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Introduction
The term white‑coat hypertension  (WCH) 
was coined by Thomas Pickering. It is 
also referred to as “office hypertension” 
or “isolated clinical hypertension.”[1] 
It is a term classically used to denote 
individuals who were not on treatment 
for hypertension  (HTN), with elevated 
office blood pressure  (BP), and normal BP 
measured outside the medical setting. White 
coat effect (WCE), on the other hand, is high 
BP associated with clinic visit compared 
with ambulatory BP monitoring  (ABPM) 
or home readings in patients who are 
on treatment for HTN.[2] Its clinical 
importance is related to the possibility 
that it might lead to overestimation of the 
initial BP levels and/or to underestimation 
of the effect of antihypertensive treatment. 
Although definition wise they are different, 
both WCH and WCE are like two faces 
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Abstract
Context: Hypertension in chronic kidney disease  (CKD) is an important modifiable cardiovascular 
risk factor. Patients with CKD can have clinically significant white coat effect (WCE), making routine 
clinic blood pressure (BP) measurements an unreliable indicator of actual BP control. Automated BP 
monitoring is useful in identifying WCE. The utility of automated BP monitoring has seldom been 
part of clinical practice in developing countries. Aim: The goal of this study was to estimate the 
prevalence and determinants of WCE in adult patients with CKD in an outpatient setting using an 
automated BP device. Materials and Method: In this prospective observational study, patients with 
CKD attending the nephrology clinic over a period of 6  months  (January 2016 to July 2016), who 
were suspected to have WCE by the treating physician, were assigned to measurement of BP by 
both the standardized manual BP recording by a single nephrologist and with automated machine 
as per a defined protocol. Clinical, demographic characters that would influence outcomes were also 
studied. Results: Among 118  patients with CKD with suspected WCE, 57.6% showed WCE. The 
mean systolic and diastolic BPs were significantly lower with automated machine when compared 
with manual BP recordings in patients with WCE (p = 0.04). WCE was seen in all stages of CKD. 
Occurrence of WCE in CKD was not dependent on factors such as old age, sex, diabetes mellitus, 
or smoking status in our study. Conclusion: WCE is a highly prevalent and underdiagnosed entity 
in patients with CKD. Automated machine is a useful and time‑saving tool in detection of WCE in 
patients with CKD attending the outpatient clinic and guide management.
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of the same coin. The overall incidence of 
WCE in the general population has been 
varied in epidemiological studies with 
incidence ranging from 10.4% to 52.9% in 
population‑based surveys.[3]

Chronic kidney disease  (CKD) and 
HTN are conditions which often coexist. 
Incidence of HTN has been found to be 
nearly 80%–90% in patients with CKD.[4] 
Uncontrolled BP has been time and again 
proven to be associated with progression 
of CKD and is also a major risk factor 
for cardiovascular related death, which 
is the most common cause for mortality 
in patients with CKD.[5‑7] The prevalence 
of WCE is high in patients with CKD 
accounting up to 30%.[8] It is a significant 
confounder in evaluation and management 
of patients with HTN in patients with 
CKD considering the large percentage 
of patients with HTN.[9] Overestimating 
BP based on manual office recordings as 
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a consequence of WCE has medical, economical, and 
medico legal consequences. Accurate estimation of BP is 
therefore paramount in the management of patients with 
CKD.

The 24‑h ABPM remains the “gold standard” for diagnosis 
of HTN.[10] However, using 24‑h ABPM for every 
visit or follow‑up maybe cumbersome and not feasible 
considering time and cost constraints. A  number of 
office‑based automated BP monitoring systems have been 
developed in the world, one among which is BpTRU. It 
has been developed by VSM MedTech Ltd.  (Coquitlam, 
BC, Canada) specifically designed for clinician’s office. 
The correlation between BpTRU reading and 24‑h ABPM 
has already been established in both normal and CKD 
population.[11,12] However, despite the correlation shown 
in randomized control trials, the utility of automatic BP 
monitoring has seldom been part of clinical practice in 
developing countries. There are no studies in India/Asia 
which have highlighted the utility of this office‑based 
method in diagnosis and management of WCE especially 
in population of patients with CKD where optimal BP 
management is often the game changer for the patients. 
The purpose of this study is to determine the prevalence of 
WCE in patients with CKD and possible clinical utility of 
automated BP monitor in diagnosis and monitoring of HTN 
in patients with CKD in an outpatient nephrology clinic at 
a tertiary care center.

Materials and Methods
This is a single‑center prospective observational study 
done in a nephrology outpatient department  (OPD) 
over  6  months duration from January 2016 to July 2016. 
Ethical committee clearance was taken. All patients were 
informed about the study protocol and gave their written 
informed consent before study enrolment.

In all, 118 consecutive patients with CKD attending the 
nephrology OPD who had uncontrolled BP as per clinic 
BP readings and suspected to have WCE  (as defined 
in inclusion criteria) were studied. BpTRU machine 
(model BPM‑200)  [Figure  1] was used as a tool for 
identification of WCE.

CKD was defined and staged as per National Kidney 
Foundation, Kidney Disease Outcomes Quality Initiative 
guidelines  (NKF KDOQI).[13] eGFR was calculated as per 
the Modification of Diet in Renal Disease formula.[14]

Inclusion criteria: Adult  (>18  years of age) patient with 
CKD and HTN who has any one of the following during 
his routine visit to nephrology clinic:
1.	 Office/clinic BP  >140/90  mmHg on at least three 

separate clinic/office visits with two separate 
measurements made at each visit in spite of 
antihypertensive treatment

2.	 Clinic BP  >140/90  mmHg, and at least two home 
BP measurements taken outside the office which 

are  <140/90  mmHg suggestive of having WCE were 
included for the study.

Exclusion criteria: Patients with sepsis, fever, and 
hypertensive emergency and pregnant patients.

An initial reading was taken by a single nephrologist with a 
standard manual mercury sphygmomanometer, after which 
the patient’s BP was measured with BpTRU device as per 
protocol.

BpTRU device

BpTRU is an automated device manufactured by VSM 
MedTech  (Coquitlam, BC, Canada) that takes serial BP 
measurements for use in a physician’s office. It works on 
the principle of oscillometry. The device uses a BP cuff 
with an automated inflation and deflation mechanism. The 
cuff measures oscillations in the pulses in the upper arm 
and uses a computer algorithm to calculate the systolic and 
diastolic BP. Usually, the initial reading is taken while a 
physician or nurse is present and then discarded. Five 
additional measurements are subsequently taken at intervals 
of 1–5  min while the patient is alone in a room. These 
measurements and the average of the last five readings are 
displayed to the nearest 1 mmHg. BpTRU device has been 
validated for accuracy by the British Hypertension Society 
and the Association for the Advancement of Medical 
Instrumentation.

Measuring BP with BpTRU

The following protocol was adopted in our study:[11]

1.	 The subjects remained seated for at least 5 min
2.	 The non‑dominant hand was used to tie BpTRU cuff by 

a trained nurse
3.	 The initial reading was taken by the nurse and discarded
4.	 The patient was then left alone in the room and BpTRU 

device took a minimum of five readings at intervals of 
2 min.

These five readings were averaged by the device and this 
average was recorded.

Figure  1: BpTRU machine. Courtesy – (BpTRU medical devices) 
(www.bptru.com/products)
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Definition of WCE

Based on comparison between automatic BP reading and 
clinic BP, WCE was defined as having an office BP of at 
least 20  mmHg systolic and/or 10  mmHg diastolic higher 
than automatic BP readingt.[15]

Clinical characteristics of the patients including age, 
gender, etiology, stage of CKD and comorbidities such as 
presence of diabetes mellitus  (DM) and smoking status 
were recorded. The patients were also grouped according 
to different stages of CKD as per KDOQI guidelines of 
2003.[13] The prevalence of WCE and its determinants and 
clinical utility of automated BP monitor in the diagnosis in 
patients with CKD were studied.

Statistical analysis

The data were analyzed using SPSS version  15.0. 
Descriptive statistics were calculated for all patients 
involved in the study. Continuous variables are reported 
as mean  ±  standard deviation throughout where normally 
distributed. Chi‑square test was applied for analysis of 
results between stages of CKD vs WCE, smoking vs WCE, 
DM vs WCE, with p  value less than 0.05 considered as 
statistically significant. The paired Student’s t‑test was 
used for analysis of significant differences between routine 
clinic and automatic BP monitoring with p  value less than 
0.05 considered as statistically significant. The change in 
automatic BP readings from first reading to fifth reading 
was analyzed using repeated measures of ANOVA with 
p value less than 0.05 considered as statistically significant.

Results
A total of 118  patients were included in the study. Of the 
118  patients, 69 were males  (58.5%) with mean age of 
43.94 ± 14.93 years. WCE was showed by 57.6% (68 of 118) 
patients. The most common cause for CKD in our study 
population was DM  (45%). About 26% of patients were 
smokers in the study. Patients with CKD stage 2 comprised 
nearly 50% of the study population. The distribution of 
patients as per CKD stage is as shown in Table 1.

In our study, the measurements were taken with manual 
readings using mercury manometer (156.32 ± 15.6/95.26 ± 
9.4  mmHg) were significantly higher compared with 
average automatic BP reading (132.35  ± 13.2/84.47 ± 
8.6 mmHg) (p < 0.001).

In patients with WCE, the average automatic BP readings 
(123.53  ±  13.8/78.51  ±  7.9  mmHg) compared with clinic 
BP (160.38 ± 14.7/95.59 ± 8.3 mmHg) showed a markedly 
higher systolic BP by 33 mm  Hg and diastolic BP by 
17  mmHg  (p  <  0.001), whereas in patients without WCE 
it was higher by 9  mmHg systolic and 2  mmHg diastolic 
(p = 0.34), respectively  [Figures 2 and 3]. Also in patients 
with WCE, the automatic BP readings showed a significant 
downward trend from first automatic BP reading to fifth 
reading [Figure 4] compared with patients with no WCE.

When we looked into the presence of WCE, 68  patients 
showed WCE  (57.6%) in our study accounting for higher 
prevalence in our CKD population. Another important 
finding was 53 of 68  patients  (77.9%) who showed WCE 
had BP  <140/90 mm  Hg in and thus did not require any 
dose adjustment for antihypertensives unnecessarily based 
on manual BP. This emphasizes the role of using automated 
BP reading in clinical setting to eliminate WCE. In our 
study, WCE was seen in all stages of CKD. In patients 
with CKD stage 2, 66.1% of patients had WCE, stage 3 
had 56%, stage 4 had 66.7%, and stage 5 had 31.8% as 
shown in Table 1. Compared to other stages in CKD, stage 
5 had less prevalence of WCE in our study (p = 0.043).

The distribution of WCE was similar in both males and 
females  (p  =  0.15). Among patients with DM, 18  (52.9%) 
of them showed WCE. When we compared the diabetics 
with non‑diabetics, there was no difference in incidence of 
WCE  (p  =  0.39). There was also no increased occurrence 
of WCE in smokers (p = 0.24) [Table 2].

Discussion
HTN is present in 90% of patients with CKD and is the 
most important modifiable risk factor.[6,16‑18] Optimal BP 
control is a main treatment goal to improve renal and 
cardiovascular prognosis in patients with CKD. WCE 
may, in part, account for the strikingly high prevalence 
of uncontrolled HTN in patients with CKD due to the 

Table 1: Distribution of WCE across stages of CKD
CKD 
stage

Number of 
patients (n=118)

WCE ‑ 
present (n=68)

WCE ‑ 
absent (n=50)

P

Stage 2 59 (50%) 39 (66.1%) 20 (33.9%) 0.043
Stage 3 25 (21.2%) 14 (56%) 11 (44%)
Stage 4 12 (10.2%) 8 (66.7%) 4 (33.3%)
Stage 5 22 (18.6%) 7 (31.8%) 15 (68.2%)
n: Number of patients, CKD: Chronic kidney disease, WCE: White 
coat effect

Figure 2: Mean systolic blood pressure (mmHg) (with standard deviations) 
in patients with and without white coat effect
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suboptimal assessment of BP with clinic BP measurements 
alone despite regular follow‑up in tertiary care and 
multidrug antihypertensive therapy. The majority of cases 
management is based on a single clinic BP reading which 
may not reflect the true BP.[6] Automated BP monitoring has 
been used to detect WCE in general population and also 
in patients with CKD and is better correlated to day‑time 
average ABPM as proved beyond doubt in previous 
studies.[11,12] In study by Brothwell et  al., there was no 
significant detectable difference between automated BP 
readings and the day‑time mean of 24‑h ABPM in patients 
with CKD.[11]

In our study, we used automated BP recording to see 
the prevalence of WCE in patients with CKD attending 
nephrology clinic at a tertiary care center. The prevalence 
was high with 56.7%. Our study highlights the existence 
of high prevalence of WCE in our patients with CKD. 
In previous studies, the prevalence has ranged from 
10.5% to 31.7%. Minutolo et  al. from Italy showed a 
prevalence of 30% of WCE in CKD.[8] Similarly, the 
meta‑analysis by  Bangash et  al.  showed a prevalence of 

30% (95% CI 26.5 to 33.5%) in patients who had HTN in 
the clinic.[19] In our study, there is a significant prevalence 
of WCE; almost one patient out of two had WCE. There 
is substantial heterogeneity between all these studies. The 
prevalence of WCE in CKD varies partly due to different 
cut‑offs being used for diagnosis, different techniques, and 
due to a plethora of factors that may influence its presence. 
The high occurrence in our study may be due to the 
measurement done by nephrologist and due to demographic 
heterogeneity.

In a study by Myers et  al. in hypertensive patients, 
the mean of five automated measurements was 
significantly lower  (142  ±  21/80  ±  12  mmHg) than 
readings taken with a standard mercury manometer 
(163  ±  23/86  ±  12  mmHg)  (p  <  0.001). In their study, 
the mean BP in the automated group was reduced 
by 13.9 (systolic)/3.7  (diastolic) mmHg, compared 
to the manual office BP which is similar to our 
findings.[20] Similarly, Brothwell et  al. in patients with 
CKD also showed that the average automated systolic 
and diastolic readings (117.3  ±  14.1/78.4  ±  10.0  mmHg) 
were significantly lower than the routine clinic readings 
(143.8 ± 15.5/82.4 ± 11.2 mmHg) (p < 0.001) emphasizing 
the fact of using automated readings in clinical practice for 
better monitoring of HTN.[11]

Table 2: Clinical factors and their association with WCE 
in CKD

Clinical 
factor

Number of 
patients (n)

WCE ‑ 
present

WCE ‑ 
absent

P

Smoking 31 20 11 0.24
Diabetes 35 19 16 0.39
Male 69 26 43 0.15
Female 49 24 25
n: Number of patients, CKD: Chronic kidney disease, WCE: White 
coat effect

Figure 4: Serial automated  recordings in patients with and without WCE with average automated readings

Figure  3: Mean diastolic blood pressure (mm of Hg) (with standard 
deviations) in patients with or without white coat effect
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Previous studies have highlighted the prevalence of WCE 
in general population and in patients with CKD and 
modification in management by introduction of automated 
office‑based sphygmomanometers.[12,20]

The distribution of WCE is prevalent across all the stages 
of CKD highlighting the importance in using automated BP 
instrument in our clinical practice for detection of WCE in 
CKD. However, in our study, the prevalence of WCE in 
stage 5 CKD was significantly less than other stages. The 
probable reason could be due to the fact that a majority 
of our stage 5 CKD population had been on follow‑up for 
a longer period of time, thus eliminating any significant 
WCE. However, a larger study population may be required 
to support this finding. Since we identified the presence 
of WCE, it helped in not uptitrating antihypertensive 
medication in 44.9% of patients (53 of 118) unnecessarily.

Lindbaek et  al. in their study regarding the predictors of 
systolic WCE in patients with suspected and treated HTN 
analysis revealed a higher mean BP, age, smoking, and 
family history of cardiovascular disease as predictors of 
WCE.[21] Mansoor et  al. reported that increasing age was 
associated with an increase in the level of WCE.[22] In a study 
by Huang et  al. in non‑diabetic hypertensive patients, only 
female gender predicted WCE occurrence.[23] In a systematic 
review by Sheppard et al., female sex was the only significant 
predictor of WCH  (odds ratio 3.38, 95% confidence interval 
1.64–6.96).[24] Our study compared gender, age, smoking. and 
presence of DM as predictive factors for WCE. However, no 
association was found with gender, age, smoking, or presence 
of DM. Since most studies mentioned above were done in 
a population with hypertensives with predominantly normal 
renal functions, the role of these factors in patients with CKD 
is a matter which requires further research.

Automated device is routinely used in clinical practice 
in Canada, Europe, and the United States. The recently 
concluded CAMBO trial  (The Conventional versus 
Automated Measurement of Blood pressure in the Office) 
in hypertensive patients has demonstrated clearly that use of 
automated device virtually eliminates white coat response 
experienced by many patients when manual BP readings are 
recorded in routine clinical practice.[25] It is being validated 
in all ethnics population in previous studies.[26,27] The use 
of automated device is not much in developing countries 
like us. Ours is the first study in South East Asia and it 
shows significant prevalence of WCE in patients with CKD 
attending nephrology outpatient clinic in our region and 
utility and importance of using simple automated device in 
identifying it and thus preventing unnecessary uptitration 
of medications in our routine clinic practice. It is evident 
that the average of five automated BP measurements, taken 
when the patient is alone, more reliably reflects “resting” 
BP compared with manual BP taken with a stethoscope 
and sphygmomanometer. Automated device can improve 
HTN management by replacing conventional manual BP 

measurements, which are often poorly performed and 
inaccurate.[27‑29]

However, there are some limitations in our study. It is a 
single‑center study with small study group. In our study, 
we did not use 24‑h ABPM which is considered the gold 
standard to confirm WCE. However, the widespread use of 
ABPM in routine clinical practice is impractical, because 
it is expensive, time‑consuming, and not always available.

Conclusion
The prevalence of WCE is very high in patients with 
CKD. Smoking, diabetes, and gender does not have any 
significant impact on WCE in patients with CKD. The 
use of automatic clinic BP device in CKD clinics helps 
in effectively diagnosing WCE and monitoring HTN. It 
avoids unnecessary up titration of antihypertensive therapy.
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