
 1

Coronary Flow Reserve Is Preserved in White-Coat Hypertension 
 
 
Dogan ERDOGAN, MD*; Hakan GULLU, MD*; Mustafa CALISKAN, MD*; Ibrahim 
YILDIRIM, MD**; Derya TOK, MD*; Haldun MUDERRISOGLU, MD* 
 
*Baskent University, Konya Teaching and Medical Research Center, Cardiology Department, 
Konya, Turkey. 
 
**Baskent University, Konya Teaching and Medical Research Center, Internal Medicine 
Department, Nephrology Division, Konya, Turkey. 
 
Running title: Coronary Flow Reserve in White-coat Hypertension 
 
 
Correspondence: Dogan ERDOGAN, MD, Baskent University, Konya Teaching and Medical 
Research Center, Cardiology Department, Hoca Cihan Mah., Saray Cad., No:1, Selcuklu, Konya, 
TURKEY 
Tel: +90 332 2570606 ext: 2111 
Fax: +90 332 2570637 
E-Mail: aydoganer@yahoo.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Heart Online First, published on December 30, 2005 as 10.1136/hrt.2005.074914

Copyright Article author (or their employer) 2005. Produced by BMJ Publishing Group Ltd (& BCS) under licence. 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2005.074914 on 30 D

ecem
ber 2005. D

ow
nloaded from

 

http://heart.bmj.com/


 2

 
Abstract 
Background: Although effect of sustained hypertension on coronary flow reserve (CFR) is 
known, possible influence of white-coat hypertension (WCH) on CFR remains unclear. 
Methods: We measured CFR of 29 subjects with WCH, 32 patients with sustained hypertension, 
and 35 healthy volunteers using transthoracic second harmonic Doppler echocardiography.  
Results: CFR was significantly lower in sustained hypertension group than that in the WCH and 
the control groups, but it was not different between the WCH and the control groups (2.40±0.54, 
2.77±0.41, 2.83±0.60, respectively).  
Conclusion: CFR remains preserved in subjects with WCH. 
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Introduction 
White-coat hypertension (WCH) is defined as persistently elevated office blood pressure 

(BP) in the absence of an elevation in average daytime ambulatory BP [1]. Approximately 25% 
of patients with high BP in the clinic have a normal BP on ambulatory blood pressure monitoring 
(ABPM) [2] [3]. Some recent studies, but not all, suggested that patients with WCH have a better 
prognosis than patients with sustained hypertension. [4] [5] [6]. Evolved recently, transthoracic 
second harmonic Doppler echocardiography (TTDE) is currently a useful and highly reproducible 
tool in evaluating CFR, and in several studies, its feasibility has been validated [7] [8] [9]. 
Although substantial evidence supports the contention that WCH does not cause end organ 
damage; to date, there is no study investigating CFR in these patients using TTDE. In this study, 
we measured CFR in normotensive subjects, in subjects with WCH, and in newly diagnosed and 
never treated patients with sustained hypertension without excessive LVH using TTDE. 
 
Methods 
Study population 

Twenty-nine subjects for the WCH group, 32 patients for the sustained hypertension 
group, and 35 healthy volunteers for the control group consecutively selected from our 
cardiology outpatient clinic. Inclusion criteria were to be 18-55 years of age, for women to be on 
regular menstrual cycle, and for the WCH and sustained hypertensive subjects to have office BP 
values between 90-109 mmHg for diastolic and/or 140-179 mmHg for systolic (mild or moderate 
hypertension). Exclusion criteria were to have any systemic disease such as hemolytic, hepatic, 
and renal diseases or any disease that could cause CFR impairment (e.g., diabetes mellitus or 
impaired oral glucose tolerance test), family history of coronary artery disease, smoking, alcohol 
use, and any history of anti-hypertensive drug use for all groups.  

Subjects using any vasoactive drug, and those who have ECG changes specific for 
myocardial ischemia, individuals with hyperlipidemia and those with elevated liver enzymes, 
body mass index (BMI) greater than 30 kg/m2. In addition, subjects with excessive left 
ventricular hypertrophy (left ventricular mass index > 125 g/m2 in men and > 110 g/m2 in 
women) [10] were excluded from the study. Two subjects (%2.04) were excluded due to 
inadequate visualization of LAD. Written informed consent was obtained from each subject, and 
the institutional ethics committee approved the study protocol. 
Blood pressure measurement  

BP was measured using a mercury sphygmomanometer in office setting. Noninvasive 24-
h ABPM were performed with a portable recorder (Spacelabs Medical Inc., Model 92512), and 
analyzed using the software (Spacelabs Medical Inc., Model 90207, Redmond, Virginia). All 
subjects wore an ABPM device for 24-hour. BP was recorded every 15 min during daytime 
(between 07.00 AM and 23.00 PM) and every 30 min during nighttime (between 23.00 PM and 
07.00 AM) period, which provided approximately 80 record for 24-hour. When valid readings 
exceeded at least 80% of the total, the recording was considered satisfactory. 
Diagnosis of white coat and sustained hypertension 

In each subject, BP was measured in three separate days after 15 minutes of comfortably 
sitting and averaged. Then each subject undertook 24 hours ABPM. WCH was defined as, in 
office setting, systolic BP ≥ 140 mmHg and diastolic BP ≥ 90 mmHg, and in ABPM average 
daytime systolic BP < 135 mmHg and diastolic BP < 85 mmHg and average nighttime systolic 
BP < 125 mmHg and diastolic BP < 75 mmHg. Individuals who had systolic BP ≥ 140 mmHg 
and/or a diastolic BP ≥ 90 mmHg in office setting, and in ABPM, average daytime systolic BP ≥ 
135 mmHg and/or diastolic BP ≥ 85 mmHg and average nighttime systolic BP ≥ 125 mmHg 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.2005.074914 on 30 D

ecem
ber 2005. D

ow
nloaded from

 

http://heart.bmj.com/


 4

and/or diastolic BP ≥ 75 mmHg were diagnosed as sustained hypertension. Control subjects had 
systolic BP < 140 mmHg and/or a diastolic BP < 90 mmHg in office setting, and in ABPM, 
average daytime systolic BP < 135 mmHg and diastolic BP < 85 mmHg and an average nighttime 
systolic BP <125 mmHg and diastolic BP <75 mmHg.  
Echocardiographic examination and CFR measurement 

Each subject was examined using an Acuson Sequoia C256® Echocardiography System 
equipped with a 3V2c and a 5V2c broadband transducers. (Acuson Corp, Mountain View, Calif, 
USA). Visualization of the distal LAD was performed using a modified, foreshortened, 2- 
chamber view obtained by sliding the transducer on the upper part and medially from an apical 2-
chamber view. Coronary flow in the distal LAD was examined by color Doppler flow mapping 
over the epicardial part of the anterior wall, with the color Doppler velocity range set in the range 
of 8.9 to 24.0 cm/s. [11]. The left ventricle was imaged on the long-axis cross-section, and the 
ultrasound beam was then inclined laterally. Next, coronary blood flow in the LAD (middle to 
distal) was searched by color Doppler flow mapping. All subjects had Doppler recordings of the 
LAD with a dipyridamole infusion at a rate of 0.56 mg/kg over 4 minutes. By placing the sample 
volume on the color signal, spectral Doppler of the LAD showed the characteristic biphasic flow 
pattern with larger diastolic and smaller systolic components. Coronary diastolic peak velocities 
were measured at baseline and after dipyridamole by averaging the highest 3 Doppler signals for 
each measurement. CFR was defined as the ratio of hyperemic to baseline diastolic peak 
velocities. [11]. CFR measurement was achieved in 96 of the 98 subjects (98 %). To test the 
reproducibility of CFR measurement, in 20 subjects the measurement was repeated two days 
later. Intra observer intra-class correlation coefficient for coronary flow measurement was 0.855, 
and for CFR value it was 0.834.   
Statistical analyses 
 The analyses were performed using SPSS 9.0. Data are expressed as mean±SD. The 
three groups were compared using one-way ANOVA followed by Tukey’s test for multiple 
comparisons or Kruskal-Wallis test when appropriate. Pearson’s correlation test was used to test 
possible associations. A P value less than 0.05 was considered significant. 
 
Results 

Demographic features and biochemical measurements were similar within the three 
groups. Office BP was similar between the WCH and the sustained hypertension groups; 
however it was significantly lower in the controls. (Table 1) 

Average daytime and nighttime systolic and diastolic BP was significantly higher in the 
sustained hypertension group than in the other two groups. However, average daytime and 
nighttime systolic and diastolic BP was not different between the WCH and the controls (Table 
2). 

LVMI, left ventricular end diastolic and end systolic diameters were significantly greater 
in the sustained HT group than those were in the WCH and the control groups (Table 3).  
Analysis of coronary flow reserve measurements 

Heart rate was similar among the three groups. Peak systolic and diastolic PP was higher 
in the sustained hypertension group than those in the other two groups (Table 3). Baseline 
diastolic peak flow velocity of LAD (DPFV) was similar between the WCH and the control 
groups, but it was significantly higher in the sustained hypertension group than in the controls, 
and slightly higher than that in the WCH group (P = 0.09). However, hyperemic DPFV were 
slightly lower in the sustained HT group than that was in the other two groups; accordingly, CFR 
was significantly lower in sustained hypertension group than that in the WCH (P = 0.005) and the 
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control groups (P = 0.003), but it was not different between the WCH and the control groups 
(Table 3).  

CFR inversely correlated with age (r = -0.318, P = 0.002). Mitral E velocity and mitral 
E/A ratio slightly correlated with CFR (r = 0.202, P = 0.04; r = 0.292, P = 0.004).  
 
Discussion 

In this study, we evaluated CFR and whereby coronary microvascular functions in 
subjects with WCH, sustained hypertension, and in the controls using TTDE. We have found that 
CFR was significantly impaired in patients with sustained hypertension; however, in subjects 
with WCH, CFR was not different from that in the controls. It is known that hypertensive patients 
with no epicardial coronary artery disease have reduced CFR and increased rest coronary flow 
velocity even in the absence of left ventricular hypertrophy and left ventricular diastolic 
dysfunction [12] [13] [14], as revealed by our results. 

Although WCH has been widely studied in recent years, still it remains as a matter of 
controversy. Some recent studies suggested that WCH might be a benign condition, and does not 
cause end organ damage for which pharmacological intervention may not be necessary [15] [16] 
[17]. On the other hand, some reports revealed contradicting results [18] [19]. In line with the 
findings of Cardillo et al [19], we found that LVMI was significantly different between the 
sustained HT and control groups, and individuals with WCH had slightly greater LVMI than the 
controls and slightly lower than the sustained hypertension group, but these differences were not 
statistically significant.  

Recently, Pierdomenico and coworkers [17] suggested that subjects with WCH had 
significantly higher levels of NOx than sustained hypertensive patients, and significantly higher 
endothelium dependent dilation; however, no significant difference was observed between white 
coat hypertensive and normotensive subjects regarding these parameters. Our findings regarding 
CFR and coronary microvascular functions support the result of Pierdomenico et al. [17]. 

It has been previously demonstrated that left ventricular hypertrophy and left ventricular 
diastolic dysfunction can cause CFR impairment and/or coronary microvascular dysfunction [13] 
[20]. In our study, to prevent the confounding effects of left ventricular hypertrophy on the study 
results, we excluded subjects with excessive left ventricular hypertrophy. However, we have 
observed that CFR directly correlated with maximum mitral E velocity and mitral E-A ratio, and 
negatively correlated with maximum mitral A velocity and mitral E wave deceleration time 
though left ventricular diastolic function did not significantly differ among the groups. 

In conclusion, white-coat hypertension does not alter CFR, a reflection of endothelium-
independent coronary vasodilator function and a marker of target organ damage in hypertension. 
The results of present study are important since reduced CFR might be an earliest indicator of 
future CAD and a sensitive indicator of hypertensive target organ damage. Even borderline 
hypertensive individuals have impaired CFR. Accordingly, our results emphasize on the 
importance of ABPM instead of mere office BP measurement. 
 
Study limitations 

In this study we have excluded subjects with confounding factors, which are commonly 
encountered in normal population, such as left ventricular hypertrophy, diabetes mellitus, and 
current smoking for CFR to investigate the independent effects of white-coat hypertension on 
CFR. In addition, there is a gender imbalance in the groups. Therefore, the study does not provide 
information about white-coat effects on CFR in overall population. 
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Legends 
Table 1. Demographic and biochemical characteristics were similar among the three groups. In 
white coat hypertension and sustained hypertension groups, office blood pressure measurements 
were similar, and each of them was higher than that in the control group. 
Abbreviations: BP: blood pressure, HDL: high-density lipoprotein; LDL: low-density 
lipoprotein; hsCRP: high-sensitivity C-reactive protein. 
*: P < 0.001 versus group 3 
Table 2. Data from ABPM of the study subjects. Mean ABPM measurements were similar in 
white coat hypertension and control groups; however, in patients with sustained hypertension 
ABPM measurements were higher than those in the other two groups. 
Abbreviations: BP: blood pressure, ABPM: ambulatory blood pressure monitoring. 
*: P < 0.001 versus group 1 and 3 
Table 3. Data from echocardiographic examinations of the study subjects. 
Abbreviations: IVS: interventricular septum, PW: posterior wall, LVDD: left ventricular 
diastolic diameter, LVSD: left ventricular systolic diameter, LAD: left atrium diameter; LVMI: 
left ventricular mass index, BP: blood pressure, DPFV: diastolic peak flow velocity of left 
anterior descending coronary artery, CFR: coronary flow reserve. 
*: P < 0.05 versus group 3; †: P < 0.05 versus group 1; **: P < 0.01 versus group 3 
‡: P < 0.01 versus group 1 
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Table 1.  

 
Group 1: 

White-coat 
hypertension (29) 

Group 2: 
Sustained 

hypertension (32) 

Group 3: 
Normotensive 
Controls (35) 

Age (year) 46.6 ± 6.4 45.1 ± 7.1 44.5 ± 6.1 
Male/female (n/n) 12/17 16/16 16/19 
Body-mass Index (kg/m2) 27.9 ± 2.1 26.9 ± 2.6 27.6 ± 1.7 
Office systolic BP (mmHg) 144.5 ± 6.7* 145.7 ± 7.5* 115.5 ± 10.7 
Office diastolic BP (mmHg) 92.6 ± 4.6* 93.3 ± 3.4* 72.5 ± 5.7 
Heart rate (bpm) 68.5 ± 10.3 70.5 ± 10.6 73.2 ± 8.8 
Total cholesterol (mmol/L) 5.04 ± 0.66 4.96 ± 0.72 4.74 ± 0.68 
HDL cholesterol (mmol/L) 1.28 ± 0.33 1.31 ± 0.30 1.19 ± 0.28 
LDL cholesterol (mmol/L) 2.98 ± 0.56 2.99 ± 0.54 2.96 ± 9.63 
Triglyceride (mmol/L) 1.62 ± 0.58 1.42 ± 0.64 1.46 ± 0.63 
Hemoglobin (g/dL) 14.1 ± 1.0 14.3 ± 1.1 14.2 ± 1.2 
hsCRP (mg/L) 2.8 ± 1.9 2.9 ± 2.2 2.1 ± 1.4 
Glucose (mmol/L) 5.17 ± 0.45 5.20 ± 0.40 5.08 ± 0.40 
 
 
 
 
 
 
 
Table 2.  

 White-coat 
hypertension  

Sustained 
hypertension  

Normotensive 
Controls  

Average 24-h systolic BP 112.3 ± 10.4 135.8 ± 11.7* 111.6 ± 7.2 
Average 24-h diastolic BP 72.2 ± 11.7 99.4 ± 9.9* 69.0 ± 6.5 
Average daytime systolic BP 113.9 ± 12.7 138.4 ± 16.1* 114.4 ± 7.6 
Average daytime diastolic BP 74.7 ± 11.7 92.6 ± 10.7* 71.4 ± 6.9 
Average nighttime systolic BP 107.2 ± 11.0 128.4 ± 16.0* 105.6 ± 7.1 
Average nighttime diastolic BP 67.9 ± 11.2 83.5 ± 12.2* 62.9 ± 7.5 
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Table 3.  

 White-coat 
hypertension 

Sustained 
hypertension 

Normotensive 
Controls 

IVS (cm) 1.08 ± 0.12 1.14 ± 0.12*† 1.07 ± 0.08 
PW (cm) 1.01 ± 0.11 1.04 ± 0.11 0.99 ± 0.07 
LVDD (cm) 4.52 ± 0.31 4.63 ± 0.33* 4.47 ± 0.31 
LVSD (cm) 2.84 ± 0.21 2.90 ± 0.17* 2.76 ± 0.20 
LAD (cm) 3.25 ± 0.5 3.35 ± 0.6 3.17 ± 0.3 
EF (%) 66.6 ± 1.4 67.2 ± 2.3 67.4 ± 1.9 
LVMI (g/m2)  95.2 ± 18.0 100.7 ± 16.9* 91.0 ± 12.5 
Mitral E max (cm/s) 75.5 ± 15.0 72.3 ± 16.2 74.3 ± 14.2 
Mitral A max (cm/s) 70.8 ± 16.9 70.3 ± 16.0 68.2 ± 10.9 
E/A  1.10 ± 0.25 1.07 ± 0.33 1.11 ± 0.22 
Mitral E deceleration time (s) 203.6 ± 42.5 205.2 ± 49.1 188.0 ± 18.2 
Baseline heart rate (bpm) 71.5 ± 11.2 72.3 ± 11.7 75.8 ± 9.9 
Baseline systolic BP (mm Hg) 146.7 ± 7.7** 146.9 ± 6.7** 118.2 ± 12.7 
Baseline diastolic BP (mm Hg) 93.4 ± 4.4** 94.0 ± 4.1** 75.5 ± 6.0 
Peak heart rate (bpm) 94.3 ± 12.1 94.2 ± 14.7 98.5 ± 10.6 
Peak systolic BP (mm Hg) 135.3 ± 7.7** 143.4 ± 9.3**‡ 116.2 ± 13.0 
Peak diastolic BP (mm Hg) 87.7 ± 4.5** 90.9 ± 3.9**‡ 72.0 ± 6.7 
Baseline DPFV (cm/s) 24.7 ± 3.6 26.1 ± 5.2* 23.2 ± 3.7 
Hyperemic DPFV (cm/s) 68.4 ± 13.3 63.3 ± 19.4 65.7 ± 15.9 
CFR 2.77 ± 0.41 2.40 ± 0.54**‡ 2.83 ± 0.60 
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