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Abstract
Hypertension defined as a systolic blood pressure of ≥140 and a diastolic blood pressure ≥90 is an
extremely prevalent condition; and it is responsible for significant mortality and morbidity. NHANES
data from 2005-2006 found that nearly 30% of adult US population has HTN; and nearly 8% of the
population has undiagnosed HTN. HBP mortality in 2008 was 61,005. Any mentioned mortality in
2008 was 347,689 (NHLBI tabulation of NCHS mortality data). More than 20% of patients with systemic hypertension have chronic renal insufficiency (NHANES). Hypertensive nephropathy is a leading cause of end-stage renal disease (ESRD) requiring dialysis or transplantation or leading to
death. The incidence of hypertension is high but only a subset of hypertensive patients progress to
frank renal failure. A subset of hypertensive patients develop proteinuria during the course of
disease and manifest nephrotic syndrome. This syndrome includes marked proteinuria, edema,
and low serum albumin. Neither the incidence nor the clinical significance of proteinuria in hypertension without diabetes is known. Progression to chronic renal failure in some patients is preceded by proteinuria as indicated on “dip-stick” analyses of random urine samples. It appears that
proteinuria is likely to increase both prior to and during evident loss of glomerular filtration, but
this clinical observation has never been formally confirmed. There is a need for large studies to
answer these questions. We also need to focus on the roles that genetic and environmental factors
play in development and progression of renal disease in the setting of hypertension and proteinuria.
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1. Introduction

Nearly 30% of adults in the United States have known hypertension (HTN), while an additional 8% have undiagnosed HTN [1]. Mortality attributed to HTN in 2008 was over 61,000 [2]. HTN affects many organ systems
and causes end-organ damage to heart, blood vessels, brain and kidney. More than 20% of patients with systemic HTN have hypertensive nephropathy [3]. Fortunately, only a minority of these patients progress to advanced chronic kidney disease (CKD) or ESRD [4]. Hypertensive renal disease is the second most common
cause of chronic renal failure requiring dialysis or renal transplantation in the US (end-stage renal disease,
ESRD) and accounted for about 158,000 patients entering the USRDS system during 2006-2012 (28% of incident patients) (USRDS report—2012) [5]. The mortality of these patients in the first year after initiating treatment for ESRD was about 24%. Thus, the renal impact of HTN is second only to that of Type 2 diabetes mellitus, the renal diagnosis for about 45% of incident ESRD patients.
A subset of hypertensive patients developed proteinuria during the course of disease and manifested nephrotic
syndrome, characterized by marked proteinuria, edema, and low serum albumin [6]. The relationship between
proteinuria, BP control, use of specific medications and renal outcomes is not clearly defined, and the aim of this
review is to highlight some recent findings related to hypertension, proteinuria and progression of renal disease.

2. Pathological Changes in Hypertensive Nephropathy
The renal changes in HTN are often classified as benign versus malignant nephrosclerosis. Benign nephrosclerosis is a gradual and prolonged process and shows the characteristic histologic changes described below. It is
far from benign, as it results in progressive renal injury in some patients [7]. Malignant nephrosclerosis occurs in
presence of malignant HTN (DBP > 130 and accelerated end-organ damage) and progresses at an alarming rate
and, if untreated, may lead to death from stroke, heart attack or renal failure within months [8].
Vascular changes in benign HTN are evident and depend on the vessel size. Larger arteries show fibrous intimal thickening, with duplication of the elastic layer (fibroelastosis), as well as medial thickening. Small arterioles often exhibit hyaline arteriolosclerosis, characterized by subendothelial deposition of homogeneous eosinophilic material. Glomeruli are also damaged and exhibit two predominant patterns of injury: collapse and solidification. The collapsed glomerulus in benign HTN shows wrinkling and thickening of capillary basement membranes, collapse of capillary lumina, and ultimately retraction of the tuft to the vascular pole. This is accompanied by deposition of collagenous material within Bowman’s space. The solidified glomerulus shows segmental
or global sclerosis, accompanied by an increase in mesangial matrix [9]. Renal tubules and interstitium undergo
scarring and renal cortex becomes thin and irregular. The degree of interstitial scarring is correlated with decreased glomerular filtration and progression to renal failure [10]. Examples of renal histology in a 54-year-old
African American patient with longstanding HTN, nephrotic syndrome and CKD due to HTN are shown in
Figure 1.
Vessels in malignant HTN often show features of thrombotic microangiopathy (i.e., mucoid intimal thickening, mural fibrinoid necrosis, red blood cell fragmentation and extravasation, and thrombosis). These acute vascular changes superimposed upon the changes in benign HTN can create an exaggerated layered appearance (onion skinning) of the vessel. Glomeruli may exhibit a variety of changes, including capillary loop thickening with
double contours, segmental fibrinoid necrosis, occlusive endothelial swelling, capillary thrombi, and attenuation
of mesangial matrix (mesangiolysis). Characteristic glomerular global sclerosis, arteriolar nephrosclerosis and
interstitial fibrosis may be absent in malignant hypertension.
Patients with renal insufficiency in the setting of HTN and absence of other known systemic disease are often
labeled as having hypertensive nephrosclerosis without supportive renal biopsy findings. Primary renal disease
in patients with hypertensive nephropathy may be more common than is currently appreciated. This potentialmisdiagnosis may impact the epidemiology, evaluation and treatment of patients with ESRD. Thus, caution must
be used in making the diagnosis of hypertensive nephropathy in the absence of confirmatory pathology [11].

3. Proteinuria in Hypertensive Nephropathy
Microalbuminuria, macroalbuminuria and nephrotic syndrome may each occur in patients with hypertensive
nephropathy. Microalbuminuria is a non-specific finding in patients with vascular disease and is associated with
increased risk of cardiovascular events. The majority of patients with benign nephrosclerosis have proteinuria in
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Figure 1. Renal biopsy from 54-year-old African American patient with history of multiple hospitalizations for hypertensive urgency. (A) Light micrograph showing hypertensive glomerular lesion: global glomerular collapse
and filling of Bowman’s space with a lightly staining collagenous material
(PAS stain, scale bar = 25 µm). (B) Light micrograph of glomerulus showing
secondary segmental sclerosis (arrow; Masson trichrome stain, scale bar = 25
µm). (C) Light micrograph showing interstitial fibrosis, tubular atrophy with
thickened tubular basement membranes, and fibrous intimal thickening of a
small artery (arrow; PAS stain, scale bar = 25 µm). (D) Transmission electron micrograph showing wrinkling and thickening of glomerular basement
membrane. There is extensive foot process effacement in this segment (arrowheads; scale bar = 2 µm). Immunofluorescence studies for IgG, IgA, and
complement were negative; there was minimal staining for IgM in areas of
focal sclerosis (not shown). At the time of biopsy, eGFR was 25 ml/min∙1.73
m2 and urine protein/creatinine ratio was 6.5 g/g. Rate of decline in eGFR
had been about 10 ml/min∙1.73 m2 per year for the last 5 years.

the range of 0.5 to 1 g/24hours. More pronounced proteinuria also occurs in hypertensive renal disease. In one
study of 145 patients with hypertensive nephrosclerosis who underwent renal biopsy between 1960 and 1982,
only 18 (12%) had nephrotic syndrome [12]. Six of these patients had malignant HTN, while the remaining 12
had nephrotic range proteinuria but only benign nephrosclerosis. Patients with both benign and malignant
nephrosclerosis exhibited arteriosclerosis, medial thickening, and duplication of intima. In addition, patients
with malignant nephrosclerosis had arteriolar lesions with fibrinoid necrosis and fragmentation of the elastic
lamina. Authors suggested that hypertensive nephropathy should be included in the differential diagnosis of
nephrotic range proteinuria in patients with azotemia and poorly controlled HTN and pointed out that benign
HTN may lead to nephrotic syndrome [12].
In a 2002 a study was conducted to determine the frequency of nephrotic range proteinuria in patients with
hypertensive nephrosclerosis. Researchers reviewed biopsy reports on 237 consecutive cases of nephrotic syndrome in African American patients from 1993 to 2000. Patients with diabetes mellitus, systemic lupus erythematous, hepatitis, human immunodeficiency virus (HIV) or chronic use of non-steroidal anti-inflammatory agents
were excluded. Patients whose biopsy specimens showed glomerular eosinophilic hyalinosis, positive immunofluorescence staining, or dense deposits on electron microscopy were also excluded. Of the 237 patients, 13 met
the histologic criteria for hypertensive nephrosclerosis. Thus, more than 5% of cases of nephrotic range proteinuria were attributed solely to hypertensive nephrosclerosis [13]. An examination of a primarily Caucasian hypertensive population confirmed the presence of marked proteinuria in some patients and showed that lower serum albumin, albuminuria, and higher serum creatinine were correlated with rapid loss of renal function. The
presence of elevated creatinine or microalbuminuria has been suggested as a screen for identifying people at
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high risk of cardiovascular and renal complications [14].
Only a faction (20%) of patients with HTN develops hypertensive nephropathy. Both genetic and environmental factors affect risk as illustrated in Figure 2.

4. Progression of Renal Disease in Hypertension in African Americans
Hypertension is more prevalent, of earlier onset and more severe in African Americans (AA) and AAs have an
increased risk of ESRD from hypertensive nephropathy [15]. The difference in pattern of disease has led to focus on mechanisms or risk factors unique to AAs. The AASK trial was intended to correct prior under-representation of AA in studies of the cardiovascular and renal effects of HTN and test the postulate that a lower BP
goal might be effective in slowing the progression of kidney disease in AA [16]. This randomized, double blind,
multicenter study was designed to determine the effects of BP control and the class of antihypertensive drug on
kidney function in AA with hypertensive nephropathy [17]. A total of 1094 AA patients age 18 - 70 years, with
GFR 20 - 65 mL/min per 1.73 m2, were enrolled. They were randomly assigned to 2 levels of BP control, defined by mean arterial pressure, and to initial treatment with a beta-blocker, an angiotensin converting enzyme
inhibitor (ACEI) or a dihydropyridine calcium channel blocker. Additional diuretic, sympathetic and vasodilatory antihypertensive agents were added to achieve BP targets. The primary outcome was the rate of decline of
GFR. Secondary outcomes were reduction of GFR by 50% or more from the baseline, ESRD and all-cause mortality. Surprisingly, there was no significant difference between BP groups in rate of GFR decline, composite
end points or cardiovascular events. However, the GFR did decline more rapidly in patients with urine proteincreatinine ratio of more than 0.22 and in those in the calcium channel blocker group vs. the ACEI group. Baseline proteinuria predicted rapid progression of renal disease, and this effect was exaggerated in patients assigned
to the low BP control target. Treatment with ACEI slowed progression of renal disease in all groups, regardless
of proteinuria. A subsequent cohort study with this same AASK patient population was performed, setting a BP
goal of 130/80. Patients were followed for 9 - 12 years, and the data suggested that lower BP targets may slow
progression selectively in those with proteinuria at baseline [18].

5. Genetic Analyses in Hypertension
Genetics plays an important role in many diseases, including HTN-related CKD. The high rate of progressive
renal disease in African American patients with HTN and the strong predictive value of family history of ESRD
are consistent with a genetic contribution to risk of renal failure. Mapping by admixture disequilibrium identified a region on chromosome 22 that contains 2 candidate genes, apolipoprotein-L1 (APOL1) and non-muscle
myosin heavy chain type 2 (MYH9). Both MYH9 and APOL1 are expressed in glomerular podocytes and could
predispose these cells to injury and accelerated glomerular sclerosis. Initial studies showed a strong association

Figure 2. Proposed mechanisms for proteinuria and progression of renal injury in hypertensive nephropathy. Only a faction (20%) of patients with HTN
develop hypertensive nephropathy. Both genetic and environmental factors
affect risk.
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of MYH9 with FSGS and HIV-associated nephropathy [19]. However, the APOL1 gene is more strongly associated with FSGS and HTN-related CKD in AA patients [20]. A recent case control study of AASK patients
examined the association between APOL1 and MYH9 and HTN-related kidney disease [21]. APOL1 risk variants were associated with kidney disease (odds ratio of 2.57). This association was stronger in patients with
more advanced disease and was independent of medication classes and blood pressure targets to which patients
had been assigned. MYH9 risk alleles seem to play a more important role in individuals of European ancestry
and are associated with increased risk of both non-diabetic chronic kidney disease (CKD) and diabetic ESRD
[22]. APOL1 genotypes were not associated with renal risk in patients of European ancestry.
Genome-wide studies continue to identify new genes that are more common in HTN than in others. Most recently 5 loci (AGT, CYP11B1, NR3C2, SCNN1G, and WNK1) with higher association at evolutionary conserved sites were identified. Both rare and common variants at these genes affect BP in the general population
with modest effects [23]. Larger sample sizes will be required to determine the individual contributions of these
and other genes. Additional investigations of genetics may provide clinically useful insights into the clinical and
histologic differences in hypertensive nephrosclerosis in AA and European Americans.
RAS plays a critical role in hypertension. Several studies have focused on polymorphisms in genes coding for
RAS system. Among these, polymorphisms for ACE and AT1R gene are most researched. Despite many studies
no association has been found between polymorphism of ACE/AT1R and HTN or ESRD. Thus, at this point
there is no clinical indication for basing therapeutic strategies on the genotype of ACE/AT1R genes [24].

6. Potential Role of Diet, Nutrition, and Lifestyle
CKD and HTN are each prevalent worldwide, but incidence may vary among countries. For example, the incidence of early CKD (Stage 1 and 2) among Caucasians in the US and Norway are similar, while the rates of
ESRD are lower in Norway [25]. This and other observational studies raise the question of the role of diet, lifestyle and patterns of medical practice in progression of renal disease. Notable differences include the higher rate
of diabetes mellitus and obesity and later referral to care by nephrology in the US.
Diet may play an important role in the cause and progression of various diseases including HTN, CKD, and
cardiovascular diseases. The prevalence of HTN in the USA has significantly increased during the past 75 years.
In 1939, 11% - 13% of adult 11,000 residents of Chicago had HTN; the prevalence of HTN had increased to 31%
by 2004 [26]. Changes in dietary habits during this period include increased use of fat, sugar and salt. Each of
these dietary components can contribute to the pathogenesis of HTN, CAD and CKD. In addition, uric acid derived from fructose metabolism appears to contribute to vascular endothelial dysfunction and lead to increased
atherogenesis, HTN, metabolic syndrome, and cardiovascular mortality [27]. Salt itself contributes to HTN in
many animal models and is postulated to be a leading determinant of HTN in humans [28]. Acid generation, reflected by urinary acid excretion and low normal plasma bicarbonate levels, may also affect progression of renal
disease in HTN and may be treated by addition of fruits and vegetables or oral sodium bicarbonate to the daily
diet [29]. An additional effect of diet may occur through influences of maternal obesity or diabetes mellitus or
because of prematurity or intrauterine growth delay. Each of these may be associated with low nephron number,
which leads to increased hemodynamic and humoral stress, podocyte damage and glomerular scarring [30]. The
precise contribution of diet in HTN and hypertensive nephropathy remains to be determined.

7. Novel Interventions in the Treatment of Hypertension
Current interventions have limited efficacy in preventing progression in hypertensive renal disease. Loss of renal
function may continue without apparent benefit from control of BP or the use of potentially protective agents,
including those that target the renin-angiotensin-aldosterone system (RAAS). New drug targets are being identified and innovative approaches are being developed to treat HTN and associated renal disease.
Endothelin is a peptide that has potent vasoconstrictor activity and can elicit other biological effects, including stimulation of cell proliferation. It is biologically active in HTN, renal failure, CAD, heart failure and idiopathic cardiomyopathy. Endothelin receptor A/B blocker (Bosentan) initially showed promise in treating conditions in which endothelin plays a role [31]. However, this promise has not led to efficient and safe clinical use.
Additional receptor-specific endothelin receptor inhibitors are currently being tested.
ACEIs, angiotensin receptor blockers, aldosterone inhibitors and renin inhibitors have each been widely used
in treating HTN. Immunization to the elements of the RAAS system is a novel strategy for treatment of HTN. A
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vaccine that induces neutralizing antibodies to angiotensin-I (PMD3117) has been developed and tested in phase
I/II trials. PMD3117 showed safety and immunogenicity in humans, however, there was insufficient antibody response to effectively reduce HTN [32]. A second vaccine (CYT006-AngQb-a) that is effective against angiotensin-II has been tested in patients with mild to moderate HTN. The vaccine was safe, well tolerated and effective [33]. Since angiotensin II has pro-fibrotic activity in both heart and kidney, it is possible that the vaccine
could prevent these complications of long-standing HTN. Further testing is required to determine long-term
risks and benefits of these and comparable vaccines before they can be used in the general population.
Surgical sympathectomy has been employed in the treatment of HTN, but its invasive nature and resulting
autonomic insufficiency has limited its clinical use. Two new examples of interventions targeting sympathetic
responses are implantation of carotid sinus nerve stimulating electrodes [34] and catheter-based radio frequency
ablation of renal afferent and efferent nerves [35]. While these approaches each lower BP, they have not yet
gained widespread use because their potential for decreasing proteinuria and slowing progression of renal disease, as well as their long-term risks, are not known. Moreover, in a recent study, renal denervation therapy had
no beneficial effect in reducing BP in people with resistant hypertension [36].
The efficacy of early identification of patients at high risk for progression of CKD, early referral to subspecialty care, and specific treatment practices in HTN treatment are not fully understood. Use of computerized decision support (CDS) has been thought to improve care in other medical conditions, but a recent study of CDS in
HTN treatment showed improved drug prescribing but no change in health care disparities or overall control of
HTN [37].

8. Conclusion
Hypertensive kidney disease is a complex, multifactorial disease process and genetics, race, economic status,
diet & lifestyle, and the timing of diagnosis and treatment affects its natural history. Current therapies have limited efficacy in arresting progression of kidney disease in HTN. We propose that proteinuria may be early sign
of significant renal injury in HTN, that progressive increase in proteinuria may be detected before there is a decrease in GFR, and that proteinuria may be a predictor of future decline in renal function and ESRD. If this is
the case, proteinuria can be used to identify patients at high risk of renal failure. These patients can then receive
more intensive empiric therapy to control BP and other known risk factors. In addition, they may prove to be an
ideal population for the study of new and potentially effective therapies.
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