syduosnuelA Joyiny siapun4 DA @doing ¢

syduasnue|A Joyiny siapund JIAd adoin3 ¢

Europe PMC Funders Group
Author Manuscript
Hypertension. Author manuscript; available in PMC 2013 March 25.

Published in final edited form as:
Hypertension. 2012 March ; 59(3): 564-571. doi:10.1161/HYPERTENSIONAHA.111.180653.

Significance of White-Coat Hypertension in Older Persons With
Isolated Systolic Hypertension:

A Meta-Analysis Using the International Database on Ambulatory Blood Pressure
Monitoring in Relation to Cardiovascular Outcomes Population

Stanley S. Franklin, Lutgarde Thijs, Tine W. Hansen, Yan Li, José Boggia, Masahiro
Kikuya, Kristina Bjorklund-Bodegard, Takayoshi Ohkubo, Jgrgen Jeppesen, Christian
Torp-Pedersen, Eamon Dolan, Tatiana Kuznetsova, Katarzyna Stolarz-Skrzypek, Valérie
Tikhonoff, Sofia Malyutina, Edoardo Casiglia, Yuri Nikitin, Lars Lind, Edgardo Sandoya,
Kalina Kawecka-Jaszcz, Yutaka Imai, Jiguang Wang, Hans Ibsen, Eoin O'Brien, and Jan A.
Staessen on behalf of the International Database on Ambulatory Blood Pressure in
Relation to Cardiovascular Outcomes Investigators

Heart Disease Prevention Program (S.S.F.), Division of Cardiology, School of Medicine,
University of California, Irvine, CA; Studies Coordinating Centre (L.T., T.K., J.A.S.), Division of
Hypertension and Cardiovascular Rehabilitation, Department of Cardiovascular Sciences,
University of Leuven, Leuven, Belgium; Department of Clinical Physiology (T.W.H.), Nuclear
Medicine and PET, Rigshospitalet, Copenhagen University Hospital, Copenhagen, Denmark;
Research for Prevention and Health (T.W.H.), Copenhagen, Denmark; Center for Epidemiological
Studies and Clinical Trials and Center for Vascular Evaluation (Y.L., J.W.), Ruijin Hospital,
Shanghai Institute of Hypertenson, Shanghai Jiaotong University School of Medicine, Shanghai,
China; Departamento de Fisiopatologia and Centro de Nefrologia (J.B.), Hospital de Clinicas,
Universidad de la Republica, Montevideo, Uruguay; Tohoku University Graduate School of
Pharmaceutical Science and Medicine (M.K., T.O., Y.l.), Sendai, Japan; Section of Geriatrics
(K.B.-B., L.L.), Department of Public Health and Caring Sciences, Uppsala University, Uppsala,
Sweden; Copenhagen University Hospital (J.J., C.T.-P.), Copenhagen, Denmark; Cambridge
University Hospitals (E.D.), Addenbrook’s Hospital, Cambridge, United Kingdom; First
Department of Cardiology and Hypertension (K.S.-S., K.K.-J.), Jagiellonian University Medical
College, Krakéw, Poland; Department of Clinical and Experimental Medicine (V.T., E.C.),
University of Padova, Padova, Italy; Institute of Internal Medicine (S.M., Y.N.), Novosibirsk,
Russian Federation; Asociacion Espafiola Primera de Socorros Mutuos (E.S.), Montevideo,
Uruguay; Aarhus University and Division of Cardiology (H.l.), Holbak Hospital, Holbak, Denmark;
Conway Institute of Biomolecular and Biomedical Research (E.O.), University College Dublin,
Dublin, Ireland; Department of Epidemiology (J.A.S.), Maastricht University, Maastricht, The
Netherlands.

Abstract

The significance of white-coat hypertension in older persons with isolated systolic hypertension
remains poorly understood. We analyzed subjects from the population-based 11-country
International Database on Ambulatory Blood Pressure Monitoring in Relation to Cardiovascular
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Outcomes database who had daytime ambulatory blood pressure (BP; ABP) and conventional BP
(CBP) measurements. After excluding persons with diastolic hypertension by CBP (=90 mm Hg)
or by daytime ABP (=85 mm Hg), a history of cardiovascular disease, and persons <18 years of
age, the present analysis totaled 7295 persons, of whom 1593 had isolated systolic hypertension.
During a median follow-up of 10.6 years, there was a total of 655 fatal and nonfatal cardiovascular
events. The analyses were stratified by treatment status. In untreated subjects, those with white-
coat hypertension (CBP =140/<90 mm Hg and ABP <135/<85 mm Hg) and subjects with normal
BP (CBP <140/<90 mm Hg and ABP <135/<85 mm Hg) were at similar risk (adjusted hazard rate:
1.17 [95% CI: 0.87-1.57]; P=0.29). Furthermore, in treated subjects with isolated systolic
hypertension, the cardiovascular risk was similar in elevated conventional and normal daytime
systolic BP as compared with those with normal conventional and normal daytime BPs (adjusted
hazard rate: 1.10 [95% CI: 0.79-1.53]; £=0.57). However, both treated isolated systolic
hypertension subjects with white-coat hypertension (adjusted hazard rate: 2.00; [95% CI: 1.43—
2.79]; £<0.0001) and treated subjects with normal BP (adjusted hazard rate: 1.98 [95% CI: 1.49-
2.62]; P<0.0001) were at higher risk as compared with untreated normotensive subjects. In
conclusion, subjects with sustained hypertension who have their ABP normalized on
antihypertensive therapy but with residual white-coat effect by CBP measurement have an entity
that we have termed, “treated normalized hypertension.” Therefore, one should be cautious in
applying the term “white-coat hypertension” to persons receiving antihypertensive treatment.

Keywords

isolated systolic hypertension; ambulatory blood pressure; white-coat hypertension; white-coat
effect; cardiovascular disease; epidemiology

Isolated systolic hypertension (ISH) in older subjects has been associated with a high
prevalence of white-coat hypertension as diagnosed by ambulatory blood pressure (BP)
monitoring.1=4 Pickering et al® first used the term “white-coat hypertension” in a 1988
publication in subjects who were not receiving antihypertensive treatment. However, more
recently in the “real world” of population studies, many individuals with white-coat
hypertension, defined as having elevated office BP and normal ambulatory BP, have
received antihypertensive treatment because their physicians, rightly or wrongly, felt it was
indicated; importantly, this treatment does not have any significant effect on lowering
ambulatory BP levels® or on morbid events in subjects with bona fide white-coat
hypertension.

Despite many previous investigations, controversy persists as to the presence and extent of
increased cardiovascular risk in ISH patients with white-coat hypertension as compared with
a normotensive population8-11; however, few studies addressing this question have been
population based, randomly recruited, and with an untreated, normotensive control
population that does not contain persons with documented masked hypertension.2:11.12
Furthermore, many of these older studies had insufficient numbers of persons with ISH,
short follow-up periods, and, therefore, a relative low incidence of cardiovascular events
and, hence, limited statistical power.

In contrast, the current International Database on Ambulatory Blood Pressure Monitoring in
Relation to Cardiovascular Outcomes (IDACO) Study includes a large number of subjects
residing in the community from 11 countries with standardized protocols for conventional
and ambulatory BP monitoring, a majority free of antihypertensive drug treatment, and a
median follow-up of 10.6 years for cardiovascular events.13:14 The present study assessed
the cardiovascular risk in persons with ISH, free of cardiovascular disease at baseline, and
stratified by the presence or absence of antihypertensive treatment. We compared incident
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cardiovascular events by cross-classification of subjects with ISH, using conventional BP
(CBP) and daytime ambulatory BP (ABP) measurements. We specifically asked 2 questions.
First, is white-coat hypertension associated with increased cardiovascular risk in ISH
patients when accounting for antihypertensive drug therapy? Second, what is the incident
cardiovascular risk in masked and sustained hypertensives versus normotensives, while
stratifying for antihypertensive drug therapy?

Study Population

Our database was constructed from the 11-country IDACO study groups'5-23 that consisted
of random population samples and required available data on conventional and ambulatory
BP.1314 On July 10, 2010, the IDACO database included 11 785 subjects. We excluded a
total of 4490 subjects. The reasons for exclusions were as follows: (1) lack of conventional
BP measurements (n=220); (2) <10 daytime ambulatory BP readings (n=164); (3) subjects
<18 years at enrollment (n=249); (4) diastolic hypertension (conventional DBP =90 mm Hg
or daytime DBP =85 mm Hg; n=3311); (5) a history of cardiovascular disease (n=545); and
(6) unknown treatment status (n=1). Thus, the number of subjects included in the present
analysis totaled 7295.

Definition of BP Categories

The conventional BP was the average of 2 consecutive readings obtained either at the
subjects’ homes1719.22.23 or at an examination center.1%:16.20.21 |n |ine with the current
guidelines for the diagnosis and management of hypertension,:24 we defined conventional
ISH as systolic BP (SBP) =140 mm Hg with a DBP <90 mm Hg. The thresholds for daytime
ambulatory ISH were =135 for SBP and <85 mm Hg for DBP.

“Untreated normotension” was defined as a consistently normal BP on both CBP and
daytime ABP measurements in subjects not receiving antihypertensive treatment (CBP
<140/<90 mm Hg and daytime ABP <135/<85 mm Hg). “Untreated white-coat
hypertension” was defined as a raised CBP in the presence of a normal daytime ABP (=140/
<90 and <135/<85 mm Hg). “Untreated masked hypertension” was defined as normal CBP
in the presence of raised daytime ABP (<140/<90 and =135/<85 mm Hg). “Untreated
sustained hypertension” was defined as both elevated CBP and daytime ABP (=140/<90 and
>135/<85 mm Hg).

Patients on antihypertensive drug treatment were classified according to their treated BP.
“Treated normotension” was defined as having normal values of both CBP and daytime
ABP (<140/<90 and <135/<85 mm Hg). Similarly, “treated white-coat,” “masked,” and
“sustained hypertension in subjects with ISH” were defined as both having the same CBP
and daytime ABP cutoff points as in untreated subjects. In addition, for subjects with
sustained hypertension who had their ABP normalized on antihypertensive therapy but with
white-coat effect by CBP measurement (=140/<90 and <135/<85 mm Hg, subgroup of
treated white-coat hypertensives), we introduced an alternative term, “treated normalized
hypertension.”

Cardiovascular Events

The restricted composite cardiovascular end point included fatal cardiovascular events,
myocardial infarction, surgical and percutaneous coronary revascularization, heart failure,
and stroke. The broad composite cardiovascular end point included transient ischemic
attack, angina, peripheral arterial disease, and all of the events included in the restricted
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cardiovascular end point. Unless indicated otherwise, results are presented for the broad
definition of cardiovascular events.

Statistical Methods

Results

For database management and statistical analysis, we used SAS software, version 9.1.3
(SAS Institute, Cary, NC). All of the analyses were stratified by antihypertensive drug
intake. We first compared the incidence of cardiovascular events according to the cross-
classification of subjects by conventional and daytime ABP measurement, using Cox models
including 3 design variables for the 4 BP categories and standardized to the sex distribution
and mean age in the whole study population. Next, we calculated the hazard ratios
associated with white-coat, masked, and sustained hypertension versus normotension using
Cox proportional hazard models stratified for center and adjusted for age, sex, body mass
index, serum cholesterol, current smoking status, and diabetes mellitus. We ascertained that
the proportional hazard assumption underlying the Cox regression models was fulfilled by
the Kolmogorov-type supremum test and by testing the interaction with follow-up time. We
presented hazard ratios as floating absolute risks and calculated their SEs as described by
Easton et al.2> For further details on methods, see the Expanded Methods section in the
online-only Data Supplement.

Baseline Characteristics

The 7295 subjects included 3305 men (45.3%). Mean+SD age was 48.8+16.6 years. Table 1
shows the characteristics of the participants divided into 4 study groups by cross-
classification of the conventional and daytime ambulatory BP and stratified by
antihypertensive treatment status. Of the 1168 untreated subjects with ISH, 28.6% had
white-coat hypertension, 44.5% had masked hypertension, and 26.9% had sustained
hypertension. Of the 425 treated subjects with ISH, 38.1% had white-coat hypertension,
19.3% had masked hypertension, and 42.6% had sustained hypertension. Treated as
compared with untreated subjects were, on average, 16.9 years older, had a 2.0-kg/m? higher
body mass index, and included more subjects with diabetes mellitus (13.6% versus 3.9%;
£<0.001 for all comparisons).

Incidence of Cardiovascular Events

The total number of cardiovascular events occurring during the 75 464 person-years of
follow-up (median: 10.6 years; 5th to 95th percentile interval: 2.5-17.6 years) amounted to
484 according to the restricted definition and 655 according to the broad definition; the latter
included 119 fatal events, 169 strokes, 75 transient ischemic attacks, 259 cardiac events, and
33 cases of peripheral artery disease.

Risk in White-Coat Hypertension Versus Normotension by Treatment Status

Figure 1 shows the incidence of cardiovascular events in normotensive subjects and in
subjects with white-coat hypertension broken down by treatment status. Incidence was
standardized to the sex distribution (45% men) and mean age (48.8 years) in the whole study
population. In untreated subjects, the risk in white-coat hypertension was similar to that in
normotension (P=0.38). Similarly, in treated subjects, white-coat hypertension did not carry
an increased risk (P=0.92) as compared with persons whose BPs were normalized on
treatment. However, both treated patients with white-coat hypertension and treated subjects
with normal BP were at higher (/£<0.007) cardiovascular risk as compared with the untreated
normotensive reference group. Repeated analyses using the restricted definition of
cardiovascular events (Figure S1, available in the online-only Data Supplement) or using
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130/80 mm Hg as cutoff points for the definition of ambulatory normotension (Figure S2)
gave similar results.

After stratification for cohort and adjustment for sex, age, body mass index, serum
cholesterol, current smoking status, and diabetes mellitus, the risk in white-coat
hypertension remained similar to that in normotension (Table 2). The hazard ratio in
untreated subjects with white-coat hypertension versus untreated normotensives was 1.17
(95% CI: 0.87-1.57). Compared with treated subjects with normalized BP, the hazard ratio
associated with treated white-coat hypertension was 1.09 (95% CI: 0.79-1.52). There was
significantly greater (£<0.0001) cardiovascular risk in treated normotensives as compared
with those who were untreated (hazard ratio: 1.98 [95% CI: 1.49-2.62]). The hazard rates
comparing white-coat hypertensives with normotensives were independent of follow-up
time (P of supremum test >0.25). Similar findings were obtained for cardiovascular
mortality and for the restricted definition of cardiovascular events (Table S1).

Risk in Masked and Sustained Hypertension Versus Normotension by Treatment Status

Figure 2 shows the incidence of cardiovascular events according to the cross-classification
of subjects by conventional and daytime ambulatory BP, stratified by antihypertensive
treatment status and standardized to the sex distribution and mean age in the total study
population. In the analysis including untreated subjects only (Figure 2, left), the incidence of
cardiovascular events was significantly higher in sustained (~=0.0005) and masked
(P<0.0001) hypertension as compared with normotension. Similarly, in treated subjects
(Figure 2, right), cardiovascular risk was increased in sustained (£<0.0001) and masked
hypertension (P=0.0013) as compared with treated normotension. In both treated and
untreated subjects, cardiovascular risk was similar (P>0.33) in masked and sustained
hypertension.

After stratification for center and adjustment for the aforementioned covariates, untreated
masked and sustained hypertension as compared with untreated normotension were
associated with a 67% (95% CI: 33% to 109%) and a 43% (95% CI: 14% to 79%) higher
risk, respectively. In treated masked and sustained hypertension as compared with treated
normotension, these percentages amounted 102% (95% CI: 40% to 190%) and 98% (95%
Cl: 55% to 153%), respectively.

Sensitivity Analyses

Table 3 shows the results of the sensitivity analyses for the comparison of the cardiovascular
risk in subjects with ISH and white-coat hypertension versus normotension. The analyses
were stratified by treatment and adjusted as before.

In subjects =60 years of age, the risk in untreated white-coat hypertension (n=226; age
69.4+5.0 years; daytime SBP 126.3+6.7 mm Hg) was similar (P=0.61) to that in untreated
normotensives (n=971; 66.9+5.4 years; 122.3+7.8 mm Hg). Moreover, the risk in treated
white-coat hypertension (n=127; 70.7+5.8 years; 125.9+6.7 mm Hg) was similar (P=0.70) to
that in treated normotension (n=239; 69.2+5.9 years; 121.9+8.7 mm Hg). In both untreated
and treated subjects, the results in younger (<60 years) and older (=60 years) persons were
consistent (Pvalues for interaction >0.36).

There was an interaction (P=0.04) between untreated men and women for the hazard rate
comparing white-coat hypertension with normotension. Indeed, cardiovascular risk tended
(P=0.06) to be 44% (95% CI: —1% to 110%) higher in untreated men with white-coat
hypertension as compared with untreated normotensive men, whereas the risk in untreated
women with white-coat hypertension was similar (£=0.19) to the risk in untreated
normotensive women. In addition, sensitivity analyses showed a tendency (~=0.05) toward
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an interaction between untreated diabetics and nondiabetics. The hazard rate associated with
white-coat hypertension as compared with untreated normotension amounted to 2.68 (95%
Cl: 1.10-6.54; P=0.03) in untreated diabetics and 1.03 (95% CI: 0.72-1.47; P=0.88) in
untreated nondiabetics.

In further sensitivity analyses, we repeated the analyses while excluding one cohort at a time
(Table S2). These analyses were confirmatory and showed that our results were not driven
by one particular cohort.

Discussion

Association

Two novel findings were observed in this 11-country IDACO Study. First, in subjects with
ISH, those with treated white-coat hypertension had similar cardiovascular risks when
compared with treated normotensives but higher risks when compared with untreated
normotensives. Second, untreated persons with white-coat hypertension had cardiovascular
risk no greater than the untreated normotensive comparator group. These observations were
independent of follow-up time.

Because untreated normotensives were, on average, 17.5 years younger than subjects with
ISH and untreated white-coat hypertension, we did subgroup analyses in persons =60 years
of age and found that, first, at comparable ages, there was no significant difference in
cardiovascular risk in untreated white-coat hypertension and untreated normotension.
Furthermore, the small increase in daytime ambulatory SBP in the older untreated white-
coat hypertensive subjects (126.2 mm Hg), in comparison with the younger untreated
normotensives (119.5 mm Hg), strengthens our findings because of the expected “normal”
gradual increase in SBP with aging. Second, at comparable ages, there was no significant
difference in cardiovascular risk in treated white-coat hypertensives and treated
normotensives.

of Antihypertensive Treatment With Cardiovascular Risk

In a previous IDACO publication,28 containing subjects with systolic and/or diastolic
hypertension, white-coat hypertension was not associated with increased risk irrespective of
treatment. In the present study, subjects with previous cardiovascular events and/or
receiving antihypertensive therapy were removed from the normotensive comparator group,
thus defining normotensive risk downward, in comparison with previous IDACO studies.
The greater risk in treated I1SH subjects with white-coat hypertension as compared with low-
risk untreated normotensive subjects as observed in the present study is not surprising.
Indeed, many of the treated ISH subjects presenting as white-coat hypertension were
probably sustained hypertensives whose ambulatory BP was controlled on antihypertensive
therapy but whose conventional BP showed a white-coat effect?’; we propose to use the
term “treated normalized hypertension” for this entity, rather than the confusing term of
“treated white-coat hypertension.”

Previous publications have failed to distinguish persons with treated normalized
hypertension from white-coat hypertension because of higher risk in their normotensive
comparator groups; this may have resulted from normotensive comparator groups with
antecedent cardiovascular events, antihypertensive therapy, inclusion of masked
hypertension, insufficient statistical power, or a combination of these factors. Nevertheless,
persons with ISH who have “true” white-coat hypertension, but undergo antihypertensive
treatment erroneously, have comparable cardiovascular risk as their untreated normotensive
counterparts and, therefore, must be distinguished from subjects with treated normalized
hypertension that show white-coat effect.2” For these reasons, one should be cautious in
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applying the term “white-coat hypertension” to individuals with ISH receiving concurrent
antihypertensive therapy.

High Prevalence of White-Coat Hypertension and White-Coat Effect in Older Persons With

ISH

BP variability increases from middle age onward in association with increased large artery
stiffness, increasing systolic BP, and decreasing diastolic BP with a resulting widening of
pulse pressure.28:29 Importantly, older subjects with widened pulse pressure have increased
cardiovascular risk.3931 Subjects with ISH, presenting with either white-coat hypertension
or white-coat effect, are more likely to have an “alerting” or white-coat response on the
measured BP as a result of stiffened arteries and a concomitant reduction in arterial
buffering capacity.32:33

There is still controversy regarding the concept that white-coat hypertension is a transition
state between normotension and sustained hypertension.1:26:27 Importantly, the influence of
the ISH subtype on this possible progression has not been well studied. The present analysis
shows similar cardiovascular risk in persons with ISH and untreated white-coat hypertension
versus untreated normotension. On the other hand, our subgroup analysis suggests that men
and diabetics with untreated white-coat hypertension are at increased cardiovascular risk in
comparison with their normotensive counterparts. Indeed, diabetes mellitus has been shown
to be a strong risk factor for incident hypertension.34 Because of the small number of events
and the wide confidence limits in our subgroup analyses, however, our results are only
hypothesis generating at best; nevertheless, these findings would suggest that individuals
with ISH and untreated white-coat hypertension may represent a heterogeneous group, with
those with a high cardiometabolic burden (smokers, high low-density lipoprotein
cholesterol, metabolic syndrome, and diabetes mellitus) destined to progress over time to
sustained hypertension, whereas others with a low cardiometabolic burden may remain
white-coat hypertensive indefinitely. Larger, long-term outcome studies are needed to test
this hypothesis.

Diagnostic Implications in Subjects With ISH

Importantly, persons with white-coat and masked hypertension, composing 73% of the total
number of subjects with ISH in this population study, would not have been diagnosed
accurately with exclusive use of conventional clinic or office BP measurements; the ratio of
white-coat:sustained:masked hypertension was ~1:1:1.6. Thus, the exclusive use of
conventional office or clinic BP measurements to identify patients with ISH at risk would
have resulted in overtreatment of white-coat hypertension and underdiagnosis and under-
treatment of masked hypertension. Twenty-four—hour ambulatory BP measurement is the
ideal method of diagnosing both masked and white-coat hypertension,3°:3¢ but other options
are available that are less expensive and more easily repeatable for the additional assessment
of the response to treatment, including home BP monitoring3®36 or the use of a repeated
automated office BP device with multiple recordings on a single visit.37:38

Strengths and Limitations

Our study must be interpreted within the context of its strengths and potential limitations.
First, the conventional BP was measured under differing conditions in the cohorts. However,
in all but 1 of the cohorts, BP was measured in the sitting position, and in all of the cohorts,
the average of only 2 conventional BP measurements was used for analysis. In addition, all
of the centers implemented rigorous quality control programs for BP measurement. Second,
ambulatory BP monitoring was not standardized in terms of device type and intervals
between successive readings. However, all of the ambulatory BP means were weighted for
the interval between successive readings. By design, this meta-analysis was based on data

Hypertension. Author manuscript; available in PMC 2013 March 25.



syduiosnuel Joyiny sispun4 JINd adoin3 ¢

syduosnuelA Joyiny sispun4 DA @doing ¢

Franklin et al.

Page 8

from individuals rather than from aggregate data from each individual study. Furthermore,
the analysis rested on 11 population-based cohorts over 3 continents with an
overrepresentation of European subjects and might, therefore, not be representative for other
ethnic groups, in particular blacks. Moreover, we focused our analyses on ISH, which in
middle-aged and older subjects is the most prevalent type of hypertension and by far the
predominant modifiable risk factor. Our results can, therefore, not be extrapolated to
younger patients with combined systolic and diastolic hypertension or isolated diastolic
hypertension. Finally, the subgroup analyses of the effects of sex, age, and diabetic status in
white-coat hypertension are hypothesis-generating conclusions that must be tested with
additional studies.

Perspectives

Using the 11-country IDACO population database in subjects with ISH undergoing
conventional and daytime ambulatory BP measurements, we noted that cardiovascular risk
in untreated subjects with white-coat hypertension was no greater than in an untreated
normotensive control population, and this finding was independent of follow-up time.
Therefore, the present study does not provide support for the thesis that persons with ISH,
presenting as untreated white-coat hypertension, represent a transition state between
normotension and sustained hypertension; however, subgroup analyses suggest (but do not
prove) that untreated white-coat hypertension may be associated with increased
cardiovascular risk in some higher-risk groups, such as men and diabetic subjects.
Furthermore, subjects with ISH, presenting as treated white-coat hypertension, could be
either sustained hypertensives with white-coat effect that had been treated to normotensive
daytime ambulatory BP values, an entity that we have termed “treated normalized
hypertension,” or undiagnosed white-coat hypertensives that had been started on
antihypertensive therapy erroneously. Therefore, in the presence of concurrent
antihypertensive treatment, one should be cautious in applying the term “white-coat
hypertension.” Lastly, the exclusive use of conventional clinic BP would result in failure to
recognize white-coat and masked hypertension in almost 3 of 4 persons with untreated ISH.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Incidence of cardiovascular events in untreated normotension (untreated NT), untreated
isolated systolic hypertension (ISH) subjects with white-coat hypertension (untreated
WCH), treated normotension (treated NT), and treated ISH subjects with white-coat
hypertension (treated WCH). In untreated subjects with ISH, the risk in white-coat
hypertensives was similar to that in normotensives (P=0.38). Similarly, in treated subjects
with ISH, white-coat hypertension did not carry an increased risk (£P=0.92) as compared with
treated normotension. However, both treated ISH subjects with white-coat hypertension and
treated subjects with normal blood pressure (treated NT) were at higher (£<0.007)
cardiovascular risk as compared with the untreated normotensive reference group.
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Figure 2.

Incidence of cardiovascular events according to the cross-classification of subjects by
conventional and daytime ambulatory blood pressure in normotensives and in persons with
solated systolic hypertension (ISH) presenting with white-coat hypertension, masked
hypertension, and sustained hypertension. The analyses included all of the cardiovascular
events according to the broad definition. Incidence was standardized to the sex distribution
(45% men) and mean age (48.8 years) in the whole study population. In the analysis
including untreated subjects only (left), the incidence of cardiovascular events was
significantly higher in sustained (£=0.0005) and masked hypertension (A<0.0001) as
compared with normotension, whereas the risk in white-coat hypertension was similar to
that in normotension (P=0.38). Similarly, in treated subjects with ISH (right), the incidence
of cardiovascular events was significantly higher in sustained (£<0.0001) and masked
hypertension (P=0.0013) as compared with treated normotension, whereas the risk in treated
white-coat hypertension was similar to that in treated normotension (P=0.92). In both treated
and untreated patients with ISH, the risk was similar in sustained and masked hypertension
(P>0.33).
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Table 1

Baseline Characteristics in Normotensive Subjects and in ISH Subjects With White-Coat, Masked, and

L] Sustained Hypertension Broken Down by Treatment Status

g

E Untreated Treated

-8 Characteristics Sustained HT ~ White-Coat HT Masked HT ~ Normotension Sustained HT ~ White-Coat HT Masked HT ~ Normotension

- (n=314) (n=334) (n=520) (n=5271) (n=181) (n=162) (n=82) (n=431)

< No. with characteristic (%)

2 Male 216 (68.8) 203 (60.8) 338 (65.0) 2223 (42.2) 82 (45.3) 58 (35.8) 41 (50.0) 144 (33.4)

5 Diabetes mellitus 23(7.3) 25 (7.5) 36 (6.9) 170 (3.2) 26 (14.4) 26 (16.0) 16 (19.5) 48 (11.1)

§ Current smokers 77 (24.7) 69 (21.0) 197 (38.0) 1593 (30.3) 35 (19.4) 26 (16.3) 17 (21.3) 83 (19.3)

> Current drinkers 181 (68.0) 131 (45.0) 316 (64.4) 2281 (44.4) 70 (45.5) 43 (32.8) 35 (46.1) 130 (32.8)

% Mean+SD

2 Age,y 66.9+10.6 61.6+13.6 53.1+15.9 44.1+15.0 69.2+7.8 67.3+8.6 64.9+11.0 59.9+12.8

< Body mass index, kg/m? 26.5+4.0 25.4+4.0 25.8+4.0 24.3+3.8 26.5+4.4 27.0+4.9 26.5+4.9 26.4+4.9

§ Serum cholesterol, mmol/L 6.0+1.1 5.8+1.2 5.8+1.2 5.4+1.1 5.8+1.1 5.8+1.1 5.7+1.1 5.5+1.1

£ Systolic blood pressure

'§_. Conventional, mm Hg 152.1+10.8 148.4+9.4 125.8+9.5 116.2+11.2 156.6+13.8 152.0+10.1 128.3+7.3 123.6+£10.0

~ 24-h, mm Hg 137.0+9.9 122.0+6.7 131.0+6.2 114.1+7.7 139.4+9.3 122.0+8.0 135.1+7.8 118.2+8.2
Daytime, mm Hg 144.8+8.6 126.2+6.5 140.545.1 119.5+8.3 146.1+7.6 125.4+7.2 142.4+6.4 121.7+8.1
Nighttime, mm Hg 122.6+15.0 112.4+11.4 116.2+10.8 104.0+9.3 126.8+15.4 113.3+12.7 121.0+12.4 109.1+11.8
Night:day ratio 0.8+0.1 0.9+0.1 0.8+0.1 0.9+0.1 0.9+0.1 0.9+0.1 0.9+0.1 0.9+0.1

Diastolic blood pressure

Conventional, mm Hg 80.8+6.4 80.5+6.9 76.3£7.4 72.8%7.9 79.8+£7.9 80.2+7.0 74.7+£8.4 74.8+8.4
24-h, mm Hg 73.4+4.8 70.7+5.2 73.8+4.3 69.0£5.3 74.0£5.4 69.8+5.3 75.0£5.0 69.9+6.1
Daytime, mm Hg 78.0+4.9 74.3+5.7 79.3+4.5 73.845.8 78.1+5.2 73.3+5.9 79.1+4.7 73.6+6.4
Nighttime, mm Hg 64.9+6.9 63.4+7.4 64.1+6.6 60.2+6.6 65.4+8.0 62.6+7.7 66.4+7.4 62.3£7.8
Night:day ratio 0.8+0.1 0.9+0.1 0.8+0.1 0.8+0.1 0.8+0.1 0.9+0.1 0.8+0.1 0.9+0.1

ISH indicates isolated systolic hypertension; HT, hypertension.
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Table 2

Hazard Ratios for Cardiovascular Events in ISH Subjects With White-Coat, Masked, and Sustained
Hypertension vs Normotension Broken Down by Treatment Status

Untreated Subjects Treated Subjects
Subgroup Subjects,n  Events, n Agéﬁg?gs'gfzca{)d P Subjects,n  Events, n Agéjl:’ig?g;;oazg )d P
Normotensives 5271 232 1.00 431 73 1.98(1.49-2.62)  <0.0001
Normotensives 5271 232 1.00 431 73 1.00
White-coat HT 334 47  1.17 (0.87-1.57) 0.29 162 36 1.09 (0.79-1.52) 0.60
Masked HT 520 81  1.67(1.33-2.09)  <0.0001 82 31 2.02 (1.40-2.90) 0.0002
Sustained HT 314 81  1.43(1.14-1.79) 0.0020 181 74 1.98 (1.55-2.53)  <0.0001

ISH indicates isolated systolic hypertension; HT, hypertension.

The broad definition of cardiovascular events was used (see Methods section). The hazard ratios in the untreated subjects express the risk vs the
untreated normotensive subgroup. The hazard ratios in the treated subjects (bottom rows) express the risk vs the treated subjects with normalized
blood pressure. The hazard ratios in the first row express the risk associated with treated normotension as compared with untreated normotension.
All of the hazard ratios were stratified for cohort and adjusted for sex, age, body mass index, serum cholesterol, current smoking status, and
diabetes mellitus.

syduosnuelA Joyiny sispun4 DA @doing ¢

syduasnue| Joyiny sispund JIAd adoin3 ¢

Hypertension. Author manuscript; available in PMC 2013 March 25.



syduosnuelA Joyiny sispun4 DA @doing ¢

syduasnue| Joyiny sispund JIAd adoin3 ¢

Franklin et al.

Table 3

Page 16

Hazard Ratios for Cardiovascular Events in ISH Subjects With White-Coat Hypertension vs Normotensive
Subjects According to Sex, Age, Pulse Pressure, and Diabetic Status

Untreated Treated
Events/Subjects, n Events/Subjects, n
Adjusted Adjusted
Stratification ~ Normotensives White-Coat HT Hazard P Normotensives  White-Coat HT Hazard P
Ratio (95% Cl) Ratio (95% Cl)
Women 98/3048 8/131 0.61 (0.29-1.27) 0.19 41/287 16/104 0.82 (0.46-1.49) 0.52
Men 134/2223 39/203 1.44 (0.99-2.10) 0.06 L 32/144 20/58 1.33(0.74-2.39) 0.34
<60y 76/4300 4/108 1.66 (0.60-4.56) 0.33 13/192 2/35 0.66 (0.15-2.98)  0.60
260y 156/971 43/226 1.09 (0.77-1.55) 0.61 60/239 34/127 1.09 (0.70-1.69) 0.70
Nondiabetics 219/5101 39/309 1.03 (0.72-1.47) 0.88 65/383 32/136 1.12 (0.73-1.74)  0.60
Diabetics 13/170 8/25 2.68 (1.10-6.54) 0.03 3005 8/48 4/26 0.56 (0.16-1.93) 0.36

ISH indicates isolated systolic hypertension; HT, hypertension.

The broad definition of cardiovascular events was used (see Methods section). The hazard ratios in the untreated subjects express the risk vs the
untreated normotensive subgroup. The hazard ratios in the treated subjects express the risk vs the treated subjects with normalized blood pressure.
All of the hazard ratios were stratified for cohort and adjusted for sex, age, body mass index, serum cholesterol, current smoking status, and

diabetes mellitus.
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