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Background: The white-coat effect is a common phenomenon in hypertensive patients, and there is no
current useful office test to detect it.

Methods: This was a cross-sectional study. We evaluated the deep-breath maneuver at the office as a
diagnostic test of the white-coat effect. Participants included 83 adult patients with uncontrolled office
hypertension. We measured sensitivity, specificity, likelihood ratios of different cutoff points, area un-
der receiver operating characteristic (ROC) curve, and 95% confidence intervals. The reference standard
used was 24-hour ambulatory blood pressure monitoring.

Results: We included 73 patients [mean age, 58.7 � 9.5 years (mean � SD); 55% women]. The prev-
alence of white-coat effect was 62%. Comparing patients with white-coat effect versus those without, the
deep-breath test resulted in a mean systolic blood pressure decrease of 17.8 and 10.9 mm Hg (P <
.001) and a mean diastolic decrease of 6.6 and 5.4 mm Hg, respectively (P � not significant). The area
under the ROC curve of systolic blood pressure change was 0.69 (95% confidence interval, 0.57 to
0.81). Interobserver agreement was very good.

Conclusions: The deep-breath test can be a helpful maneuver for the detection of white-coat effect. It
has no major adverse effects and it may help avoid overtreatment and unnecessary further testing pro-
cedures. (J Am Board Fam Pract 2004;17:184–9.)

High blood pressure is one of the most frequent
causes for office visits, and it has a major impact on
overall morbidity and mortality.1,2 Although great
progress has been made regarding hypertension
management, diagnosis and treatment are still sub-
optimal. Current management of high blood pres-
sure is characterized by underdiagnosis, misdiagno-
sis, undertreatment, overtreatment, and misuse of
medications.3–5 Causes for overtreatment include
the incorrect diagnosis of hypertension, as in the
case of white-coat hypertension, and the incorrect
diagnosis of refractory hypertension, as in the case
of white-coat effect.

White-coat response is defined as higher blood
pressure at the doctor’s office than in an ambula-
tory setting. It is observed in both ambulatory nor-

motensive patients (white-coat hypertension) and
in sustained hypertension (usually called white-coat
phenomenon or white-coat effect). Therefore,
white-coat effect is a clinically relevant finding even
among patients with treated hypertension,6–10 and
it may persist on subsequent visits, which suggests
that it is a specific response to the clinical situa-
tion.11

This unusual increase in office blood pressure in
patients with treated hypertension can be inter-
preted as refractory hypertension. Clinicians may
then increase the antihypertensive drug doses or
add further medication, increasing costs and side
effects.12

Studies performed in hypertensive patients re-
port prevalences ranging from 35% to 73%.6,7,9,13

Recently, Myers and Reeves13 found that 70% to
73% of treated patients in primary care showed a
white-coat response, and 31% to 32% exhibited a
“marked white coat effect.”

One study showed that white-coat effect is
present in patients with treated and nontreated
hypertension.14 Variables associated with white-
coat effect are female sex and increasing age and
body mass index. It is much more significantly
observed for systolic than for diastolic blood pres-
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sure, and it is more frequent in white per-
sons.7,8,12,15 Twenty-four hour ambulatory blood
pressure monitoring (ABPM) is currently the diag-
nostic test of choice for its detection.16–20 Breath-
ing rhythm has an effect on blood pressure. A small
study done by Yoshihara et al21 showed that the
deep-breath test (deep breathing 5 times for a
minute in seated position) was useful in identifying
white-coat hypertension. In a preliminary study, we
found that deep breathing led to an initial decrease
in blood pressure in patients with drug-treated hy-
pertension. Some clinical trials showed a decrease
in blood pressure in hypertensive patients with de-
vice-guided slow breathing.22–25 Basic science re-
search in animals also supports this response.26

The detection of the white-coat effect by a sim-
ple test done at the office could play an important
role in hypertension care and lead to a more ratio-
nal management of patients with hypertension. We
intended to determine whether the change in blood
pressure after deep breathing—the deep-breath
test—is different between hypertensive patients
with white-coat effect and those without it, and
whether it can be a useful diagnostic test for the
detection of this prevalent phenomenon in the
office.

Methods
Overview
Noncontrolled hypertensive patients were admin-
istered a standard deep-breath test by their usual
primary care doctors at a routine office visit.
Within 2 days this was followed by 24-hour ABPM
with interpretation by technicians blinded to the
results of the deep-breath test.

Sample, Setting, Power Calculation
The Hospital Italiano de Buenos Aires Advisory
Committee on Ethics in Human Experimentation
approved the study. This primary care-based study
was conducted within a university-affiliated HMO
serving 70,000 patients. We included adult patients
with persistently uncontrolled office hypertension
(�140/90 mm Hg). Pregnant women and patients
having their first 2 visits to their primary care
physician were excluded. We also excluded patients
with suspected secondary hypertension. The study
was conducted between September 2000 and May
2001.

For the deep-breath test to achieve 80 � 15%
specificity and sensitivity, we needed at least 28
patients in the least prevalent group. Because we
estimated that 40% of the population would not
have the white-coat effect, we aimed to recruit a
total sample size of 70 patients.

Deep-Breath Test and ABPM
All office readings were done in standard condi-
tions and were performed in the sitting position
with calibrated mercury sphygmomanometers
(Baumanometer; WA Baum Co., Inc., Copiague,
NY) and appropriate cuff sizes.

After taking two readings before the test (basal
readings), the deep-breath maneuver was done by
asking the patient to breath deeply for 30 seconds.
Blood pressure was recorded immediately after the
test, and then after 2 minutes. We used the 24-hour
ambulatory blood pressure monitoring (SpaceLab
90207) as the reference standard for ambulatory
blood pressure. It was performed within 48 hours
of the deep-breath test. Primary care physicians
were blind to the ambulatory blood pressure mon-
itoring, and the ambulatory blood pressure moni-
toring technician was also blind to the deep-breath
test results. We only report patients who had an
adequate ambulatory blood pressure study with
more than 80% of successful readings.

Although there is variability in the definition of
white-coat effect, and both systolic (SBP) and dia-
stolic blood pressures (DBP) are typically used, we
defined it in our primary analysis as the decrease of
10% or more between baseline office and daytime
ambulatory SBP.

To evaluate whether the observed difference in
blood pressure after the deep-breath test was an
effect of time or regression to the mean, we under-
took a pilot study comparing the effect of the deep-
breath test versus rechecking blood pressure after 5
minutes with the patient in the sitting position. In
the 20 patients evaluated in each pilot group, the
difference was significant for SBP drop (16.8 � 9.1
mm Hg for the deep-breath test vs 4.2 � 3.1 mm
Hg in the 5-minute recheck group, P � .001), but
not for DBP drop (6.7 � 5.2 vs 5.0 � 3.9 mm Hg).
With this pilot test, we can be confident that the
effect of the deep-breath test on SBP was not ex-
plained by regression to the mean or just waiting 5
minutes for another reading. We also analyzed the
inter-observer agreement in a subsample of 15 pa-
tients.
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Statistical Considerations
We evaluated the operating characteristics of dif-
ferent cutoff points, or different responses to the
deep-breath test, to detect the white-coat effect.
We calculated the area under the receiver operat-
ing characteristic (ROC) curve, sensitivity, specific-
ity, and likelihood ratios positive and negative for
the different cutoff values of blood pressure
change. We used the � statistic to evaluate inter-
observer agreement. We used logistic regression
analysis adjusting for age, sex, and office blood
pressure to evaluate independent factors associated
with the white-coat effect. All these measurements
were 2-sided, with 95% confidence limits. We used
descriptive statistics to present our sample charac-
teristics. Data were analyzed with STATA version
6.0 (STATA Corporation, College Station, TX).

Results
Patient Sample
Of the 83 subjects who completed the 24-hour
ABPM, 73 had more than 80% adequate readings
and were included for further analyses; excluded
patients had similar age, sex, treatment, and basal
blood measurements. The mean number of ABPM
readings was 112, approximately 5 per hour.

The 73 patients included in the sample for anal-
ysis had a mean age of 58.7 � 9.5 years (mean �
SD); 45% were men. Most were receiving mono-
therapy, and almost a third took 2 or more drugs.
Medications included �-adrenergic receptor block-
ers in 40%, thiazides in 36%, angiotensin-convert-
ing enzyme inhibitors in 27%, calcium channel
blockers in 16%, and angiotensin receptor blockers
in 5% of the patients. Other demographic charac-
teristics and risk factors are shown in Table 1.

Deep-Breath Test Results and White-Coat Effect
Interobserver Agreement
In a subsample of 15 patients, there was very good
interobserver agreement between the physicians in
defining a positive response for SBP (defined as a
decrease of �15 mm Hg of SBP). � � 0.81 (SE �
0.2721; P � .001). The agreement was not as good
for diastolic readings.

The deep-breath test reduced SBP by 15 mm
Hg and DBP by about 6 mm Hg (Table 2). We
found a prevalence of white-coat effect of 62% (45
of 73) in this mostly female primary care popula-
tion. As reported elsewhere,7 the white-coat effect

was more frequent in women than in men (72% vs
47%; P � 0.03), in older people (subjects with
white-coat effect had a mean age of 60.2 vs 56.2 in
those without it; P � 0.08), and in subjects with
higher office SBP (persons with white-coat effect
had a mean office SBP of 158.7 vs. 146.9 mm Hg in
those without it, P � .001). Only 2 patients re-
ported mild dizziness, which did not interfere with
the maneuver completion. No other adverse effect
was reported.

Although there was no significant difference in
DBP change, the decrease in SBP was almost twice
as large in patients with white-coat effect compared
with those without it. This difference was highly
significant (Table 3).

Deep-Breath Test Operating Characteristics
The area under the ROC curve showed that SBP
change was a good diagnostic test for white-coat
effect (area under the ROC curve 0.69, [95% con-
fidence interval (CI), 0.57 to 0.81]) (Table 4). The
area under the ROC curve in the subgroup of
patients treated nonpharmacologically seemed to
be similar than the subjects with medication (0.67
vs 0.70).

For example, if SBP change with deep-breath
test is less than 5 mm Hg, sensitivity for white-coat
effect is 87%, specificity is 18%, and post-test odds
of white-coat effect are reduced by one third. If
SBP change is 25 mm Hg or more, sensitivity
decreases to 29%, specificity increases to 96%, and
the post-test odds of white-coat effect increase by a
factor of 8.

Table 1. Patient Demographic and Clinical
Characteristics (n � 73)

Variable Value*

Mean age (SD) 58.7 (9.5)
Female �N (%)� 40 (55%)
Obesity �N (%)� 35 (48%)
Dyslipidemia �N (%)� 24 (33%)
Smokers �N (%)� 9 (12%)
Diabetes �N (%)� 7 (10%)
Coronary artery disease �N (%)� 5 (7%)
Therapy

Non-Pharmacologic only 14%
Monotherapy 54%
Two drugs 32%
Three or more drugs 7%

* Percentage values are rounded to the nearest integer.
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The area under the ROC curve for DBP was
0.53 (95% CI, 0.38 to 0.67), showing that it is
uninformative. In a logistic regression analysis ad-
justing for age, sex, and office blood pressure, the
only variable significantly associated with white-
coat effect was SBP change after deep-breath test.

Discussion
In this primary care-based study, we show impor-
tant new findings that could potentially influence
daily practice: SBP change after the deep-breath
test was useful to detect white-coat effect in hyper-
tensive patients. It is performed at the office in less
than 2 minutes, the results are immediate, and it
has no known adverse effects.

Deep-breath test could be a useful office test to
rule in white-coat effect in hypertensive patients. If
SBP drop is 20 mm Hg or more, the post-test odds
of disease almost quadruples; if the drop is 25 mm

Hg or more, the odds increase by a factor of 8. If,
on the other hand, one is intending to rule out
white-coat effect, deep-breath test would not be as
useful (shown by the modest likelihood ratio neg-
atives).

Our study adds information to the growing lit-
erature on the effects of slow and deep breathing
and its effects on blood pressure.21–25 One contra-
dicting piece of evidence, probably as a result of the
inclusion of patients with untreated mild to mod-
erate hypertension, is the Yoshihara study,21 which
found DBP but not SBP change useful to detect
white-coat hypertension.

Our study had several strengths: it was con-
ducted by 20 different primary care physicians in
real office setting to reflect daily practice, the deep-
breath test was independent of and blind to the
standard 24-hour ABPM, and it had an adequate
spectrum of patients. Our results could have been
more precise if only one observer had performed
the test in a highly standardized environment, but
the external validity would have been jeopardized.

Limitations
Because physicians could have been aware of the
effect of the deep-breath test, they might have
biased the SBP decrease. It is highly unlikely that,
not knowing the ambulatory blood pressure result
and white-coat effect state, they could have evalu-
ated the blood pressure change differently in pa-
tients who were later categorized as having white-
coat effect or not.

Another potential limitation is that 14% of our
patients were taking no antihypertensive medica-
tions, and they could have white-coat hypertension
without ambulatory hypertension. An exploratory
analysis, although underpowered, showed no dif-
ference in deep-breath test behavior between med-
icated and nonmedicated patients. This may sug-
gest that the deep-breath test could be a useful
maneuver for white-coat hypertension as well. Dif-
ferent drugs may exert different effects regarding
breath-test response. However, our study has no

Table 2. Blood Pressure Response to the Deep-Breath Test in 73 Patients

Variable
Before

Deep Breathing
Immediately after
Deep Breathing

Two Minutes after
Deep Breathing

Systolic blood pressure 154.8 (SD 14) 139.6 (SD 14) 144.1 (SD 15)
Diastolic blood pressure 98.6 (SD 9) 92.5 (SD 10) 94.9 (SD 10)

Table 3. Deep-Breath Test Responses in Patients with
and without White-Coat Effect

White Coat Effect

P
Present
(n � 45)

Absent
(n � 28)

Systolic blood pressure decrease
�Mean mm Hg (SD)�

17.8 (10.6) 10.9 (8.1) .005

Diastolic blood pressure decrease
�Mean mm Hg (SD)�

6.6 (6.9) 5.4 (5.2) NS*

* NS, not significant.

Table 4. Deep-Breath Test Operating Characteristics
for SBP Drop

Cutoff Value Sensitivity Specificity

Likelihood Ratio

Positive Negative

�5 mm Hg 86.7 17.9 1.05 0.7
�10 mm Hg 80.0 35.7 1.2 0.6
�15 mm Hg 60.0 71.43 2.1 0.6
�20 mm Hg 51.1 85.7 3.6 0.6
�25 mm Hg 28.9 96.4 8.1 0.7
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power to detect differential effects on breath-test
responses among different drugs.

Because the white-coat effect can lead to over-
treatment of high blood pressure,27 its detection
could favor the selective treatment of sustained and
refractory hypertension.12 One study showed that
adjustment of antihypertensive treatment based on
ABPM instead of conventional blood pressure led
to less intensive drug treatment with preservation
of blood pressure control and inhibition of left
ventricular enlargement but did not reduce the
overall costs of treatment.28 High blood pressure
readings in the office are the basis of the evidence
that hypertension increases cardiovascular risk, and
treatment decisions in the management of hyper-
tension are mostly guided by office blood pressure
readings. To date, no study has shown the safety of
withholding treatment in patients with office hy-
pertension and normal ambulatory blood pressure.
The common belief that it is unnecessary to treat
office hypertension in patients with “normal” am-
bulatory blood pressures, although attractive, is un-
warranted.29 A question that remains unanswered is
the clinical relevance of the white-coat effect it-
self.29,30

Taking this context into account, the deep-
breath test could have important clinical implica-
tions. First, it may reduce overtreatment in that
therapy could be guided by post–deep-breath test
measurements, which are more closely related to
ambulatory pressure; second, as a consequence of
avoiding overtreatment, patients health-related
quality of life could be improved substantially;
third, this test could also lead to less resource uti-
lization, not only in drugs but also in 24-hour
ambulatory monitoring. For example, if a cut-off
point of 20 mm Hg is used, 50% of patients with
white-coat effect would be detected and ambula-
tory monitoring potentially avoided; fourth, al-
though formal economic evaluations are needed,
deep-breath test may also reduce total economic
burden in hypertension management.

In conclusion, deep-breath test can be a helpful
maneuver for the detection of white-coat effect. It
has no major adverse effects, and it may help avoid
overtreatment and unnecessary further testing pro-
cedures.

We are really grateful to Mario I. Cámera, whose clinical knowl-
edge and intuition led to the idea of the deep-breath test; to
Fernando Rubinstein and Lorena Allemandi for their thoughtful

review of the manuscript; and to Silvia Espósito, the ambulatory
blood pressure monitoring technician.
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