
Conventional Wisdom: Hypertension Causes Chronic Kidney Disease
Treatment of Hypertension Ameliorates Progression of CKD

“Hypertension Misattributed Kidney Disease”” 

Hypertension may be an initial manifestation of primary kidney injury



Weak or no associations:

 Diabetic Nephropathy – Shlush et al and 2010 and

multiple studies

 IgA Nephropathy (Patera et al. JASN 2012)

Specificity of APOL1 Disease Associations

 Hypertension with Chronic Kidney Disease in African Ancestry population 
(Hypertension “Misattributed” Chronic Kidney Disease)

 FSGS – primary non-monogenic [especially Collapsing Glomerular Nephropathy (CGN)]

 HIV Associated Nephropathy (HIVAN) 
 Progression of SLE Nephropathy
 Sickle Cell Nephropathy

Robust Associations:



USRDS 2012 ADR

Adjusted odds ratios of CKD in 
NHANES participants, by risk factor
Figure 1.4 (volume 1)

NHANES III (1988-1994) & 2005-2010 participants age 20& older. Adj: age, gender, & race.



Three years of population genetics 
research suggests that:
1) Common genetic variants markedly 

increase the risk for  Chronic Kidney 
Disease (CKD)

2) In turn hypertension is an early 
consequence cause rather than cause 
of CKD  in at least a subset of African 
ancestry individuals

3) Not surprising that antihypertensive 
therapy does not slow progression of 
CKD to ESKD (AASK study and Lipkowitz et al KI 2012)

4) What about other global populations?
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“….Effective blood pressure control was associated 
with stable or improving renal function in nonblacks
but not in blacks. These findings emphasize the 
importance of blood pressure control to maintain 
adequate renal function in hypertensive
white men and raise important questions about the 
relationship of pressure reduction and renal function 
change in blacks……”

Stated Conclusions from MRFIT



Mark J et al. Ann Intern Med. 142:342-351,2005



 Not trial but only  long-term non-trial follow up demonstrated that 
individuals who had been randomly assigned to the group with the low BP 
target had a lower hazard of kidney failure, ad difference not apparent 
during the trial.

 No information about the therapy, BP targets, BP achieved for each group 
after completion of the trial. 

 Proteinuria interaction was a post-hoc subgroup analysis and that 
randomization was not stratified on the basis of pre-specified level of 
proteinuria.

 There was no  a priori power calculations done for the subgroups and no 
adjustment was made for multiple testing.

 Use of ACE inhibitors was higher in the patients assigned to the low BP 
target, and this may very well have influenced outcomes.

Inhibition of intra-renal ACE may be crucial to slowing of CKD 
progression at least in proteinuric (hypertensive) patients 



Gonzalez-Villalobos R et al JCI 2013

Reudelhuber JCI 2013 Commentary

Intact Intrarenal ACE

Intrarenal ACE Deletion



“….Effective blood pressure control was associated 
with stable or improving renal function in nonblacks
but not in blacks. These findings emphasize the 
importance of blood pressure control to maintain 
adequate renal function in hypertensive

white men and raise important questions about 
the relationship of pressure reduction and 
renal function change in blacks……”

Stated Conclusions from MRFIT



African American Study of Kidney 
Disease (AASK)-Clinical Trial

• AASK Trial Phase  3 x 2 factoral design

• Anti-hypertensive drug regimens:

ACEI  (ramipril)

dihydropyridine CCB (amlodipine)

beta-blocker (metoprolol) 

• The BP control levels:

- usual goal (MAP 102 - 107 mmHg)

- lower goal (MAP 92 mmHg) 

• Cohort phase



African American Study of Kidney 
Disease (AASK)-Clinical Trial

OUTCOME MEASURES
• Primary outcome  rate of change in renal 

function as measured by GFR, assessed by

I125 -iothalamate clearance 

• Secondary outcome  composite including 
the following events: 

(1) reduction in GFR by 50%, 

(2) end-stage renal disease, 

(3) death



Cumulative Incidence of Renal Outcomes

Arch Intern Med. 2008;168(8):832-839. 

doi:10.1001/archinte.168.8.832



Fogo A et al. Kidney International, 51: 244-252, 1997

Arterial (A) and arteriolar (B) lesions Severe global glomerulosclerosis and patchy 

interstitial fibrosis with tubular atrophy

Biopsy Lesions



“Disappearing Glomeruli”

Hypertensive nephrosclerosis in African Americans versus Caucasians 

Marcontoni et al KI 2002



Appel LJ et al. N Engl J Med 363:918-929, 2010

Blood-Pressure Levels in Patients with Chronic Kidney Disease

ACEI Usage 



Specifically in the Trial Phase:
• Ramipril reduced the risk of clinical renal events (50% or 25        

cc/min/1.73 m2 decline in GFR,ESKD or death) by 48% 
compared with the calcium channel blocker, and by 

22% compared with the beta blocker

• A low BP goal conferred no additional benefit over a 
conventional goal

ACEI particularly slowed CKD progression in patients with 
protein creatinine ratio greater than 0.22.



Appel LJ et al. N Engl J Med 363:918-929, 2010

Cumulative Incidence of the Composite Primary Outcome, 
According to Baseline Proteinuria Status



MAJOR CLINICAL 

EPIDEMIOLOGY FINDING

 In both trial and cohort phases, there was no 

significant between-group difference in the risk 

of  the primary outcome (hazard ratio in the 

intensive-control group, 0.91; P = 0.27).

 However, the effects differed according to the 

baseline level of  proteinuria (P = 0.02 for 

interaction), with a potential benefit in patients 

with a protein-to-creatinine ratio of  > 0.22 

(hazard ratio, 0.73; P = 0.01).



Apolipoprotein L1 gene variants associate with 
hypertension-attributed nephropathy and the rate 

of kidney function decline in African Americans
AASK Trial and Cohort (1094) 

+ WKFU Controls (970 no clinically overt  kidney disease, 410 queried about BP 490 
with hypertension without clinical kidney disease

Lipkowitz et al. KI 2013





Heterogeneity P-values comparing usual and low BP treatment arms on the 

basis of APOL1 risk and nonrisk were nonsignificant, revealing that the 

effect of the APOL1 risk variants on BP effect did not differ by treatment 

arm (heterogeneity P=0.6240 systolic BP; P=0.3721 diastolic BP; P=0.4447 

mean BP).



What about Hypertension 

without overt (non-biopsy) 

manifestations of CKD?
. 

Of the controls, 410 were questioned about 

the presence of hypertension, and of these 

41.7% (171) reportedly were hypertensive 

based on physician report or the use of 

antihypertensive medications. 

No association was found with APOL1 

Genotype

but 

Underpowered and ascertainment imprecise



Hypertension-misattributed 

kidney disease
Study in Africa:

Distribution of APOL1 Risk Alleles and Hypertension in Continental African Nations



Conclusions
• Progressive kidney disease attributed to hypertensive 

nephrosclerosis in AASK participants, particularly in those 

with higher baseline levels of proteinuria, appear to reside 

in this disease spectrum of APOL1 association.

• African Americans with hypertension-attributed CKD have 

poor BP response to many BP agents and rapid CKD 

progression.

• In AASK trial subjects with normal urine protein-creatinine

excretion fail to respond to intensive BP reduction. (AASK 

patients with elevated protein-creatinine ratio did show some 

response to ACE-I).

• African Americans show different histopathology than 

Europeans (showing more global glomerulosclerosis)--

indicates a different disease.



Hypertension-Misattributed 

Chronic Kidney Disease

• PARADIGM SHIFT: Examining genetic epidemiology in 

an AASK case-control study design shows that APOL 

genetic risk is proximate to the hypertension & kidney 

disease. 

• Unclear if African Americans with no APOL risk alleles 

will respond to anti-hypertensive agents similar to 

Europeans. 

• Clinical studies will need to stratify for APOL1 genotype 

and other relevant genetic variants



Influence of SLC12A3, SLC12A1 and KCNJ1 functional coding sequence variants on 
blood pressure

Ji, W. et al. Nat. Genet. 40, 592–599 (2008).30 



Methylenetetrahydrofolate reductase (MTHFR) polymorphism A1298C (Glu429Ala) 

predicts decline in renal function over time in the African-American Study of  Kidney 

Disease and Hypertension (AASK) Trial and Veterans Affairs Hypertension Cohort

Fung M et al. Nephrol Dial Transplant (2012) 27: 197–205



Progression of  Chronic Kidney Disease: Adrenergic Genetic Influence 
on Glomerular Filtration Rate Decline in Hypertensive Nephrosclerosis

Chen et al Am J Nephrol 2010;32:23–30

Gene-by-Drug Interaction in Proteinuric Subgroup



The Kidneys are the Brains  of Cardiovascular Health
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