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Abstract
Background/Aims: Ambulatory blood pressure monitoring (ABPM) in chronic kidney disease 
(CKD) patients has been extensively studied, but few investigations have attempted to relate 
ABPM with CKD stages. The objectives of this article were to compare ABPM parameters 
for the diagnosis and treatment determination of CKD with daytime clinic blood pressure 
(BP) measurements. We also investigated BP and renal injury in combined hypertension and 
CKD. We supposed ABPM was important in combined hypertension and CKD. Methods: We 
compared ABPM in hypertension patients, including 152 patients with combined hypertension 
and CKD. Patients with combined hypertension and CKD were grouped according to severity 
into stages 1 through 3 (Stage 1-3) and stages 4 and 5 (Stage 4-5). Results: In the Stage 
4-5 group, systolic BP (SBP) (daytime, nighttime and 24 h mean), diastolic BP (DBP), pulse 
pressure and SBP standard deviations (SD) (daytime and 24 h) were higher. SBP and DBP 
loads were significantly higher in the Stage 4-5 group. The nighttime load was higher than 
the daytime load. Mean arterial pressure (MAP) was higher and heart rates (HR) were faster 
in the Stage 4-5 group. Conclusions: BP load should be a component employed in ABPM 
to determine cardiovascular risk stratification. MAP and HR might be associated with risk to 
develop end-stage renal disease.

Introduction

Combined hypertension and chronic kidney disease (CKD) are adult health concerns 
with a global impact. Both conditions substantially increase the risks of death, cardiovascular 
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disease (CVD) and kidney failure [1]. Patient health deteriorates as estimated glomerular 
filtration rate (eGFR) decreases and 86% of patients will eventually develop end-stage 
renal disease (ESRD) [2]. Ambulatory blood pressure monitoring (ABPM) is an effective, 
noninvasive and portable technique in which blood pressure (BP) is recorded frequently 
and automatically over an extended period. The typical monitoring is 24 hours. During the 
testing period, participants continue to take medications and continue normal participation 
in daily activities.

Diagnoses of hypertension and treatment strategy are usually based on a limited number 
of daytime clinic BP measurements. However, in large part because of increased sleeping 
BP, BP measured at the clinic supplies an incomplete and potentially misleading evaluation 
of the severity of hypertension with CKD [3]. The correlation between the magnitude of 
hemodynamic load or BP level and health concerns such as target-organ damage (TOD) and 
increased CVD risk is better reflected by ABPM compared to standard clinical BP evaluation 
[4-6]. Especially relevant finding recorded by ABPM in patients with CKD include the mean, 
pulse pressure (PP), BP variability (BPV) and circadian changes [5, 7]. 

Few studies have compared the ambulatory blood pressure (ABP) parameters in 
patients with combined hypertension and CKD according to CKD stage classification. One 
general population study [8] demonstrated that eGFR predicted fewer endpoints than 
systolic BP (SBP) and diastolic BP (DBP) measurements collected by ABPM. Some studies 
[9, 10] have examined ABPM characteristics (including SBP, DBP, PP, BPV and prevalence 
of the different dipping patterns) according to CKD stage classification, but not BP load, 
mean arterial pressure (MAP) or heart rate (HR). Other approaches [11-13], however, have 
demonstrated that BP load, MAP and HR were also important prognostic indicators. 

We supposed ABPM was important in combined hypertension and CKD. The purpose 
of the present study was to improve the diagnosis and treatment of patients with combined 
hypertension and CKD by observing and comparing ABP parameters and to explore the 
relationship between BP changes and renal injury in patients with combined hypertension 
and CKD. 

Materials and Methods

Patients 
We selected 241 Chinese hypertension in-patients (119 men and 122 women) who were enrolled 

from November 2011 to October 2014. Among them, 152 patients (78 men and 74 women) were combined 
hypertension with CKD. Patients maintained a normal daytime activity and nighttime sleep routine given 
low and the same salt intake. Patients were considered to have hypertension if they were receiving ongoing 
antihypertensive treatment or if they had SBP/DBP levels that fit the criteria defined by the 2013 European 
Society of Hypertension–European Society of Cardiology (ESH/ESC) Hypertension Guidelines: ABPM 
criteria, 24 h mean SBP/ DBP ≥ 130/80 mm Hg, specifically waking mean SBP/ DBP ≥135/85 mm Hg and/or 
sleeping mean SBP/DBP ≥120/70 mm Hg [14]. CKD was defined according to the National Kidney Foundation 
Kidney Disease Outcome Quality Initiative (K/DOQI) guidelines as: (1) kidney damage for ≥ three months, 
as confirmed by kidney biopsy or signs of kidney damage, such as proteinuria, microalbumin, abnormal 
urinary sediment, or abnormalities on imaging studies, with or without a decrease in eGFR as estimated 
by the Modification of Diet in Renal Disease (MDRD) formula, or (2) eGFR < 60 mL · min−1 per 1.73 m2 for ≥ 
three months, with or without kidney damage [15]. The causes of renal disease were glomerulonephritis (n 
= 73), polycystic kidneys (n = 6), Sjogren's syndrome (n = 2), gouty nephropathy (n = 4), interstitial nephritis 
(n = 1), hypertensive nephropathy (n = 39), diabetic nephropathy (n = 21), lupus nephritis (n =2) and 
nephrotic syndrome (n = 4). Principal exclusion criteria were true pregnancy or lactation, history of drug 
or alcohol abuse, type 1 diabetes, acquired immunodeficiency syndrome, secondary hypertension (such as 
primary aldosteronism, pheochromocytoma or Cushing’s syndrome), left-hander and big differences BP in 
left-right arm, and intolerance to ABPM or inability to communicate with others or comply with all study 
requirements. Patients gave their written informed consent.
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The combined hypertension and CKD patient population was divided according to CKD disease 
stage and severity. Using the K/DOQI classification, patients were categorized as: (1) stage 1 to 3 (Stage 
1-3), moderate kidney damage with elevated GFR (eGFR ≥ 30 mL/min/1.73 m2), 106 patients (56 men 
and 50women), 59.4 ± 14.9 years of age; (2) stage 4 and 5 (Stage 4-5), severe kidney damage with severe 
reduction in GFR (eGFR <30 mL/min/1.73 m2) , 46 patients (22 men and 24 women), 60.5 ± 12.1 years of 
age [15].

Clinical Information and Laboratory Data
Clinical information was usually acquired from electronic medical records. A partial list of gathered 

information includes age, sex, weight, medical history, current medications, treatment with antihypertensive 
drugs, hypertensive history, laboratory data, clinic BP and HR. Participants reported to the hospital, after 
eight hours of fasting, between 06:00 and 07:00 in the morning for blood extraction from an antecubital 
vein. Glucose, serum creatinine, uric acid, blood urea nitrogen, proteinuria, high-density lipoprotein 
(HDL) cholesterol levels, low-density lipoprotein (LDL) cholesterol levels, albumin, β2 micro globulin and 
other laboratory test values were determined by standard enzymatic methods. The samples were run on 
automated analyzers in our hospital laboratory using routine automatic techniques.

ABP Measurement
Twenty-four h ABPM was performed on routine workdays using the ABPM-04 (Meditech Ltd., 

Budapest, Hungary). Where possible, blood pressure was taken from the left arm and a large size cuff was 
instead if the arm circumference was larger than 13 inches, and the inflatable bladder’s center was placed 
over the brachial artery. Measurements were made at 20 min intervals between 07:00 and 22:00 h and every 
30 min during the night. At least 70% of the results during test periods were required to be satisfactory, or 
else the monitoring was repeated. The patient was instructed to record their sleeping and waking times and 
follow their normal daily activities and to continue using normal medications, but to refrain from strenuous 
exercise and keep a similar sleep-activity schedule and avoid daytime napping. At the time of cuff inflation, 
the patient was instructed to stop moving and talking and to keep the arm still with the cuff at heart level. 
The measurements were downloaded to the computer and a range of analyses was performed using the 
ABPM-04 analysis software (Meditech Ltd.).

ABP was considered normal according to the ESH Working Group on BP Monitoring guidelines if the 
24 h value was 130/80 mm Hg, the daytime value was 135/85 mm Hg and the nighttime value was 120/70 
mm Hg. BP load is the total load of elevated BP values over a 24 h recording period on cardiovascular system. 
The area under the curve was 140/90 mmHg during daytime and 120/80 mmHg during nighttime. MAP was 
calculated as [DBP +1/3 (SBP-DBP)]. PP was calculated as (SBP-DBP). Sleep-time relative BP decline (BP 
dipping pattern) was defined as [(daytime BP mean - nighttime BP mean) / daytime BP mean] × 100%. For 
nighttime dipping it is generally agreed that a nocturnal SBP fall ≥ 10% of daytime values will be defined as 
a “dipper”, a nocturnal BP fall < 0% of daytime values will be defined as a “riser” and all other values will be 
defined as a “non-dipper” [16]. BPV was calculated as the standard deviation (SD) of the mean daytime and 
nighttime SBP, DBP and 24 h BP [17].  

Statistical Analysis
All numerical data are presented as the mean ± standard deviation (SD) and frequencies (%) for 

categorical variables. The distribution of all variables was examined using the Shapiro-Wilk test or 
Kolmogorov-Smirnov test of normality, and homogeneity of variances was determined using Levene’s test. 
Data were compared between Stage 1-3 and Stage 4-5 groups by an independent-sample Student’s t test 
(continuous variables), or the Mann–Whitney U test for non-parametric data. Comparisons between the 
daytime and nighttime periods were performed using a paired-samples Student’s t test, or a Wilcoxon 
matched-pairs signed ranks test (a type of nonparametric test) when the data was not normally distributed. 
The chi-square test was used between groups of dichotomous variables. Statistical analysis was performed 
using SPSS software (Version 17.0, SPSS Inc., Chicago, IL, USA). Results were considered significant when p 
< 0.05. We also compared the proportion of patients between the Stage 1-3 and Stage 4-5 groups with clinic 
PP ≥ 65 mm Hg and 24-h PP mean > 53 mm Hg [18].
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Results

Baseline characteristics
Baseline characteristics of the 241 hypertension patients are presented in Table1. One-

hundred and six participants (69.7%) with combined hypertension and CKD had an eGFR of 
≥ 30 ml/min/1.73 m2 and 46 (30.3%) participants had an eGFR < 30 ml/min/1.73 m2. Most 
baseline characteristics were similar in the Stage 1-3 and Stage 4-5 groups. The Stage 4-5 
group had higher clinic SBP, PP, serum creatinine, blood urea nitrogen, uric acid, proteinuria, 
average urine protein, β2 microglobulin, α1 microglobulin and microalbumin levels, but 
lower weight, LDL cholesterol, albumin and hemoglobin (p < 0.05). The percentage of 
patients with clinic PP ≥ 65 mm Hg, and thus at relatively greater risk of CVD morbidity and 
mortality [18], was significantly higher among patients in the Stage 4-5 group (p < 0.05). 

Table 1. Baseline characteristics of 241 hypertension patients
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ABPM Characteristics of hypertension Patients
Figure 1 shows the 24-h patterns of SBP (up) and DBP (down) for hypertension patients 

without CKD and with combined hypertension and CKD assessed by 24-h ABPM. Sleep-time 
relative BP declines were significantly differed between the hypertension patients without 
CKD and with combined hypertension and CKD (p < 0.05).

The proportion of patients with a 24 h PP mean > 53 mm Hg significantly differed 
between the Stage 1-3 and Stage 4-5 groups, 79.5% in the Stage 4-5 group as opposed to 
54.3% in the Stage 1-3 group (p < 0.05). The prevalence of non-dipping rhythm was quite 
high (78.3%) in patients with combined hypertension and CKD and increased with the 
deterioration of renal function (73.6% vs. 89.1%). 

The differences between daytime, nighttime and 24 h mean SBPs, DBPs, SBP load, 
DBP load, HR, PP, MAP and daytime and 24 h SBP SD between the two groups were higher in 
the Stage 4-5 group (p < 0.05) (Figure 2 - 4). The SBP and DBP loads were higher during the 
nighttime than during the daytime period (p < 0.001) (Figure 2 and 3). Figure 5 illustrated 
the area under the curve of the Stage 1-3 and 4-5 groups. The proportion of patients with the 
riser BP rhythm, and thus the highest CVD risk, increased from 26.4% in the Stage1-3 group 
to 34.8% in the Stage 4-5 group (Figure 6). Nighttime SBP SD, DBP SD, HR SD and HR relative 
decline in time asleep were similar between the two groups. 

Fig. 1. Circa-
dian patterns 
of mean SBP 
(up) and DBP 
(down) in 
mmHg of with 
c o m b i n e d 
CKD (conti-
nuous line) 
and no CKD 
(dashed line) 
assessed by 
24-h ABPM. 
Each graph 
shows hour-
ly means of 
data for each 
group of pa-
tients. Abbre-
viation: SBP, 
systolic blood 
p r e s s u r e ; 
DBP, diastolic 
blood pressu-
re; CKD, chro-
nic kidney di-
sease; ABPM, 
a m b u l a to r y 
blood pres-
sure monito-
ring.
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Discussion

The present study discloses that the Stage 4-5 group displayed an increased prevalence 
of CVD risk factor markers. Patients in the Stage 4-5 group had higher serum creatinine, 
blood urea nitrogen, uric acid, proteinuria, average urine protein, β2 microglobulin, α1 
microglobulin and microalbumin than patients in the Stage 1-3 group. Additionally, clinic 

Fig. 2. Changes in daytime, nighttime and 24 h SBP 
mean (A), SD (B) and load (C) of hypertension pati-
ents and displayed as patients in the Stage 1-3, Stage 
4-5, combined CKD and no CKD groups. * P < 0.05,  
** p ≤ 0.01, *** p ≤ 0.001 vs. the Stage 1-3 group.  
††† p ≤ 0.001 vs. daytime load. Abbreviation: SBP, 
systolic blood pressure; CKD, chronic kidney disease.

Fig. 3. Changes in daytime, nighttime and 24 h DBP 
means (D), SD (E) and load (F) of hypertension pati-
ents and displayed as patients in the Stage 1-3, Stage 
4-5, combined CKD and no CKD groups. * P < 0.05, 
** p ≤ 0.01 vs. the Stage 1-3 group. ††† p ≤ 0.001 
vs. daytime load. Abbreviation: DBP, diastolic blood 
pressure; CKD, chronic kidney disease.
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Fig. 4. Changes in daytime, nighttime and 24 h means of 
HR (G), PP (H) and MAP (I) in hypertension patients and 
displayed as patients in the Stage 1-3, Stage 4-5, com-
bined CKD and no CKD groups. * P < 0.05, ** p ≤ 0.01, 
*** p ≤ 0.001 vs. the Stage 1-3 group. Abbreviation: HR, 
heart rates; PP, pulse pressure; MAP, mean arterial pres-
sure; CKD, chronic kidney disease.

SBP was significantly higher in patients 
in the Stage 4-5 group. Poorly controlled 
BP accelerates the decline in kidney 
function due to CKD, while good control 
slows the progression [19]. Hence, early 
treatment of hypertension is necessary 
in patients with CKD. Finally, there were 
marked differences between the general 
population, patients with hypertension, 
and patients with combined hypertension 
and CKD in clinic PP, indicating that 
there is stiffness in the major arteries 
in patients with combined hypertension 
and CKD [18].

Our study also observed highly 
significant differences in 24 h BP 
regulation between the Stage 1-3 and 
Stage 4-5 groups. The levels of daytime, 
nighttime and 24 h mean SBPs and 
DBPs were higher in the Stage 4-5 group. 
Elevated BP has been associated with an 
increased risk of ESRD incidence with an 
eGFR < 60 ml/min/1.73 m2 [12, 20, 21]. 
Recent trials documented that elevated 
BP, particularly SBP, contributed to 
declining kidney function and further 
reported that SBP was a better predictor 
of adverse renal and cardiovascular 
outcomes than ambulatory DBP values 
[7, 21]. Similarly, we observed that SBP 
was more significantly different between 
the Stage 1-3 and Stage 4-5 groups when 
compared with DBP. BPV has been used 
to assess the features of cardiovascular 
control mechanisms. Recent data 
demonstrated that BPV, particularly 
waking SBP variability, might be 
positively associated with LVH and TOD 
in hypertensive CKD patients [10, 22]. 
In this study, BPV was calculated as the 
standard deviation (SD) of the mean 
daytime and nighttime SBP, DBP and 24 
h BP, and we observed that daytime and 
24 h SBP SD were higher in the Stage 4-5 
group.

The loss of nocturnal BP decline is 
common in CKD, and blunted BP decline 
at night has been associated with TOD 
and CVD [7, 16]. Our study also indicates 
that the prevalence of an abnormal circa-
dian BP rhythm (non-dipping rhythm) was quite high in CKD patients and increased with the 
deterioration of renal function. We also found a significant progressive increase in the pre-
valence of non-dippers and risers across the categories of decreasing eGFR that define the 
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Fig. 5. The SBP (up) and DBP (down) load calculated from the area under the curve 
of the Stage 1-3 and 4-5 groups. Abbreviation: SBP, systolic blood pressure; DBP, di-
astolic blood pressure.

Fig. 6. Prevalence of the different circadian patterns of patients with combined hy-
pertension and CKD in the Stage 1-3 and Stage 4-5 groups. Dipping classification was 
determined according to the value of the relative SBP decline during sleep-time. Ext-
reme dippers, nocturnal SBP reduction ≥ 20%; dippers, 10 – 20% reduction; non-dip-
pers, 0 – 10% reduction; and risers, < 0% reduction. Abbreviation: CKD, chronic kid-
ney disease.

stages of CKD. 
Minutolo et al. 
[23] suggested 
that non-dip-
per patients 
with CKD recei-
ving antihyper-
tensive therapy 
to decrease 
nocturnal BP 
and proteinu-
ria had a signi-
ficantly worse 
long-term out-
come and in-
creased cardi-
ovascular risk.

BP load 
was first intro-
duced by Za-
chariah et al. 
[24] and White 
et al. [25] Za-
chariah et a. 
[24] defined 
BP load as the 
p e r c e n t a g e 
of BP values 
exceeding a 
given cons-
tant threshold. 
White et al. 
[25] suggested 
that elevated 
BP values du-
ring the wa-
king hours 
(≥ 140/90 
mm Hg) and 
sleeping hours 
(≥ 120/80 mm 
Hg) could be 
used to calcu-
late the total 
percentage of 
every abnor-
mal BP value 
(load) in each 
patient. Whi-
te et al. [25] 
proposed that 
BP load acqui-
red from 24 h 
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ABPM recordings could be a more accurate predictor of renal and cardiovascular outcomes 
than BP level, especially in normotensive people, and successfully used BP load to assess car-
diac risk in a group of 30 previously untreated patients with mild-to-moderate essential hy-
pertension. Additionally, Liu et al. [26] recruited 869 individuals referred for 24 h ABPM and 
found that BP load was associated with TOD, but not independently of BP level. Microalbu-
minuria was associated with a greater systemic BP load and increased vascular permeability 
in patients with primary hypertension [27]. Another study of this kind [11] suggested that, 
in patients with mild-to-moderate arterial hypertension, a high 24 h SBP load might be as-
sociated, independently of the average 24 h ambulatory SBP, with an adverse cardiovascular 
risk profile. BP load could be used to diagnose hypertension during pregnancy if calculated 
with reference to BP limits that should be markedly below the currently accepted thresholds 
of normotension in pregnancy and that are defined in relation to predictable trends in BP 
according to gestational age and rest-activity cycle [28]. Other authors have suggested that 
BP load might be more relevant than diurnal and nocturnal mean BP and dipping [29].

This is the first study to compare 24 h ABPM with BP load in patients with combined 
hypertension and CKD. This study indicates that the levels of daytime, nighttime and 24 h 
SBP load and nighttime and 24 h DBP load were higher in stage 4-5 CKD. Another important 
finding of our study is that nighttime SBP and DBP loads are higher than the corresponding 
daytime loads. Consequently, these patients’ veins are under high load pressure for an 
extended time, and this prolonged pressure can induce changes in microcirculation structures 
that will eventually cause TOD. However, BP load is not usually presented in an ABPM report. 
In light of the results of our study, we suggest that BP load ought to be included as a standard 
component of ABPM for cardiovascular risk stratification and that hypertension medications 
should be selected to reduce nighttime BP load.

In previous cross-sectional studies on hypertensive CKD patients [12, 18], PP might 
have the strongest association with ESRD and the incidence of death among individuals with 
reduced eGFR [9], as well as an established ability to predict cardiovascular morbidity and 
mortality [30]. Our data show that daytime, nighttime and 24 h mean PP and MAP were 
higher with increasing CKD severity. The proportion of patients with a 24 h PP mean > 53 
mm Hg was significantly higher in the Stage 4-5 group. In the African-American Study of 
Kidney Disease trial, Wright et al. [31] found that, among patients with hypertensive renal 
disease (eGFR, 20 - 65 ml/min/1.73 m2), participants randomized to MAP goals of 102 - 
107 or to 92 mm Hg or less had similar frequencies of renal function decline. Among 840 
participants with various levels of CKD severity in the MDRD study, the rate of decline in 
renal function was similar among patients randomized to a MAP < 92 mm Hg vs. < 107 mm 
Hg. Daytime, nighttime and 24 h MAP were similar between the normal and mildly impaired 
renal function groups [32]. However, it was previously demonstrated that MAP might have 
an association with ESRD incidence among patients with reduced eGFR. The incidence rate 
of ESRD was increased at higher levels of SBP, DBP, PP and MAP in adults with CKD [12]. In 
our study, MAP was higher in the Stage 4-5 CKD group.

Aono et al. [33] showed that there was no significant difference in mean HR between the 
hypertensive and normotensive group. However, we found that daytime, nighttime and 24 h 
HR were faster in the Stage 4-5 group. The kidney is densely innervated by sympathetic and 
sensory fibers and can be both a target of sympathetic activity and a source of signals driving 
sympathetic tone. Increases in HR are directly related to sympathetic nervous system over-
activity and increased risk of TOD [34]. In a 48 h Holter ECG study of 407 normotensive 
ESRD patients, Cice et al. [35] found that increased mean HR had an independent association 
with cardiovascular mortality. Xu et al. [36] indicated that a new hormone, renalase, secreted 
by kidney and circulating in blood, reduced degradation of catecholamines. Renalase 
administered intravenously to Sprague–Dawley rats caused a decrease in HR by 25%.

Our study has compared the ABP parameters including SBP, DBP, PP, BPV and prevalence 
of the different dipping patterns especially BP load, MAP or HR in patients with combined 
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hypertension and CKD according to CKD stage classification. The present study confirmed 
the greater relationship of ABPM with renal insufficiency including patients with very low 
GFR.

Limitations
We acknowledge that the current study has a few limitations. First, our sample size 

was very small. However, our extensive exclusion criteria controlled for many confounding 
variables that could have influenced renal function. Second, this study is a retrospective 
investigation; therefore, we cannot conclude that there are causal links between the BP 
index and the patients’ prognosis. Future research is therefore needed to establish this 
causal relationship and further develop ABPM based diagnosis and treatment determination 
of CKD.

Conclusions

We evaluated patients with combined hypertension and CKD by 24 h ABPM and 
demonstrated that the levels of daytime, nighttime and 24 h SBP and DBP loads were higher 
in the Stage 4-5 CKD group. Additionally, we demonstrated that the nighttime SBP and DBP 
loads were higher than the daytime load. Therefore, we suggest that BP load should be a 
component employed in ABPM to determine cardiovascular risk stratification and select 
hypertension medications designed to reduce nighttime BP load. MAP, which is associated 
with the risk of developing ESRD, was higher in the Stage 4-5 group in our study. Moreover, 
elevated HR is also associated with the development of ESRD and cardiovascular mortality, 
and we found that daytime, nighttime and 24 h HR were faster in the Stage 4-5 group.
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