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Abstract
Background: Hypertension is an important modifiable risk 
factor for many complications. Hence, regulation of BP may 
substantially reduce the risk of cardiovascular events and 
slow the decline in kidney function. Hypertension is a major 
risk factor in the progression of Chronic Kidney Disease (CKD). 
Hypertension occurs in 86% of patients with CKD however, the 
proportion of patients who are able to maintain Blood Pressure 
(BP) control of <130⁄80 mmHg remains poor.

Objective: To assess the characteristics of blood pressure in 
chronic kidney disease.

Materials and Methods: A cross sectional study was conducted 
at a tertiary care centre in South India from 1st of January 2016 
to 31st of July 2017. A total of 124 cases were included in the 
study.

Results: In our study 10.5% were in the age group <30 years. We 
reported that 33.1% had stage 3 CKD, 35.5% had stage 4 CKD 
and 31.5% had stage 5 CKD. There was significant difference 
in mean office SBP and mean office DBP with increase in stage 
of CKD. Mean OSBP and ODBP was increasing with increase in 
stage of CKD.

Conclusion: Evaluation of ambulatory BP also showed a 
remarkable amount of overestimation (white coat HTN) and 
underestimation (masked HTN) of BP among patients with CKD. 
Hence, using ABPM can circumvent errors in measurement of 
BP and also helpful in proper management of HTN in CKD.
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Introduction
Chronic Kidney Disease (CKD) is a global public-health 

problem. Despite widespread use of interventions to slow the 
progression of CKD the burden of end-stage renal disease in 
many industrialized countries remains significant [1,2]. The 
prevalence of hypertension in patients with CKD is considerably 
higher than that in general population and escalates with a 
decline in renal function [3]. Elevated Blood Pressure (BP) causes 
injury to blood vessels in the kidney and other organs through 
excessive mechanical and oxidative stresses which can lead to 

complications such as renal failure and cardiovascular disease 
[3,4].

Hypertension is an important modifiable risk factor for such 
CKD, therefore regulation of BP may substantially reduce the risk 
of cardiovascular events and slow the decline in kidney function 
[5,6]. Hypertension is a major risk factor in the progression of 
Chronic Kidney Disease (CKD). Hypertension occurs in 86% of 
patients with CKD however, the proportion of patients who 
are able to maintain Blood Pressure (BP) control of <130⁄80 
mmHg remains poor [7]. To reduce the risks, recent guidelines 
recommend strict control of Blood Pressure (BP) to ≤ 130/80 in 
CKD patients with and without proteinuria [8,9].

However, a large proportion of CKD patients have inadequate 
BP control and the proportions vary from studies to studies 
[10,11]. Clinic BP is considered insufficient to diagnose HTN and 
monitor overall BP control because it does not correlate well 
with Ambulatory Blood Pressure Monitoring (ABPM), which 
encompasses white-coat or masked HTN. CKD is associated not 
only with an abnormal dipping pattern but also with white-coat 
or masked HTN [12].

Objective
To assess the characteristics of blood pressure in chronic kidney 

disease.

Materials and Methods
A cross sectional study was conducted at a tertiary hospital in 

South India between 1st of January 2016 to 31st of July 2017.

A total of 124 patients with CKD included based on the inclusion 
and exclusion criteria.

All cases diagnosed with chronic kidney disease aged above 
18 years who were admitted in the Department of Medicine and 
Nephrology in the hospital were included in the study. Patients 
suffering from HIV, cirrhosis, transplant recipients, patients on 
dialysis, pregnant mothers were excluded in the study.

Patients with CKD diagnosed based on ‘KDIGO 2012 clinical 
practice guideline for the Evaluation and Management of CKD’ 
were selected. The history was elicited with special reference 
to symptoms of CKD, CHF, comorbid condition, duration of 
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diagnosing CKD and hemodialysis. A simple questionnaire was 
completed by each patient at the time of the ABPM and the 
questionnaire collected information such as the time the patient 
went to bed the time the patient got up, night-time was defined 
as actual sleep time using the patient’s diary.

Patients underwent 24 hrs ABPM using a TM-2430 monitor. 
Cuff size was chosen based on arm circumference and the 
cuff fixed to the non-dominant arm. Three BP readings were 
obtained in the morning (7:00 to 10:00 am) concomitant with 
sphygmomanometric measurements to ensure that the mean 
of the two sets of values differed by, 5 mmHg. BP was recorded 
every 20 min from 7:00 am to 10:00 pm and every 30 min from 
10:00 pm to 7:00 am. The daytime and night-time periods were 
derived from diaries recorded by the patients during ABPM.

Results
A total of 124 study subjects were included in the study and 

analyzed.

In our study 10.5% were in the age group <30 years, 65.38% 
were in the age group 31 to 60 years and 24.2% were in the age 
group >60 years. Majority of them were males 71% and 29% 
were females. In the study 14.5% were on one anti-hypertensive, 
29.8% were on two anti-hypertensive, 40.3% were on three anti-
hypertensive and 15.3% were on four anti-hypertensive. We 
report that 33.1% had stage 3 CKD, 35.5% had stage 4 CKD and 
31.5% had stage 5 CKD. In the study 46% had diabetes mellitus 
and 54% did not have diabetes mellitus. We noted that 21% 
had proteinuria of 2+, 53.2% had proteinuria of 3+, 25.8% had 
proteinuria of 4+ (Table 1).

This article is available from: https://clinical-experimental-nephrology.imedpub.com/

Count  %

Age

<30 years 13 10.50%

31 to 60 years 81 65.30%

>60 years 30 24.20%

Gender
Female 36 29.00%

Male 88 71.00%

Type 2 diabetes mellitus
No 67 54.00%

Yes 57 46.00%

Number of antihypertensive use

1 18 14.50%

2 37 29.80%

3 50 40.30%

4 19 15.30%

Body mass index

Underweight (<18.5) 3 2.40%

Normal (18.5 to 22.9) 33 26.60%

Overweight (23 to 24.9) 20 16.10%

Obese (>25) 68 54.80%

Stages of CKD

Stage 3 41 33.10%

Stage 4 44 35.50%

Stage 5 39 31.50%

Proteinuria

2+ 26 21.00%

3+ 66 53.20%

4+ 32 25.80%

Table 1: General profile of CKD subjects in the study.

In the study 27.4% were dippers, 6.5% were extreme dippers, 
17.7% were risers and 48.4% were non dippers. We also studied 

that 28.2% had controlled HTN, 29% had masked HTN, 35.5% had 
persistent HTN and 7.3% had white coat HTN (Figure 1).
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Figure 1: Pie diagram showing nocturnal blood pressure changes distribution among CKD 
subjects. Note:    Dipper,    Extreme Dipper,   Riser,    Non Dipper. 

In the study there was significant difference in mean OSBP and 
mean ODBP with increase in stage of CKD. Mean OSBP and ODBP 

was increasing with increase in stage of CKD (Table 2).

OSBP ODBP

Mean SD Mean SD

Stage of CKD

Stage 3 135 14.7 77.2 7.1

Stage 4 138.5 12.8 77.7 7.2

Stage 5 146.7 12.7 82 6.4

P value 0.001* 0.004*

Note: *ANOVA test

Table 2: Comparison of mean office blood pressure with respect to stage of CKD.

We noted that there is a significant positive correlation between 
stage of CKD and OSBP, ODBP. i.e. with increase in stage of CKD 

there was increase in OSBP, ODBP respectively and vs (Table 3 
and Figure 2).

Correlations

Stage of CKD OSBP ODBP

Spearman's rho Stage of CKD

Correlation coefficient 1 0.346** 0.209*

P value . <0.001* 0.02*

N 124 124 124

Table 3: Spearman’s correlation between stage of CKD and blood pressure.
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Figure 2: Scatter plot showing correlation between stage of CKD and blood pressure. Note:               
OSBP of Stage of CKD,   ODBP of Stage of CKD,   Stage of CKD ODBP,   Stage of CKD OSBP.

Among stage 3 CKD subjects, 53.7% had controlled HTN, 12.2% 
had masked HTN, 12.2% had persistent HTN and 22% had white 
coat HTN, among stage 4 CKD subjects, 18.2% had controlled 
HTN, 50% had masked HTN, 31.8% had persistent HTN and 0% 

had white coat HTN and among stage 5 CKD subjects, 12.8% had 
controlled HTN, 23.1% had masked HTN, 64.1% had persistent 
HTN and 0% had white coat HTN. There was significant association 
between stage of CKD and type of HTN (Table 4).

Stage of CKD
Stage 3 Stage 4 Stage 5
Count Column N % Count Column N % Count Column N %

Type of HTN

Controlled HTN 22 53.70% 8 18.20% 5 12.80%
Masked HTN 5 12.20% 22 50.00% 9 23.10%
Persistent HTN 5 12.20% 14 31.80% 25 64.10%
White coat HTN 9 22.00% 0 0.00% 0 0.00%

Note: χ2=59.04, df=6, p<0.001 

Table 4: Association between stage of CKD and type of HTN.

Discussion
In our study age of the patients varied from 18 to 80 years. 

The commonly affected age group in our study population was 
31-60 years (61.38%). The mean age of patients was 48.8 ± 13.2
years. In a study by Gorostidi, et al., and Satoshi, et al. mean age
was 61 ± 13.9, 60.8 ± 11.6 years respectively [11,12]. Prakash, et
al. reported that the mean age was 47.5 ± 14.9 years and study
observed that the mean age was 45.22 ± 15.2 years [13,14]. In
our study the sex ratio was 2:4:1. Iimuro, et al., Yunkyu, et al.
and Pogue, et al. reported that 62%, 58.4%, 62.1% were males

respectively [15-17]. Compared to other western studies our 
study had more prevalence of male patients.

With respect to the stage of CKD in our patients, we reported 
that those in stage 3 were 33.1%, stage 4 was 35.5%, stage 5 was 
31.5%. Satoshi, et al. [12] reported that their prevalence of CKD 
was 43.8%, 41.7%, 14.4% respectively in the three stages.

46% patients had diabetes in our study which is similar to 
the international data. Satoshi, et al. [12] published that 35.4% 
had diabetes and Singh, et al. [14] documented that 31.6% had 
diabetes. In our study diabetes was the main cause for CKD. In 

This article is available from: https://clinical-experimental-nephrology.imedpub.com/
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the study 21% had proteinuria of 2+, 53.2% had proteinuria of 3+ 
and 25.8% had proteinuria of 4+. Similar results were reported by 
Satoshi, et al. [12] where 87% patients had proteinuria.

In this study extreme dippers were 6.5%, dippers were 27.4%, 
non-dippers 48.4%, risers 17.7. In Otero, et al. [18] 4.7%, 47.2%, 
42.3%, 5.9% were present in the respective groups. Since our’s 
is a tertiary care center prevalence of advanced stage of CKD is 
more when compared to other studies and hence prevalence of 
non-dippers and risers are relatively more when compared to 
other studies.

In our study mean OSBP of stage 3, 4, 5 is 135 ± 14.7, 138.5 ± 
12.8, 146.7 ± 12.7 and mean ODBP 77.2 ± 7.1, 77.7 ± 7.2, 82 ± 6.4. 
We report that there is a significant positive correlation between 
stage of CKD, OSBP and ODBP i.e. with increase in stage of CKD 
there was increase in OSBP, ODBP respectively and vice versa. In 
Satoshi, et al. [12] OSBP of stage 3, 4, 5 is 129.7 ± 17.2, 132.7 ± 
17.8, 137.8 ± 18.8 and mean ODBP 77.9 ± 11.3, 77.3 ± 11.5, 77.5 
± 12.1. Same pattern was also found in Satoshi, et al. [12].

In our study prevalence of controlled HTN was decreasing 
from 53.7% to 12.8% as stage of CKD progresses, prevalence of 
masked HTN increases from 12.2% to 23.1%-50% and prevalence 
of persistent HTN increases from 12.2% to 64.1%.There was 
significant association between stage of CKD and type of HTN. In 
Satoshi, et al. [12] as for the CKD stage, prevalence of controlled 
blood pressure decreased from 42.3% to 29.0% and that of 
persistent HTN rose from 21.7% to 36.1% with advancing CKD 
stage.

Our study goes to show the prevalence of hypertension in CKD 
and the characteristics of hypertension in these patients. It also 
demonstrates a positive correlation of hypertension with CKD and 
the increasing trend in its values with the progression of CKD. We 
also report the lack of nocturnal dipping in CKD patients which 
is as high as 66%. We also reported the increasing prevalence 
of masked hypertension, white coat hypertension in the various 
stages of CKD which could only be detected with ambulatory 
blood pressure monitoring, thereby highlighting its significance.

Conclusion
Our study showed that 24 hour ABPM provides a more reliable 

assessment of BP in patients with CKD. Evaluation of ambulatory 
BP also showed a remarkable amount of overestimation (white 
coat HTN) and underestimation (masked HTN) of BP among 
patients with CKD so by using ABPM we can circumvent errors 
in measurement of BP and displays its utility in appropriate 
management of HTN in CKD. We found that prevalence of 
persistent HTN was high in CKD population and increased in 
association with progression of CKD. Prevalence of none dipping 
and risers are more in advanced stages of CKD.
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