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The quest for biomarkers in 
cardiorenal syndrome—on the 
right track

The sequence of cardiorenal involvement can 
vary depending on the acuteness of disease 
onset, nature of the underlying disorder, and 
organ reserve [1]. Cardiorenal syndrome 
may represent a lifelong course that begins 
with the evolution of risk factors contributing 
to the development of subclinical disease, 
or it may arise due to a major event (e.g., 
myocardial infarction), and culminate 
in overt cardiac and/or renal failure. The 
onset of the involvement of either organ 
portends a poor outcome with a greater risk 
of incomplete recovery, recurrent events, 
morbidity, and mortality. For example, 
cardiac remodeling with increased apoptosis 
and fibrosis occurs in response to both 
cardiac and renal stimuli. With an improved 
understanding of the complex interactions 

in disease states, it is increasingly clear that 
complementary tools are needed to aid 
clinical assessment and enhance clinicians’ 
ability to identify the “vulnerable” patient at 
risk for acute injury or progression to  
chronic disease.

Biomarkers are by definition objective, 
quantifiable characteristics of biological 
processes at the cellular or molecular level—
even in the absence of clinical symptoms 
—and can serve as indicators of disease trait 
(risk marker), disease state (subclinical or 
clinical), or disease rate (progression) [2]. 
The measurement of biomarkers must be 
applied in relation to the clinical context 
and must never be used in isolation, as 
expertise is required for a meaningful 
interpretation. Regardless of the purpose for 
its use, a biomarker will be of clinical value 
if it is accurate, is reproducibly obtained in a 
standardized fashion, and has high sensitivity 
and high specificity. To alter patient care, 

2 ½ CARDIOLOGY

Hemodynamic cross-talk in cardiorenal 
syndrome: era of biomarkers
Faeq Husain-Syed, Salvador Lopez-Giacoman, Horst-Walter Birk 

CORE CONCEPTS

Several biomarkers now available can help elucidate the complex pathophysiological interactions between 
the heart and kidneys. The present paper reviews a selected group of cardiac and renal biomarkers and 
discusses their potential roles in the acute and chronic mechanisms of organ damage and their clinical 
implications in cardiorenal syndrome.

CHAPTER

F. Husain-Syed (), H.-W. Birk
Division of Nephrology, Pulmonology and Critical 
Care Medicine, Department of Internal Medicine 
II, University Clinic Giessen and Marburg (UKGM) 
– Campus Giessen, Klinikstr. 33, Giessen, Hessen 
35392, Germany
e-mail: faeqhusain@yahoo.de

H.-W. Birk
e-mail: Horst-Walter.Birk@innere.med.uni-giessen.
de

S. Lopez-Giacoman
Hospital General Issste Zacatecas, Blvd. Adolfo 
López Mateos, Zacatecas Centro, 98000 
Zacatecas, Zacatecas, Mexico
e-mail: shava32@hotmail.com

reachOut_Cardiology_Issue 4(SUN)_05.indd   2 06-Feb-18   4:38:19 PM



a cardiac/renal biomarker (for example, in 
heart failure [HF]) should either aid in the 
timely diagnosis of the underlying disease 
(HF) and/or injury of the organ not directly 
involved in the primary disease (the kidney 
in the case of HF) or provide additional 
information not obtainable by conventional 
methods. In the cardiovascular field, 
biomarker research has greatly improved 
clinicians’ decision-making ability in the 
last decade and enabled the detection of 
myocardial stretch (β-type natriuretic 
peptide) and injury (troponin). In the field 
of nephrology, however, early diagnostic 
biomarkers for acute kidney injury (AKI) 
remain research tools, but it is expected that 
further validation will define their clinical role.

According to the current definition 
of AKI, an acute deterioration of renal 
function is linked to increased creatinine 
and/or reduced urinary output, while 
chronic kidney disease (CKD) is defined 
using the estimated glomerular filtration rate 
(GFR) and albuminuria. Due to creatinine 
kinetics, however, AKI is diagnosed 24–48 
h after it has occurred, and factors such as 
hydration, nutrition, and lean tissue status 
further confound the diagnosis. Importantly, 
renal dysfunction is not a single disease 
entity, and consists of more than impaired 
glomerular filtration alone, including 
for instance, tubulointerstitial damage, 
proteinuria, sodium and water retention, 
and dysregulation of calcium and phosphate 
metabolism—all of which are altered in HF 
[3, 4]. Thus, new markers are needed to 
diagnose AKI at a much earlier stage, even 
in patients who do not fulfill the current 
consensus criteria but are still expected to 
have poor renal, cardiac, or overall outcomes 
(biomarker-positive, creatinine-negative—
the so-called “subclinical”—AKI) [5]. It 
should be noted that patients undergo all 
types of different exposures during their 
hospital stay, which differ in terms of 
pathophysiology and timelines; for example, 
a patient may be exposed to a nephrotoxic 
drug, and then 6 h later, undergo an 
examination with intravenous contrast 
media, and 12 h later, develop cardiogenic 
shock. No biomarker can forecast these 
developments, and thus biomarkers may only 
be useful within a definable time window.

Given the different time frames and 
the heterogeneous nature of cardiorenal 
syndrome, it is unlikely that a single-marker 
strategy can meet all criteria. Instead, a 
combination of selected biomarkers is 

required to detect disease, assist therapy, and 
predict recovery or progression to chronic 
disease (Table 1). The use of biomarkers as 
a panel is a relatively new development, but 
may soon become available to clinicians. 
It should be noted that limited data are 
available on the performance of biomarkers 
in predicting recovery or progression to 
chronic disease, in particular, in concomitant 
cardiac and renal failure. Below, we review 
a selected group of currently established 
and promising future biomarkers, and 
the evidence linking them to cardiorenal 
syndrome. We also discuss our current 
pathobiological understanding of the 
biomarkers beyond being a diagnostic tool. 

Biomarkers in heart disease

High-sensitivity cardiac troponin

Cardiac troponins are components of the 
contraction apparatus of cardiac myocytes, 
and are established diagnostic and prognostic 
tools for acute myocardial infarction (Fig. 1). 
High-sensitivity cardiac troponin (cTn) I 

and T assays that measure cTn in the single-
digit range of nanograms per liter have 
been introduced in clinical practice. With 
these assays, acute myocardial infarction 
can be detected at a much earlier stage, 
and a diagnosis can often be made based 
on laboratory results alone within 1–3 
h of a patient’s arrival in the emergency 
department [6]. However, the cTn level may 
be above the 99th percentile in a number of 
clinical conditions, and elevated levels can 
persist until 10 (cTn I) to 14 days (cTn T) 
after the onset of myocardial injury. Thus, 
the interpretation of cTn assays depends 
on serial testing and the clinical context. 
Chronic conditions causing sustained cTn 
elevation include non-coronary conditions 
(hypoxemia, global hyperperfusion) and 
coronary conditions resulting from ischemic 
imbalance (e.g., increased demand in the 
setting of known and putatively stable 
coronary artery disease lesions), classified as 
type II myocardial infarction. Furthermore, 
a significant overlap can be seen with kidney 
disease, where levels of cTn are frequently 
elevated in the absence of acute coronary 
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Table 1: Current utility of biomarkers in diagnosis, targeted treatment, and prognosis of 
cardiorenal syndromes.
Biomarkers Diagnosis Targeted 

treatment
Prognosis

Markers in heart disease
High-sensitivity cTn +++ (myocardial 

ischemia)
+ +

BNP ++ ++ +++
sST2 None None +
Galectin-3 None None +

Markers in renal disease
Biomarkers of glomerular integrity

Serum creatinine + + +++
Cystatin C +++ (CKD) None +++
Albuminuria + + +++

Biomarkers of renal tubular injury
Urine sediment ++ (AKI) (+) ++(+) (Renal recovery)
α[Alpha]1-Microglobulin +(+) (AKI) (+) (+)
TIMP-2*IGFBP7 ++(+) (AKI) None ++(+) (Renal recovery)
Serum NGAL + None +
Urinary NGAL + None +
L-FABP + None +
H-FABP +(+) None +
KIM-1 ++ + None
IL-18 + None +
Urinary angiotensinogen ++ None ++

The pluses indicate the level of the evidence available; +++: strong, ++: moderate, +: weak, (+): expected future evidence or absence of 
characteristics. None: no evidence
AKI acute kidney injury, BNP b-type natriuretic peptide, CKD chronic kidney disease, H-LABP heart-type fatty acid-binding protein, 
cTn cardiac troponin, IGFBP7 insulin-like growth factor-binding protein 7, IL interleukin, KIM-1 kidney injury molecule-1, L-FABP 
liver-type fatty acid-binding protein, NGAL neutrophil gelatinase-associated lipocalin, sST2 soluble suppressor of tumorigenicity 2, 
TIMP-2 tissue inhibitor of metalloproteinase-2
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syndrome, and the prevalence of elevated 
cTn increases with the severity of CKD [7]. 
To diagnose acute myocardial infarction in 
these patients, a dynamic change in cTn is 
useful. There is compelling evidence that 
in asymptomatic patients, a sustained cTn 
increase indicates kidney disease-related 
microvascular heart disease rather than a 
reduced clearance rate, and this may help 
to stratify CKD patients at high risk for 
structural heart damage and subsequent 
all-cause mortality. The Kidney Disease 
Outcomes Quality Initiative recommends the 
use of cardiac troponins for prognostication. 
In hemodialysis patients, measurements 
should be obtained before dialysis, as the 
modality alters the serum concentration  
of troponins.

B-type natriuretic peptide 
and N-terminal pro-B-type 
natriuretic peptide

B-type natriuretic peptide (BNP) and its 
inactive cleavage protein N-terminal pro-B-
type natriuretic peptide (NT-proBNP) are 
markers of cardiac stretch from increased 
wall tension, and are established diagnostic, 
prognostic, and management tools for acutely 
decompensated HF, chronic HF, and acute 
coronary syndrome [8]. The two markers 
significantly differ in their half-life (BNP: 
20 min, NT-proBNP: 120 min). BNP levels 
correlate with ventricular filling pressures 

and increase in proportion to the severity 
of systolic and diastolic dysfunction. As a 
vasoactive protein, BNP counterbalances 
the neurohormonal activation that is a 
fundamental aspect of the pathophysiology of 
HF and regulates blood pressure and volume 
through direct effects on the kidney and 
systemic vasculature. However, there is a lack 
of robust evidence that recombinant BNP can 
be used to improve cardiac, renal, and overall 
outcomes. As AKI is a heterogeneous disease, 
the utilization of BNP in addition to other 
renal biomarkers may further distinguish 
cardiorenal syndrome from other forms of 
AKI in HF. Elevations in BNP in the setting 
of acute HF and ACS are associated with an 
increased risk of AKI [8, 9]. Patients with 
CKD have higher levels of BNP than age- 
and gender-matched patients with normal 
renal function, probably because of increased 
cardiac production of BNP due to subclinical 
pressure overload, volume overload, and 
uremic cardiomyopathy as well as decreased 
renal clearance, which is more notable with 
NT-proBNP than BNP.

Soluble suppressor of tumorigenicity 2

Suppressor of tumorigenicity 2 (ST2), which 
exists both as a transmembrane ligand and 
in a soluble form (sST2), is a member of 
the interleukin (IL)-1 receptor family and 
has been identified as a marker integrating 
inflammation, myocyte hypertrophy, and 

tissue fibrosis. The circulating isoform sST2 
is of particular interest, as it abrogates the 
anti-fibrotic effects of IL-33/ST2L signaling. 
Since sST2 lacks organ specificity, it cannot 
serve as a diagnostic tool. However, the 2013 
American College of Cardiology Foundation 
(ACCF)/American Heart Association (AHA) 
guidelines included sST2 for additive risk 
stratification of acute and chronic HF, as its 
concentration gives relevant information 
beyond that which can be obtained using 
other prognosticators, such as cTn and BNP 
[10]. sST2 is not adversely influenced by age 
and impaired renal function, and current 
data suggest that its level correlates with 
CKD severity [11]. Its prognostic value in 
cardiorenal syndrome has not been tested.

Galectin-3 and urinary 
angiotensinogen

Galectin-3 is a non-organ-specific β[beta]-
galactoside-binding lectin with putative roles 
in immunomodulation, cell transformation, 
and fibrogenesis. Galectin-3 has garnered 
much attention in the fields of heart and 
kidney research, as it is implicated in the 
shared common pathogenesis of aldosterone-
induced fibrosis via the transforming 
growth factor-β[beta]/Smad3-mediated 
activation of fibroblasts. Galectin-3 levels 
are influenced by age and renal function 
in progressive fashion, and it remains a 
matter of debate if an increase in galectin-3 
is associated with cardiac functional and 
structural abnormalities in the absence of 
renal impairment [12]. Galectin-3 has been 
included in the 2013 ACCF/AHA guidelines 
for additive risk stratification of acute and 
chronic HF, and has additional prognostic 
value over cTn and BNP. In patients with 
kidney disease, galectin-3 is associated with 
a rapid decline in GFR, with incident CKD, 
as well as with adverse cardiovascular events 
and all-cause mortality [13].

Urinary angiotensinogen reflects 
intrarenal renin–angiotensin system 
activation and is currently being investigated 
as a biomarker of renal hemodynamic 
alterations as well as hypertension and 
CKD progression. In type 1 cardiorenal 
syndrome, urinary angiotensinogen level 
peaks on the first day (on admission) and 
appears to be a strong prognosticator for 
AKI (area under the curve [AUC], 0.84), 
hospital readmission, and 1-year mortality 
[14]. Complementary prospective studies are 
needed to assess the value of galectin-3 and 
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Fig. 1: Biomarkers in heart disease. Strategically selected biomarkers can be useful to identify the sequence of acute 
injury and risk of progression to chronic disease. Figure illustrates established and promising future biomarkers in heart 
disease. BNP, b-type natriuretic peptide; H-LABP, heart-type fatty acid-binding protein; hs-cTn, high-sensitivity cardiac 
troponin; IL, interleukin; sST2, soluble suppressor of tumorigenicity 2
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urinary angiotensinogen-guided therapy with 
anti-renin–angiotensin–aldosterone agents in 
terms of cardiac/renal remodeling and fibrosis.

Biomarkers in renal disease

Markers of Glomerular Integrity

Albuminuria
Albuminuria is recognized as the best 
biomarker of glomerular dysfunction, but can 
also develop after proximal tubular damage 
(Fig. 2). At the time microalbuminuria 
becomes manifest, the phase of glomerular 
hyperfiltration is shifting to that of 
progressive renal function loss. Therefore, 
albuminuria is generally used as a biomarker 
for monitoring AKI progression to CKD and 
hypertension in non-HF patients. It is an 
established and inexpensive tool to screen 
and classify individuals in all CKD stages, 
and the National Kidney Foundation and 
AHA include microalbuminuria (30–300 
mg/day albumin or 30–300 mg albumin/g 
creatinine) as a puissant risk factor for renal 
and cardiovascular diseases.

However, data on the performance of 
albuminuria in AKI are limited. After cardiac 
surgery [15], albuminuria predicts AKI with 
an AUC of 0.81 and correlates with future 
renal development. Current data support 
that its combination with tubular damage 
biomarkers can improve AKI prediction 
models. Microalbuminuria is present in one-
third of acute [16] and chronic HF patients 
[17], and has been linked to endothelial 
dysfunction, venous congestion, and fluid 
overload. The reduction of albuminuria in 
acute HF correlates with improvement in 
BNP level and in the clinical symptoms of 
congestion, regardless of changes in renal 
function. In chronic HF, albuminuria has 
independent prognostic value in addition to 
that of GFR, but no evidence exists that it can 
be used to indicate therapeutic efficacy.

Markers of renal tubular injury

Urine sediment
Urine sediment is the oldest established 
diagnostic and prognostic biomarker for the 
evaluation of kidney disease. It is inexpensive 
and indicates the site of nephron injury— 
either glomerular or tubulointerstitial. 
Unfortunately, its use is hampered as urine 
microscopy is time-consuming and requires 
experience and clinical correlation. Urine 
sediment scores based on composites of 

granular casts and renal tubular epithelial 
cells have been evaluated in the acute setting, 
and show a strong association with AKI 
stage, with an AUC for worsening AKI of 
0.66–0.85 [18]. Although highly specific in 
discriminating AKI from non-AKI, it lacks 
sensitivity, which might be improved by the 
use of novel tubular damage biomarkers. 
Beyond providing valuable information 
about the course of AKI, urine sediment 
scores can predict non-renal recovery 
with an AUC of 0.79 [19]. Urine sediment 
microscopy has not been described in 
cardiorenal syndrome. 

α[Alpha]1-Microglobulin 
α[Alpha]1-Microglobulin is a low-molecular-
weight protein (33 kDa) synthesized in 
the liver, and its unbound form is freely 
filtered through the glomerular capillaries 
and reabsorbed by the proximal tubular 
cells via endocytotic uptake. Therefore, its 

increased urinary excretion (indicating 
tubular proteinuria) can serve as a sensitive 
marker for proximal tubular damage. In 
clinical practice, α[alpha]1-microglobulin is 
generally used as an inexpensive biomarker 
for screening and monitoring acquired 
tubular disorders (e.g., those caused by 
nephrotoxins) and inherited tubulopathies 
(e.g., Fanconi syndrome). Its role in AKI and 
concomitant heart disease is, however, not 
well-explored and remains inconclusive.

In a heterogeneous population of 
patients with non-oliguric AKI, α[alpha]1-
microglobulin was found to be an early 
indicator of the requirement for renal 
replacement therapy (AUC: 0.86) [20], 
albeit its performance in predicting early 
AKI (AUC: 0.62) [21] and renal recovery 
(AUC: 0.69) [22] was moderate. However, 
its lack of sensitivity can be improved 
using it in combination with novel tubular 
damage biomarkers. In the chronic setting, 

Fig. 2: Biomarkers in renal disease. Strategically selected biomarkers can be useful to identify the sequence of acute 
injury and risk of progression to chronic failure. Figure illustrates established and promising future biomarkers in renal 
disease, categorized by specific regions of the nephron. CKD, chronic kidney disease; GST, glutathione S-transferase; 
IGFBP7, insulin-like growth factor-binding protein 7; IL, interleukin; KIM-1, kidney injury molecule-1; L-/H-FABP, 
liver-type/heart-type fatty acid-binding protein; NAG, N-acetyl-β[beta]-d-glucosaminidase; NGAL, neutrophil 
gelatinase-associated lipocalin; TIMP-2, tissue inhibitor of metalloproteinase-2
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the assessment of urinary α[alpha]1-
microglobulin may allow an early diagnosis 
of hypertensive nephropathy in non-HF 
patients and is analogous to the appearance 
of microalbuminuria [23]. It should be 
noted that α[alpha]1-microglobulin is 
not associated with incident HF and 
cardiovascular disease-related mortality but 
is associated with other causes of death (e.g., 
due to CKD) [24]. Liver dysfunction can alter 
serum levels of α[alpha]1-microglobulin, 
and therefore, this marker may not have 
sufficient specificity and sensitivity for AKI 
in patients with concomitant liver disease.

Tissue inhibitor of 
metalloproteinase-2 and insulin-like 
growth factor-binding protein 7 

Matrix metalloproteinases and insulin-like 
growth factor-binding proteins have been 
well-documented to play an important 
role in endothelial cell proliferation and 
angiogenesis in cancer. During cellular 
injury, one of the earliest processes to 
be affected is the cell cycle, which is 
downregulated to preserve cellular energetics 
and metabolic functions, and prevent the 
division of cells with damaged DNA until the 
DNA damage is repaired. Tissue inhibitor 
of metalloproteinase-2 (TIMP-2) and 
insulin-like growth factor-binding protein 
7 (IGFBP7) are both involved in G1 cell 
cycle arrest during the early phase of cell 
injury, and current data suggest that their 
release may stimulate renal epithelium in an 
autocrine and paracrine fashion and sensitize 
it for upcoming insults (“renal alert”). 
Through repeated episodes of self-limited 
sublethal cellular insults, the kidney may 
precondition and increase its capability to 
recover after alterations in cellular processes 
[25]. Both the proximal and distal renal 
tubular cells release TIMP-2 and IGFBP7, 
which can be detected in urine. Recently, 
commercialized in-vitro diagnostic tests have 
become available for both markers.

The performance of TIMP-2 and IGFBP7 
has been validated in different settings of 
AKI, and seems to be consistent. In critically 
ill patients (with evidence of respiratory 
or cardiovascular failure) [26], and cardiac 
[27] and non-cardiac [28] surgery patients, 
each cell cycle arrest marker showed an 
AUC value of more than 0.76 to predict the 
development of AKI (Acute Kidney Injury 
Network stage 2 or 3) within 4–12 h, while 
the combination of the two markers [TIMP-
2*IGFBP7] resulted in an AUC above 0.8. 

This result was significantly superior to 
those of other available biomarkers (urine: 
KIM-1, NGAL, L-FABP, IL-18, pi-GST; 
serum: NGAL, cystatin C), which might be 
due in part to the varying kinetics of the two 
markers. When added to clinical scoring 
systems, [TIMP-2*IGFBP7] significantly 
improved risk prediction of AKI. To ensure 
high sensitivity/high negative predictive 
value and high specificity/high positive 
predictive value, cutoffs of 0.3 and 2.0 (ng/
ml)2/1000, respectively, have been validated 
[26]. Additionally, current data indicate that 
the decline in [TIMP-2*IGFBP7] urinary 
concentrations in the first 24 h after cardiac 
surgery can predict renal recovery (defined 
by serum creatinine value at hospital 
discharge < the baseline value) with an AUC 
of 0.79 [27]. The relationship of cell cycle 
arrest markers in cardiorenal syndrome has 
not yet been described.

Neutrophil gelatinase-associated 
lipocalin 

Neutrophil gelatinase-associated lipocalin 
(NGAL) is a 25-kDa protein originally 
found in neutrophil granules, and is secreted 
by the myocardium, renal tubules (loop 
of Henle and collecting ducts), activated 
immune cells, lung, hepatocytes, and colon. 
NGAL is freely filtered in the glomerulus, 
but is nearly completely reabsorbed in the 
proximal convoluted tubule unless tubular 
damage exists. Therefore, urinary NGAL 
reflects primarily intrarenal damage, whereas 
systemic NGAL reflects injury to the kidneys 
and other organs. Both plasma and urine 
NGAL can be tested using commercially 
available assays. Among the new biomarkers 
for cardiorenal syndrome detection, NGAL 
is the most extensively and carefully studied, 
with a focus on its ability to serve as a 
diagnostic tool for AKI and its prognostic 
value in patients with acute and chronic HF.

NGAL is activated and released after 
myocardial ischemia and inflammation, and 
seems to be an early marker of renal injury 
that can be detected with high sensitivity 
and high specificity in the blood and urine, 
increasing 24–48 h before creatinine [29]. In 
acute HF, serum NGAL level >140 ng/ml on 
hospital admission or on the third day after 
admission has been associated with a 7.4-fold 
increase in AKI (86 % sensitivity and 54 % 
specificity) [30]. Recently, a meta-analysis 
demonstrated the very early utility of urinary 
NGAL (intraoperative measurement) and 
plasma NGAL (postoperative measurement) 

to predict cardiac surgery-associated AKI 
to be moderate (AUC < 0.7) [31]. Serial 
measurements of serum NGAL in acute HF 
appear to strengthen its ability to predict 
AKI; the degree of change in NGAL from 
the baseline to its peak produced an AUC 
for AKI of 0.91 compared to an AUC of only 
0.69 for NGAL at admission [32]. However, 
the results reported to date are not entirely 
conclusive, possibly because of the lack of 
cutoff values for cardiorenal syndrome and 
the variations in NGAL level due to disease 
activity and several clinical factors (e.g., age, 
gender, sepsis). Breidthardt et al. showed that 
creatinine outperforms plasma NGAL, and 
is a more independent predictor of AKI in 
acute HF [33]. Plasma but not urinary NGAL 
increases markedly with GFR reduction, 
and can possibly generate a high number of 
false-positive diagnoses of AKI in stable CKD 
patients. Thus, acute rather than chronic 
cardiorenal syndromes may be a more suitable 
setting for the clinical implementation of 
NGAL (GISSI-HF study) [34].

L-type fatty acid-binding protein and 
H-type fatty acid-binding protein

Liver-type fatty acid-binding protein (L-
FABP) binds unsaturated fatty acids and 
lipid peroxidation products in hypoxic 
tissue, and thus plays a putative antioxidant 
and renoprotective role predominantly in 
the renal proximal tubular cells, which use 
fatty acids as their major source of energy. 
The heart-type fatty acid-binding protein 
(H-FABP) can be found in cardiomyocytes 
and distal tubules. Both biomarkers are 
diagnostic and prognostic tools for AKI, HF, 
and myocardial ischemia.

The 14-kDa heavy cytosolic L-FABP has 
been shown to be an early urinary marker of 
AKI, and a commercialized test is available 
for this molecule. In the setting of cardiac 
surgery, urinary L-FABP peaks after 6 h and 
shows an overall AUC of 0.72 in predicting 
AKI; its utility can be increased within 
a biomarker panel [31]. Serum H-FABP 
has been tested as a diagnostic marker of 
HF, where it might improve the diagnostic 
accuracy of NT-proBNP and predict HF-
related rehospitalization. It also predicts the 
occurrence of AKI with an AUC of 0.79, 
outperforming L-FABP, and urinary NGAL 
[35]. In the setting of acute myocardial 
ischemia without elevated high-sensitivity 
cTn, H-FABP might identify patients at high 
risk for adverse cardiac events [36].
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Kidney injury molecule-1

Kidney injury molecule-1 (KIM-1) is a 
38.7-kDa transmembrane tubular protein 
solely expressed in response to ischemic or 
nephrotoxic insults in the proximal renal 
tubular cells. In the setting of AKI, KIM-1 is 
upregulated and sheds its ectodomain, which 
can be measured as a diagnostic marker in 
urine. Experimental studies and the late 
timing of its peak changes (>48 h) indicate 
that KIM-1 may also be involved in the repair 
response to injury, as well as the transition 
from AKI to CKD; therefore, KIM-1 might 
serve as a prognostic tool as well [4]. KIM-1 
levels are associated with ejection fraction, 
functional status, and incident HF risk [37]. 
KIM-1 levels also predict an increased risk of 
AKI in chronic HF [35] and show an overall 
AUC of 0.72 to develop AKI after cardiac 
surgery [31].

Interleukin-18

The 22-kD cytokine IL-18 mediates 
inflammation and acute injury through 
the nuclear factor-κ[kappa]B pathway, 
and induces the upregulation of other 
proinflammatory markers, such as tumor 
necrosis factor- α[alpha], inducible nitric 
oxide synthase, and chemokines, which lead 
to cell infiltration in multiple organs. In the 
kidney, IL-18 is of particular interest given its 
possible role in promoting and exacerbating 
ischemic renal injury. IL-18 is released from 
the proximal convoluted tubules and can 
be measured in urine within the first 6 h 
of renal injury and peaks after 12–18 h. In 
post-cardiac surgery patients, IL-18 shows 
a moderate overall predictive AUC value 
of 0.68 for AKI [31]. In addition, there is 
evidence that IL-18 is upregulated in HF 
[38], and may translocate into the systemic 
circulation and cause end-organ dysfunction, 
including renal dysfunction. IL-18 may be 
important as a long-term prognostic marker 
of persistent renal impairment after acute 
HF, implicating the ongoing inflammatory 
process in the kidney [39].

Time-dependent release of 
biomarkers and their clinical 
implications

Cardiorenal biomarkers give valuable 
information regarding the pathobiology and 
timeline of molecular events implicated in 
the initiation and progression of this complex 

heterogeneous disease [4]. For instance, 
myocardial infarction is accompanied by 
progressive mechanical obstruction, plaque 
inflammation and rupture, reduced coronary 
vasoreactivity, and superimposed thrombosis. 
Myocardial ischemia and necrosis are 
the consequences, followed by cardiac 
remodeling. Thus, the activation of selected 
markers during different phases of the 
process can be detected. Plaque inflammation 
is associated with release of IL-18. The 
development of myocardial necrosis is 
accompanied by the time-dependent release 
of troponin, myoglobin, and creatine kinase-
MB. The hemodynamic consequences of 
myocardial infarction are reflected by an 
increase in BNP. Galectin-3 and sST2 are 
implicated in the pathogenesis of myocardial 
fibrosis.

Analogous to myocardial infarction, 
different phases can be drawn throughout 
the continuum of AKI, though these may 
not necessarily be applicable to all forms of 
AKI [4, 40]. Several studies have investigated 
blood and urinary biomarker kinetics in 
cardiac surgery-associated AKI simply 
because the timing of injury is known and the 
dominant mechanism of AKI is thought to be 
intraoperative ischemia–reperfusion injury 
[41]. The initial insult causes alterations in 
vasoreactivity and renal perfusion, which is 
followed by vascular obstruction/coagulation 
and epithelial inflammation. Apoptosis 
and necrosis of tubular epithelial cells are 
the sequelae, and current data suggest that 
the early release of IL-18 exacerbates renal 
injury during the extension phase of AKI. 
Contrarily, NGAL and L-FABP are implicated 
in re-epithelialization and antioxidant 
mechanisms, and thus mitigate renal injury. 
The protective role of TIMP-2 and IGFBP7 
was mentioned before, and current data 
suggest that an upregulation of TIMP-2 and 
IGFBP7 might “alert” surrounding renal 
tubular cells to potential renal insults. This 
fits into the patchy nature of AKI, which 
can lead to profound dysfunction even 
though only few cells seem to be significantly 
affected. Renal repair occurs 2–3 days after 
renal injury, and is characterized by the 
stabilization of glomerular function and 
proliferation/migration of tubular epithelial 
cells to the damaged epithelium. Persistent 
elevation of NGAL, KIM-1, and L-FABP 
suggests that these markers have a potential 
role in these phases and beyond. Finally, 
activation of the renin–angiotensin system, 
best reflected by the sustained elevation 

of urinary angiotensinogen, may play an 
important role in ongoing kidney injury and 
progression to CKD.

Use of biomarkers in 
combination

We have summarized the current 
biomarker-integrated concept of cardiorenal 
syndrome, including their possible role 
in the pathobiology of injury, followed 
by recovery or progression to chronic 
disease. Biomarkers cannot replace clinical 
evaluation, and expertise is required for their 
meaningful interpretation. Both conventional 
(cTn, BNP, creatinine, albuminuria, urine 
sediment, α[alpha]1-microglobulin) as well 
as new biomarkers (e.g., galectin-3, urinary 
angiotensinogen, TIMP-2*IGFBP7, NGAL, 
KIM-1) provide mechanistic insights, 
permit monitoring, and lead to a better 
understanding of the various disease states 
in cardiorenal syndrome. Furthermore, they 
can provide insights into disease biology 
and help to better classify at-risk individuals 
in the absence of overt clinical disease. 
The combination of strategically selected 
biomarkers may distinguish cardiorenal 
syndrome from other forms of AKI in heart 
disease. It is expected that in the future, a 
panel of biomarkers will provide sufficient 
risk prediction and early diagnosis to 
allow for the prevention and treatment of 
cardiorenal syndrome and the determination 
of prognosis.
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Effect of olmesartan-based therapies 
on therapeutic indicators obtained 
through out-of-office blood pressure
Manuel Gorostidi

Ambulatory blood pressure (BP) correlates more significantly with hypertension-associated cardiovascular 
mortality and morbidity than BP obtained in the doctor’s office. This article reviews the effect of olmesartan-
based antihypertensive therapy on the main risk variables obtained when assessing ambulatory BP.

Introduction

Hypertension (HTN) is a key factor in the 
development of cardiovascular disease. The 
increase in blood pressure (BP) from optimal 
levels correlates with coronary heart disease, 
stroke, heart failure, sudden death, chronic 
kidney disease, and peripheral arterial 
disease, which are the leading causes of 
disease and death in the world. HTN affects 
30–40 % of the adult population. In addition, 
BP increases with age so that the prevalence 
of HTN in the elderly is over 50 % [1–3]. In 
Spain, 33 % of adults are hypertensive and 
the prevalence of HTN in the population 
over 60 years of age is close to 70 % [4]. 
Antihypertensive treatment is considered to 
be one of the main achievements in medicine 
in recent decades, since reducing high BP 
significantly reduces HTN-related morbidity 
and mortality [5].

Most of the basic concepts regarding 
HTN are based on the classical measurement 
of BP in the doctor’s office. However, the 
main limitation of this method is that it 
only offers a momentary BP value that, 
in addition, is subject to factors that may 
occasionally change it [6–8]. To optimize 
assessing true BP values, techniques have 
been developed to self-measure BP at home, 
also called home BP monitoring (HBPM) 
and automated BP measurement over 24 h 
or ambulatory BP monitoring (ABPM). The 
BP levels obtained using HBPM [9–14] and 
those recorded using ABPM [11, 15–21] are 
more closely correlated with target organ 
damage and cardiovascular disease than 
the BP levels obtained in the doctor’s office. 
Ambulatory BP measurement is currently 
considered a basic indication for diagnosing 
and monitoring patients with HTN [1, 22].

The objective of this article was to review 
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the studies on the effect of olmesartan-based 
antihypertensive therapies on the main 
prognostic indicators related to ambulatory 
BP.

Methods

Olmesartan was chosen to perform this 
review because recent studies analyzing 
the above-mentioned variables have been 
developed using this drug. A PubMed 
search was conducted combining the 
terms ‘olmesartan’, ‘olmesartan and 
hydrochlorothiazide’, ‘olmesartan 
and amlodipine’, ‘olmesartan and 
hydrochlorothiazide and amlodipine’, 
‘home blood pressure measurement’, and 
‘ambulatory blood pressure monitoring’. 
Furthermore, additional searches were 
conducted using the terms pertaining to 
treatments, and ‘blood pressure control’, 
‘ambulatory blood pressure control’, 
‘morning surge’, ‘blood pressure variability’, 
and ‘chronotherapy’, selecting the studies 
according to the review objective.

This article is based on previously 
conducted studies and does not involve any 
new studies of human or animal subjects 
performed by the author.

Current indications for 
ambulatory BP measurement

As mentioned previously, measuring 
ambulatory BP is currently considered a 
basic examination in diagnosing HTN and 
in assessing the degree of BP control. The 
recommendations from the British National 
Institute for Health and Clinical Excellence 
guidelines establish that either ABPM or 
HBPM be performed to confirm the HTN 
diagnosis [22]. The current guidelines from 
the European Societies of Hypertension and 
Cardiology define HTN both with the classic 
in-office figures as well as with ambulatory 
BP levels [1]. Moreover, ambulatory BP 
measurement improves the assessment of 
patients with HTN by determining a series 
of additional indicators. The current ABPM 
and HBPM indications from the European 
Societies of Hypertension and Cardiology are 
listed in Table 1.

Ambulatory BP control 
measured with abpm

The assessment of ambulatory BP over a 24-h 
period and the corresponding daytime and 
nighttime periods is probably the main input 

for ABPM. As for treated patients, ABPM 
enables discerning between proper HTN 
control over 24 h and a lack of true control, 
not just while at the doctor’s office. It is a 
well-known fact that most patients with HTN 
need combined treatment with two or more 
antihypertensive drugs to achieve adequate 
control, and that probably 15–20 % of 
patients need at least three antihypertensive 
drugs [1]. In the analyses of a national 
ABPM registry (Spanish ABPM Registry), 
it has been observed that using a combined 
antihypertensive treatment is common, 
especially in cases with high cardiovascular 
risk, but the ambulatory BP control rate 
does not reach 50 % [23–25]. The data 
corresponding to the different hypertensive 
subgroups are presented in Table 2. In low-
to-moderate-risk patients without diabetes 
or kidney disease, a relatively low use of 
combined treatments was observed, being 
control rates less than 50 %. This figure was 
probably an expression of therapeutic inertia 
or nihilism. In higher-risk patients, with 
diabetes or kidney disease, the therapeutic 
effort was higher but the control rates were 
even more unfavorable.

Using combined antihypertensive 
treatment earlier and a more systematic 
indication for triple therapy when control 
is not achieved with two drugs might result 
in improvements in control rates. The 
most appropriate triple combination has 

been considered to be one that includes 
a renin–angiotensin system blocker, a 
calcium-channel blocker, and a diuretic [1]. 
As for olmesartan-based combinations, two 
studies have assessed the degree of control 
reached in ambulatory BP. In a sub-analysis 
of the TRINITY trial (Triple therapy with 
olmesartan medoxomil, amlodipine, and 
hydrochlorothiazide in hypertensive patients; 
ClinicalTrials.gov number, NCT00649389) 
the effect of triple combination therapy 
was assessed, with doses up to 40 mg of 
olmesartan, 10 mg of amlodipine, and 25 mg 
of hydrochlorothiazide, using ABPM in 440 
patients with HTN defined as moderate to 
severe based on a systolic BP ≥160 mmHg 
or a diastolic BP ≥100 mmHg. After a 
12-week treatment period, 86.5 % of patients 
presented a mean 24-h BP <130/80 mmHg, 
79.8 % a mean daytime BP <135/85 mmHg, 
and also 79.8 % a mean nighttime BP <120/80 
mmHg [26].

In another sub-analysis, in this case 
the BPCRUSH study (Blood pressure 
control in all subgroups with hypertension; 
ClinicalTrials.gov number, NCT00791258), 
with a similar design to the previous one 
and including 243 patients, the degree of 
ambulatory BP control obtained with the 
full dose of olmesartan, amlodipine, and 
hydrochlorothiazide was 90.5 % for mean 
24-h BP, 88.4 % for daytime BP, and 78.9 % 
for mean nighttime BP, defined as a BP <120/ 

Table 1: Indications for measuring ambulatory blood pressure according to the current guidelines 
from the European Societies of Hypertension and Cardiology.
Indications for HBPM or ABPM

Suspicion of white-coat HTN
Grade I HTN in the office
HTN in individuals without asymptomatic organ damage and at low total CV risk

Suspicion of masked HTN
High normal BP in the office
Normal office BP in individuals with asymptomatic organ damage
Normal office BP in individuals with high total CV risk

Identification of white-coat effect in patients with HTN
Considerable variability of in-office BP during a single visit
Considerable variability of in-office BP over different visits
Suspicion of autonomic, postural, postprandial, siesta- and drug-induced hypotension
HTN or suspected pre-eclampsia in pregnant women
Identification of true and false resistant HTN

Specific indications for ABPM
Marked discordance between in-office BP and home BP
Assessment of dipping status
Suspicion of nighttime HTN or absence of dipping, such as in patients with sleep apnea, chronic 

kidney disease, or diabetes
Assessment of BP variability
ABPM Ambulatory blood pressure monitoring, BP blood pressure, CV cardiovascular, HBPM home blood pressure monitoring, HTN 
hypertension
Information from Ref. [1]
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70 mmHg [27]. The characteristics and the 
basic results of these studies are presented in 
Table 3.

Logically, in other trials with 
double combinations of olmesartan and 
hydrochlorothiazide and of olmesartan and 
amlodipine, the ambulatory BP control 
rates were lower although more favorable 
than those observed in daily practice. In the 
REZALT study (efficacy and tolerability of 
olmesartan medoxomil and azelnidipine 
combination therapy compared with 
monotherapy with each agent in Japanese 
patients with essential hypertension; 
Japan Pharmaceutical Information Center 
registration number, JapicCTI-060286), the 
combination treatment with olmesartan and 
azelnidipine resulted in a greater decrease in 
ambulatory BP than with the corresponding 
monotherapies [28, 29]. In the AZTEC 
study (AZOR trial evaluating blood pressure 
reductions and control), with 290 subjects 
with HTN, 70.9 % reached a mean 24-h 
ambulatory BP <130/80 mmHg with the 
combination of olmesartan 40 mg and 
amlodipine 10 mg [30].

In the APEX study (Ambulatory BP 
monitoring study to evaluate the safety 
and efficacy of an olmesartan medoxomil- 
and amlodipine-based treatment regimen 
in patients with type 2 diabetes and 
hypertension), 207 patients with type 2 
diabetes and HTN received a treatment 
titrated until reaching the full dose of 
olmesartan and amlodipine, and 70 % of 
patients reached a mean 24-h daytime BP 

<130/80 mmHg [31]. The SEVICONTROL-1 
(Daytime systolic ambulatory blood 
pressure with a direct switch between 
candesartan monotherapy and the fixed-
dose combination olmesartan/amlodipine 
in patients with uncontrolled essential 
hypertension; ClinicalTrials.gov number, 
NCT01613209) and SEVICONTROL-2 
(Efficacy and safety of a therapy change from 
candesartan 32 mg to fixed combination 
of olmesartan 40 mg/amlodipine 10 mg; 
ClinicalTrials.gov number, NCT01611077) 
studies, in which 78 and 77 patients, 
respectively, who were uncontrolled with 32 
mg of candesartan, substituted this treatment 
with the combination of olmesartan 40 
mg and amlodipine 10 mg, directly in the 
SEVICONTROL-1 study and sequentially in 
the SEVICONTROL-2 study. The daytime 

ambulatory BP control rates (mean daytime 
BP <135/85 mmHg) in 12 weeks of treatment 
were 77.6 % and 78.4 %, respectively [32, 33].

The fact that the study protocols include 
strict guidelines on increasing the dose 
or combining drugs if the clinical BP is 
not controlled, compared with a possible 
inertia in routine clinical practice, is one 
of the factors usually invoked to explain 
the differences in control rates obtained in 
clinical trials compared with those observed 
in care surveys [34].

Ambulatory BP control 
measured with HBPM

As mentioned in the introduction, home 
BP measurements are more useful than 
in-office measurements for HTN diagnosis, 
for predicting cardiovascular events and 
for assessing treatment efficacy. One 
study, called HONEST (Home blood 
pressure measurement with olmesartan 
naive patients to establish standard target 
blood pressure; Trial registration number, 
UMIN000002567), with olmesartan-based 
treatment, was specifically designed to 
assess the relationships between HBPM 
with the effects of the therapy. HONEST 
observed the relationships between the 
home measurement, clinic measurement, 
and the incidence of cardiovascular events 
in 22,373 patients receiving olmesartan-
based antihypertensive treatment. Most 
studies about the relationships between 
home BP measurements and cardiovascular 
prognosis are observations based on initial 
measurements. The HONEST study will 
provide data on the prognostic value of home 
measurements taken during follow-up [35]. 
In the first publication of results, regarding 
the short-term efficacy of the olmesartan-

Table 2: Prevalence of uncontrolled ambulatory blood pressure in different hypertensive subgroups 
and usage rates of combination antihypertensive therapies: data from the Spanish ABPM Registry.
Gorostidi et al. [23]: comparison between high-risk and low/moderate-risk subjects with HTN
 High-risk Low/moderate-risk
N 6534 10,685
Combination of 2 drugs ( %) 27.2 19.6
Combination of 3 or more drugs ( %) 31.4 13.3
24-h BP ≥130/80 mmHg ( %) 76.3 63.9
Gorostidi et al. [24]: comparison between hypertensive subjects with and without diabetes
 With diabetes Without diabetes
N 12,600 55,445
Combination of 2 drugs 25.1 20.2
Combination of 3 or more drugs 33.8 17.0
24-h BP ≥130/80 mmHg 59.3 55.4
Gorostidi et al. [25]: comparison between hypertensive subjects with and without kidney disease
 With kidney disease Without kidney disease
N 5693 8689
Combination of 2 drugs ( %) 25.9 21.6
Combination of 3 or more drugs ( %) 40.2 20.4
24-h BP ≥130/80 mmHg ( %) 56.5 53.8
ABPM ambulatory blood pressure monitoring, BP blood pressure, HTN hypertension

Table 3: Degree of ambulatory blood pressure control assessed using ambulatory blood pressure 
monitoring, in studies with olmesartan-based triple combination.
Study N Patients and methods Duration Main outcomesa

Izzo et al. [26] 440 Sub-analysis of the TRINITY 
study. Patients with 
moderate or severe HTN 
(systolic BP ≥160 mmHg or 
diastolic BP ≥100 mmHg) 
treated with OLM/AML/
HCT up to 40/10/25 mg

12 weeks 24-h BP <130/80 mmHg, 
86.5 %; daytime BP <135/85 
mmHg, 79.8 %; nighttime 
BP <120/80 mmHg, 79.8 %

Weir et al. [27] 243 Sub-analysis of BP-CRUSH 
study. Uncontrolled patients 
treated with monotherapy 
OLM/AML/HCT up to 
40/10/25 mg

20 weeks 24-h BP <130/80 mmHg, 
90.5 %; daytime BP <135/85 
mmHg, 88.4 %; nighttime 
BP <120/70 mmHg, 78.9 %

AML amlodipine, BP blood pressure, BP-CRUSH blood pressure control in all subgroups with hypertension, HCT 
hydrochlorothiazide, HTN hypertension, OLM olmesartan, TRINITY triple therapy with olmesartan medoxomil, amlodipine, and 
hydrochlorothiazide in hypertensive patients study
a Outcomes obtained with the complete doses
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based treatment guidelines, it was reported 
that the percentage of patients who achieved 
adequate control of clinic systolic BP (systolic 
BP <140 mmHg) and home systolic BP 
(systolic BP <135 mmHg), simultaneously, 
increased from 7.9 % to 38.9 % after 16 weeks 
of follow-up [36].

Circadian rhythm and 
chronotherapy

The relationship between absolute 
ambulatory BP levels and cardiovascular 
morbidity and mortality is well-established. 
Of the different periods typically analyzed 
(24 h, day and night), nighttime BP is the 
variable that is best correlated with the 
prognosis. In addition, the relationship 
between daytime BP and nighttime BP 
(circadian profile) also predicts HTN-
related asymptomatic target organ damage 
and cardiovascular events [1, 8, 18, 19, 
21, 37]. Changes in the normal circadian 
profile (nondipper pattern) are very 
common in hypertensive patients, affecting 
approximately 50 % of cases [38]. There is a 
close relationship between the non-dipper 
profile and cardiovascular risk such that in 
patients at high risk in general or in patients 
with diabetes and HTN, the prevalence of 
this change can reach 60 % [23, 24].

Chronotherapy in HTN, or 
administering the hypertensive treatment 
at a certain time of day, proposes that 
taking the medication at night has an added 
beneficial effect on the normal decrease 
in BP by exercising a favorable action on 
the circadian profile with outcomes that 
even improve morbidity and mortality 
[39]. However, this therapeutic approach 
is under debate, as the results of other 
studies do not corroborate these findings 
[40]. Regarding olmesartan-based studies, 
in some, nighttime administration of the 
drug has been described to result in an 
added beneficial effect [41, 42] whereas 
others have not reproduced these results 
[43, 44]. In the COMPATIBLE study 
(Comparison of effects of angiotensin II 
receptor blocker on morning home blood 
pressure and cardiorenal protection between 
morning administration and evening 
administration in hypertensive patients; Trial 
registration number, UMIN000003238), 
218 patients were randomized to take 
olmesartan in the morning or at night 
and the reductions in clinic BP, morning 
home BP, urinary excretion of albumin, 
and electrocardiographic parameters of left 

ventricular hypertrophy were similar in 
patients who received the treatment in the 
morning or at night [43].

Morning surge in BP

The increase in BP that is observed when 
waking and especially when starting daily 
activity is considered a physiological process. 
However, there is a controversy about 
whether or not an excessive morning BP 
surge may cause a negative prognosis [8]. In 
this sense, it has been recognized that the 
antihypertensive treatment that minimizes 
the morning BP surge, without causing 
excessive reductions over the rest of the day, 
has an added beneficial effect.

One of the most studied related variables 
is the trough-to-peak ratio, considering 
the peak time as the 2 consecutive hours 
with the largest reduction in BP in the 
period between 2 and 8 h after taking the 
treatment and the trough time 23 and 24 h 
after taking the treatment, considering ideal 
the best proximity to the unit that reflects a 
homogeneous effect over 24 h. Two recent 
studies with olmesartan-based treatment 
have measured this variable. Both in the 
EXPO study [45, 46] and in Bilo et al. [47], 
the treatment caused a lasting effect over 
the 24-h period, with a trough-to-peak 
ratio greater than 0.6. In the Bilo et al. [47] 
study, which also assesses this parameter 
with the olmesartan and amlodipine 
combinations, a more favorable trough-to-
peak ratio was observed in patients who 
received the combination. Use of long-
acting antihypertensive drugs should be of 
key importance for adequate BP morning 
surge control. As shown in a recent meta-
analysis, losartan was less effective than other 
angiotensin receptor blockers for controlling 
24-h BP [48].

BP variability

Although the cardiovascular complications of 
HTN are essentially related to the absolute BP 
levels, increased BP variability may have an 
added deleterious effect. Thus, relationships 
between cardiovascular morbidity/mortality 
and very-short-term variability (beat to beat), 
short term (in a 24-h period), long term 
(between days), and very long term (between 
doctor’s visits) have been described [49, 50].

There is a close relationship between 
elevated BP levels, a higher cardiovascular 
risk, and an increased variability in BP 
assessed using ABPM [23]. In most of the 

studies mentioned so far that have assessed 
this indicator, a reduction in BP variability 
related to the reduction in absolute BP 
levels caused by the various treatments 
was observed. Thus, certain results are of 
additional interest. In a post hoc analysis of 
Japan combined treatment with olmesartan 
and a calcium-channel blocker versus 
olmesartan and diuretics randomized efficacy 
study, in which the patients initially treated 
with olmesartan were randomized to receive 
additional treatment with azelnidipine or 
with hydrochlorothiazide, the patients treated 
with olmesartan and the calcium-channel 
blocker presented a higher reduction in day-
to-day variability as assessed using HBPM 
compared to that observed in patients who 
received olmesartan and the diuretic, despite 
similar reductions in the absolute home BP 
levels. In addition, a possible relationship 
was observed between the reduction in 
variability and an improvement in a marker 
of asymptomatic target organ damage, such 
as aortic rigidity, assessed by measuring 
carotid–femoral pulse wave velocity [51].

One of the physiopathological changes 
most closely related to increased BP 
variability is sympathetic hyperactivity. 
Accordingly, the results of a sub-analysis of 
the previously mentioned studies are also 
of interest. Based on the HONEST data, a 
higher relative reduction in heart rate was 
observed in HBPM readings in patients 
with higher baseline ambulatory systolic BP 
and heart rate. This tendency was clear in 
the patient subgroup with chronic kidney 
disease, in which sympathetic hyperactivity 
is usually greater. The authors of this study 
concluded that treatment with olmesartan 
may have an added beneficial effect on 
intrarenal circulation in patients with chronic 
kidney disease and the resulting sympathetic 
hyperactivity [52].

Limitations

Most of the studies on the effect of 
olmesartan and olmesartan-based treatments 
on variables related to ambulatory BP 
included in this review are open-label, 
non-comparative studies. These limitations 
are recognized in the original publications. 
Furthermore, the inclusion criteria of this 
review exclude trials designed the same as 
those mentioned carried out with other 
therapeutic alternatives. In this regard, there 
are studies on the effect of ambulatory BP, 
mostly with ABPM, with double and triple 
combinations based on different renin– 

Cont'd on page 12...
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Activities of daily living at different 
levels of renal function in elderly 
hospitalized heart failure patients

Renal function (RF) and activities of daily 
living (ADL) are risk factors for heart failure 
(HF) patients. We evaluated differences in 
motor and cognitive ADL in relation to RF in 
elderly hospitalized HF patients.

Participants were selected from 414 
consecutive hospitalized HF patients 
based on certain criteria. We investigated 
patient characteristics including Functional 
Independence Measure (FIM) and estimated 
glomerular filtration rate (eGFR). Subjects 
were divided into three groups by RF level 
and analyzed with one-way ANOVA and 
Chi-square tests and two-way ANCOVA and 
multiple comparison tests.

Of the 414 patients, 165 met the 
inclusion criteria (high RF: 41, moderate 
RF: 84, low RF: 40). There were significant 
differences between the three groups in 

age, eGFR, hemoglobin level, mobility, 
cognitive function, and length of hospital stay 
(p < 0.05). Motor FIM showed an interaction 
between term and group, and cognitive FIM 
showed a main effect on the group (p < 0.05). 
In the multiple comparisons, motor FIM 
of all groups indicated significant recovery, 
but it was significantly lower after 1 week 
in the low RF versus moderate/high RF 
groups (p < 0.05). Cognitive FIM showed 
no significant recovery in the low RF group; 

Subclinical markers of cardiovascular 
disease predict adverse outcomes in 
chronic kidney disease patients with 
normal left ventricular ejection fraction
Emerging cardiovascular biomarkers, such 
as speckle tracking echocardiography (STE) 
and aortic pulse wave velocity (aPWV), 
have recently demonstrated the presence of 
subclinical left ventricular dysfunction and 
arterial stiffening in patients with chronic 
kidney disease (CKD) and no previous 
cardiovascular history. 
However, limited information 
exists on the prognostic impact 
of these biomarkers. We aimed 
to investigate whether STE 
and aPWV predict major 
adverse cardiac events (MACE) 
in this patient population. 
In this cohort study we prospectively 
analysed 106 CKD patients with no overt 
cardiovascular disease (CVD) and normal 
left ventricular ejection fraction. Cardiac 
deformation was measured using STE 
while aPWV was measured using arterial 
tonometry. The primary end-point was 
the composite of all-cause mortality, acute 
coronary syndrome, stable angina requiring 

revascularization (either using percutaneous 
coronary intervention or coronary artery 
bypass surgery), hospitalization for heart 
failure and stroke. Over a median follow-up 
period of 49 months (interquartile range 
11–63 months), 26 patients (24.5 %) reached 
the primary endpoint. In a multivariable 

Cox hazards model, global 
longitudinal strain (GLS) 
(HR 1.12, 95 % CI 1.02–1.29, 
p = 0.041) and aPWV (HR 1.31, 
95 % CI 1.05–1.41, p = 0.021) 
were significant, independent 
predictors of MACE. GLS and 
aPWV independently predict 

MACE in CKD patients with normal EF and 
no clinically overt CVD.

Source: Samir Sulemane, Vasileios F. Panoulas, 
Athanasios Bratsas, et al. Subclinical markers of 
cardiovascular disease predict adverse outcomes 
in chronic kidney disease patients with normal 
left ventricular ejection fraction. Int J Cardiovasc 
Imaging 2017; 33(5):687–698. DOI 10.1007/
s10554-016-1059-x. © The Author(s) 2017.

angiotensin system blockers [53–55] with 
results in line with those mentioned for 
olmesartan.

Conclusions

Assessing ambulatory BP, both for 
diagnosing as well as for monitoring 
patients with HTN, and improving 
the degree of overall HTN control are 
currently priorities in managing this 
disease. The results from the studies that 
have evaluated the effect of olmesartan-
based treatments indicate that these have 
positive effects on the ambulatory BP 
prognostic indicators such as 24-h BP 
control, nighttime BP control, BP measured 
using self-measurement at home, morning 
surge, and BP variability measured using 
ABPM or HBPM. It would be desirable to 
observe whether these benefits translate to 
reductions in morbidity and mortality in 
patients with HTN.
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the FIM score after 2 weeks was significantly 
lower than that in the moderate/high RF 
groups (p < 0.05).

In elderly hospitalized HF patients, the 
motor ADL recovery process in the low RF 
group was delayed compared to the high RF 
group. Cognitive ADL in hospitalized HF 
patients is difficult to recover, especially in 
those with low RF.

Source: Masahiro Kitamura, Kazuhiro P. Izawa, 
Hiroki Taniue, et al. Activities of daily living 
at different levels of renal function in elderly 
hospitalized heart failure patients. Aging Clin Exp 
Res. 2018; 30(1): 45–51. DOI 10.1007/s40520-
017-0739-2. © Springer International Publishing 
Switzerland 2017.
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Introduction

Heart failure remains a major and increasing 
health problem with a high mortality [1–3]. 
There is increasing attention on various 
disease interactions between the heart and 
other organs that are associated with a poor 
prognosis in patients with chronic heart 
failure (CHF) [4, 5]. Cardiorenal syndrome 
is widely accepted as an example of this type 
of disease interaction [6, 7]. Accumulating 
evidence indicates that renal dysfunction 
has a close association with cardiac function 

through activation of the renin–angiotensin 
system (RAS), volume expansion, cytokine 
secretion, sympathetic nerve activation, 
and anemia in patients with CHF [6, 8–10]. 
Despite the reduction in mortality with 
advances in treatment, coexistence of renal 
dysfunction is still indicative of an extremely 
bad prognosis in patients with CHF [9–11].

Patients with heart failure were reported 
to have serum acid–base imbalance in 
the body [12]. Kidney modulates several 
functions to maintain serum acid–base 
balance. Net acid excretion in kidney plays 
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CLINICAL TIPS

Renal dysfunction is reported to be associated with poor outcomes in patients with chronic heart failure 
(CHF). A recent study showed that acidic urine is related to chronic kidney disease, which is a risk factor 
for the development of CHF. However, it remains to be determined whether acidic urine is associated with 
poor outcomes in patients with CHF. The present study investigates whether acidic urine can predict cardiac 
prognosis in patients with CHF.
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a pivotal role in regulating serum acid–base 
balance through direct or indirect hydrogen 
ion excretion. In general, urine pH is altered 
according to the degree of net acid excretion 
in distal nephron [13–15].

A recent study showed that acidic 
urine is a predictor of the development of 
chronic kidney disease (CKD) in the general 
population, suggesting an association 
between low urine pH and early abnormality 
in renal function [16].

Moreover, acidic urine is often 
observed in patients with CKD [17]. Several 
renal biomarkers have been identified 
as prognostic indicators in patients with 
CHF, such as albuminuria, cystatin C, and 
estimated glomerular filtration rate (eGFR) 
[18–20]. However, the impact of acidic urine 
on cardiac prognosis is not yet known. The 
aim of the present study was to determine 
whether acidic urine can predict cardiac 
prognosis in patients with CHF.

Patients and methods

Study subjects

We prospectively studied 537 consecutive 
patients with CHF, admitted to our 
hospital for the diagnosis or treatment of 
CHF. The diagnosis of CHF was made by 
two cardiologists who used the generally 
accepted Framingham criteria, including 
a history of dyspnea and symptomatic 
exercise intolerance, signs of pulmonary 
congestion, peripheral edema, and radiologic 
or echocardiographic evidence of left 
ventricular enlargement or dysfunction.

Demographic and clinical data including 
age, gender, New York Heart Association 
(NYHA) functional class, and medications 
at discharge were collected from hospital 
medical records and patient interviews.

Urine and venous blood samples were 
obtained in the early morning within 24 h 

after admission. We measured urine pH with 
dipsticks covering the pH range 5.0–8.5. 
We defined the presence of acidic urine 
as pH ≤5.5. The glomerular filtration rate 
(GFR) was estimated using the Modification 
of Diet in Renal Disease equation with 
the Japanese coefficient, as previously 
reported [21]. We detected proteinuria 
with albumin-specific dipsticks. We defined 
proteinuria as positive dipstick test (1+ or 
more). CKD was defined as an eGFR <60 
ml/min/1.73 m2 or presence of proteinuria 
according to the KDOQI clinical practice 
guideline for CKD [22]. Brain natriuretic 
peptide (BNP) concentrations were 
measured using a commercially available 
specific radioimmunoassay for human 
BNP (Shiono RIA BNP assay kit; Shionogi, 
Tokyo, Japan). Since BNP was not normally 
distributed, we used log BNP for all analyses. 
Transthoracic echocardiography was 
performed by physicians who were blinded 

Table 1: Comparison of clinical characteristics between patients with and without acidic urine.
Variables All patients (n = 537) Normal urine (n = 353) Acidic urine (n = 184) P value
Age (years) 69 ± 13 68 ± 13 70 ± 12 0.1159
Men/women 317/220 197/156 120/64 0.0353
NYHA functional class (I, II vs. III, IV) 346/191 244/109 102/82 0.0017
Hypertension 373 (69 %) 246 (70 %) 127 (69 %) 0.8735
Diabetes mellitus 162 (30 %) 103 (29 %) 59 (32 %) 0.4891
Hyperlipidemia 150 (28 %) 101 (29 %) 49 (27 %) 0.6272
Etiologies

Dilated cardiomyopathy 135 (25 %) 86 (24 %) 49 (27 %) 0.4059
Ischemic heart disease 90 (17 %) 59 (17 %) 31 (17 %)
Valvular heart disease 146 (27 %) 104 (29 %) 42 (23 %)
Others 166 (31 %) 104 (29 %) 62 (33 %)

Blood examination
eGFR (ml/min/1.73 m2) 64 ± 27 69 ± 26 55 ± 27 <0.0001
Log BNP (pg/ml) 2.42 ± 0.61 2.36 ± 0.60 2.53 ± 0.62 0.0022
Hb (mg/ml) 12.5 ± 2.3 12.6 ± 2.2 12.4 ± 2.4 0.2516
UA (mg/dl) 6.3 ± 2.0 6.0 ± 1.8 7.1 ± 2.2 <0.0001

Urinalysis
pH 6.1 ± 0.6 6.4 ± 0.4 5.4 ± 0.2 <0.0001
Proteinuria ( %) 112 (21 %) 61 (17 %) 51 (28 %) 0.0047

Echocardiography
LVEDD (mm) 54 ± 10 53 ± 10 55 ± 10 0.1460
LVEF ( %) 51 ± 18 52 ± 17 49 ± 19 0.1459

Medication at discharge
ACEIs and/or ARBs 401 (75 %) 267 (76 %) 134 (73 %) 0.4771
β-Blockers 306 (57 %) 209 (59 %) 97 (53 %) 0.1494
Calcium-channel blockers 152 (28 %) 102 (29 %) 50 (27 %) 0.6743
Aldosterone blockers 168 (31 %) 104 (29 %) 64 (35 %) 0.2069
Loop diuretics 340 (63 %) 214 (61 %) 126 (68 %) 0.0731
Furosemide (mg) 10 (0–20) 10 (0–20) 20 (0–25) 0.2971

Data are expressed as mean ± SD, number (percentage), or median (interquartile range)
NYHA New York Heart Association, eGFR estimated glomerular filtration rate, BNP brain natriuretic peptide, Hb hemoglobin, UA uric acid, LVEDD left ventricular end-diastolic dimension, LVEF left 
ventricular ejection fraction, ACEIs angiotensin-converting enzyme inhibitors, ARBs angiotensin II receptor blockers
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Introduction

“Everything should be made as simple as possible, but not 
simpler”—Albert Einstein.

Blood pressure (BP) treatment thresholds and targets are fundamental 
to antihypertensive therapy, and determine whether or not to initiate 
treatment and to what level BP should be reduced. BP targets are 
selected to optimize patient outcomes in populations prospectively 
treated according to those targets. Guidelines simplify practice by 
identifying convenient cut-points applicable to all or large segments of 
the hypertensive population.

Historically, BP targets were based upon observed risk, beginning 
with the insurance company studies in the 1930s which established the 
relationship between BP and mortality from cardiovascular (CV) and 
renal disease [1]. Insights from epidemiologic and clinical studies were 
later incorporated into treatment guidelines [2, 3]. Recently, large, 
randomized clinical trials (RCTs) have evaluated specific BP targets 
in selected populations [4, 5]. Their inconsistent results have led to 
fluctuating recommendations and uncertainty among practitioners. 
This paper discusses the controversies surrounding BP targets and 
their practical implications.

Blood pressure measurement

Arterial pressure varies continuously throughout the cardiac cycle 
and from minute-to-minute, hour-to-hour, and day-today. It may 
be measured directly using an arterial catheter or indirectly using 
sphygmomanometry or other methods [6].

In RCTs and office practice, seated BP measured indirectly is most 

often used as the standard, although the NICE guidelines recommend 
24-h ABPM to establish a more accurate baseline [7]. Consistent 
technique is essential to allow valid comparisons between patients and 
over time. Body position, the presence of an observer, recent exertion, 
and the method of BP measurement (e.g., sphygmomanometry, 
oscillometry) may significantly influence the results [6]. Inconsistency 
of measurement technique is a primary impediment to establishing 
treatment targets which can be used interchangeably between practice 
settings. This discussion considers treatment thresholds/targets as they 
relate to indirectly measured, seated brachial artery BP, determined 
repeatedly and averaged after several minutes rest.

Treatment targets before ACCORD

The relationship between systolic BP (SBP) and mortality from 
ischemic heart disease (IHD) and stroke is shown in Fig. 1 [8]. These 
data, derived from over one million adults with no previous vascular 
disease, demonstrate the increase in CV risk associated with BP 
>115/75 mmHg. Also illustrated is the highly variable relationship 
between BP and individual risk. In subjects 80–89 years of age, 
mortality risk from MI or stroke at any BP is ~64 times greater than 
that seen in individuals, ages 40–49 years.

Treatment targets, recommended in JNC-7 (2003), are shown 
in Table 1 [9]. Although the continuous relationship between BP 
and CV risk was noted, office BP >140/90 mmHg was classified as 
stage 1 hypertension for historical reasons. In JNC-7, drug treatment 
was recommended for all patients with BP consistently above this 
threshold [10]. European and British guidelines [10, 11] recommended 
treatment only for stage 1 patients at sufficiently high risk based upon 
the presence of additional risk factors and/or target organ damage.

Increased risk associated with selected comorbidities was also 
reflected in JNC-7. A lower threshold/target BP <130/70 mmHg was 
set for diabetics and CKD patients. The recommendation for diabetics 
was based upon epidemiologic data documenting increased risk as 
well as clinical trial data. In UKPDS, more intense BP treatment 

The elusive search for optimal blood 
pressure targets
Alan H. Gradman 1

BP treatment thresholds/targets determine when to initiate treatment and to what level BP should be 
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reduced morbidity/mortality in hypertensives with type 2 diabetes 
[12]. Baseline office BP was 160/94 mmHg. Target BP in the “tight” 
BP control group was <150/85 mmHg, and in the “less tight” group 
<180/105 mmHg. Achieved BPs were 144/82 vs. 154/87 mmHg, 
respectively. After 8.4 years, the tight BP control group demonstrated 
marked reductions in macrovascular and microvascular endpoints, 
including a 44 % reduction in stroke.

Additional evidence favoring more intensive therapy was seen 
in diabetics (n = 1501) participating in the Hypertension Optimal 
Treatment (HOT) trial [13]. Patients were randomized to diastolic 
BP targets of <90, <85, and <80 mmHg. The latter group (mean on-
treatment BP—144/81 mmHg) demonstrated a 50 % lower incidence 
of CV events compared to the DBP <90 mmHg group with a treated 
BP—148/85 mmHg.

Guideline writers were convinced that aggressive BP reduction 
was indicated in diabetic patients. The targets recommended were not, 
however, based upon the results of the trials discussed above: neither 
used a target BP <140/90 or <130/ 80 mmHg and neither achieved on-
treatment BPs <140/ 90 mmHg. The guideline recommendations were 
rather based upon epidemiologic studies, trends in clinical trial data, 
and the belief that “lower is better.”

ACCORD

The ACCORD study compared outcomes after “intensive” (target 
SBP <120 mmHg) vs. “standard” therapy (target SBP <140 mmHg) 
in 4733 high-risk patients with diabetes and SBP >130 mmHg [4]. 
The choice of antihypertensive drugs was not specified. The intensive 
treatment group received 3.4 medications/person; mean achieved 
SBP was 119 mmHg. The standard therapy group received an average 
of 2.1 medications; on-treatment SBP was 134 mmHg. There was no 
significant difference in the composite endpoint of MI, stroke, and CV 
death. Significant reduction in stroke incidence was observed after 
intensive treatment, however. Serious adverse events (AEs), primarily 
hypotension, electrolyte disturbances, and reduced renal function, 
were increased with intensive treatment.

The ACCORD investigators concluded that no net advantage 
was associated with the lower BP target and that the benefits of very 
intensive treatment (prevention of 26 strokes) were outweighed by the 
risk of serious drug-related AEs, as well as the cost and inconvenience 
of taking additional medications. Although ACCORD is generally 
considered a failure of intensive treatment, it is noteworthy that 
patients in the ACCORD standard therapy group reached much 
lower on-treatment BPs than did patients in UKPDS or HOT. One 
interpretation of ACCORD is that intensive therapy is indeed good 
but very intensive treatment (target SBP <120 mmHg) goes beyond the 
tipping point of the risk/benefit equation.

Recent studies in diabetics are consistent with this interpretation 
[14, 15–17]. Xie et al. conducted a meta-analysis comparing a wide 
range of less vs. more intensive BP treatment regimens [14]. In the 
overall hypertensive population, subjects in the intensive treatment 
groups (mean treated BP—133/76 mmHg) demonstrated a 14 % 

Table 1: JNC-7 guidelines 2003: treatment targets based upon best 
available evidence.
Condition mmHg
Essential hypertension <140/90
Diabetes mellitus <130/80
Chronic renal disease <130/80
Table based on data from Chobanian AV et al. [9]

Fig. 1: Relationship between SBP and risk of ischemic heart disease and stroke mortality. BP blood pressure, IHD ischemic heart disease. 
Lewington S, et al. [8].

One Million Adults, 61 Prospective Studies

Ischemic Heart Disease Mortality
Stroke Mortality

Lewington S, et al. Lancet. 2002;360:1903-1913. 

Relationship between SBP and Risk of Ischemic 

Heart Disease and Stroke Mortality

Usual Systolic BP (mm Hg)

256

128

64

32

16

8

4

2

1

120 140 160 180

ytil
at

r
o

M
D

HI

)I
C

%
5

9
d

n
a

k
si

R
et

ul
o

s
b

A
(

Age at Risk (y)

80-89

70-79

60-69

50-59

40-49

Usual Systolic BP (mm Hg)

256

128

64

32

16

8

4

2

1

120 140 160 180
S

tr
o

k
e

 M
o

r
ta

li
ty

 (
A

b
s
o

lu
te

 R
is

k
 a

n
d

 

9
5

%
 C

I)

Age at Risk (y)

80-89

70-79

60-69

50-59

reachOut_Cardiology_Issue 4(SUN)_05.indd   16 06-Feb-18   4:38:27 PM



N
ot

 t
he

 L
A

ST
 W

O
R

D

CARDIOLOGY ½ 17

CV event reduction compared to those less intensively treated (on-
treatment BP—140/ 81 mmHg). In diabetic patients, the relative 
risk reduction was 17 % and the benefit extended to individuals with 
baseline SBPs <140 mmHg. Xie did not present evidence of benefit 
when on-treatment SBP was <130 mmHg. In retrospective data from 
INVEST, treated SBP <130 was associated with a significant increase 
in all-cause mortality [15], and in a meta-analysis of on-treatment BPs 
conducted by Bangelore, with a 40 % increase in serious adverse events 
and no reduction in other adverse outcomes [16] compared to patients 
with treated SBPs in 130–135 
mmHg range. In another meta-
analysis restricted to diabetics, 
treatment of patients with baseline 
SBP <140 mmHg was associated 
with an adverse trend in mortality 
and no overall reduction in CV 
events; although, as in ACCORD, 
stroke was reduced [17]. Most 
recent guidelines recommend BP 
<140/90 as the treatment target for 
diabetics [18, 19]. The Canadian 
guidelines have retained the lower 
target of <130/80 mmHg (Table 2) 
[22].

Renal disease

Recommendations for patients 
with hypertension and CKD 
have followed a course similar 
to diabetics. The African-American Study of Kidney Disease and 
Hypertension (AASK) compared higher and lower BP targets and 
achieved treated BPs of 141/85 and 128/75 mmHg, respectively. No 
difference was seen after 5 years in the composite renal endpoint 
(declining renal function, development of end-stage renal disease, or 
death) [23]. Meta-analyses of major renal trials concluded that there 

was no benefit for targets <140/ 90 mmHg [24]. This target has been 
adopted into recent guidelines with a lower target <130/90 mmHg in 
the 2013 ESC/ESH guidelines for patients with baseline albuminuria 
≥1 g/day (Table 2) [18, 19].

Older patients with hypertension

RCTs in older hypertensives have documented reduced stroke, MI, and 
heart failure (HF) in patients with isolated systolic hypertension (ISH) 

and systolic/diastolic hypertension 
[25]. Overall risk reduction is 
equal to or greater than that seen 
in younger individuals. In HYVET 
(Hypertension in the Very Elderly 
Trial), perindopril and indapamide 
reduced mortality by 28 %, stroke 
by 34 %, and new-onset HF by a 
remarkable 72 % in a population 
>80 years of age with baseline SBP 
>160 mmHg [26].

Although the benefits of 
treating hypertension in the elderly 
are clear, the optimal treatment 
threshold cannot be determined 
from available data. HYVET 
required a sustained office SBP 
>160 mmHg for inclusion; target 
BP was <150/ 80 mmHg. It is a 
fact that all of the major clinical 
trials in elderly hypertensives have 

included patients with baseline SBP >160 mmHg [27–29]. There is 
little clinical trial evidence to support treatment of older adults with 
SBP 140–160 mmHg. After analyzing available RCTs, the JNC-8 panel 
concluded that the BP threshold/target for patients >60 years without 
diabetes or CKD should be <150/90 mmHg rather than <140/90 
mmHg as recommended by JNC-7 (Table 2) [18].

Table 2: Recent hypertension guidelines.
Guideline Population Goal (mmHg) Initial drug treatment options
2014 Hypertension guideline
 
 
 

General ≥60 years <150/90 Nonblack: thiazide-type diuretic, ACEI, ARB, or CCB
General <60 years <140/90 Black: thiazide-type diuretic or CCB
Diabetes <140/90 Thiazide-type diuretic, ACEI, ARB, or CCB
CKD <140/90 ACEI or ARB

ESH/ESC 2013 [20]
 
 
 
 

General nonelderly <140/90 β-Blocker, diuretic, CCB, ACEI, or ARB
General elderly <80 years <150/90
General ≥80 years <150/90
Diabetes <140/85 ACEI or ARB
CKD no proteinuria <140/90 ACEI or ARB
CKD + proteinuria <130/90  

CHEP 2013 [21]
 
 

General <80 years <140/90 Thiazide, β-blocker (age <60 years), ACEI (nonblack), or ARB
General ≥80 years <150/90
Diabetes <130/80 ACEI or ARB with additional CVD risk

ACEI, ARB, thiazide, or DHPCCB without additional CVD risk
CKD <140/90 ACEI or ARB

Table based on data from James et al. [18]
ACEI angiotensin converting enzyme inhibitor, ARB angiotensin receptor blocker, CCB calcium channel blocker, β-blocker beta blocker, CVD cardiovascular disease, DHPCCB dihydropyridine calcium 
channel blocker, ESH/ESC European Society of Hypertension/European Society of Cardiology, CKD chronic kidney disease, CHEP Canadian Hypertension Education Program

After analyzing available RCTs, 
the JNC-8 panel concluded 

that the BP threshold/target 
for patients >60 years without 

diabetes or CKD should be 
<150/90 mmHg rather than 

<140/90 mmHg as recommended 
by JNC-7. This recommendation 
was highly controversial, even 

among the JNC-8 panel members
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This recommendation was highly controversial, even among the 
JNC-8 panel members [30]. In addition, certain retrospective studies 
have supported lower treatment targets. Bangelore studied patients 
>60 years with baseline SBP >150 mmHg who were participants 
in INVEST which randomized hypertensives with IHD to receive 
atenolol or verapamil as primary antihypertensive treatment. Those 
with treated SBP <140 mmHg had a lower risk of the primary 
endpoint (all-cause mortality, MI, stroke) compared those with SBP in 
the 140–149 mmHg range [31].

While such nonrandomized data are of interest, they do not 
prove the superiority of lower BP targets. Evaluation of treatment 
targets must include examination of all cardiovascular endpoints and 
AEs occurring in patients treated 
according to that target. The BP 
goals in INVEST were <140/90 
mmHg for “uncomplicated” 
patients and <130/85 mmHg 
for those with diabetes or CKD. 
Although 57 % of patients 
achieved SBP <140 mmHg, 43 % 
did not despite having received 
the same initial treatments from 
physicians who had received 
identical instructions regarding BP 
management. The authors of this 
and other similar studies have essentially compared “responders” to 
“nonresponders” after a specified course of treatment. While this may 
identify a group with a favorable prognosis, it is not a reliable guide 
to treatment of an entire population. As seen in ACCORD, intensive 
treatment may result in an unacceptable increase in treatment-related 
side effects.

SPRINT

The trend toward less stringent BP thresholds/targets reversed 
following the publication of SPRINT [5]. Like ACCORD, SPRINT was 
specifically designed to evaluate BP targets.

Nine thousand, three hundred and sixty-one subjects >50 years 
of age with SBP >130 mmHg and evidence of high CV risk were 
recruited. Most (92 %) were receiving antihypertensive treatment at 
baseline (mean BP—139.7/78.1 mmHg). Patients with diabetes and 
cerebrovascular disease were excluded. Drug-resistant hypertensives 
were also excluded by a screening algorithm which set an upper 
SBP limit for each patient based upon the number of drugs taken at 
baseline.

Patients were randomized to the same BP targets used in 
ACCORD: standard SBP <140 mmHg or intensive SBP <120 mmHg. 
After 3.26 years, the mean SBP was 121.5 mmHg in the intensive 
group and 134.6 mmHg in the standard treatment group. Those 
allocated to the lower BP target exhibited a 25 % reduction in a 
composite endpoint (MI, stroke, HF, CV death) and a 27 % reduction 
in mortality.

The results of SPRINT suggest that the treatment threshold 
should be reduced to 130 mmHg and target BP to <120 mmHg in 
a large segment of the population. If applied in the USA, treatment 
would be initiated or intensified in ~6.6 million people [32], including 
35 % of currently treated hypertensives and 19 % of untreated persons 

with SBP 130–139 mmHg and 
additional CV risk factors. It 
would include all individuals >75 
years of age with SBP >130 mmHg.

One of several reason to be 
cautious regarding the SPRINT 
results relates to the methodology 
of BP measurement. SPRINT 
participants were given a 5 min 
period of unattended rest prior to 
the first BP measurement [33]. BP 
was measured using an automated 
oscillometric device which may 

result in SBP/DBP readings up to 8 mmHg lower compared to manual 
readings. Discrepancies up to 16–20 mmHg in SBP have been seen in 
studies using an automated device and unattended BP measurement 
[34]. Yusuf suggested that on-treatment SBP in the standard treatment 
group of SPRINT might have exceeded 140 mmHg if measured 
manually [35]. If so, it would not be surprising that fewer CV 
endpoints would be observed in the intensive treatment group with 
manual on-treatment SBPs of ~130 mmHg.

The SPRINT results differ from other contemporary studies in 
favoring lower BP targets. HOPE-3 recruited 12,705 “intermediate” 
risk patients without history of CV disease [36]. Baseline BP 
was 138.1/81.9 mmHg, nearly identical to the SPRINT baseline. 
Randomized patients received placebo or candesartan/HCTZ. BP 
was reduced by 6.0/3.0 mmHg with active treatment. After follow-up 
of 5.6 years, no significant difference was observed in the primary 
endpoint (MI, stroke, CV death). When patients were grouped by 
baseline BP, only the upper tertile (SBP >143.5 mmHg) demonstrated 
significant CV event reduction with active treatment (Table 3). Thus, 
only patients with demonstrable hypertension by a standard criterion 
benefited from BP reduction.

Table 3: HOPE-3: composite endpoint (CV death, MI, stroke) according to baseline BP.
Subgroup Mean Systolic blood 

pressure 

mm Hg

Difference in blood pressure 

no. of events/total no. of 
participants ( %)

Candesartan 
Hydrochlorothiazide

Placebo Hazard ratio (95 % 
CI)

Overall 138.1 6.0/3.0 260/6356 (4.1) 279/6349 (4.4) 0.93 (0.79–1.10)
Systolic blood pressure

≤131.5 mm Hg 122.2 6.1/3.1 70/2080 (3.4) 62/2122 (2.9) 1.16 (0.82–1.63)
131.6–143.5 mm Hg 137.6 5.6/2.7 87/2120 (4.1) 81/214 (3.8) 1.08 (0.801.46)
>143.5 mm Hg 154.1 5.8/3.0 103/2156 (4.8) 136/2084 (6.5) 0.73 (0.56–0.94)

Table based on data from Lonn et al. [36]: BP Lowering in Intermediate Risk Persons without CVD (HOPE-3) NEJM, 2016
HOPE-3 Heart Outcomes Prevention Evaluation-3, CV cardiovascular, MI myocardial infarction, BP blood pressure, CI confidence interval

The results of SPRINT suggest 
that the treatment threshold 

should be reduced to 130 mmHg 
and target BP to < 120 mmHg in a 
large segment of the population
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The composition of the SPRINT population differed from 
patients seen by most cardiologists. A small proportion (16.7 %) had 
established CV disease. Concern about the possibility of a J-curve 
in which event rates might increase at lower BPs has tempered 
enthusiasm for intensive BP reduction in CAD patients. This is of 
particular concern in patients with low DBP which might impair 
perfusion through obstructed coronary arteries. In INVEST, in which 
all patients had IHD, an increased MI incidence was observed with 
treated DBP <70 mm Hg [37]. In VALUE (Valsartan Antihypertensive 
Long-Term Use Evaluation), in which almost one half had CAD, no 
evidence of a J-curve was seen with regard to overall event rates, but 
the MI/stroke ratio increased with treated BP <130/70 mmHg [38]. 
These studies indicate endpoint heterogeneity in which reduction 
in stroke incidence is opposed by increasing MI risk at lower BPs. 
In VALUE, on-treatment SBP in the 130–139 mmHg range was 
associated with the lowest event rates. In TNT (Treating to New 
Targets), in which 10,001 patients with CAD were analyzed, an 
on-treatment BP of 146/81 mmHg correlated with the lowest risk of 
a combined endpoint that included MI and stroke [20]. Although 
continued reduction in stroke incidence is observed in CAD patients 
treated to lower BPs, available evidence certainly does not support the 
default use of an SBP target <120 mmHg in these patients. The value of 
targets below 140/90 mmHg remain uncertain.

Untreated patients with CKD (eGFR 20–60 ml/min/m2), left 
ventricular hypertrophy, and/or HF and SBP 130–139 mmHg were 
included in SPRINT. In these patients, the use of appropriate classes 
of antihypertensive agents is justified, if not mandated, by many prior 
studies. SPRINT reinforces evidence documenting favorable effects of 
neurohormonal antagonists and other agents in these conditions. In 
an article accompanying the publication of SPRINT, JNC-7 Chair, Dr. 
Chobanian, recommended a treatment goal <130/80 for “most patients 
who are over 50 years of age and do not have diabetes” [21]. His 
suggestion is very reasonable based upon available data in untreated 
patients with CKD, LVH, and/or HF.

Although the SPRINT results are consistent with the possibility 
of significant benefit, there is little evidence to support routine 
antihypertensive therapy in otherwise healthy adults >75 years of age 
with SBP >130 mmHg. Treatment is an acceptable option, however, 
given the safety and tolerability of available drugs. Appropriate clinical 
trials to evaluate the efficacy of BP reduction in older individuals 
with untreated SBP 130–160 mmHg are an important public health 
priority.

Perspective

A number of inherent difficulties complicate the search for optimal 
BP targets. The variable relationship between BP and risk is a primary 
impediment to the development of universal treatment parameters. 
To be a legitimate object for intervention, the risk associated with BP 
elevation must be sufficiently high to justify the cost, inconvenience, 
and risks of drug treatment. Because absolute risk differs to such a 
great extent in different categories of hypertensives, it is impossible 
to identify treatment targets applicable to the entire population. This 
is indeed the justification for the more aggressive recommendations 

traditionally given for the treatment of diabetics, CKD patients, and 
other high-risk groups.

Treatment parameters cannot, however, be based solely on risk. 
An additional difficulty relates to the variable response to treatment 
in different patient subsets. The most plausible explanation for the 
conflicting results of SPRINT and ACCORD is that they studied two 
distinct patient populations and that the treatment target for diabetic 
hypertensives should be somewhat higher than for the patients studied 
in SPRINT. Even within the SPRINT population, uncertainties remain 
regarding the applicability of the overall study results to patient 
subgroups who may have met the inclusion criteria but made a small 
contribution to the overall statistical results. Another variable is the 
technique of BP measurement. In clinics in which procedures similar 
to SPRINT are used, its results can be applied with more confidence 
than in practices using traditional sphygmomanometry.

Conclusions

Despite a wealth of unresolved issues, some recommendations can be 
made with confidence. Patients with an SBP >160 mmHg should, with 
rare exceptions, be treated. The historical and arbitrary threshold/
target of 140/90 mmHg turns out to be a reasonable threshold in 
most patients for what might be termed treatable risk, i.e., risk that is 
high enough to justify treatment and for which available treatment is 
effective enough to result in clinically significant endpoint reduction. 
HOPE-3 highlights the ineffectiveness of treating low-to-intermediate 
risk patients with BP below this threshold. Above 140/90 mmHg, 
most low-to-moderate risk people, including the elderly, should be 
treated, and this target is also appropriate for the majority of high-risk 
individuals with diabetes, CKD, and/or CAD. In these patients, the 
advisability of initiating or intensifying treatment of patients with BPs 
in the 130s is equivocal. Individual judgment based upon the patient’s 
age, ethnicity, and comorbidities will be required. Lower targets 
are more appropriate for patients at increased stroke risk. Multiple 
studies indicate that treated hypertensives with SBPs in the 130s do 
best [39] although whether this is because they are responders to drug 
therapy or have truly attained their “ideal” BP is an important subject 
for future investigation. The next logical steps in the search for more 
precise BP treatment targets should include (1) standardization of 
BP measurement techniques and (2) well-designed RCTs evaluating 
a treatment target of SBP <130 in carefully categorized patient 
populations.
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to the biochemical data. The diagnosis of hypertension, 
diabetes mellitus, and hyperlipidemia was established 
on the basis of the patient’s medical records or history 
of currently or previously received medical therapy. 
Twenty-one patients were excluded from the study 
because of acute coronary syndrome within 3 months 
preceding admission, active hepatic disease, pulmonary 
disease, and malignant disease. Since high urine pH was 
affected by urinary tract infection, 75 patients were also 
excluded because of high urine pH (pH ≥7.5).

End points and follow-up

Patients were prospectively followed for a median 
period of 556 days (range 285–1070 days). The end 
points were cardiac death, defined as death from 
progressive heart failure, myocardial infarction or 
sudden cardiac death, and progressive heart failure 
requiring rehospitalization. Sudden cardiac death 
was defined as death without definite premonitory 
symptoms or signs, and was established by the attending 
physician.

The institutional ethics committee approved the 
present study, and all patients gave written informed 
consent.

Statistics

All values are expressed as a mean ± standard deviation 
(SD), or median. The t test and Chi-square test were 
used for the comparison of continuous and categorical 
variables, respectively. Comparison of urine pH with 
uric acid was performed by the Kruskal–Wallis test. 
Comparison of acidic urine with CKD stage was 
performed by the Chi-square test. A Cox proportional 
hazard analysis was performed to determine 
independent predictors for cardiac events. Significant 
predictors selected in the univariate analysis were 
entered into the multivariate analysis. A cardiac event-
free curve was constructed according to the Kaplan–
Meier method and compared using a log-rank test. A 
P value of less than 0.05 was considered statistically 
significant. A two-tailed type I error rate of less than 
0.01 and statistical power >0.98 was considered as 
significant. Statistical analysis was performed with 
a standard program package (JMP version 8; SAS 
Institute, Cary, NC, USA).

Results

Baseline patient characteristics

Baseline characteristics of patients are presented in 
Table 1. There were 346 patients with NYHA functional 
class I or II, and 191 patients with class III or IV. 
Hypertension, diabetes mellitus, and hyperlipidemia 
were identified in 373 (69 %), 162 (30 %), and 150 
(28 %) of patients with CHF, respectively. The etiologies 

Fig. 1: Association between urine pH and the New York Heart Association (NYHA) functional 
class. Patients with acidic urine had a severe NYHA functional class compared with patients 
with normal urine (Chi-square test, P = 0.0003).

Fig. 3: Association between urine pH and chronic kidney disease (CKD) stage. The prevalence of 
acidic urine was increased with advancing CKD stage (Chi-square test, P < 0.0001).

Fig. 2: Association between urine pH and levels of uric acid. Serum levels of uric acid were 
significantly increased with decreasing urine pH (Kruskal–Wallis test, P < 0.0001).
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Table 2: Univariate and multivariate Cox proportional hazard analysis for predicting cardiac events 
in patients with chronic heart failure.
Variables Hazard ratio 95 % CI P value
Univariate analysis

Age (per 1-year increase) 1.042 1.025–1.058 <0.0001
Gender (woman vs. man) 1.004 0.721–1.399 0.9802
NYHA functional class (III, IV vs. I, II) 2.652 1.912–3.690 <0.0001
Hypertension 1.223 0.864–1.733 0.2563
Diabetes mellitus 1.072 0.751–1.532 0.7012
Hyperlipidemia 0.887 0.621–1.267 0.5105
eGFR (ml/min/1.73 m2) (per 1-SD decrease) 1.811 1.463–2.214 <0.0001
Log BNP (pg/ml) (per 1-SD increase) 1.753 1.452–2.117 <0.0001
Hb (mg/ml) (per 1-SD decrease) 1.523 1.287–1.797 <0.0001
UA (mg/dl) (per 1-SD increase) 1.331 1.018–1.550 0.0002
Acidic urine 2.444 1.764–3.390 <0.0001
Proteinuria 2.179 1.536–3.086 <0.0001
LVEDD (mm) (per 1-SD increase) 1.083 0.923–1.280 0.3210
LVEF ( %) (per 1-SD decrease) 1.176 1.007–1.387 0.0408
Furosemide (mg) 1.016 1.009–1.024 <0.0001

Multivariate analysis
Age (per 1-year increase) 1.029 1.012–1.046 0.0007
NYHA functional class (III, IV vs. I, II) 1.692 1.164–2.457 0.0058
eGFR (ml/min/1.73 m2) (per 1-SD decrease) 1.084 0.898–1.387 0.4021
Log BNP (pg/ml) (per 1-SD increase) 1.211 0.964–1.522 0.0991
Hb (mg/ml) (per 1-SD decrease) 1.145 0.951–1.378 0.1515
UA (mg/dl) (per 1-SD increase) 1.138 0.964–1.348 0.1268
Proteinuria 1.231 0.840–1.805 0.2853
LVEF ( %) (per 1-SD decrease) 1.037 0.866–1.265 0.6514
Furosemide 1.009 1.001–1.018 0.0294
Acidic urine 1.795 1.254–2.564 0.0014

Abbreviations as in Table 1

of heart failure were identified as dilated 
cardiomyopathy in 135 (25 %), ischemic 
heart disease in 90 (17  %), valvular heart 
disease in 146 (27 %), and others in the 
remaining 166 (31 %) patients. The mean 
level of urine pH was 6.1 ± 0.6. The incidence 
of acidic urine was identified in 184 (34 %) 
patients with CHF. The proportion of severe 
NYHA functional class was increased with 
decreasing urine pH (Fig. 1). Levels of uric 
acid (UA) were increased with decreasing 
urine pH (Fig. 2). There were 280 (52 %) 
patients who had CKD. As shown in Fig. 3, 
the prevalence of acidic urine was increased 
with advancing CKD stage.

Acidic urine and clinical outcomes

There were 145 cardiac events (28 %), 
including 41 cardiac deaths and 104 
rehospitalizations for worsening heart failure, 
during the follow-up period. The causes of 
cardiac death were worsening CHF in 38 
patients, myocardial infarction in 2 patients, 
and sudden cardiac death in 1 patient.

We divided all the CHF patients into 
two groups according to the presence of 
acidic urine. As shown in Table 1, patients 
with acidic urine had a more severe NYHA 
functional class and higher prevalence of 
proteinuria compared with those with normal 
urine. Moreover, patients with acidic urine 
showed a higher log BNP and UA level than 
those with normal urine. Patients with acidic 
urine also showed a lower eGFR compared 
to those with normal urine. There were no 
differences in the other variables, including 
age, the prevalence of hypertension, diabetes 
mellitus, hyperlipidemia, the etiology of 
CHF, hemoglobin (Hb), echocardiographic 
parameters, and medications at discharge.

To determine the risk factors for 
predicting cardiac events, we performed 
univariate and multivariate Cox proportional 
hazard regression analyses (Table 2). In the 
univariate analysis, the presence of acidic 
urine was significantly associated with 
cardiac events. Furthermore, age, NYHA 
functional class, eGFR, log BNP, Hb, UA, 
proteinuria, left ventricular ejection fraction 
(LVEF), and dose of furosemide were 
significantly related to cardiac events. A 
multivariate analysis revealed that acidic urine 
was an independent predictor for cardiac 
events after adjustment for age, NYHA 
functional class, eGFR, log BNP, Hb, UA, 
proteinuria, LVEF, and dose of furosemide 
(acidic urine, hazard ratio 1.795; 95 % 
confidence interval, 1.254–2.564) (Table 2).

A Kaplan–Meier analysis demonstrated 
that patients with acidic urine had a 
significantly higher cardiac-event rate 
compared with those with normal urine 
(Fig. 4a). Furthermore, cardiac mortality was 
higher in patients with acidic urine than in 
those with normal urine (Fig. 4b).

Discussion

New and important findings in this study 
were: (1) patients with acidic urine had a 
more severe NYHA functional class than 
those with normal urine; (2) serum UA was 
increased with decreasing urine pH; (3) the 
prevalence of acidic urine was increased with 
advancing CKD stage; (4) multivariate Cox 
proportional hazard analysis demonstrated 
that acidic urine was an independent 
predictor of cardiac events; and (5) Kaplan–
Meier analysis revealed that patients with 
acidic urine had a higher rate of cardiac 
events than those with normal urine.

Serum UA and acidic urine in 
patients with CHF

Serum UA is reported to be associated with 
a poor outcome in patients with CHF [23]. 
However, the impact of serum UA on the 
development of heart failure remains to be 
determined. Several reports suggest that 
elevated xanthine oxidase activity, rather 
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New and important findings in 
this study were: (1) patients with 
acidic urine had a more severe 
NYHA functional class than those 
with normal urine; (2) serum UA 
was increased with decreasing 
urine pH; (3) the prevalence 
of acidic urine was increased 
with advancing CKD stage; (4) 
acidic urine was an independent 
predictor of cardiac events; and 
(5) patients with acidic urine had 
a higher rate of cardiac events 
than those with normal urine.
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than serum UA, is actively involved in 
hemodynamic impairment in patients with 
CHF [24]. Serum UA is also reported to 
have no association with cardiac events in 
CHF patients with CKD [25]. In agreement 
with these reports, our study revealed that 
serum UA was not associated with cardiac 
events in patients with CHF, after adjustment 
of confounding risk factors. Serum UA 
was increased with decreasing urine pH 
independently of the use of loop diuretics 
(data not shown). Since excretion of UA is 
dependent on urine pH, acidic urine restricts 
UA excretion [26]. Although high-dose 
furosemide affects the serum UA level and 
urine pH, elevation of serum UA may result 
from decreased UA excretion induced by 
acidic urine rather than furosemide use in 
patients with CHF.

Acidic urine and heart failure

While serum pH changes within a small 
range to keep proper surroundings for 
functioning cells, urine pH dramatically 
varies from acidic urine to alkaline urine. 
Net acid excretion in kidney plays a pivotal 
role in maintaining the acid–base balance in 
the body. RAS has garnered much interest 
as an important factor in the development 
of heart failure [27–29]. RAS, in particular 
angiotensin II, plays a crucial role in 
regulating net acid excretion. Angiotensin 
II facilitates net acid excretion through 
stimulating luminal Na+/H+ exchange, Na+/
HCO3

– cotransporter, and H– -ATPase in 
distal nephron [30, 31]. Although nephron 
mass is reduced in CKD, acid excretion 
from remaining nephrons is augmented 

[32]. It was reported that acidic urine is 
observed in patients with CKD [17]. In the 
present study, acidic urine was increased in 
patients with advancing CKD stage. These 
findings suggested that activation of RAS and 
comorbidity of CKD are associated  
with net acid excretion in kidney in  
patients with CHF.

Acidic urine is used as a marker of 
metabolic acidosis in CKD patients [17]. 
In the present study, patients with acidic 
urine showed lower eGFR levels compared 
with those with normal urine. Thus, acidic 
urine, in part, may be the result of metabolic 
acidosis secondary to CKD. Previous reports 
indicated that metabolic acidosis induces 
apoptosis in cardiac cells and impairs 
cardiac contraction [33–35]. Conversely, 
decreased cardiac contraction deteriorates 
renal function [36] and leads to severe 
acidemia. These reports suggested that acid–
base imbalance may play a role in cardiac 
dysfunction.

A recent study showed that low urine 
pH is a predictor of the development of 
CKD [16]. We demonstrated that prevalence 
of acidic urine was increased with CKD 
stage. These results suggest that low urine 
pH is associated with the development of 
CKD. CHF patients with acidic urine may 
have a poor prognosis owing to their renal 
dysfunction.

Limitations of this study were the lack 
of blood gas analyses and urine analyses 
on the excreted acids. Therefore, we did 
not have detailed information about urine 
electrolytes, acid–base status, and osmolality. 
No patients were treated with medication 
for urinary alkalization. Although all 

patients were subject to a sodium-restricted 
diet, urine pH may be affected by diet. The 
dose of furosemide might affect the serum 
levels of UA and urine pH. Prescriptions of 
angiotensin-converting enzyme inhibitors/ 
angiotensin II receptor blockers and 
β-blockers were relatively low. The prognostic 
value was not compared between spot urine 
pH and 24-h urine pH. Moreover, serial 
changes of renal function were not studied.

In conclusion, the presence of acidic 
urine is a reliable predictor of poor outcomes 
in patients with CHF.
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Fig. 4: A Kaplan–Meier analysis of all cardiac events in patients with and without acidic urine. B Kaplan–Meier analysis of cardiac deaths in patients with and without acidic urine.
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Background

Achieving good blood pressure control in 
elderly patients with hypertension often 
represents a pharmacological challenge as 
such patients are more prone to developing 
kidney failure, and thus require special 
consideration when being assigned an 
antihypertensive treatment [1].

Among antihypertensive agents 
currently in use, those known to have the 
best tolerability rate in older patients are ACE 
inhibitors and angiotensin II type 1 receptor 
antagonists (angiotensin receptor blockers 
[ARBs]) [2].These two classes of drugs also 
seem to reduce the risk in progression of 
kidney disease among hypertensive patients 

with renal dysfunction and, in fact, this 
protective effect on the kidneys has been 
demonstrated in previous studies on diabetic 
patients [3,4]. In addition to these properties, 
ARBs seem to slow or reverse the progression 
of microalbuminuria to macroalbuminuria 
and overt nephropathy [5,6], an effect that 
appears to be independent of their blood 
pressure-lowering activity [7].

As typical of ARBs, olmesartan 
medoxomil inhibits the action of the 
renin-angiotensin system at the level of 
the angiotensin type 1 (AT1) receptor 
[8,9]. The antihypertensive efficacy of 
olmesartan medoxomil in elderly patients 
with systolic and diastolic or isolated systolic 
hypertension has been well-demonstrated 

Antihypertensive efficacy of olmesartan medoxomil 
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throughout a number of large trials and 
clinical practice settings [10,11]. Recently, 
two large randomized, double-blind, parallel-
group studies performed a head-to-head 
comparison of an ACE inhibitor and an ARB, 
demonstrating the superiority of olmesartan 
medoxomil 10–40 mg over the ACE inhibitor 
ramipril 2.5–10 mg in controlling both office 
and ambulatory blood pressure of elderly 
individuals (aged 65–89 years) with grade 1 
or 2 essential hypertension [12,13].

Here, we present a post hoc analysis 
of individual data from two pooled 
studies[12,13] in which the antihypertensive 
efficacy of olmesartan medoxomil is 
compared with that of the ACE inhibitor 
ramipril in elderly patients with essential 
hypertension, based on stratification of 
patients according to their renal function 
evaluated by means of estimated glomerular 
filtration rate (eGFR).

Participants and methods

Study design

This was a post hoc analysis of pooled data 
from two efficacy and safety multicentre 
studies with identical randomized, double-
blind, parallel-group design. Subjects 
eligible for entering the studies were elderly 
outpatients (aged between 65 and 89 years) of 
both sexes, with grade 1 or 2 essential arterial 
hypertension (sitting clinic systolic blood 
pressure [SBP] 140–179 mmHg and/or sitting 
clinic diastolic blood pressure [DBP] 90–109 
mmHg) or essential arterial hypertension 
not controlled with current treatment. 
Patients were enrolled from 102 centres in 
Italy and 31 across Europe (three centres in 
Austria, one in Belgium, two in France, ten 
in Germany, two in Greece, one in Ireland, 
six in Poland and six in Spain). The studies 
were performed in accordance with ethical 
principles stated in the Declaration of 
Helsinki and consistent with International 
Conference on Harmonisation/Good Clinical 
Practice. Written informed consent was 
obtained from all patients prior to their 
inclusion in the studies. The studies were 
approved by the independent institutional 
review boards of the centres involved. The 
main results of the original studies were 
reported in previous publications [12,13].

Upon entering the study, patients 
underwent a 2-week placebo wash-out 
period followed by a 12-week treatment with 
olmesartan medoxomil or ramipril at the 

initial doses of 10 or 2.5 mg, respectively, 
given once daily between 9:00 am. and 11:00 
am. Patients were randomized in a ratio of 
1:1. At the screening visit, medical history 
was collected and a full physical examination 
with haematological and biochemical 
analysis was performed. After the first 2 
and 6 weeks of active treatment, the drug 
dose was doubled whenever office SBP was 
140 mmHg or higher or office DBP was 90 
mmHg or higher in non-diabetic patients 
and whenever office SBP was 130 mmHg 
or higher or office DBP was 80 mmHg or 
higher in diabetic patients, up to a maximum 
of 40 mg for olmesartan medoxomil or 10 
mg for ramipril. At all visits, occurrence of 
adverse events was assessed. At the end of the 
12-week treatment, all haematological and 
biochemical analyses were repeated.

At the end of the double-blind phase, a 
subgroup of patients under treatment with 
olmesartan medoxomil 40 mg continued an 
open-label follow-up for 36 weeks. During 
this open phase, non-diabetic patients not 
normalized at the end of the double-blind 
phase had to be treated with the addition of 
hydrochlorothiazide (HCTZ) 12.5 mg/day, 
which eventually was doubled to 25 mg/day 
at the subsequent visit in case of lack of blood 
pressure normalization. Diabetic patients 
not normalized (SBP ≥130 mmHg and DBP 
≥80 mmHg) after the double-blind phase had 
to be treated with the addition of zofenopril 
15 mg/day, which was eventually doubled 
to 30 mg/day in case of nonnormalization. 
In the event patients had not normalized 
despite treatment with the highest drug dose 
combination (olmesartan medoxomil 40 mg 
plus HCTZ 25 mg or olmesartan medoxomil 
40 mg plus zofenopril 30 mg), they were 
withdrawn from the study.

Blood pressure measurements

Sitting office blood pressure was measured 
in the clinic using a standard mercury 
sphygmomanometer approximately 24 hours 
after the last drug intake, at randomization 
and at all the following visits, as previously 
described [12,13]. The arm cuff was kept at 
the heart level during every blood pressure 
measurement. Three measurements, taken at 
2-minute intervals, after 5 minutes of rest in 
the sitting position were averaged and used as 
the office blood pressure reference value. SBP 
and DBP values were taken at the time of the 
first and fifth Korotkoff sound, respectively.

Ambulatory blood pressure monitoring 

(ABPM) was performed at randomization, at 
the final visit of the double-blind study (12 
weeks) and at the end of the open-label phase 
(48 weeks). The measurement was carried 
out non-invasively over the 24 hours by an 
oscillometric validated device [14], following 
current international guidelines [15]. The 
monitoring cuff was wrapped around the 
non-dominant arm and the patient was asked 
to keep her/his arm still during the automatic 
blood pressure measurements. The device 
was programmed to measure blood pressure 
every 15 minutes during the day (from 
6:00 am to 10:00 pm) and every 30 minutes 
during the night (from 10:00 pm to 6:00 
am). Each recording started in the morning, 
immediately after office blood pressure 
assessment and administration of placebo 
or active treatment. Patients were then sent 
home, asked to resume normal life, and to 
come back 24 hours later for removal of the 
device. Only data from patients with valid 
recordings and no major protocol violations 
were considered for the analyses. Recordings 
were considered valid when no more than 
1 hour was missing over the 24 hours and 
when at least 70 % of expected measurements 
were available.

Data analysis

Data from the two previous efficacy and 
safety trials[12,13] were gathered for the 
post hoc analysis, stratifying the elderly 
hypertensive population according to their 
renal function. Specifically, patients were 
divided on the basis of eGFR level, evaluated 
by creatinine clearance according to the 
Cockcroft-Gault equation [16], which 
is considered to be reasonably accurate 
in elderly subjects with a good general 
performance status, as was the case for 
the present population [17,18]. Creatinine 
clearance was expressed normalizing body 
surface at 1.73 m2, measured according to the 
Dubois-Dubois formula.[19] In accordance 
with the indications of the main international 
guidelines for kidney disease [20,21], patients 
were classified into the following three 
groups: (i) normal or increased eGFR (eGFR 
≥90 mL/min/1.73 m2); (ii) slightly reduced 
eGFR (eGFR 60–90 mL/min/1.73 m2); or (iii) 
moderately or severely reduced eGFR (eGFR 
<60 mL/min/1.73 m2).

Analysis was based on an intention-
to-treat approach. For data regarding 
the double-blind phase, the analysis was 
performed on all randomized patients 
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receiving at least one dose of active treatment 
drug and having at least one office blood 
pressure measurement after randomization. 
As for the open-label phase, patients eligible 
for the analysis were considered those 
completing the double-blind phase of the 
study, receiving at least one dose of active 
treatment and having at least one office blood 
pressure measurement during the 36 weeks of 
open-label phase.

The present post hoc analysis was based 
on the same primary endpoint of the original 
study for the double-blind phase, i.e., the 
between-treatment comparison of sitting 
office SBP and DBP changes from baseline to 
the end of the 12-week treatment, evaluated 
according to renal functionality. Also, 
secondary study endpoints were the same as 
the main study, namely between-treatment 
comparison of the percentage of normalized 
patients (sitting office SBP <140 mmHg and 
DBP <90 mmHg for non-diabetic patients 
and sitting office SBP <130 mmHg and DBP 
<80 mmHg for diabetic patients) and the 
percentage of normalized plus responder 
patients (sitting office SBP reduction >20 
mmHg or DBP reduction >10 mmHg) as well 
as changes in 24-hour average SBP and DBP 
after 12 weeks of double-blind treatment.

In the open-phase study, the effect of 
treatment with olmesartan medoxomil 40 
mg was evaluated on clinic SBP and DBP 
changes and on percentage of normalized 

and normalized plus responder patients 
according to eGFR level.

Safety analysis was applied to the 
intention-to-treat population by calculating 
the incidence of adverse events during the 
12-week double-blind and the 36-week open-
label phase of the study.

Mean sitting office and ambulatory SBP 
and DBP changes were compared between 
treatments using univariate methods based 
on ANOVA, by adjusting for the baseline 
value and for repeated measurements. 
Comparison of normalized and normalized 
plus responder patients between the two 
treatment groups was performed by the chi-
square test. The level of statistical significance 
was kept at 0.05 throughout the whole study. 
Data are reported as mean ± SD or as mean 
and 95 % confidence interval.

Results

Demographic and clinical data of the 
study population
In the two studies pooled together, 1661 
elderly (aged 65–89 years) hypertensive 
patients were screened, 1453 were 
randomized and 1274 completed the 12-week 
double-blind phase. As to the open-label 
phase, 292 patients entered the study and 
224 of them completed it. Overall, a total of 
1426 of the 1453 randomized subjects were 
valid for the intention-to-treat analysis (712 

in the olmesartan medoxomil group and 714 
in the ramipril group) for the double-blind 
phase, while 284 of the 292 patients entering 
the open-label phase were included in the 
intention-to-treat analysis for this period.

Of the total 1426 patients, 181 
individuals (12.7 % of total) had a normal 
or increased eGFR level (≥90 mL/min/1.73 
m2), whereas the majority of the population 
(n = 840, 58.9 % of total) presented a mild 
reduction in eGFR (between 60 and 90 
mL/min/1.73 m2), corresponding to stage 
2 chronic kidney disease (CKD). The 
remaining 28.4 % (n = 405) of the pop-
ulation was composed of patients with 
a moderate or severe reduction in renal 
function: of these, 403 patients had an eGFR 
level between 30 and 60 mL/min/1.73 m2 
(stage 3 CKD), while 2 patients had an eGFR 
level inferior to 30 mL/min/1.73 m2 (stage 4 
CKD). No subject in this study belonged to 
stage 5 CKD.

Subjects with a normal or increased 
renal function, a slightly reduced eGFR or 
a moderate or severe eGFR reduction were 
equally distributed in the two randomization 
groups, as shown in Table I. No significant 
differences were observed for baseline 
demographic and clinical characteristics 
between the two treatment groups, or 
between the three renal function groups, with 
the expected exception of serum creatinine 
and eGFR (Table I).

Table I. Main demographic and clinical data of the patients of the intention-to-treat population (n = 1426) at the time of randomization before treatment 
with olmesartan or ramiprila.

Normal or increased GFR Slightly reduced GFR Moderately or severely reduced GFR
Olmesartan 10–40 mg 
(n = 89)

Ramipril 2.5–10 
mg (n = 92)

Olmesartan 
10–40 mg
(n = 421)

Ramipril 
2.5–10 mg  
(n = 419)

Olmesartan 10–40 
mg (n = 202)

Ramipril 2.5–10 
mg (n = 203)

Serum creatinine (mg/dL) 0.64 ± 0.13 0.64 ± 0.11 0.86 ± 0.14 0.86 ± 0.14 1.12 ± 0.22 1.14 ± 0.21
Estimated creatinine clearance  

(mL/min/1.73 m2)
104.5 ± 16.0 101.8 ± 11.5 73.6 ± 8.4 73.6 ± 8.2 51.80 ± 6.68 51.34 ± 6.49

Age (y) 69.0 ± 4.8 69.8 ± 3.9 71.2 ± 4.6 71.1 ± 8.2 74.8 ± 5.3 75.0 ± 5.3
Males [n ( %)] 37 (41.6) 35 (38.0) 225 (53.4) 223 (53.2) 93 (46.0) 104 (51.2)
Height (cm) 164.4 ± 9.4 163.2 ± 8.7 166.6 ± 8.2 165.9 ± 8.7 164.7 ± 9.1 165.8 – 8.5
Weight (kg) 78.0 ± 16.0 78.0 ± 12.6 74.7 ± 10.9 74.6 ± 11.0 70.3 ± 10.5 71.5 ± 11.4

BMI (kg/m2) 28.7 ± 4.4 29.2 ± 3.6 26.9 ± 3.2 27.0 ± 2.8 27.4 ± 3.1 26.0 ± 3.4
Waist circumference (cm) 99.5 ± 13.7 100.1 ± 11.8 96.9 ± 11.2 96.5 ± 11.2 93.2 ± 11.0 94.2 ± 11.6
Significant medical history [n ( %)] 75 (84.3) 78 (84.8) 339 (80.5) 335 (80.0) 172 (85.1) 175 (86.2)
Diabetes mellitus [n ( %)] 23 (25.8) 25 (27.2) 79 (18.8) 83 (19.8) 36 (17.8) 45 (22.2)
Previous antihypertensive treatments 

[n ( %)]
70 (78.7) 75 (81.5) 312 (74.1) 312 (74.5) 172 (85.1) 175 (86.2)

Concomitant treatments [n ( %)] 66 (74.2) 64 (69.6) 274 (65.1) 290 (69.2) 140 (69.3) 138 (68.0)
Sitting office SBP (mmHg) 155.3 ± 9.5 156.3 ± 10.7 156.8 ± 9.9 156.8 ± 10.1 158.5 ± 10.3 156.6 ± 9.4
Sitting office DBP (mmHg) 91.3 ± 6.9 90.6 ± 6.5 91.8 ± 6.5 91.2 ± 6.7 92.1 ± 7.0 91.6 ± 6.8
a Data presented as means ± SD, or as absolute and relative frequency (%)
BMI = body mass index; DBP = diastolic blood pressure; GFR = glomerular filtration rate; olmesartan = olmesartan medoxomil; SBP = systolic blood pressure
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Drug doses

At the end of the 12-week, double-blind 
period of study, all three groups of renal 
function had a higher percentage of patients 
being treated with the high dose of ramipril 
compared with those taking the high dose 
of olmesartan medoxomil. This difference 
was statistically significant (olmesartan 
medoxomil 47.7 % vs ramipril 56.3 %, p = 
0.032) in the group with a slightly reduced 
eGFR (Table II).

The average drug doses at the end of the 
double-blind phase were, respectively, 27.9 
± 12.4 mg for olmesartan medoxomil and 
7.5 ± 3.2 mg for ramipril (70 % vs 75 % of the 
maximal dose) for subjects with a normal 
renal function; 27.2 ± 12.7 mg for olmesartan 
medoxomil and 7.4 ± 3.1 mg for ramipril 
(68 % vs 74 % of the maximal dose) for 
patients with a slightly reduced eGFR; and 
26.8 ± 12.6 mg for olmesartan medoxomil 
and 7.1 ± 3.1 mg for ramipril (67 % vs 71 % 
of the maximal dose) for patients with eGFR 
reduction of a moderate to severe degree.

Blood pressure changes during the 
double-blind phase

During the 12-week, double-blind period of 
the study, both treatment with olmesartan 
medoxomil and ramipril progressively 
reduced office sitting SBP and DBP values in 
all patients within the three renal function 
classes (Fig. 1).

At the end of the double-blind phase 
(12 weeks, primary study endpoint), 
mean reduction of clinical SBP and DBP 
was significantly greater with olmesartan 
medoxomil than ramipril in patients with a 
normal or increased eGFR level (SBP 15.3 
mmHg [95 % CI 18.2, 12.3] olmesartan 
medoxomil vs 10.3 mmHg [13.2, 7.4] 
ramipril, p = 0.018; DBP 8.8 [10.3, 7.3] vs 
6.1 [7.5, 4.6] mmHg, p = 0.011). In patients 
with a mildly reduced eGFR, baseline-
adjusted mean SBP reduction at the 12-week 
final visit was 17.0 mmHg (18.3, 15,7) for 
olmesartan medoxomil versus 15.4 mmHg 
(16.7, 14.1) for ramipril (p = 0.08), while 
the corresponding DBP reduction was 9.6 

mmHg (10.4, 8.9) for olmesartan medoxomil 
versus 8.4 mmHg (9.1, 7.6) for ramipril 
(p = 0.022). In the group of patients with 
a moderate or severe kidney impairment, 
olmesartan still showed a slightly higher 
efficacy than ramipril after the 12-week 
period, although the difference was not 
significant for both SBP (18.9 [20.9, 17.0] vs 
17.0 [19.0, 15.1] mmHg, p = 0.185) and DBP 
(10.5 [11.5, 9.4] vs 9.7 [10.7, 8.6] mmHg,  
p = 0.296) (Fig. 1).

At the end of the 12-week double-blind 
period, the frequency of blood pressure 
normalization was significantly higher for 
the olmesartan medoxomil group compared 
with ramipril in patients with a normal 
renal function (46.1 % vs 23.9 %, p = 0.002) 
and in those with a mild reduction in eGFR 
(49.9 % vs 42.7 %, p = 0.038). In the low 
eGFR group, normalization rate between 
the two groups was in favour of olmesartan 
medoxomil, but was not statistically 
significant (49.5 % vs 46.3 %, p = 0.519) 
(Fig.  2). Similar results were obtained for 
the percentage of normalized plus responder 

Table II. Relative frequency (%) of patients at different drug doses at the end of the 12-week, double-blind period of treatment. The p-value refers to the 
between-treatment comparison across the three drug dosages (low, medium and high).

Drug dose Normal or increased GFR Slightly reduced GFR Moderately or severely reduced GFR
Olmesartan 10–40 mg Ramipril 2.5–10 mg Olmesartan 10–40 mg Ramipril 2.5–10 mg Olmesartan 10–40 mg Ramipril 2.5–10 mg

Low dose 19.0 20.2 23.0 17.3 22.9 17.4
Medium dose 32.1 20.2 29.4 26.3 31.8 31.3
High dose 48.8 59.6 47.7 56.3 45.3 51.3
p-Value 0.191 0.032 0.339
GFR = glomerular filtration rate; olmesartan = olmesartan medoxomil
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Fig. 1: Baseline-adjusted office sitting systolic (SBP) and diastolic blood pressure (DBP) mean changes (95 % confidence intervals) from baseline after 2, 6 and 12 weeks of treatment 
with olmesartan medoxomil 10–40 mg and ramipril 2.5–10 mg during the double-blind treatment and for the intention-to-treat population. Data are separately shown according to 
the different classes of renal function. The statistical significance of between-treatment differences is indicated by asterisks (* p < 0.05, ** p < 0.01). The p-value for the trend analysis of 
the between-treatment difference is also reported. GFR= glomerular filtration rate; NS= not significant
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patients (olmesartan medoxomil 71.9 % vs 
ramipril 48.9 %, p = 0.002, for the group with 
normal eGFR; 70.1 % vs 63.0 %, p = 0.034, 
for the group with slightly reduced eGFR) 
(Fig. 2). In subjects with a moderate or severe 
eGFR reduction, a nonsignificant difference 
between the two treatments was observed at 
12 weeks (73.8 % olmesartan medoxomil vs 
68.5 % ramipril, p = 0.240) (Fig. 2). A subset of 
715 patients (356 in the group randomized to 
olmesartan medoxomil and 359 to ramipril) 
underwent 24-hour ABPM with valid 
recordings at baseline and at the end of the 12 
weeks of the double-blind study. As reported 
in Table III, 12 weeks of treatment with 
olmesartan medoxomil determined a generally 
higher reduction than treatment with ramipril 
on 24-hour average SBP and DBP values for 
each of the three subgroups of renal function. 
However, the between-treatment differences 
reached statistical significance for the group 
with an intermediate eGFR level (olmesartan 
medoxomil-ramipril SBP 2.5 mmHg [4.5, 0.5], 
p = 0.015; DBP 1.3 mmHg [2.6, 0.1],  
p = 0.041).

Estimated glomerular filtration rate 
variation during the study period

Because use of antihypertensive drugs 
based on blockade of the renin-angiotensin-
aldosterone system generally reduces eGFR 
[22,23], it was important to monitor changes 
in eGFR level in the different groups of 
patients after antihypertensive treatment.

Baseline-adjusted eGFR changes were 
negligible with olmesartan showing a slight 
decrease after 12 weeks of treatment (-1.4 mL/
min/1.73 m2 [95 % CI -0.6, -2.1]; n = 712) and 
ramipril a slight increase (+0.6 mL/min/1.73 
m2 [+1.4, -0.1]; n = 714). Between-treatment 
differences were not significantly different.

Open-label phase

At the end of the double-blind phase, a 
subgroup of patients (n = 284) in treatment 
with the maximum dose (40 mg) of 
olmesartan medoxomil continued an open-
label follow-up that lasted 36 weeks. This 
open-label phase included 36 patients (12.7 % 
of total) with a normal or increased eGFR 
value, 172 (60.6 %) with eGFR level between 
60 and 90 mL/min/1.73 m2 and 76 (26.8 %) 
with eGFR <60 mL/min/1.73 m2.

In the open-label phase, only 30.6 % of 
patients in the group with a normal eGFR 
and about 29 % in the two groups with 
reduced eGFR were treated with olmesartan 
medoxomil alone.

During the 36 weeks of the open-label 
phase, treatment with olmesartan medoxomil 
determined a further reduction in SBP and 
DBP as well as an improvement in blood 
pressure normalization rate, with similar 
results independently from the group of  
renal function.

At the final visit of the study (week 48), 
average clinical SBP reductions from baseline 
were 28.2 mmHg (95 % CI 23.3, 33.1) for 

the group with normal or increased eGFR 
level, 24.4 mmHg (22.2, 26.6) for patients 
with a slightly reduced renal function, and 
26.9 mmHg (23.6, 30.2) for patients with a 
moderate or severe degree of renal disease. 
Corresponding mean office DBP changes 
were 13.9 mmHg (11.3, 16.4) for normal 
subjects, 13.7 mmHg (12.6, 14.9) for the 
intermediate group and 14.1 mmHg (12.3, 
15.8) for the low eGFR group.

Safety and tolerability

An analysis of adverse events was carried 
out for all randomized patients through the 
double-blind phase and all patients in the 
open-label follow-up. During the double-
blind phase, adverse events were reported in 
26 of 181 (14.4 %) individuals in the group 
with normal or increased eGFR, 120 of 840 
(14.3 %) in the group with a mild eGFR 
reduction and 55 of 405 (13.6 %) among 
patients with a moderate or severe renal 
impairment, without significant differences 
between olmesartan or ramipril treatment. 
The frequency of drug-related adverse 
events in the three groups was 1.1 %, 3.2 % 
and 3.7 %, respectively, with no statistically 
significant between-treatment difference.

During the open-label phase, adverse 
events occurred in 9 of 36 (25 %) patients 
with normal eGFR, in 39 of 172 (22.7 %) 
patients with slightly reduced eGFR and 
in 20 of 76 (26.3 %) patients in the group 
with a moderately or severely reduced renal 
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Fig. 2: Percentage of normalized (sitting office systolic blood pressure [SBP] <140 mmHg and diastolic blood pressure [DBP] <90mmHg for non-diabetic patients and sitting office 
SBP <130mmHg and DBP<80mmHg for diabetic patients) and normalized or responder patients (sitting office SBP <140mmHg and DBP <90mmHg for non-diabetic patients and 
sitting office SBP <130mmHg and DBP <80mmHg for diabetic patients or sitting office SBP reduction >20mmHg or DBP reduction >10mmHg) after 2, 6 and 12 weeks of treatment 
with olmesartan medoxomil 10–40mg and ramipril 2.5–10 mg, for the intention-to-treat population. Patients are separately grouped according to their renal function. The statistical 
significance of between-treatment differences is indicated by asterisks (* p < 0.05, ** p < 0.01). GFR= glomerular filtration rate
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function. Drug-related adverse events were 
observed in no patients in the normal group, 
in seven patients (4.1 %) in the intermediate 
eGFR group and in two patients (2.6 %) in 
the low eGFR group, without significant 
differences.

Discussion

In elderly patients, co-existence of both 
hypertension and kidney disease leads 
to increased risk of cardiovascular 
disease[24,25] as the presence of 
hypertension facilitates the development 
and progression of target organ damage 
[26]. In this context, one of the most useful 
strategies in preventing or treating both 
cardiovascular and kidney disease remains 
blood pressure control. In the present post 
hoc analysis of two previously published 
randomized, double-blind studies [12,13], 
olmesartan medoxomil confirmed a better 
antihypertensive efficacy than ramipril in 
elderly individuals, regardless of the renal 
function status of the patient. Treatment with 
olmesartan medoxomil clearly improved 
both office and 24-hour SBP and DBP from 
baseline to week 12 in all renal function 
groups, with an overall significantly higher 
efficacy with respect to ramipril in the group 
with a normal or increased eGFR, and in the 
group with a mild reduction in eGFR, and a 
comparable efficacy between the two drugs 
in the group with a moderately or severely 

reduced eGFR. During the open-label phase 
of the trial, blood pressure reduction with 
olmesartan medoxomil was maintained. The 
trend was equivalent in all eGFR groups with 
comparable final blood pressure reductions.

Results of our study strengthen and 
confirm previous evidence from other 
large-scale trials assessing the impact of 
olmesartan medoxomil on blood pressure 
and renal protection in patients at risk of 
developing kidney disease or with various 
degrees of renal impairment [27–29]. 
In a randomized, double-blind study, 
high-dose olmesartan medoxomil was as 
effective as a combination of valsartan and 
imidapril for reducing blood pressure and 
proteinuria in poorly controlled hypertensive 
patients [27]. In the 4447 patients with 
type 2 diabetes mellitus in the ROADMAP 
(Randomised Olmesartan and Diabetes 
Microalbuminuria Prevention) study at the 
end of 3.2 years of follow-up both office and 
24-hour ambulatory blood pressure were 
reduced significantly more by olmesartan 
medoxomil 40 mg than by placebo (i.e., 
no renin-angiotensin-aldosterone system 
anti-hypertension medication allowed) 
with an increase in the time to the onset 
of microalbuminuria [28]. Recently, the 
ORIENT (Olmesartan Reducing Incidence 
of End-stage Renal Disease in Diabetic 
Nephropathy Trial) proved that combination 
therapy of olmesartan medoxomil (10–40 
mg/day) with ACE inhibitors for 3.2 years 

was capable of decreasing blood pressure 
and proteinuria in 288 type 2 diabetic 
patients with nephropathy significantly more 
than treatment with ACE inhibitors alone 
[29]. In general, the efficacy of both ACE 
inhibitors and ARBs in controlling blood 
pressure in patients at risk of developing 
kidney disease has been demonstrated 
in several studies. In the REIN (Ramipril 
Efficacy in Nephropathy)[30,31] and HOPE 
(Heart Outcomes Prevention Evaluation)
[32] studies, in patients with chronic 
nephropathies of diabetic or non-diabetic 
origin, blood pressure was reduced by long-
term treatment with ramipril with slowing 
of the progression or reversion of decline in 
GFR. Effective blood pressure reductions and 
renoprotective effects of ARBs in nondiabetic 
and type II diabetic patients were reported by 
the IDNT (Irbesartan Diabetic Nephropathy 
Trial) and the ONTARGET (Ongoing 
Telmisartan Alone and in combination with 
Ramipril Global Endpoint Trial) studies 
[33,34]. In the IDNT study [33], treatment 
with irbesartan reduced blood pressure and 
halved proteinuria level between baseline 
and 12 months, with a consequent reduced 
risk for kidney failure. In the ONTARGET 
study [34], telmisartan was compared with 
ramipril and with a combination of the two, 
showing that, although the blood pressure 
drop and albuminuria reduction was superior 
in the combination arm, no added benefit 
was noted.

Table III. Average office and 24 h systolic (SBP) and diastolic blood pressure (DBP) values (mean ± SD) at baseline and baseline-adjusted changes (mean 
and 95 % CI) at the end of 12 weeks of double-blind treatment in the subgroup of patients with valid 24 h recordings. The p-value refers to the statistical 
significance of the between-treatment difference.

Normal or increased GFR Slightly reduced GFR Moderately or severely reduced GFR

Olmesartan 10–40 
mg (n = 37)

Ramipril 2.5–10 
mg (n = 41)

Olmesartan 10–40 
mg (n = 208)

Ramipril 2.5–10 
mg (n = 211)

Olmesartan 10–40 
mg (n = 111)

Ramipril 2.5–10 
mg (n = 107)

Baseline office SBP (mmHg) 154.3 ± 8.6 154.1 ± 10.6 156.3 ± 9.7 156.3 ± 9.6 158.1 ± 9.5 157.4 ± 9.3
SBP reduction after 12 wk of 

treatment
18.5 (14.8–22.2) 10.2 (6.7–13.8) 18.1 (16.4–19.8) 16.0 (14.3–17.6) 20.3 (17.8–22.7) 18.7 (16.2–21.2)

p-Value 0.002 0.073 0.374
Baseline office DBP (mmHg) 90.4 ± 7.3 88.7 ± 7.0 91.9 ± 6.7 91.2 ± 7.0 92.1 ± 7.5 91.6 ± 6.9
DBP reduction after 12 wk of 

treatment
9.4 (7.2–11.7) 6.4 (4.3–8.6) 10.2 (9.2–11.1) 8.4 (7.4–9.3) 10.3 (9.1–11.5) 9.6 (8.4–10.9)

p-Value 0.061 0.008 0.478
Baseline 24 h SBP (mmHg) 138.0 ± 11.2 138.1 ± 14.9 141.2 ± 13.7 140.8 ± 13.3 143.1 ± 14.5 142.9 ± 11.4
SBP reduction after 12 wk of 

treatment
7.1 (3.9–10.4) 5.5 (2.4–8.6) 10.6 (9.2–12.0) 8.1 (6.7–9.5) 12.8 (10.6–14.9) 11.0 (8.9–13.2)

p-Value 0.478 0.015 0.263
Baseline 24 h DBP (mmHg) 79.7 ± 7.3 78.9 ± 8.0 80.9 ± 8.9 80.9 ± 9.4 81.8 ± 10.3 81.9 ± 10.2
DBP reduction after 12 wk of 

treatment
5.3 (3.5–7.0) 3.8 (2.1–5.5) 6.3 (5.3–7.2) 4.9 (4.0–5.8) 7.5 (6.3–8.7) 6.4 (5.2–7.7)

p-Value 0.237 0.041 0.218
DBP = diastolic blood pressure; olmesartan = olmesartan medoxomil; SBP = systolic blood pressure
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Although it was beyond the purpose of 
our retrospective analysis to assess the impact 
of treatment on renal function, also given the 
relatively short-follow-up period, we must 
highlight that the good antihypertensive 
control observed with olmesartan medoxomil 
and ramipril was not associated with 
alteration in renal function, as quantified by 
eGFR. This is clinically relevant considering 
the age of the studied population.

Finally, it should be emphasized that 
both olmesartan medoxomil and ramipril 
were well-tolerated independently for the 
level of renal function. The proportion of 
patients reporting drug-related adverse 
events was low and equally distributed 
between the three eGFR levels.

In closing the discussion of the above 
findings, we want to point out that our 
study does present some limitations. 
First, being a post hoc analysis, a clinical 
characterization for renal impairments is 
lacking and the results reported on eGFR 
variations are observations independent 
of the comorbidities of patients recruited. 
However, the distribution of diabetes (about 
20 % of the patients recruited had diabetes) 
did not statistically differ in the two groups 

of treatment and between patients with or 
without renal impairment. Second, creatinine 
clearance was evaluated according to the 
Cockcroft-Gault equation [16], which may 
underestimate glomerular filtration rate. 
This equation, however, is considered to be 
reasonably accurate in the elderly as is the case 
of the population studied [17,18]. Third, there 
is an evident imbalance between the number 
of patients in the first group with respect to 
the others; this is because it is expected that 
elderly hypertensive patients have at least an 
even mild degree of renal impairment.

Conclusions

This post hoc analysis demonstrated that 
olmesartan medoxomil is efficacious in 
controlling blood pressure in elderly patients 
with essential systolic and diastolic or isolated 
systolic hypertension, independently of their 
renal function status. Its efficacy proved to be 
generally superior to that of ramipril in terms 
of antihypertensive activity, in patients with 
normal or increased eGFR and in those with 
slightly reduced eGFR.
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Heart failure (HF) consists of the fastest 
growing clinical cardiac disease. HF 
patients are categorized on the basis 
of underlying left ventricular ejection 
fraction (LVEF) into HF with preserved 
EF (HFpEF), reduced LVEF (HFrEF), 
and mid-range LVEF (HFmrEF). While 
LVEF is the most commonly used 
surrogate marker of left ventricular (LV) 
systolic function, the implementation of 
two-dimensional echocardiography in 
estimating this parameter imposes certain 
caveats on current HF classification. 
Most importantly, LVEF could fluctuate 
in repeated measurements or even 
recover after treatment, thus blunting the 
borders between proposed categories of 
HF and enabling upward classification 
of patients. Under this prism, we sought 

to summarize possible procedures to 
improve systolic function in patients with 
HFrEF either naturally or by the means of 
pharmacologic and non-pharmacologic 
treatment and devices. Therefore, we 
reviewed established pharmacotherapy, 
including beta-blockers, inhibitors of 
renin–angiotensin–aldosterone axis, 
statins, and digoxin as well as novel 
treatments like sacubitril–valsartan, 
ranolazine, and ivabradine. In addition, 
we assessed evidence in favor of cardiac 
resynchronization therapy and exercise 
training programs. Finally, innovative 
therapeutic strategies, including stem cells, 
xanthine oxidase inhibitors, antibiotic 
regimens, and omega-3 polyunsaturated 
fatty acids, were also taken into 
consideration. We concluded that LVEF is 

subject to changes in HF after intervention 
and besides the aforementioned HFrEF, 
HFpEF, and HFmrEF categories, a new 
entity of HF patients with recovered LVEF 
should be acknowledged. An improved 
global and refined LV function assessment 
by sophisticated imaging modalities and 
circulating biomarkers is expected to 
render HF classification more accurate 
and indicate patients with viable—yet 
dysfunctional—myocardium and favorable 
characteristics as the ideal candidates 
for LVEF recovery by individualized HF 
therapy.

Source: V. Katsi, G. Georgiopoulos, A. Laina, et 
al. Left ventricular ejection fraction as therapeutic 
target: is it the ideal marker? Heart Fail Rev. 2017; 
22(6):641–655. DOI 10.1007/s10741-017-9624-5.  
© Springer Science+Business Media New York 
2017.

Left ventricular ejection fraction as therapeutic target: is it 
the ideal marker?

Research update
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PRIME TIME NEWS

The role of angiotensin-converting enzyme 
inhibitors (ACEIs) and angiotensin 
receptor blockers (ARBs) reducing risk of 
cardiovascular events (CVEs) and preserving 
kidney function in patients with chronic 
kidney disease is well-documented. However, 
the efficacy and safety of these agents in 
dialysis patients is still a controversial issue.

We systematically searched MEDLINE, 
Embase, Cochrane Library and Wanfang 
for randomized trials. The relative risk (RR) 
reductions were calculated with a random-
effects model. Major cardiovascular events, 
changes in GFR and drug-related adverse 
events were analyzed.

Eleven trials included 1856 participants 
who were receiving dialysis therapy. 
Compared with placebo or other active agents 
groups, ARB therapy reduced the risk of heart 
failure events by 33 % (RR 0.67, 95 % CI 0.47 to 
0.93) with similar decrement in blood pressure 
in dialysis patients. Indirect comparison 

suggested that fewer cardiovascular events 
happened during treatment with ARB 
(0.77, 0.63 to 0.94). The results indicated 
no significant differences between the two 
treatment regimens with regard to frequency 
of myocardial infarction (1.0, 0.45 to 2.22), 
stroke (1.16, 0.69 to 1.96), cardiovascular 
death (0.89, 0.64 to 1.26) and all-cause 
mortality (0.94, 0.75 to 1.17). Five studies 
reported the renoprotective effect and revealed 
that ACEI/ARB therapy significantly slowed 
the rate of decline in both residual renal 

function (MD 0.93 mL/min/1.73 m2, 0.38 
to 1.47 mL/min/1.73 m2) and urine volume 
(MD 167 ml, 95 % CI 21 ml to 357 ml). No 
difference in drug-related adverse events was 
observed in both treatment groups.

This study demonstrates that ACE-Is/
ARBs therapy decreases the loss of residual 
renal function, mainly for patients with 
peritoneal dialysis. Overall, ACE-Is and 
ARBs do not reduce cardiovascular events 
in dialysis patients, however, treatment with 
ARB seems to reduce cardiovascular events 
including heart failure. ACE-Is and ARBs do 
not induce an extra risk of side effects.

Source: Youxia Liu, Xinxin Ma, Jie Zheng, Junya 
Jia, Tiekun Yan. Effects of angiotensin-converting 
enzyme inhibitors and angiotensin receptor 
blockers on cardiovascular events and residual 
renal function in dialysis patients: a meta-analysis 
of randomised controlled trials. BMC Nephrol. 
2017; 18: 206. DOI 10.1186/s12882-017-0605-7. © 
The Author(s). 2017.

Effects of angiotensin-converting enzyme inhibitors and 
angiotensin receptor blockers on cardiovascular events and 
residual renal function in dialysis patients: a meta-analysis of 
randomised controlled trials

Are atherosclerotic risk factors associated with a poor 
prognosis in patients with hyperuricemic acute heart failure? 
The evaluation of the causal dependence of acute heart 
failure and hyperuricemia

Atherosclerosis induces the elevation of uric 
acid (UA), and an elevated UA level is well 
known to lead to a poor prognosis in patients 
with acute heart failure (AHF). However, 
the prognostic value of atherosclerotic risk 
factors in hyperuricemic AHF patients 
remains to be elucidated. The data from 928 
patients who were admitted to the intensive 
care unit (ICU) at Nippon Medical School 
Chiba Hokusoh Hospital between January 
2001 and December 2014, and whose serum 
UA levels were measured were screened. A 
total of 394 AHF patients with hyperuricemia 
were enrolled in this study. The patients 
were assigned to a low-risk group (≤1 
atherosclerosis risk factor) and a high-risk 
group (≥2 atherosclerosis risk factors) 
according to their number of risk factors. 
The patients in the low-risk group were 
more likely to have dilated cardiomyopathy, 

clinical scenario 3 than those in the high-risk 
group. The serum total bilirubin, blood urea 
nitrogen, C-reactive protein, and brain-type 
natriuretic peptide levels were significantly 
higher in the low-risk group than the high-
risk group (p < 0.001, p = 0.005, p = 0.003, 

and p = 0.008, respectively). A multivariate 
Cox regression model revealed that the 
number of risk factors (number = 1, HR 
(hazard ratio) 0.243, 95 % CI 0.096–0.618, 
p = 0.003; number = 2, HR 0.253, 95 % CI 

0.108–0.593, p = 0.002; number ≥3, HR 
0.209, 95 % CI 0.093–0.472, p < 0.001), eGFR 
(per 1.0 mmol/l increase) (HR 0.977, 95 % CI 
0.961–0.994, p = 0.007), and serum UA level 
(per 1 mg/dl increase) (HR 1.270, 95 % CI 
1.123–1.435, p < 0.001) was an independent 
predictor of 1-year mortality. The prognosis, 
including all-cause death and HF events, 
was significantly poorer among the low-
risk patients than among the high-risk 
patients. Atherosclerotic risk factors were not 
associated with a poor prognosis in patients 
with hyperuricemic AHF.

Source: Okazaki, H., Shirakabe, A., Kobayashi, N. 
et al. Are atherosclerotic risk factors associated with 
a poor prognosis in patients with hyperuricemic 
acute heart failure? The evaluation of the causal 
dependence of acute heart failure and hyperuricemia. 
Heart Vessels 2017; 32(4): 436–445. DOI 10.1007/
s00380-016-0893-z. © Springer Japan 2016.
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Arrhythmogenic right ventricular dysplasia

Dilated cardiomyopathy

zz Caused by progressive fibro-fatty replacement (dysplasia) of the 
right ventricle (RV) myocardium.
zz Left ventricle (LV) may be occasionally involved, with relative 

sparing of the septum.
zz Patients may have ventricular arrhythmia of the left bundle branch 

morphology.
zz Familial linkage in approximately 30 % of patients (1st degree 

relative involvement).
zz Characteristics EKG finding is epsilon wave.
zz Morphologic features on imaging are hyperreflective moderator 

band, RV enlargement, RV dysfunction.
zz RV aneurysms are highly associated with this disorder and their 

presence portends a worse prognosis.
zz The presence of fat within the RV myocardium (as detected on MRI) 

is not a criterion required to satisfy the diagnosis.

zz Characterized by dilation and reduced contractility of the LV or 
both the LV and RV.
zz End-diastolic and end-systolic dimensions and volumes are 

increased.
zz Systolic function indices such as ejection fraction, fractional 

shortening, systolic longitudinal motion of the mitral annulus, 
stroke volume, and cardiac output are diminished.
zz Wall thickness can be normal.
zz LV mass can be uniformly increased.
zz Secondary characteristics in this type of cardiomyopathy include 

a dilated mitral annulus resulting in incomplete coaptation of the 
mitral valve leaflets and “functional” mitral regurgitation.
zz Other secondary features include low cardiac output, dilated atria, 

right ventricular dilation and associated left ventricular thrombus.
zz Interventricular conduction delay is common and results in 

intraventricular mechanical dyssynchrony.

CARDIOVASCULAR IMAGING

Right ventricular inflow view of a patient with arrhythmogenic right ventricular dysplasia. Note the right ventricular aneurysms 
(arrows). CS coronary sinus 

(a) Apical four chamber view showing dilated cardiomyopathy. Note dilated and  spherically-shaped LV. Notice spontaneous 
echocardiographic contrast in the left ventricle consistent with low flow state. (b) Apical four chamber view in systole and diastole 
showing poor ventricular function in patient with dilated cardiomyopathy.

a

Source: Parmanand Singh. Cardiomyopathy. In: D. Kireyev, J. Hung (eds). Cardiac Imaging in Clinical Practice. 1st ed. Switzerland: Springer International Publishing;  
pp 151–160. DOI 10.1007/978-3-319-21458-0_13. © Springer International Publishing Switzerland 2016.
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