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Abstract 

 
Background- An elevated arterial pressure is probably the most important public health 

problem in developed countries. Although the measurement of blood pressure in the 
clinic has been the cornerstone of the diagnosis and management of hypertension, it has 
some limitations. Ambulatory blood pressure monitoring (ABPM) is a method of blood 
pressure assessment which compensates for some of the limitations and errors of clinical 
values such as the “white coat phenomenon”. 

Mathods- In this cross sectional study, we enrolled 42 (20 male, 22 female) hypertensive 
patients who were under treatment. Each patient’s BP was measured in clinic twice at 5- 
minute intervals. ABPM having been set up, each patient’s blood pressure was measured 
at 30- minute intervals during the day and 60- minute intervals during the night. The 
patients were advised to do regular daytime activities and record unusual activities.  

Results- The mean clinic BP 137.95±14.28/88.66±9.53 (mmHg) compared with a mean 
awake ambulatory BP (ABP) of 132.90±12.27/80.51±7.39 (mmHg). A white coat effect 
(Clinic–Ambulatory BP > 20/15mmHg) was present in 33.3% 
(19.15%-47.55%, CI 95%) of the individuals. The correlation coefficient of systolic 
pressure, diastolic pressure and heart rate between clinic and awake ambulatory 
measurements was 0.55, 0.48 and 0.57, which indicated a linear relationship (P<0.001). 
Multiple regression models showed that age, gender, occupation and the duration of 
hypertension (by year) after diagnosis have no significant effects on estimating awake 
ABP by clinical measurements but could lead to a  better estimation. 

Conclusion- The frequent occurrence of white coat phenomenon in these patients suggests 
that clinic BP assessment may not always represent usual awake ambulatory BP in 
patients receiving antihypertensive therapy. We also suggest that physicians who do not 
have the availability of ABPM use this model to estimate average awake BP by clinic BP 
measurements: awake systolic BP (mmHg)=0.52 x clinic systolic BP + 66; awake 
diastolic BP (mmHg) = 0.46 x clinic diastolic BP + 42; and awake heart rate (p/min) = 
0.33 x clinic heart rate + 52 (Iranian Heart Journal 2003; 4 (4):25-30). 
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ncreased arterial blood pressure (BP) is 
one of the most important life 

threatening factors in industrial 
countries.1,2 Hypertension is a risk factor 
for important diseases such as 
cardiocerebrovascular accidents, renal 
failure and diabetes. It often has no sign 

and the only way to diagnose it is getting 
several reliable measurements.3,4,5 Using 
mercurial manometer is common for 
managing BP; however, it has some 
limitations and errors. 6,7,8,9 
Changes of BP in some patients in clinic or 
offices compared with their diurnal 
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measurement at home, which is known as 
"white coat phenomenon", can lead to 
misdiagnosis and treatment of 
hypertension.10,11 It seems that ambulatory 
blood pressure monitoring (ABPM) is the 
only reliable device to evaluate BP in 
patients during a 24- hour period.8,11-13 
In a study performed in Athens, with CBP 
technique (5 visits/month), 70.4% of all the 
patients had hypertension, but with ABPM 
technique the hypertensive subjects were 
only 56%. Correlation coefficient of 
systolic/diastolic hypertension 
measurements by ABPM with CBP 
technique was 0.34/0.86.14 Gender, 
psychiatric and cultural problems had 
effects on white coat phenomenon.15 
Many studies indicated that in order to 
avoid misdiagnosis in healthy individuals, 
we should measure BP several times a 
month.14 Follow-up of patients for months 
is difficult and in our society almost 
impossible. 
In this study, we compared the BP of 
hypertensive patients in clinic with their 
mean BPs at home. An estimation method 
was devised for averaging the patient’s 
awake BP, based on measurements 
obtained in clinic. This could help the 
physicians who do not have this valuable 
device (ABPM) to evaluate the diurnal BP 
of patients in their normal life style. 

  
Methods 

 
Sampling 
The subjects who had the inclusion criteria 
were referred from the office to the blood 
pressure clinic. This study is a cross- 
sectional study. The subjects selected were 
18-70 years old, living in Kerman. All of 
them were known cases of hypertension  
(based on multiple measurements over a 3-
6-month period). The patients whose past 
medical history and physical examination 
showed no history of target organ damage, 
diabetes and cardiomegaly were included 
in our study.  

Measurements 
Each individual's blood pressure was 
measured in clinic. In this method, we first 
measured blood pressure twice in 5 
minutes with a mercurial manometer. To 
ascertain whether there were differences in 
blood pressures measured in clinic with the 
mercurial manometer and with ABPM, we 
also measured the blood pressure twice in 
5 minutes with ABPM. Next, the 
individuals were evaluated for BP and 
pulse with ABPM in a 24-hour period. BP 
was measured at intervals of 30 minutes 
during the day and 60 minutes during the 
night.  
The information about each individual's 
active hours (during sleep or wakefulness) 
was recorded in separate forms, and the 
information gathered by ABPM was 
automatically transferred (using the 
appropriate software) to a computer. 
All individuals were evaluated by a trained 
nurse with a mercurial manometer, which 
was calibrated each month. The technique 
of measurement was based on Korotkof 
sounds. ABPM (Model DS-250, USA) was 
set according to its catalogue and was 
calibrated for each person.  

 
Analysis 
At the end of the 24-hr measurement, if the 
measurements were not recorded for more 
than 2.5 hours (10% of total hours), the 
person was excluded. The BPs of ABPM 
were divided into different groups: (1) 6-
11:59 as morning, (2) 12-19:59 as noon + 
afternoon, (3) 20-5:59 as night, and (4)6-
19:59 as day. All the measurements 
recorded in situations like running, eating 
and other stressful moments, were deleted. 
For statistical accounting, confidence 
interval and power were considered 95% 
and 80%. The analysis tests which we used 
were paired sample t-test and repeated 
measurement of ANOVA (post HOC 
Bounferroni), and multiple regression was 
performed in SPSS V.10.  
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Results 
 
Fifty individuals were included in the 
study. Four diabetics, 3 individuals with 
incomplete forms and one patient having 
missed BP measurement over 3h were 
excluded from the study.  
Information related to 20 men and 22 
women was analyzed with a mean of 
46.10±13.15 years. There was no 
significant difference between men and 
women’s ages. Duration of hypertension 
was 3.64±3.42 years. The patients used the 
following drugs: 54.8% beta blockers, 
14.3% calcium blockers, 26.2% ACEI, 
9.5% diuretics, 7.1% alpha blockers, 9.5% 
nitrates and 9.5% aspirin. The average of 
BMI (kg/m2) was 25.69 ±3.43.  

 
Blood pressure measurements 
Before analysis, the outliers (more than 2.5 
SD) were balanced, and artificial quantities 
were deleted. Each individual's BP was 
measured 42±2 times. During this period in 
clinic, there were no significant differences 
between mercurial methods and ABPM: 
the average systolic/diastolic BP with the 
mercurial method was 
137.95±14.28/80.66±9.53 mmHg and with 
ambulatory method was 133.20±12.27/ 
83.82±9.00 mmHg.  
Clinical systolic blood pressure (CSBP) 
was 5.04 mmHg (CI 95%, 8.75-1.34) more 
than that of ABPM. Clinical diastolic 
blood pressure (CDBP) was 8.15mmHg 
(CI 95%, 10.92-5.37) more than that of 
ABP (P<0.01, Figs.1, 2). The average of 
heart rate per minute with the mercurial 
technique was 78.26±16.77 and with 
ABPM was 75.54±9.25. This difference 
(2.71) was not significant (Fig. 3).  
The differences between first and second 
CSBP were significant in women (P<0.05, 
Figs. 1, 2, 3). 
In men, significant differences (4.84) were 
observed only between CDBP and awake 
ABPs (CI 95%, 7.74-1.94). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

White coat phenomenon  
The differences of more than 15/20mmHg 
in clinical systolic/diastolic blood 
pressures by daily ABP are considered as 
white coat phenomenon. The prevalence of 
this phenomenon is estimated at 33.3% (CI 

Archive of SID

www.SID.ir



Estimating Blood Pressure in Hypertensive Patients                                                                           M. Moazenzadeh, MD,. et al 

95%, 47.55-19.15%); however, in our 
comparison between CBP and awake ABP, 
white coat phenomenon was observed in 
only 19% (CI 95%, 30.86-7.14%) of the 
patients. 
 
Diurnal blood pressure estimation 
Scatter plots show a linear correlation 
between CBP and awake ABP. The 
correlation coefficient of CSBP and awake 
ABP was calculated as 0.557: 0.489 for 
DSBP and 0.575 (p<0.001) for pulse    
(Fig. 4). 
 

 
 
 
Individual predicted lines and mean 
predicted lines for the groups are drawn 
with 95% CI for average systolic, diastolic 
BPs and pulse rate in awake situation. 
Multiple regressions as shown in Table I 
indicated that age, gender, occupation and 

period of hypertension had some effects on 
awake ABP modeling (Table I). 
 

 
 

Conclusion 
 
The results show that despite the fact that 
we not only provide standards to measure 
BP in clinic but also inform the patients 
about the devices and the method, white 
coat phenomenon affects the evaluation of 
patients with high BP. According to these 
results, the prevalence of white coat 
phenomenon in hypertensive patients is 
estimated at 33.3%. 
Many studies have estimated the white 
coat phenomenon at between 18-60% in 
patients with normal BP.14,16,17,18 The 
results of this study also show this 
phenomenon in hypertensive  patients.19 
Myers and Reeves in 1995 showed that the 
prevalence  of this phenomenon in 
hypertensive patients is about 31-33%, 
which is approximately similar to that in 
our study. In Myers' study, sex was known 
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as an effective factor.20 In our study, 
however, women had obvious signs based 
upon white coat phenomenon, but the 
study did not show significant differences 
between sexes.  It seems that the 
evaluation of more individuals and also the 
selection of 10mmHg differences for 
diastolic pressure are the reasons for the 
variation between these two studies. As 
shown in other studies, there is a 
significant linear correlation between CBP 
and the average of waking hours for SBP, 
DBP and pulse. We show appropriate 
correspondence between them in this 
study. In most studies, the BP of 
individuals was normal, and it was 
evaluated several times in clinic. It seems 
that the results are applicable to 
hypertensive patients who are under 
treatment. 
The analysis shows that none of these 
variables (age, sex, number of years after 
the diagnosis of hypertension) have any 
significant effects in predicting BP and 
pulse, although they can lead to 
measurements close to reality (Table I). 
It seems if we use the following 
formulation, we can precisely estimate the 
BP of patients for whom the mercurial 
monometer is used: Awake SBP = 0.52 x 
clinic SBP + 66: Awake DBP = 0.46 x 
clinic DBP + 42: Awake HR=0.33 x Clinic 
HR + 52. 
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