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  Pref ace   

 Hypertension is ubiquitous in chronic kidney disease (CKD); textbooks on hyperten-
sion in CKD are not. The specialist wants to master the art of managing hypertension 
in CKD, yet there are few resources to go to. This book, we hope, fi lls the vacuum 
for the specialist who wants a comprehensive review of hypertension in CKD. 

 In approaching the diffi cult task to fi ll this void, we created topics that would 
have minimal overlap among them and asked each of the authors to provide a com-
prehensive, yet succinct, narrative on the subject. Authors need little introduction as 
they are respected authorities in the fi eld from around the world; we are grateful for 
their efforts in creating this text. As editors, we did not try to change their opin-
ions—even when our approach may have been different—because the evidence 
base for practice is often thin and opinion-based. We did ask our authors to rational-
ize their unique approach in the hopes that this would allow the readers to appreciate 
the variations in practice among authorities. 

 Books are old-fashioned and often have the quality of being outdated even before 
they are published. So we may ask: why do we still read books? There is something 
real about holding a book; the smell of paper, turning the pages, highlighting, and 
making notes allow us to develop a GPS image in our brains; it provides a connec-
tion with the material that we feel is not possible with electronic texts. We are decid-
edly old-fashioned when it comes to touching real paper and learning by reading 
books on paper. 

 This book is written with primarily the renal fellow or a practicing nephrologist 
in mind. The renal fellow may want to master the subject and read the book cover to 
cover in bite-sized chapters. The practicing nephrologist may simply want to review 
a few areas of interest to her. Each chapter stands on its own, and the book, in order 
to be understood, does not need to be read from the fi rst page to the last. 

 We owe a debt of gratitude to our wives, Anuja and Ritu, while we took time to 
edit this work. The editorial team at Springer, in particular Barbara Lopez-Lucio, 
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gets a big thank you from us for keeping us on track; without the editorial team (and 
Barbara in particular), there was little hope of creating this textbook. 

 Lastly, we hope that our daughters, Radhika and Anika, both medical students, 
and Vikrum and Nikki, will join them in reading this text (and approve of it).  

  Boston, MA, USA     Ajay     K.     Singh    
 Indianapolis, IN, USA     Rajiv     Agarwal     

Preface
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    Chapter 1   
 Epidemiology of Hypertension in Chronic 
Kidney Disease                     

     Angela     Yee-Moon     Wang     

          Prevalence of Chronic Kidney Disease and Its Determinants 

 Chronic kidney disease ( CKD  ) is defi ned as persistent kidney damage, which is often 
refl ected by either a reduction in glomerular fi ltration rate or increased urine albumin 
excretion, or both. CKD is now a worldwide public health challenge. According to 
the 2010 Global Burden of Disease study, CKD is ranked 18th in the list of causes of 
total number of global deaths with an estimated annual death rate of 16.3 per 100,000 
[ 1 ]. The prevalence of CKD varies across different countries and regions and is esti-
mated to range between 8 and 16 % of the adult population [ 2 – 9 ]. The prevalence of 
CKD has shown a steady global increase over the years. For example, in the USA, the 
prevalence of CKD was estimated to be around 10 % between 1988 and 1994 and it 
increased to 13.1 % between 1999 and 2004 [ 4 ]. The prevalence estimates of CKD 
differ slightly depending on the GFR estimating equations used [ 4 ,  10 ]. The rise in 
CKD prevalence and incidence has been attributed to an aging population as well as 
an increased prevalence of hypertension, diabetes, and obesity, all of which are rec-
ognized as important global health challenges [ 4 ,  11 ,  12 ]. 

 According to the 2010  United States Renal Data System (USRDS  ) Annual Data 
Report, the leading causes of kidney failure in the USA are diabetes, hypertension, 
and glomerulonephritis. Hypertension and diabetes account for 99 and 153 per mil-
lion population of incident cases of  end-stage renal disease (ESRD  ), respectively 
[ 13 ]. The prevalence of stage 3 or higher CKD in diabetics in the USA exceeds 15 % 
[ 13 ]. Over 5 % of people with newly diagnosed type 2 diabetes already have CKD 
and an estimated 40 % of diabetics will develop CKD in their time course [ 14 ]. Data 
from World Health Organization showed that the number of individuals with 
 diabetes is currently around 154 million globally and is projected to double within 

        A.  Y.-M.   Wang ,  MBBS, MD, PhD, FRCP      (*) 
  Department of Medicine ,  Queen Mary Hospital, University of Hong Kong , 
  102 Pok Fu Lam Road ,  Hong Kong ,  China   
 e-mail: aymwang@hku.hk  

mailto:aymwang@hku.hk


2

the next 20 years. The increase is most notable in less developed countries, where 
the number of diabetic patients could rise from 99 million to 286 million by 2025 
[ 15 ]. China and India are projected to have 139 million people with diabetes in 2025 
[ 16 ]. A parallel increase in the global incidence and prevalence of CKD due to dia-
betic nephropathy is therefore anticipated. CKD in diabetes is associated with an 
increased risk of progression to  ESRD   [ 17 ]. 

 The  aging population   also in part explains an increase in the incidence of hyper-
tension, diabetes, and CKD worldwide. The prevalence of CKD was reported to be 
7.4 % among women aged 18–39 years and increased to 18.0 and 24.2 % among those 
aged 60–69 and 70 years or above, respectively, in the Chinese general population 
[ 2 ]. Similar parallel increase in CKD prevalence with aging was observed across the 
USA, Canada, and Europe although the absolute prevalence differed across countries 
[ 4 ,  8 ,  18 ]. Cardiovascular disease is also an important cause of CKD.  

    Defi nition of Hypertension 

 The  American Heart Association   defi nes hypertension as a blood pressure of 
140/90 mmHg or more, measured in clinic setting, based on two readings, 5 min 
apart and sitting in chair and confi rmed with elevated reading in contralateral arm.  

     Prevalence   of Hypertension in CKD 

 Hypertension is very common in CKD, with a prevalence estimated around 60–95 % 
in CKD stage 3–5 [ 19 – 22 ]. Hypertension has a complex interrelationship with 
CKD. Hypertension is an important modifi able cause for CKD as well as a conse-
quence of CKD. Nearly a billion of the adult population (around 26.4 %) in 2000 
had hypertension (defi ned as >140/90 mmHg) and this proportion is projected to 
increase by about 60 % to 1.56 billion by 2025 (24 % in developed countries and 
80 % in developing regions such as Africa and Latin America) [ 23 ]. A correspond-
ing global increase in the prevalence of CKD is therefore anticipated. The  Global 
Burden of Disease Study   identifi ed elevated blood pressure as the leading risk fac-
tor, among 67 studied, for death and disability-adjusted life years lost during 2010 
[ 24 ]. According to the USRDS Annual Data report for 2014, up to 25 % of CKD 
was attributed to hypertension. Of the 10.7 % of Medicare patients diagnosed with 
CKD in 2013, nearly half also have diabetes, and over 92 % also have hypertension 
[ 25 ]. The rate of ESRD caused by hypertension has grown 8.1 % since 2000, to 99.1 
per million population. In contrast, the incident rate of diabetic ESRD fell 1.5 % 
between 2007 and 2008, to 153 per million population—a rate nearly unchanged 
from that of 2000 while that of ESRD due to glomerulonephritis has fallen 23.4 %, 
to 23.7 per million population [ 25 ]. 

A.Y.-M. Wang
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 The prevalence of hypertension in CKD shows racial disparities in being higher 
among non-Hispanic blacks versus whites or Mexican Americans, as reported in 
several cohorts. In the Modifi cation of Diet in Renal Disease (MDRD) study, the 
prevalence of hypertension was higher in blacks versus whites [93 % versus 81 %] 
[ 26 ]. Similarly, in  Chronic Renal Insuffi ciency Cohort (CRIC  ) study, hypertension 
was reported in 93 % of African Americans versus 80 % of whites although 
Hispanics show a greater risk for CKD and ESRD compared to non-Hispanics [ 27 ]. 
Socioeconomic status and lifestyle also infl uence the prevalence of hypertension in 
CKD patients. Patients with poorer socioeconomic status, lower income, and educa-
tion level showed a higher prevalence of hypertension [ 27 ]. 

 The prevalence of hypertension increases with worsening  estimated glomerular 
fi ltration rate (eGFR  ), as shown in CRIC study [ 27 ] (see Fig.  1.1 ). The prevalence 
of hypertension was 92 % for those with eGFR <30 ml/min per 1.73 m 2  and 67 % for 
those with eGFR >60ml/min per 1.73 m 2 . The prevalence estimates for hyperten-
sion among CKD patients in China, India, and Mexico were similar to those reported 
in CRIC cohort [ 28 – 30 ].

   The  prevalence   of hypertension varies by the etiology of CKD. CKD due to dia-
betic nephropathy showed the highest prevalence of hypertension independent of 
kidney function [ 27 ]. Hypertension was also more frequent among patients with 
polycystic kidney disease, renal artery stenosis when compared to glomerulonephri-
tis, tubulointerstitial disease, or chronic pyelonephritis [ 31 ]. Albuminuria was an 
important, independent risk factor for hypertension as shown by pooled data from 
National Health and Nutrition Examination Survey (NHANES) III and NHANES 
1999–2005 [ 32 ,  33 ]. In the United States National Kidney Foundation’s Kidney 
Early Evaluation Program (KEEP), decreasing GFR by 10 ml/min/1.73 m 2 , increas-
ing age, obesity, African American race, and microalbuminuria were all associated 
with an increased prevalence of hypertension [ 22 ]. Urine albumin to creatinine ratio 
greater than 6.67 mg/g in men and above 15.24 mg/g in women resulted in doubling 
the risk of developing hypertension when accounting for baseline blood pressure, 
body mass index, and creatinine [ 34 ]. Higher albumin/creatinine ratios, even within 
the normal range, are independently associated with increased risk for development 
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of hypertension in the general population [ 35 ]. Proteinuria was shown to be one of 
the most important correlates of systolic blood pressure in older men, especially 
with ambulatory and home systolic blood pressure [ 36 ]. The association between 
albuminuria and hypertension may be mediated via an increased infl ammation, 
endothelial dysfunction, and renal sodium handling [ 37 ]. 

  Obesity   was an important predictor of hypertension among CKD patients. In the 
MDRD study, body mass index was a strong predictor of hypertension among 
patients with a GFR of 25–55 ml/min per 1.73 m 2  [ 26 ]. Likewise, both the KEEP 
(78.6 % versus 60.3 %) and NHANES study (52 % versus 30.8 %) showed a greater 
prevalence of hypertension among obese subjects as compared to non-obese sub-
jects [ 22 ]. Obesity was also an independent risk factor for CKD [ 38 ]. 

  Suboptimal blood pressure   control was common in CKD, especially those at the 
highest risk of adverse outcomes due to diabetes or albuminuria [ 39 ]. The NHANES 
data showed that elevated serum creatinine level was strongly related to suboptimal 
treatment of high blood pressure [ 20 ]. Only 36 % of subjects met the blood pressure 
target of <140/90 while only 14 % of treated hypertensive individuals met the older 
blood pressure target of <130/85 proposed for individuals with kidney disease [ 20 ]. 
In the KEEP program for people at high risk for CKD, the prevalence (86 %), aware-
ness (80 %), and treatment (70 %) of hypertension were high but good blood control 
was achieved in only 13 % [ 40 ]. Poor medication adherence was associated with 
23 % increased risk of uncontrolled hypertension [ 41 ]. These data suggest poorly 
controlled hypertension is associated with much of the high burden of CKD and 
there is a need to improve blood pressure control in CKD.  

    Clinic Blood Pressure and  Ambulatory Blood Pressure   

 The diagnosis and control of hypertension critically depend on accuracy of blood 
pressure measurements. Clinic blood pressure frequently overestimates and underes-
timates true blood pressure in hypertensive general population and this is also observed 
in patients with CKD. Misclassifi cation of blood pressure control at the offi ce was 
observed in 1 of 3 hypertensive patients with CKD, suggesting that ambulatory-based 
control rates were far better than offi ce-based rates [ 42 ]. Using ambulatory blood pres-
sure monitoring as the reference standard, home blood pressure monitoring showed 
the best diagnostic performance for hypertension compared with routine or standard-
ized clinic measurements in CKD. One week-averaged home blood pressure 
>140/80 mmHg was associated with awake ambulatory blood pressure >130/80, a 
threshold considered as hypertensive in the CKD population [ 43 ]. White coat hyper-
tension is defi ned as an elevated clinic blood pressure but controlled blood pressure 
out of clinics.  Masked hypertension   is defi ned as controlled blood pressure in clinic 
setting with elevated blood pressure out of clinics. According to a systematic analysis 
including six studies with 980 CKD subjects, the overall prevalence of white coat 
hypertension was 18.3 % (range, 10–28 %) and  masked hypertension   8.3 % (range, 
5–28 %). Notably, 40.4 % of subjects with CKD considered to have normal or 
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controlled blood pressure in fact had masked uncontrolled hypertension (range, 
26–54 %) while 30 % of subjects with CKD that were thought to have hypertension 
had normotension at home [ 44 ]. Similarly, a high rate of masked hypertension was 
observed in the follow-up study of the  African American Study of Kidney Disease 
(AASK  ) cohort; of the 61 % subjects with controlled clinic blood pressure, 70 % had 
 masked hypertension   [ 45 ]. This location- dependent hypertension, namely masked 
hypertension and white coat hypertension, has been shown to predict prognosis in 
patients with hypertension. Masked hypertension carries a risk equivalent to sustained 
hypertension, whereas white coat hypertension carries a risk almost equivalent to nor-
motension [ 46 ]. In the general population, the risk of CKD was signifi cantly increased 
in sustained hypertension, masked hypertension, and white coat hypertension [ 47 ]. 
The  AASK study   showed that target organ damage was more common in subjects 
with sustained or masked hypertension [ 45 ]. CKD patients with  masked hypertension      
were more likely to progress to end-stage renal disease [ 48 ]. The prevalence rates of 
masked hypertension depend very much on the defi nitions used to defi ne masked 
hypertension. Conventionally, masked uncontrolled hypertension was defi ned as 
clinic blood pressure >140/90 mmHg or daytime ambulatory blood pressure 
≥135/85 mmHg. In a recent study of 333 veterans with CKD, the prevalence of masked 
uncontrolled hypertension was 26.7 % defi ned by daytime ambulatory blood pressure, 
32.8 % by 24-hour ambulatory blood pressure and more than doubled to 56.1 % if 
defi ned by daytime or nighttime ambulatory blood pressure [ 49 ]. 

 Ambulatory blood pressure was superior to clinic blood pressure measurements 
in correlating with end-organ damage [ 36 ]. Ambulatory blood pressure showed a 
stronger association with proteinuria [ 36 ] and  echocardiographic left ventricular 
hypertrophy   [ 50 ,  51 ] than clinic blood pressure in CKD population. In keeping with 
these observations, a prospective cohort study conducted in 217 veterans with CKD 
showed that 24 h ambulatory systolic blood pressure provided additional prognos-
tic value for composite cardiovascular endpoint of myocardial infarction, stroke, 
and mortality beyond clinic blood pressure, indicating the importance of ambula-
tory blood pressure in predicting clinical outcomes in CKD (see Fig.  1.2 ) [ 48 ]. 
Clinic blood pressure above goal and ambulatory blood pressure at goal identify a 
low risk condition while clinic blood pressure at goal and ambulatory blood pres-
sure above goal are both associated with higher cardio-renal risk similar to that 
observed in patients with both clinic and ambulatory blood pressure above goal 
[ 52 ]. Furthermore, the defi nitions used to classify patients as having hypertension 
or normotension can infl uence the risk for being classifi ed as having masked hyper-
tension in favor of white coat hypertension. A meta-analysis has shown that when 
the thresholds for classifi cation of clinic and ambulatory blood pressure are equal, 
the risk for diagnosis of masked hypertension is less (risk ratio of 0.74). When the 
clinic blood pressure threshold is higher and home blood pressure threshold is 
lower, the risk (risk ratio of 1.36) for diagnosing masked hypertension is greater 
[ 44 ]. More recent analysis by Agarwal and co-workers showed that clinic blood 
pressure was a good determinant of masked uncontrolled hypertension with area 
under the receiver- operating characteristics curve of 0.82 (95 % confi dence inter-
vals, 0.76–0.87). Home blood pressure was no better than clinic blood pressure in 
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