
this, the hemodynamic metabolic and genetic parameters which
are common in the diabetic patients. Some genes are found to
enhance the progression of disease while others are found to be
renoprotective [6,7].

Factors Enhancing Hypertension and Diabetic
Nephropathy

Multiple factors contributes to the development of
hypertension in type 1 and type 2 diabetic subjects, which results
in the dysregulation of the systems that regulate the vascular
balances in the body. Various factors like activation of RAAS
(Renin Angiotensin Aldosterone pathway), increased Reactive
Oxygen Species (ROS), increase in the activity of endothelial
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dysfunction and decreased activity of nitric oxide are involved
in these derangements. These factors actually increase the
activity of non hemodynamic factors that increases the risk of
cardiovascular and kidney diseases. The details of these factors
are given below:

Renin angiotensin aldosterone system (raas) pathway

RAAS pathway has been extensively studied with reference
to the cardiovascular diseases and hypertension. As there are
various enzymes and genes which contribute to the occurrence
ofnotonly diabetic nephropathy butalso cardiovascular diseases
in most of the patients of type 1 and type 2 diabetes. The action
of Angiotensin II is mainly responsible for the increase in the
vasoconstriction and sodium reabsorption which ultimately
increases the blood pressure [8]. The pharmacological drugs
are available in the market which inhibits the production of
angiotensin II and block AT1R and thus it targets the RAAS
pathway.

Sodium balance

The increase in the sodium plays a very important in
hypertension in diabetics and renal disease patients. It has
been documented that the people with the renal disease have
an increase level of sodium even in the absence of the activity of
RAAS pathway [2]. As Glomerular Filtration Rate (GFR) declines,
the kidneys ability to filter some important metabolites decreases
which continuously increased the level of the sodium thus
damage to the glomerular cells [9]. Thus in diabetic nephropathy
patients the care must be given with reference to sodium intake
and low doses of sodium in diet must be preferred.

Sympathetic nervous system (SNS) activity

Increased SNS activity results in the increased pathogenesis
of diabetic and nephropathy complications. It increases the
microalbuminuria and other complications related to diabetes.
An increased adregenic activity with high nocturnal blood
pressure was also observed in the diabetic nephropathy patients
[10-12].

Nitric oxide

Although the exact role of the nitric oxides are not well
documented for hypertensive and diabetic patients. According
to some reports the nitric oxide levels are increased in the hyper
filtration kidney stages of diabetes. The diabetic rats induced
by streptozotocin showed an increased blood pressure by the
inhibition of nitric oxide, thus proved that nitric oxide is also one
of the factor for hypertension in diabetics [13].

Oxidative stress

Hyperglycemia is considered to be one of the factors for
increased oxidative stress in type 2 diabetic patients [14]. In
chronic kidney diseases also there is an increased oxidative
stress and decrease antioxidant defenses [3,4]. Reduction in
oxidative stress correlates with the albuminuria in the diabetic
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patients [5]. Through various experimental evidences it was also
proved that the reduction in oxidative stress results when the
angiotensin II levels becomes low [6]. Nitric oxide in combination
with Reactive Oxygen Species (ROS) produces peroxynitrite
which is responsible for increase in oxidative stress [7].

Autoregulatory impairment

In healthy and normal kidneys the auto regulatory functions
of the afferent arterioles and juxtaglomerular apparatus are
responsible for maintaining the blood pressure. When these
mechanisms are impaired as in diabetic nephropathy elevated
blood pressure is transmitted to the renal vasculature and it
results in the increase in the blood pressure, inflammation,
fibrosis, injury and other kidney related impairments. These
mechanisms also induced the transport of glucose transporter
1 that is responsible for hyperglycemia in diabetic patients [8].

Management of Hypertension in Diabetic

Nephropathy
Guidelines

The essential target for the treatment of the diabetic
nephropathy is the reduction in the hypertension and
albuminuria, as these two parameters are found to be raised
in diabetic patients. In type 1 diabetic patients however it was
found that 80% of the type 1 diabetic subjects developed due
to microalbuminuria and later to macroalbuminuria. Out of
these 80% patients about 50-75% of them will develop to End
Stage Renal Disease (ESRD) in their next twenty years of life
[9]. However for untreated type 2 diabetes mellitus subjects the
conditions are somewhat different and about 40% of the patients
develop to the overt nephropathy condition whereas the 20% of
the type 2 diabetic subjects developed ESRD [10]. Hypertension
is considered as the main factor which is responsible for the
occurrence of the nephropathy and cardiovascular diseases in
both of the type 1 and type 2 diabetic subjects. One drug as the
captopril is found to decrease the craetinine levels in diabetic
patients with the average decline in creatinine clearance of
about 11mL/min/y [11]. For type 2 diabetic patients however
the irbesartan resulted in creatinine clearance of 5.5mL/
min/yr as compared to 6.8mL/min/yr in the placebo group
or in the persons having the treatment of amlodipine [12].
Some Angiotensin Converting Enzyme (ACEi) inhibitors and
Angiotensin Receptors Blockers (ARBs) are also found to be
more effective in the treatment of diabetic nephropathy which
is discussed below.

ACE inhibitors and ARB blocker as monotherapy

The ACE inhibitors and Angiotensin receptor blockers
are considered as the first line of treatment against diabetic
nephropathy. The ACE inhibitors are considered as the best
treatment for the decrease of the GFR and prevention of
albuminuria in type 1 diabetic patient [11,12]. Various types
of ACE inhibitor drugs are available for example, enalapril,
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ramipril, captopril, benzapril etc which in combination with
renin inhibitors as aliskiren and angiotensin receptor blockers
as telmisartin and volsartin are used for controlling diabetic
nephropathy [13-15].

Angiotensin receptor blockers (ARB)

Angiotensin Receptor Blockers (ARBs) are also effective in
controlling the hypertension. The mechanism of their action is
that they block the Angiotensin II type 1 receptor (AT1R). The
AT1R blockade results Angiotensin II to bind to Angiotensin
type 2 receptor (AT2R) and it results in the decrease of the
blood pressure and also reduced renal interstitial fibrosis [15].
Combination therapy of ARB and ACE inhibitors has been proved
in some of the studies to be more beneficial and useful in terms
of reducing the hypertension, proteinuria, blood pressure and
cardiovascular complications [16].

Direct renin inhibitors (DRIs)

One of the drugs which is used commonly for the reduction
in albuminuria and hypertension in the diabetic nephropathy
patients is the Direct Renin Inhibitors (DRIs) pharmacologically
named as Aliskiren [17]. For this drug the combination therapy
proved to be effective. The losartan and Aliskiren in combination
found to be much effective for the reduction of the albuminuria
and albuminuria along with albumin to creatinine ratio in type 2
diabetic patients [18]. So, a number of therapeutic trials confers
that when the pharmacologically blocking agents block the RAAS
pathway, it reduces the risk of progression of diabetes by 20% to
25% and improving cardiovascular conditions [19-25].

Target Blood Pressure in Diabetic Nephropathy

There were certain retrospective and follow up studies
which were conducted to study the effect of blood pressure on
renal and cardiovascular diseases. One large study ‘The Action
in Diabetes and Vascular Disease (ADVANCE) study included
11,140 patients with diabetes and cardiovascular diseases. They
were given the ACE inhibitors and thiazide drugs. The incidence
of microalbuminuria and creatinine levels were found to be
decreased in the patients along with the improvement in systolic
blood pressure [26]. This large study thus provide the evidence
that the RAAS inhibitors are favourable for the decrease in
systolic blood pressure in ESRD and DN patients.

General Guidelines

Improved blood pressure control and reduction in
albuminuria is considered as the main targets when treating the
patients of diabetic nephropathy. The Renin Angioten Aldosterne
Systemis one ofthe major pathway whichisinvolved in the control
of the blood pressure. There are certain drugs known as the loop
diuretics which are considered as encouraging in reducing the
GFR<50mL/min and hyperkalemia. Certain experiments of low
sodium diet as well as RAAS inhibitors are also considered as
an effective strategy in controlling the progression of chronic

kidney diseases in diabetics. The emphasis on the control of
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salt intake is given because the salt retention is considered as
the main reason for enhancement of the glomerulosclerosis
and chronic kidney diseases in diabetics. The beta blockers
and calcium channel blockers should be recommended for the
patients of hypertension. Some drugs like clonidine, vasodilators
(hydralazine and minoxodil) and alpha blockers are found to be
more effective in patients having the persistent hypertension.
The hyperkalemia is found to be effective in patients who are
having the thiazide drug treatment [27]. The control of BP below
130/85mmHg in addition to the low sodium intake, with daily
dosage of <200mg daily while the persons are on RAAS inhibition
is found to be more effective.

Conclusion

The Diabetic nephropathy is the most common cause of the
kidney diseases in the patients with diabetes. Hypertension is
highly prevalent in the patients of type 1 and type 2 diabetes.
The mechanism which is involved in hypertension in diabetic
nephropathy subjects are the activation of the local and renal
RAAS, systemic nervous system activity, increased oxidative
stress and abnormal no production etc. These mechanisms are
responsible for the onset and even worsening of the condition
of diabetic nephropathy and they also contributes to the
increased risk of cardiovascular diseases. The management
for the hypertension and diabetic nephropathy includes the
therapies that block the angiotensin production. The blood
pressure and treatment goals includes the reduction in blood
pressure to 130/80mmHg. For achieving this control the non
pharmacological drugs as well as antihypertensive treatment is
considered to be more beneficial. However, the overall results of
the combination therapies of various drugs of RAAS pathway are
still under experimentation.

References

1. Epstein M, Sowers JR (1992) Diabetes mellitus and hypertension.
Hypertension 19(5): 403-418.

2. De Chatel R, Weidmann P, Flammer ], Ziegler WH, Beretta-PC, et al.
(1977) Sodium, renin, aldosterone, catecholamines and blood pressure
in diabetes mellitus. Kidney Int 12(6): 412-421.

3. Spittle MA, Hoenich NA, Handelman GJ], Adhikarla R, Homel P, et al.
(2001) Oxidative stress and inflammation in hemodialysis patients.
Am ] Kidney Dis 38(6): 1408-1413.

4. Ceballos PI, Witko SV, Merad BM, Nguyen AT, Thévenin M, et al. (1996)
Glutathione antioxidant system as a marker of oxidative stress in
chronic renal failure. Free Radic Biol Med 21(6): 845-853.

5. Prabhakar S, Starnes ], Shi S, Lonis B, Tran R (2007) Diabetic
nephropathy is associated with oxidative stress and decreased renal
nitric oxide production. ] Am Soc Nephrol 18(11): 2945-2952.

6. Ogawa S, Mori T, Nako K, Kato T, Takeuchi K, et al. (2006) Angiotensin
II type 1 receptor blockers reduce urinary oxidative stress markers in
hypertensive diabetic nephropathy. Hypertension 47(4): 699-705.

7. LiL,ChuY, Fink GD, Engelhardt]F Heistad DD, etal. (2003) Endothelin-1
stimulates arterial VCAM-1 expression via NADPH oxidase-derived
superoxide in mineral corticoid hypertension. Hypertension 42(5):
997-1003.

How to cite this article: Maryam Z. Diabetic Nephropathy: What is Best Therapeutic Option?. Curre Res Diabetes & Obes J 2017; 2(1): 5655579. DOI:



Current Research in Diabetes & Obesity Journal

8. Gnudi L, Viberti G, Raij L, Rodriguez V, Burt D, et al. (2003) GLUT-1
overexpression: Link between hemodynamic and metabolic factors in
glomerular injury? Hypertension 42(1): 19-24.

9. Association AAD (2002) Diabetic Nephropathy. BMJ 25: S82-S89.

10. Lewis EJ, Hunsicker LG, Bain RP, Rohde RD (1993) The effect of
angiotensin-converting-enzyme inhibition on diabetic nephropathy.
The Collaborative Study Group. N Engl ] Med 329(20): 1456-1462.

11. Parving HH, Hommel E, Jensen BR, Hansen HP (2001) Long-term
beneficial effect of ACE inhibition on diabetic nephropathy in
normotensive type 1 diabetic patients. Kidney Int 60(1): 228-234.

12.Jacobsen P, Rossing K, Parving HH (2004) Single versus dual blockade
of the renin-angiotensin system (angiotensin-converting enzyme
inhibitors and/or angiotensin II receptor blockers) in diabetic
nephropathy. Curr Opin Nephrol Hypertens 13(3): 319-324.

13. Rossing K, Jacobsen P, Pietraszek L, Parving HH (2003) Renoprotective
effects of adding angiotensin II receptor blocker to maximal
recommended doses of ACE inhibitor in diabetic nephropathy: a
randomized double-blind crossover trial. Diabetes Care 26(8): 2268-
2274.

14. Mogensen CE, Neldam S, Tikkanen I, Oren S, Viskoper R, et al. (2000)
Randomised controlled trial of dual blockade of renin-angiotensin
system in patients with hypertension, microalbuminuria, and
non-insulin dependent diabetes: the candesartan and lisinopril
microalbuminuria (CALM) study. BM] 321(7274): 1440-1444.

15. Lameire N, Wauters Jean-P, Gorriz Teruel, Jose Luis, Wim VB, et al.
(2002) An update on the referral pattern of patients with end-stage
renal disease. Kidney Int (Suppl 80): S27-S34.

16.Siragy HM, Inagami T, Ichiki T, Carey RM (1999) Sustained
hypersensitivity to angiotensin II and its mechanism in mice lacking
the subtype-2 (AT2) angiotensin receptor. Proc Natl Acad Sci USA
96(11): 6506-6510.

17.Jacobsen P, Andersen S, Jensen BR, Parving HH (2003) Additive effect of

This work is licensed under Creative
@ @ Commons Attribution 4.0 Licens
DOI: 10.19080/CRD0J.2017.2.555579

10.19080/CRDOJ.2017.2.555579.

ACE inhibition and angiotensin II receptor blockade in type I diabetic
patients with diabetic nephropathy. ] Am Soc Nephrol 14(4): 992-999.

18. Persson F, Rossing P, Schjoedt K], Juhl T, Tarnow L, et al. (2008) Time
course of the antiproteinuric and antihypertensive effects of direct
renin inhibition in type 2 diabetes. Kidney Int 73(12): 1419-1425.

19. Parving HH, Persson F, Lewis ] B, Lewis EJ, Hollenberg NK, et al. (2008)
Aliskiren combined with losartan in type 2 diabetes and nephropathy.
N Engl ] Med 358(23): 2433-2446.

20. Yusuf S, Sleight P, Pogue ], Bosch ], Davies R, et al. (2000) Effects of an
angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular
events in high-risk patients. The Heart Outcomes Prevention
Evaluation Study Investigators. N Engl ] Med 342(3): 145-153.

2

[

.Lindholm LH, Ibsen H, Borch-JK, Olsen MH, Wachtell K, et al. (2002)
Risk of new-onset diabetes in the Losartan Intervention For Endpoint
reduction in hypertension study. ] Hypertens 20(9): 1879-1886.

22.Holdiness A, Monahan K, Minor D, de Shazo RD (2011) Renin
Angiotensin Aldosterone System Blockade: Little to No Rationale for
ACE Inhibitor and ARB Combinations. Am ] Med 124(1): 15-19.

23.Stohr R, Marx N (2012) Renin-Angiotensin-aldosterone system
antagonists and the prevention of type 2 diabetes mellitus. Curr Pharm
Des 18(7): 958-962.

24.Lazich 1, Bakris GL (2011) Newer renin-angiotensin-aldosterone
system blocker combinations: is there an advantage? Curr Opin
Nephrol Hypertens 20(5): 471-475.

25. Luther JM, Brown NJ (2011) The renin-angiotensin-aldosterone system
and glucose homeostasis. Trends Pharmacol Sci 32(12): 734-739.

26.De Galan BE, Perkovic V, Ninomiya T, Pillai A, Patel A, et al. (2009)
Lowering blood pressure reduces renal events in type 2 diabetes. ] Am
Soc Nephrol 20(4): 883-892.

27.Zillich AJ, Garg], Basu S, Bakris GL, Carter BL (2006) Thiazide diuretics,
potassium, and the development of diabetes: a quantitative review.
Hypertension 48(2): 219-224.

Your next submission with Juniper Publishers
will reach you the below assets
¢ Quality Editorial service
¢ Swift Peer Review
¢ Reprints availability
¢ E-prints Service
¢ Manuscript Podcast for convenient understanding
¢ Global attainment for your research
¢ Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

¢ Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

How to cite this article: Maryam Z. Diabetic Nephropathy: What is Best Therapeutic Option?. Curre Res Diabetes & Obes J 2017; 2(1): 5655579. DOI:



