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The Management of Hypertension in Elderly 
Patients with Chronic Kidney Disease
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Chronic kidney disease (CKD) is an increasingly 
recognized finding in elderly patients, with ap-
proximately half of all patients over the age of 70 

meeting the most common currently accepted definition 
of CKD stage III, an estimated glomerular filtration rate 
(eGFR) of less than 60 mL/min/1.73 m2 [1]. Whether this 

finding is a result of normal physiologic aging or whether 
it represents a true disease process in elderly patients 
has been a matter of considerable debate [2–4]. Nonethe-
less, the decline in eGFR in elderly patients has important 
implications regarding drug dosing and the potential risk 
of acute kidney injury (AKI) in this population [5–9]. Addi-
tionally, elderly patients with reduced GFR may have an 
increased risk of cardiovascular events and progression 
to end-stage kidney disease (ESKD), though extensive 
studies are lacking in this population [10–13]. 

In contrast, isolated hypertension and its treatment in 
the elderly population has now been extensively evalu-
ated in several well-designed, prospective randomized 
studies, with generally favorable results arguing for the 
treatment of hypertension in elderly individuals [14–17]. 
Unfortunately, however, these studies have uniformly 
excluded patients with CKD in their study designs. Thus, 
the impact of aggressive hypertension management in 
elderly patients with CKD is unknown. As a consider-
able proportion of CKD in this population has been felt 
secondary to vascular disease and poor overall vascular 
health, many have questioned whether aggressive blood 
pressure reduction, particularly in patients with wide 
pulse pressure as an indicator of vascular disease, may 
result in decreased overall renal perfusion and greater 
risk for AKI, and thus potentially accelerate renal decline 
in this population [18–22]. 

In this paper, we review the epidemiology and physi-
ology of renal disease in the elderly, provide an analysis 
of the available data regarding management of hyperten-
sion in the elderly, and suggest an approach to manage-
ment of hypertension in this specific patient population. 
Though a multitude of age cutoffs defining elderly have 
been proposed, for the purposes of this paper we define 
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ABSTRACT

Objective: To review the available literature regarding 
hypertension and chronic kidney disease (CKD) in 
the elderly and provide a framework for clinical 
management of hypertension in this subset of the 
elderly population.

Methods: Review of the available literature.

Results: Though several large, well-designed randomized 
trials exist examining the treatment of isolated 
hypertension in the elderly, these trials have uniformly 
excluded patients with CKD, thus reducing the 
generalizability of these results to this subgroup. CKD in 
the elderly is poorly studied overall, and whether CKD 
in the elderly is an expected product of senescence or 
a pathology from modifiable risk factors is debatable. 
Concern exists regarding the increased potential of 
acute kidney injury events and a more rapid progression 
of CKD with more aggressive hypertension lowering in 
elderly patients. 

Conclusion: Though data is limited regarding hypertension 
treatment in the subset of elderly patients with 
CKD, given the consistent benefits in cardiovascular 
reduction with hypertension treatment in the general 
elderly population, it is likewise recommended that 
elderly patients with hypertension and CKD receive 
antihypertensive therapy, though with more careful 
monitoring for adverse renal effects. We provide a 
practical approach to management for this clinical 
scenario.
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elderly as age greater than 65 years unless otherwise 
specified. 

Definition of CKD
The currently accepted definition of CKD represents any 
composite of pathology resulting in impaired kidney func-
tion, defined as a drop of GFR < 60 mL/min/1.73 m2 for 3 
months or longer, or a higher GFR but with evidence of 
structural or functional abnormalities, such as proteinuria 
[23]. However, there are key aspects and important limita-
tions to the above diagnostic criteria to be considered in 
the elderly patient population. Importantly, the most com-
monly used GFR estimation equations use serum creati-
nine as the marker for impaired renal function. As serum 
creatinine levels are also determined by overall muscle 
mass, significant error in estimating GFR can occur using 
these equations in elderly patients, who may have widely 
varying degrees of musculature and thus creatinine pro-
duction. Additionally, these equations were often derived 
using all CKD or mostly CKD patients, which may result in 
healthy individuals having a higher GFR at the same serum 
creatinine levels than CKD patients, thus incorrectly classi-
fying many patients with normal kidney function as having 
CKD [24].

Serum cystatin C has been proposed as an alter-
native surrogate marker for impaired kidney function, 
particularly in the elderly, as it is not affected by muscle 
mass. However, cystatin C levels are affected by obesity, 
inflammation, and atherosclerosis, and thus equations 
using this marker to determine GFR also face some 
limitations in the elderly population [25]. Evidence com-
paring various GFR estimating equations in the elderly 
suggest that formulas that use a combination of serum 
creatinine and cystatin C do best at predicting GFR when 
compared to gold standard techniques, such as iohexol 
clearance, though it is important to note that yet the ideal 
GFR estimating equation for elderly patients has not been 
determined [26–28].

It has been suggested that given these limitations and 
potential to underestimate GFR in the elderly population, 
a lower GFR reference range of 45 mL/min/1.73 m2 be 
used in the absence of other signs of kidney damage 
given the multiple unique characteristics of the aging 
kidneys, as we will explore in this review [29]. In general, 

we are in agreement with this suggestion that all elderly 
patients with a creatinine based estimated GFR of < 45 
mL/min/1.73 m2 can safely be assumed to have CKD, 
and it is our opinion that elderly patients with a GFR > 45 
mL/min/1.73 m2 but less < 60 mL/min/1.73 m2, without 
other signs of structural of functional renal disease such 
as proteinuria, have additional evaluation for the presence 
of impaired renal function, including but not limited to the 
addition of cystatin C to estimate GFR.

Epidemiology of CKD in the Elderly
According to the Centers for Disease Control and Pre-
vention (CDC), the number of elderly patients in the Unit-
ed States is expected to double in the next 25 years to 
72 million patients, representing approximately 20% of 
the adult population by 2030 [30]. Analysis of the Nation-
al Health and Nutrition Examination Surveys (NHANES) 
from 1999–2004 revealed an overall prevalence of CKD in 
the US population of 13.1%. However, when sub-grouped 
into patients greater than or equal to 70 years of age, the 
prevalence of CKD in this population increased to a stag-
gering 47.5% [31]. Likewise, analysis of other elderly pop-
ulations from Canada, China, Italy, and Spain indicated a 
roughly 3- to 7-fold increase in CKD prevalence in those 
elderly populations compared to younger patients [3]. 
Additionally, according to the United States Renal Data 
System there is evidence of a progressive rise in the num-
ber of end-stage renal disease (ESRD) patients enrolled in 
Medicare-funded programs over the past decades [32]. In 
extrapolating these estimates, it is conceivable to predict 
that approximately 30 million elderly patients may have 
CKD in the United States by year 2030, with enormous 
implications to treatment recommendations and health-
care associated costs. 

The Aging Kidney and Expected Rate of 
Nephron Loss
A progressive, age-related decline in GFR has been 
demonstrated in many studies. In an earlier analysis of 
the Baltimore Longitudinal Study of Aging by Lindeman et 
al, a decline in measured creatinine clearance of 0.75 mL/
min/year was demonstrated. It is important to note that in 
this analysis, patients with suspected pre-existing renal 
or urologic disease and those on diuretics or other an-
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tihypertensives were excluded from analysis, and a nor-
mal Gaussian distribution of creatinine clearance slopes 
versus time was demonstrated, suggesting the GFR loss 
was a process of normal aging [4].

In support of the theory of a physiologic age-related 
decline in renal function, a study by Rule et al analyzed 
potential kidney transplant donors for age-related decline 
in renal function and determined an approximately 6.3 
mL/min/1.73 m2 decline in GFR for each decade. In this 
investigation, core needle biopsies were obtained at the 
time of donation and transplantation. The investigators 
found a progressive increase in the histologic preva-
lence of nephrosclerosis with each age group analyzed, 
increasing from 2.7% at ages 18 to 29 to 16% for ages 
30 to 39, 28% for ages 40 to 49, 44% for ages 50 to 59, 
58% for ages 60 to 69, and finally 73% in donors older 
than age 70. It is important to note that this study only 
examined live kidney donors, a group heavily screened 
and selected on the basis of optimal health, thus strongly 
arguing for progressive renal decline as a consequence 
of “normal” aging. Furthermore, though controlled hy-
pertensive patients (treated with 2 or less medications) 
were allowed to be donors in this study, exclusion of this 
group had only a minimal impact on the findings of the 
study [33].

However, whether this age-related decline is purely 
a result of normal senescence or is a consequence of 
modifiable risk factors that could alter this outcome re-
mains debatable. Additionally, vascular disease is clearly 
implicated in more accelerated renal decline. This con-
cept was well demonstrated in an analysis of the longi-
tudinal Age, Gene/Environment Susceptibility – Reykjavik 
Study, which showed that although age was associated 
with both reduced GFR and albuminuria, reduced GFR 
and albuminuria in elderly patients (mean age 80.8 yr) 
was strongly associated with midlife systolic and diastolic 
blood pressure, thus suggesting that potentially modifi-
able vascular pathology may play a much stronger role in 
CKD in the elderly than aging alone [34].

Finally, it has been hypothesized that reduced nephron 
mass at birth may contribute to CKD in the elderly [29]. 
Reduced nephron mass appears to be associated with 
low birth weight and prematurity, and this has been asso-
ciated with an increased risk for ESRD later in life [35,36].

Hypertension in the Elderly 
Pathophysiology
Age-associated hypertension is felt to arise from several 
mechanisms and hemodynamic changes. Systolic blood 
pressure has been noted to progressively rise with age, 
whereas diastolic blood pressure rises to the 5th or 6th de-
cade, after which it appears to slowly decline. This pattern 
is felt likely secondary to increasing large vessel stiffness 
from collagen deposition and calcification with aging, and 
fracturing and degradation of elastin fibers. As large ves-
sels become less distensible, pulse pressure and pulse 
wave velocity increases with this drop in diastolic BP, with 
less forward flow seen in diastole, leading to decreased 
organ perfusion. Additionally and alternatively, concentric 
left ventricular hypertrophy develops with aging, leading 
to reduced cardiac output from decreased stroke volume, 
which may also contribute to reduced organ perfusion 
[37,38]. These findings have led many to speculate that 
hypertension in the elderly may actually serve as a protec-
tive mechanism to maintain organ perfusion, and have led 
to great concern regarding excessive lowering of diastolic 
blood pressure and increasing of pulse pressure in this 
population with antihypertensive therapy. This theory was 
initially corroborated with a sub-analysis of the Systolic 
Hypertension in the Elderly Program (SHEP) where an in-
crease in pulse pressure by 10 mm Hg was accompanied 
by increased risk of stroke and congestive heart failure in 
the treatment arm [39]. Nonetheless, the bulk of evidence 
continues to support a lower overall risk of cardiovascular 
events with treatment of hypertension in elderly patients, 
and general expert consensus recommends treatment 
with gradual reduction to normal levels of systolic blood 
pressure accompanied by careful monitoring for adverse 
effects [40,41].

In addition to these above changes, reduced GFR in 
elderly likewise results in impaired natriuresis, thereby 
fostering hypertension via volume expansion. Age-relat-
ed arteriolosclerosis may result in renal artery stenosis, 
resulting in decreased renal perfusion and upregulation of 
the renin-angiotensin-aldosterone cascade. Further chal-
lenging treatment decisions is the frequent development 
of autonomic dysregulation in the elderly, a major risk 
factor for falls and cardiovascular events [40].

The result of these abnormalities is that roughly 65% 
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of patients greater than the age of 60 have at least isolat-
ed systolic hypertension [42]. Similarly corresponding to 
the underlying physiology highlighted above, rising pulse 
pressure, rather than systolic or diastolic blood pressure, 
appears to be the greatest risk factor for cardiovascular 
events in the elderly population [43,44]. In an interesting 
analysis of the Framingham Heart Study by Franklin et 
al, the authors noted that in patients < 50 years of age, 
diastolic blood pressure was the strongest risk factor for 
events. However, at age 50 to 59, a change occurred 
where all 3 blood pressure indexes were comparable 
risk predictors, and then from age 60 years and on pulse 
pressure became the superior predictor, with diastolic 
blood pressure being negatively correlated to cardiovas-
cular risk, highlighting the potential importance for organ 
perfusion during diastole in this group [45].

Likewise, in the elderly population pulse pressure also 
appears to be inversely related to GFR, suggesting that 
vascular stiffness and the reduced forward flow in dias-
tole may contribute to microvascular damage and CKD 
[46]. In elderly patients with untreated isolated systolic 
hypertension, increasing systolic blood pressure (a re-
flection of rising pulse pressure) was associated with the 
greatest risk of renal decline when compared to diastolic 
blood pressure, pulse, and mean arterial pressure [47]. In 
the normal state, high renal blood flow and low renal ar-
terial resistance can contribute to regular large intrarenal 
pressure variations. Because of vascular stiffness, these 
pressure variations increase with time, increasing up to 
4-fold in the elderly compared with young peers, and like-
ly contribute to renal damage seen in older patients [48].

Treatment  
In comparison to the paucity of randomized trials examin-
ing CKD progression in the elderly, 4 very large, well de-
signed randomized trials (SHEP, MRC trial, Syst-Eur trial, 
and HYVET) specifically examining the treatment of hy-
pertension in the elderly have now been conducted [14–
17] and confirmed earlier and smaller trials demonstrating 
the benefits of treatment of hypertension in the elderly 
[49,50]. In addition to this, several of the other large land-
mark hypertension trials such as ALLHAT, ACCOMPLISH, 
and the SPRINT trial included a considerable number of 
elderly patients [51–53]. Though the primary aim of those 

trials was not to determine the effects of hypertension 
treatment in the elderly per se, sub-analysis of this popu-
lation in these trials has further added to our knowledge 
of this condition. 

In the largest initial trial of hypertension in the elderly 
(SHEP), the researchers randomized 4376 patients over 
the age of 60 with an average blood pressure of 170/77 
mm Hg into a treatment versus placebo arm. Such a 
study would be inconceivable today due to the consis-
tent benefit derived from antihypertensive therapy now 
demonstrated in multiple trials. An achieved systolic 
blood pressure of 143 mm Hg in the treatment arm ver-
sus 155 mm Hg in the placebo arm was obtained. Stroke 
and nonfatal cardiac events were significantly reduced 
with treatment. The development of renal dysfunction oc-
curred in 7 patients in the treatment arm and 11 patients 
in the placebo arm, a nonsignificant difference.  As we 
have noted previously, however, patients with pre-existing 
kidney disease were excluded from the study [14]. A sub-
sequent analysis of the SHEP trial results by Vaccarino 
et al, however, showed that in patients on treatment who 
developed an increase in pulse pressure of 10 mm Hg 
or more carried a 23% higher risk for developing heart 
failure and a 24% higher risk for stroke. This effect was 
not seen in the placebo arm [39].

Shortly following the publication of the SHEP results, 
the Medical Research Council trial of treatment of hyper-
tension in older adults (MRC) further confirmed the initial 
findings by demonstrating a 25% reduction in stroke and 
a 17% reduction in all cardiac events in 4396 patients 
aged 65 to 74 with a systolic blood pressure greater than 
160 mm Hg randomized to treatment of hypertension 
with either atenolol or a diuretic combination of amiloride 
and hydrochlorothiazide versus placebo. Like SHEP, 
however, patients with pre-existing renal disease were ex-
cluded, and no report of renal outcomes was published 
in the initial results [15]. Similarly, the Systolic Hyperten-
sion in Europe Trial (Syst-Eur) revealed a 42% reduction 
in stroke and a 26% reduction in all cardiac endpoints in 
4695 patients with a systolic blood pressure of greater 
than 160 mm Hg randomized to receive nitrendipine with 
addition of enalapril and hydrochlorothiazide as required. 
However, CKD patients were likewise excluded in this 
trial [16]. 



Clinical Review

www.mdedge.com/jcomjournal Vol. 25, No. 5 May 2018 JCOM  215

Finally, the Hypertension in the Very Elderly Trial 
(HYVET) was unique in that it sought to enroll only pa-
tients greater than 80 years of age, a significant departure 
from the earlier hypertension in elderly trials. This trial ran-
domized 3845 patients, again with a systolic blood pres-
sure of 160 mm Hg or greater, to a placebo arm versus 
a treatment arm of the thiazide type diuretic indapamide, 
with addition of the ACE inhibitor perindopril if blood 
pressure was still greater than 150 mm Hg on monother-
apy. Despite the older age of the participants in this trial, 
patients still benefited from blood pressure reduction with 
a 30% reduction in rate of stroke, a 21% reduction in the 
rate of death from any cause, and an impressive 64% 
reduction in the rate of heart failure [17]. These findings 
from HYVET, combined with the earlier SHEP, MRC and 
Syst-Eur trials, confirmed that treatment of hypertension 
in the elderly of any age should be attempted. 

Recomendations for Managing Hypertension 
in the Elderly with CKD
Though a lack of data exists regarding the treatment of 
hypertension in elderly patients with the comorbidity of 
CKD, given the consistent and robust data that exists 
demonstrating a reduction in cardiovascular risk and 
mortality in the general elderly population without renal 
impairment, it is our opinion that elderly patients with 
CKD and hypertension should receive antihypertensive 
treatment. This opinion is supported by the fact that in 
the recently published SPRINT trial, 28.1% of patients in 
the standard treatment arm (targeting a blood pressure 
of less than 140 mm Hg), and 28.4% of patients in the 
intensive treatment arm (blood pressure target less than 
120 mm Hg) had CKD, and similarly 28.2% of the trial 
participants in each group were greater than the age of 
75. The percentage of patients with both CKD and age 
greater than 75 years was not reported in the initial trial 
results, though it is assumed a significant portion of these 
patients had both CKD and age greater than 75 years. It 
is nonetheless reassuring that patients with CKD in the 
SPRINT trial, as well as those with age > 75 years, both 
seemed to derive the same benefit in cardiovascular and 
mortality benefit in the intensive treatment arm compared 
to the standard treatment arm [53].

It should be noted, however, that though cardiovascu-

lar events and mortality were lower in the more intensive 
treatment arm of the SPRINT trial, CKD progression did 
not differ between the two treatment groups. Additionally, 
the risk of acute kidney injury was significantly greater in 
the intensive treatment arm when compared to the stan-
dard treatment arm, with 3.8% of patients in the intensive 
treatment arm suffering AKI compared to 2.3% in the 
standard arm [22]. Thus, it should be understood by both 
the clinician and the elderly patient with hypertension and 
CKD that the goal of more aggressively lowering blood 
pressure is to prevent cardiovascular events and not slow 
renal disease progression.

The recently published 2017 hypertension guidelines 
by the American College of Cardiology/American Heart 
Association is the most comprehensive set of hyper-
tension treatment recommendations published to date 
and includes a section regarding patients with CKD as 
well as a section on the elderly [54]. Regarding CKD, 
the guidelines recommend a goal blood pressure of 
less than 130/80 mm Hg in patients with CKD, and that 
patients with macroalbuminuria (defined as a daily urine 
protein excretion of greater than 300 mg/dL or a urine 
albumin to creatinine ratio of 300 mg/g) be treated with 
and angiotensin-converting enzyme inhibitor (ACEI) or 
angiotensin receptor blocker (ARB). We feel these are 
reasonable recommendations for CKD targets and agree 
with the guideline, with the understanding that the target 
of 130/80 mm Hg is based largely on the SPRINT data. 
It is important to recognize that in the Action to Control 
Cardiovascular Risk in Diabetes trial (ACCORD), a more 
intensive blood pressure target of 120 mm Hg did not 
result in further improvement in cardiovascular events 
compared to a traditional target of 140/90 mm Hg [55]. 
However, given the larger and more robust sample size 
from SPRINT, we feel the target of 130/80 mm Hg is war-
ranted and therefore should be the first target for elderly 
patients with CKD. With this goal in mind, it has been 
our clinical experience that some elderly patients with 
CKD have difficulty tolerating this goal, either from the 
development of worsening of GFR, acute kidney injury 
events, or due to orthostatic hypotension. Additionally, it 
should be noted that patients with orthostatic hypoten-
sion were excluded from SPRINT, though an increase 
in falls was not seen in the primary study. Therefore, for 
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patients who are unable to tolerate the SPRINT goal of 
130/80 mm Hg, an individualized goal of at least less than 
160 mm Hg systolic and ideally less than 140 mm Hg, 
reflecting achieved blood pressure endpoints from earlier 
trials, may be a reasonable alternative [55]. The recent 
hypertension guidelines also recommend that for elderly 
adults with a high burden of comorbidities or limited life 
expectancy, “clinical judgement, patient preference, and 
at team-based approach to risk/benefit is reasonable for 
decisions regarding intensity of BP lowering and choice 
of antihypertensive drugs.” We agree that all treatment 
decisions must be individualized based upon each pa-
tient’s clinical scenario, and that a guideline is only a gen-
eral aid for treatment decisions, not a mandate for care.

Therefore, with the acknowledgement that there is a 
lack of literature specifically examining blood pressure 
goals in elderly patients with CKD, it is our opinion based 
on available evidence that the following suggestions 
constitute a reasonable approach to this scenario: (1) a 
blood pressure target of less than 130/80 mm Hg should 
be sought as the primary blood pressure target; (2) if the 
patient cannot tolerate this due to rapidly declining GFR, 
acute kidney injury, orthostatic hypotension and or falls; 
or in other situations where this is not a practical a goal, 
individualized goal of at ideally less than 140 mm Hg, 
though at least less than 160 mm Hg systolic, could be 
considered; (3) the clinician should attempt careful and 
gradual reduction of blood pressure, with no more than 
one agent added or one escalation of medication dose 
attempted per visit; (4) the patient should have close 
follow up-after medication changes with an adjustment 
period of at least 4 weeks before additional medication or 
dose escalations are made; (5) if CKD is accompanied by 
albuminuria (daily urine protein excretion of greater than 
300 mg/dL or a urine albumin to creatinine ratio of 300 
mg/g) an ACEI or ARB should be used in management; 
(6) a rise in serum creatinine of up to 30% of baseline after 
addition of an ACEI may be acceptable; however, a rise 
greater than this amount should prompt discontinuation 
of the drug and evaluation for renal artery stenosis; (7) 
frequent monitoring of creatinine is required, with repeat 
chemistry performed after medication adjustments; (8) 
patients with a high pulse pressure should be monitored 
especially closely for symptoms or changes in renal func-

tion; and finally (9) individualized treatment and clinical 
judgement, with the patient being an informed partici-
pant, should take priority over all other recommendations 
and guidelines. We feel that further research in this grow-
ing subgroup of elderly patients is needed and will be 
sought, and we expect recommendations will continue to 
evolve as future literature becomes available.

Corresponding author: Jonathan G. Owen, MD, MSC04 2785,  
1 University of New Mexico, Albuquerque, NM 87131, jowen@
salud.unm.edu.

Financial disclosures: None.

Author contributions: conception and design, JGO; analysis and 
interpretation of data, KA, FXR, JGO; drafting of article, KA, FXR, 
JGO; critical revision of the article, KA, FXR, JGO; collection and 
assembly of data, KA, FXR, JGO.

References
1. Schaeffner ES, Ebert N, Delanaye P, et al. Two novel equations to 

estimate kidney function in persons aged 70 years or older. Ann 
Intern Med 2012;157:471–81.

2. Wetzels JF, Kiemeney LA, Swinkels DW, et al. Age- and gen-
der-specific reference values of estimated GFR in Caucasians: the 
Nijmegen Biomedical Study. Kidney Int 2007;72:632–7.

3. Minutolo R, Borrelli S, De Nicola L. CKD in the elderly: kidney se-
nescence or blood pressure-related nephropathy? Am J Kidney Dis 
2015;66:184–6.

4. Lindeman RD, Tobin J, Shock NW. Longitudinal studies on the 
rate of decline in renal function with age. J Am Geriatr Soc 1985; 
33:278–85.

5. Gill J, Malyk R, Djurdiev O, Levin A. Use of GFR equations to adjust 
drug doses in an elderly multi-ethnic group – a cautionary tale. 
Nephrol Dial Transplant 2007;22:2894–9.

6. Spruill WJ, Wade WE, Cobb HH 3rd. Comparison of estimated 
glomerular filtration rate with estimated creatinine clearance in the 
dosing of drugs requiring adjustments in elderly patients with declin-
ing renal function. Am J Geriatr Pharmacother 2008;6:153–60.

7. Dowling TC, Wang ES, Ferruci L, Sorkin JD. Glomerular filtration 
rate equations overestimate creatinine clearance in older individuals 
enrolled in the Baltimore Longitudinal Study on Aging: impact on 
renal drug dosing. Pharmacotherapy 2013;33:912–21.

8. Ballew SH, Chen Y, Daya NR, Godino JG, Windham BG, McAd-
ams-DeMarco M, Coresh J, Selvin E, Grams ME. Frailty, kidney 
function, and polypharmacy: the atherosclerosis risk in communities 
(ARIC) study. Am J Kidney Dis 2017;69:228–36.

9. Grams ME, Sang Y, Ballew SH, et al; CKD Prognosis Consortium. 
A meta-analysis of the association of estimated GFR, albumin-
uria, race, and sex with acute kidney injury. Am J Kidney Dis 
2015;66:591–601.

10. Gansevoort RT, Matsushita K, van der Velde M, et al; Chronic 
Kidney Disease Prognosis Consortium. Lower estimated GFR and 
higher albuminuria are associated with adverse kidney outcomes. 
A collaborative meta-analysis of general and high-risk population 
cohorts. Kidney Int 2011;80:93–104.



Clinical Review

www.mdedge.com/jcomjournal Vol. 25, No. 5 May 2018 JCOM  217

11. Masson P, Webster AC, Hong M, et al. Chronic kidney disease and 
the risk of stroke: a systematic review and meta-analysis. Nephrol 
Dial Transplant 2015;30:1162–9.

12. Tellez-Plaza M, Orozco-Beltran D, Gil-Guillen V, et al; ESCARVAL 
STUDY GROUP. Renal function and attributable risk of death and 
cardiovascular hospitalization in patients with cardiovascular risk 
factors from a registry-based cohort: the Estudio Cardiovascular 
Valencia-risk study. J Hypertens 2016;34:2266–73.

13. Smink PA, Lambers-Heerspink HJ, Gansevoort RT, et al. Albumin-
uria, estimated GFR, traditional risk factors, and incident cardio-
vascular disease: the PREVEND (Prevention of Renal and Vascular 
Endstage Disease) study. Am J Kidney Dis 2012;60:804–11.

14. SHEP Cooperative Research Group. Prevention of stroke by anti-
hypertensive drug treatment in older persons with isolated systolic 
hypertension. Final results of the systolic hypertension in the elderly 
program (SHEP). JAMA 1991;265:3255–64.

15.  Working Party. Medical Research Council trial of treatment of hy-
pertension in older adults: principal results. BMJ 1992;304:405–12.

16. Staessen JA, Faggard R, Thijs L, et al. Randomised double-blind 
comparison of placebo and active treatment for older patients with 
isolated systolic hypertension. Lancet 1997;350:757–64.

17. Beckett NS, Peters R, Fletcher AE, et al; HYVET Study Group. 
Treatment of hypertension in patients 80 years of age or older. N 
Engl J Med 2008;358:1887–98.

18. Fesler P, Safar ME, du Cailar G, et al. Pulse pressure is an inde-
pendent determinant of renal function decline during treatment of 
essential hypertension. J Hypertens 2007;25:1915–20.

19. Weir MR, Dworkin LD. Antihypertensive drugs, dietary salt, and 
renal protection: how low should you go and with which therapy? 
Am J Kidney Dis 1998;32:1–22.

20. Obi Y, Kalantar-Zadeh K, Shintani A, et al. Estimated glomerular 
filtration rate and the risk-benefit profile of intensive blood pressure 
control amongst nondiabetic patients: a post hoc analysis of a ran-
domized clinical trial. J Intern Med 2017;283:314–27.

21. Peralta CA, McClure LA, Scherzer R, et al. Effect of intensive versus 
usual blood pressure control on kidney function among individuals 
with prior lacunar stroke: a post hoc analysis of the secondary 
prevention of small subcortical strokes (SPS3) randomized trial. 
Circulation 2016;133:584–91.

22. Rocco MV, Sink KM, Lovato LC, et al; SPRINT Research Group. 
Effects of intensive blood pressure treatment on acute kidney injury 
events in the systolic blood pressure intervention trial (SPRINT). Am 
J Kidney Dis 2018;71:352–61.  

23. Chapter 1: Definition and classification of CKD. Kidney Int Suppl 
(2011) 2013;3:19–62.

24. Rule AD, Larson TS, Bergstralh EJ, et al. Using serum creatinine to 
estimate glomerular filtration rate: accuracy in good health and in 
chronic kidney disease. Ann Intern Med 2004;141:929–37.

25. Stevens LA, Schmid CH, Green T, et al. Factors other than glo-
merular filtration rate affect serum cystatin C levels. Kidney Int 
2009;75:652–60.

26. Biork J, Grubb A, Gudnason V, et al. Comparison of glomerular 
filtration rate estimating equations derived from creatinine and cys-
tatin C: validation in the age, gene/environment susceptibility-Reyk-
javik elderly cohort. Nephrol Dial Transplant 2017. 

27. Bevc S, Hojs N, Hois R, et al. Estimation of glomerular filtration rate 
in elderly chronic kidney disease patients: comparison of three novel 
sophisticated equations and simple cystatin C equation. Therapeu-
tic Apheresis and Dialysis 2017;21:126–32.

28. Pottel H, Delanaye P, Schaeffner E, et al. Estimating glomerular 
filtration rate for the full age spectrum from serum creatinine and 

cystatin C. Nephrol Dial Transplant 2017;32:497–507.
29. Denic A, Glassock RJ, Rule AD. Structural and functional changes 

with the aging kidney. Adv Chronic Kidney Dis 2016;23:19–28.
30. US Department of Health and Human Services, Centers for Disease 

Control and Prevention. The state of aging and health in America 
2013. Centers for Disease Control and Prevention website. https://
www.cdc.gov/aging/pdf/state-aging-health-in-america-2013.pdf.  
Published 2013. Accessed April 5, 2018. 

31. Coresh J, Selvin E, Stevens LA, et al. Prevalence of chronic kidney 
disease in the United States. JAMA 2007;298:2038–47.

32. United Stated Renal Data System. USRD 2013 Annual Data Report: 
Atlas of Chronic Kidney Disease and End-Stage Renal Disease 
in the United States. United States Renal Data System website.  
https://www.usrds.org/atlas13.aspx . Published 2013. Accessed 
April 5, 2018. 

33. Rule AD, Amer H, Cornell LD, et al. The association between age 
and nephroclerosis on renal biopsy among healthy adults. Ann 
Intern Med 2010;152:561–7.

34. Inker LA, Okparavero A, Tighiouart H, et al. Midlife blood pressure 
and late-life GFR and albuminuria: an elderly general population 
cohort. Am J Kidney Dis 2015;66:240–8. 

35. Vikse BE, Irgens LM, Leivestad T, et al. Low birth weight increases 
risk for end-stage renal disease. J Am Soc Nephrol 2008;19:151–7.

36. Luyckx VA, Bertram JF, Brenner BM, et al. Effect of fetal and child 
health on kidney development and long-term risk of hypertension 
and kidney disease. Lancet 2013;382:273–83.

37. Franklin SS, Gustin W 4th, Wong ND, et al. Hemodynamic patterns 
of age-related changes in blood pressure. The Framingham Heart 
Study. Circulation 1997;96:308–15.

38. Messerli FH, Sundgaard-Riise K, Ventura HO, et al. Essential hy-
pertension in the elderly: haemodynamics, intravascular volume, 
plasma renin activity, and circulating catecholamine levels. Lancet 
1983;2:983–6.

39. Vaccarino V, Berger AK, Abramson J, et al. Pulse pressure and risk 
of cardiovascular events in the systolic hypertension in the elderly 
program. Am J Cardiol 2001;88:980–6.

40. Aronow WS, Harrington RA, Fleg JL, Pepine CJ, Artinian NT, Bakris 
G, Brown AS, Ferdinand KC, Forciea MA, Frishman WH, Jaigobin 
C, Kostis JB, Mancia G, Oparil S, Ortiz E, Reisin E, Rich MW, 
Schocken DD, Weber MA, Wesley DJ. ACCF/AHA 2011 expert 
consensus document on hypertension in the elderly: a report of the 
American College of Cardiology Foundation task force on clinical 
expert consensus documents. Circulation 2011;123:2434–506.

41. Chaudhry SI, Krumholz HM, Foody JM. Systolic hypertension in 
older persons. JAMA 2004;292:1074–80.

42. Burt VL, Whelton P, Roccella EJ, et al. Prevalence of hypertension in 
the US adult population. Results from the Third National Health and 
Nutrition Examination Survey, 1988-1991. Hypertension 1995;25: 
305–13.

43. Blacher J, Staessen JA, Girerd X, et al. Pulse pressure not mean 
pressure determines cardiovascular risk in older hypertensive pa-
tients. Arch Intern Med 2000;160:1085–90.

44. Franklin SS, Lopez VA, Wong ND, et al. Single versus combined 
blood pressure components and risk for cardiovascular disease: the 
Framingham Heart Study. Circulation 2009;119:243–50.

45. Franklin SS, Larson MG, Khan SA, et al. Does the relation of blood 
pressure to coronary heart disease risk change with aging? The 
Framingham Heart Study. Circulation 2001;103:1245–9.

46. Verhave JC, Fesler P, du Cailar G, et al. Elevated pulse pressure is 
associated with low renal function in elderly patients with isolated 
systolic hypertension. Hypertension 2005;45:586–91.



Hypertension in Elderly Patients with CKD

47. Young JH, Klaq MJ, Muntner P, et al. Blood pressure and decline 
in kidney function: findings from the systolic hypertension in elderly 
program (SHEP). J Am Soc Nephrol 2002;13:2776–82.

48. O’Rourke MF, Safar ME. Relationship between aortic stiffening and 
microvascular disease in brain and kidney: cause and logic of ther-
apy. Hypertension 2005;46:200–4.

49. Coope J, Warrender TS. Randomised trial of treatment of hyper-
tension in elderly patients in primary care. Br Med J (Clin Res Ed) 
1986;293:1145–8.

50. Dahlof B, Lindholm LH, Hansson L, et al. Morbidity and mortality in 
the Swedish trial in old patients with hypertension (STOP-Hyperten-
sion). Lancet 1991;338:1281–5.

51. ALLHAT Officers and Coordinators for the ALLHAT Collaborative 
Research Group; The Antihypertensive and Lipid-Lowering Treat-
ment to Prevent Heart Attack Trial. Major outcomes in high-risk hy-
pertensive patients randomized to angiotensin-converting enzyme 
inhibitor or calcium channel blocker vs diuretic: the antihypertensive 

and lipid-lowering treatment to prevent heart attack trial (ALLHAT). 
JAMA 2002;288:2981–97.

52. Jamerson K, Weber MA, Bakris GL, et al; ACCOMPLISH Trial Inves-
tigators. Benazapril plus amlodipine or hydrochlorothiazide for hy-
pertension in high-risk patients. N Engl J Med 2008;359:2417–28.

53. SPRINT Research Group; Wright JT Jr, Williamson JD, Whelton PK, 
et al. A randomized trial of intensive versus standard blood-pressure 
control. N Engl J Med 2015;373: 2103–16.

54. Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the 
prevention, detection, evaluation, and management of high blood 
pressure in adults: a report of the American College of Cardiology/
American Heart Association task force on clinical practice guide-
lines. Hypertension 2017.

55. ACCORD Study Group; Cushman WC, Evans GW, Byington RP, 
et al. Effects of intensive blood-pressure control in type 2 diabetes 
mellitus. N Engl J Med 2010;362:1575–85.


