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Is elevation of clinic blood pressure in
patients with white coat hypertension who
have normal ambulatory blood pressure
associated with target organ changes?
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Background: The issue as to whether white coat hyper-
tension is a pathologically significant entity, with asso-
ciated target organ changes, or that the condition car-
ries the same risk for target organ involvement as
normotension, is undecided. Previous studies which
have shown pathological correlates between white coat
hypertension and target organ damage have not con-
trolled for the most obvious confounder, mean 24 h
blood pressure (BP).

Methods arid results. In this study we retrospectively
identified 33 age and sex-matched pairs, one group with
normal BP, the other with white coat hypertension. The
white coat hypertensive group showed significantly
greater left ventricular mass indexed for body surface
area than normal controls (99.0 g/m?vs 78.3 g/m?, P <

0.001). The population was then further matched for 24-
h mean BP (20 pairs), and was again compared for car-
diac muscle changes. The significantly increased left
ventricular mass index in the white coat population
remained after controlling for 24-h mean BP (101 .1g/m?
vs 81.0 g/m?, P < 0.021).

Conclusion: White coat hypertension is indeed associa-
ted with a larger left ventricular muscle mass than norm-
otensives and these changes are independent of the
actual 24-h BP load, and may reflect increased BP
lability, sympathetic nervous system derangement, or a
genetic propensity in people with white coat hyperten-
sion to stress-related hypertensive reactions, as part of
a pre-hypertensive state.
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Introduction

White coat hypertension has long been recognised
as an acute elevation of blood pressure (BP) occur-
ring inthe context of activethird party BP measure-
ment.' Varioudy termed ‘white coat hypertension’,
‘clinical hypertension’, or ‘isolated clinic hyperten-
sion'? (we will herein refer to the phenomenon as
white coal hypertension (WCH)), it has been
assumed thatthelack of sustained hypertension in
these patients reflects i1 reactive sympathetic ner-
vous system, and predicts a benign prognosis. A
number of studies looking at evidence of target
organ damage have given equivocal results; left ven-
tricular hypertrophyand renal dysfunction have
bothbeen described as occurring in association with
WCl1,** while other studies have not documented
an association.® 2 These studies have largely shown
significantly higher mean UP in the WCH group, and
itmay be that the documented elevation of cardiac
and rend indices of end-organ involvement found

Correspondence: Dr Paddy Owens, Blood Pressure Unit, Beau-
mont Hospital, PO Box 1297, Beaumont Road, Dublin 9, Ireland
Regeived 1 June 1998; revised 7 August 1998; accepted 18
August 1998

in these studies are simply a reflection of this higher
BP in this group.?

In this case-control study, we identified a large
cohort of patients with WCH defined on 24-h ambu-
latory BP (ABP) monitoring, and an age and sex-
matched normal cohort drawn from the normal
population. Groups were compared for ABP profiles,
and the presence of target organ involvement,
namely the presence of myocardial hypertrophy.

The groups were then further matched for 24-h

mean arteriad UP, and the comparison for left ven-
tricular mass index (LVMI) was then repeated, to
determine if controlling for BP differences between
the populations would remove the perceived differ-
ences in target organ involvement.

Subjects and methods
Patient population

Patients were identified from a search of the data-
base inthe Blood Pressure Unit (Beaumont Hospital,
Dublin, Ireland) which comprises patients referred
to the hospital for investigation of hypertension.
patients referred to this service routinely have elec-
trocardiography and echocardiography performed
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within 1 week of the ABP monitor being applied.
Patients were sclected if they met withthe following
definition of WCI, namely anelevation of the clinic
BI?, with or withoul an elevation of the initial BP
(first hour) on the ABP monitor above 140 mm g
svstolic and/or 90 mun 1g diastolic, with a normalis-
alion of the BP to below thesefigures within the next
hour,anda subsequently normal BP mean for both
davtime (systolic < 135mm Hg, diastolic <85
mm J 1g) and night-time (systolic <125 mm Hg. dia-
stolic: <70mm 1 lg) monitoring periods. Patients
were excluded if the above definition was not met,
or if therouline screening tests were not performed.
Also. patients were not included if they were docu-
mented as taking antihypertensive medication al
any time prior to referral for the ABP monitor. Shift
workers were excluded [rom the analysis.

Control population

Control patients were enrolled from a database o £
ABP in the normal population, the initial study o f
which has been described elsewhere. ' Patients from
this population havebeen routinely brought back fur
follow-up study, from 1995 onward, and had elec-
trocardiography and echocardiography performed
onthe day of the ABP monitor. A total of 130 control
subjecls were available for cross-matching. WCH
patien Is were assignedage and sex-malched controls
from this database. The matching procedure was
undertaken without knowledge ot the patients BP
variables, by a physiciantold only: (1) which paticent
cohorlthe subject belonged to; and (2) age and sex.
Only controls with a normal clinic, initial, daytime
and night-time ABP prolile according to the above
delinition were enrolled. Again, patients were
excluded if thescreeningdatawas deficient, or if
they were taking medicines known to interfere
with UP.

Echocardiography

Echocardiography was performed by a trained echo-

cardiographerusing a standard 2.5 MHz echocardi-"

ographytransducer applied lo the chest in the para-
slernal long arid short axis planes, where
measurcinents of wall thickness, and chamber size
were made. To ensure there w a s no systemalic
observer bias, three M-mode tracings were printed
fromeach of the videolaped studies; a trained tech-
nicianthen manually measured the chamber para-
meters, blinded to the case-control status of the
patients, and took themean dimensions for the three
tracings asthemeasured variable. The left ventricu-
lar mass was calculated fromthese parameters using
the formula of Devereux et al.'® This was sub-
sequentlyindexed for body surface area.

Blood pressure measurement

Clinic BP was measured iii accordance with the
recommendations o f the British J lypertension
Society." Vor controls, all readings were required to
bebelow 140 111111 Higsystolicand 90mmtg dias-
tolic. All case patients had an elevated clinic BP on

referral from their general practitioner, and all had
an elevated clinic BP again when measured in the
Blood Pressure Unit prior to the affixing of the ABP
monitor. The clinic pressures were measured in
both cases and controls (after 5 min quiet sitting) by
the Unit nurse, prior to allixing the ABP moniltor.
The lower reading was taken as the clinic pressure,
andthis value was entered into the database.

Twenty-four ABP measurement was performed
using the SpaceLabs 90207 (Redmond, WA, USA)
ABP monitor.'” Monitors were programmed to meas-
ure B at 30-min intervals day and night. The moni-
tor was removed the next day, and the data was
transferred into a personal computer and loaded
into a specialised software package (DABL).'® The
initial, daytime and night-time systolic, diastolic
and mean BP were calculated. The ‘daytime period
was defined as the hours between 09.00 arid 21. 00
hours (excluding the initial period), and night-time
asthe hours between 01.00 and 06.00 hours. The 24-
11 period was defined as the total period of measure-
ment lime from application to removal of the moni-
tor. Transition times (21.01 to 00.59 hours, and
06.01 to 08.59 hours) were not included in the esti-
malion of day and night mean pressures, as these
periods represent times during which bed rest is
inconsistent and therefore cannot reliably be cat-
egorised.'® Patients on night shift work, or within 4
weeks of completing night shift duty, were not
included in the analysis. Recordings were not
included if there were less than 14 valid readings
during the day, or less than seven valid readings
during the night. The validity criteria were those
identified by the editing software, ie, systolic BP <
diastolic BP, diastolic BP >160 or <40 mm Hg, sys-
tolic BP >260 or <50 mm Hg. BP values notident-
ified by the editing software were included in the
analysis.?”

Definitions and statistics

Clinical data was extracted from the database, in
accordance with the following definitions. Family
history of hypertension was defined as the reporting
of hypertension in a first degree relative. A family
history of vascular disease was present if one or
more first degree relatives bad suffered a myocardial
infarction, angina pectoris, a cerebrovascular acci-
dent or had been given a diagnosis of peripheral vas-
cular disease. The presence of any other medical
condition identified from the clinical review at time
of monitoring was considered a potential confoun-
der and this patients record was not included in
the analysis.

The initial matched groups were compared for BP
variables, and fur left ventricular mass; the pairs
were then further matched for BP by assigning a sex-
specific sequential ranking code to the mean 24-h
BP fur subjects in each group. The ranked pairs
oblained were then compared for actua BP and age;
corresponding BP values and age not differing by 2.5
mm Hg and 2 years were deemed acceptably paired
and this pairing was included in the age, sex and BP
matched cohort. The secondary selection procedure
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Table 1 Clinical characteristics of age and sex-matched patient population. Values are expressed as the mean (95% confidence intervals

for the mean)

Cases Controls P value

n 33 33

/'\gu (yrs)‘ 40.3 40.1

Scx. (M/F} 9/24 9/24

Weight (kps) 736 (67.9-79.4) 70.0 (65.9-74.1) 0.20
H(llg.h( (cm) 166.6 (162.8—170.4) 168.8 {165.8~171.7} 0.23
Family history of hypertension 21/33 15/33 NS
History of vascular disease 15/33 17/33 NS
Smoker 13133 13/33 NS

was undertaken by an observer blinded to the left
venlricular mass measurements of the cohort.

Group dilterences between variables was explored
using the paired f-test. Wherenon-normal dala was
compared, the Wilcoxon Rank Sum method w a s
used. Differcnces i proportions vetween paired
variables were explore(l by (‘.al(:ulalion of the z stat-
istic. A P value of less than 0.05 was considered sig-
nificant.

Results
Age andsex-matchedpopulation

A total ot thirty-three age and sex-matched pairs
were identified. Theclinical data between groups
are presented in Table 1. WCJI patients were slightly
heavier than controls, but not significantly so. Body
mass index (BMI) was comparable across the two
groups. A family history of hypertension was found
more frequently iii the WCH patient population, but
there was nodifference in reported family history of
vascular disease. Theincidence of cigaretle smoking
was comparable between the IWO groups.

Intra-observer error for echocardiographic para-
meters was Sma”; ANOVA testing showed no over-
an difference in the mean LVM calculated from the
three sets of measuremenls. Absolute differences
across measurements did differ significantly from
zero, with a meandilferenceof 2.4 grams (95%
confidence interval 2.0-2.8). Accordingly, although
significant, the absolute intra-observer variability
was small.

The data pertaining to ABP are presented in Table
2. By definition, WCH patients had a significantly
higher initial systolic and diastolic BP. Daytime and
night-time systolic BPs were significantly higher in
the WCI patient group, although remaining within

t he normal range. There was no difference between
the groups with respect to presence of nocturnal
dipping of BP or heart rate. The LVMI is presented
inTable 2. Bolh groups showed a LVMI within the
normal range (<110g/m?), but the LVMI for white
coat hypertensives was significantly greater than
controls.

Age, sex and blood pressure matched population

Secondary matching identified 20 age, sex and BP
malched pairs. BMI was not significantly different
belween the groups, and they were comparable for
other clinical features (Table 3). The BP data are
presented in Table 4. The groups were similar for
24-h BP parameters, and only differed in the initial
BP profile, with the WCH group having a higher
initial systolic and diastolic pressure. End-organ
data from the two groups shows persistence of the
differences in left ventricular muscle mass index
(Table 4), with the WCH group demonstrating sig-
nificantly higher LVMI. A multiple regression model
was fitted to the data with LVMI as the dependent
variable, to determine possible confounding by the
independent variables daytime and night-time sys-
tolic and diastolic BP, age, BMI, height, weight and
sex. Additionally, the presence or absence of WCH
was entered into the model as a covariate. The only
significant predictors in the model were the pres-

‘ence or absence of WCH (P =0.011), and age (P =

0.01).

Discussion

White coat hypertension as a clinically distinct
entity has been recognised for some time.?"?? As
many as 20% of patients presenting for ABP moni-

Table 2 Blood pressure and left ventricular mass data from age andsex-maltched cases and controls. All BP data are expressed as
mm Hg. Data values are expressed as means (95% confidence intervals for the mean)

Cuases Controls P value

Clinic SBP 162.2 (157.8-166.5) 110.6(106.1—-1 15.1) <0.0001

clinic: DBP 102.0 (98.9-105.1) 69.6 (66.7-72.5) <0.0001
Day SBP 125.4 (123.3-127.5) 117.1 (113.8-120.3) <0.001
Day DRP 77.6 {76.0-79.2) 75.0 (72.9-77.1) 0.051
Night SBP 101.6 (98.9-104.3) 106.9 (104.0-109.8) 0.01
Night DBP 62.9 (60.8-64.9) 60.5 (58.5-62.4) 0.09
99.0 (88.2-109.8) 78.3 (71.3-85.3) 0.001

LVMI (g/m?)

SUP = Systolic blood pressure; DBP = Diastolic blood pressure.
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Table 3 Clinical characteristics of age, sex and BP-matched patient population. Values are expressed as the mean (95% confidence

intervals for the mean)

Cuases Controls P value

n 20 20

Age (yrs) 90.2 40.8

Sex (M/F) 10/10 10/10

Weight (kgs) 79.9 (72.5-67.4) 75.0 (70.0-80.0) 0.14

[ leight (cm) 170.5 (165.5-175.6} 173.1 (169.2-176.9) 0.37
Family history of hypertension 5/20 5/20 NS
History of vascular ‘(lliseuse 9/20 10/20 NS
Smoker 8/20 9/20 NS

Table 4 Blood pressure data from age, sex and BP-matched casesand controls. All BP data are expressed as mm Hg. Data values are

expressed as means (9 s» confidence intervals for the mean)

Cases Controls P value
Clinic SBp 160.2 {154.6-165.8) 116.2 (111.5-120.9) <{.0001
Clinic DBP 102.3 (98.1-105.5) 73.0 (70.2-75.8) <0.0001
Day SBP 125.2 (122.2-128.0) 123.0 (120.3-125.8) 0.17
Day np 77.2 (75.0-79.4) 78.8 (76.8—-80.8) 0.18
Nigh( S 108.0 (104.7-111.3) 105.3 (102.9-107.7) 0.10
Night DBP G3.1 (60.6-65.7) 62.8 (60.7-64.9) 0.81
LVUMI (g/m?) 101.1 (87.2-115.0) 81.0 (70.6-91.5) 0.021

SBP = Systolic blood pressure; DBP= Diagtolic blood pressure.

toring with an elevated clinic measured BP may
have a normal24-h BP prolile.?® The debate con-
tinues as to whether the clinical condition of WCH
represenis a true pathological state. with associated
morbidity, or a benign manifestation of a reactive
sympathelic nervous system.?*

There has been recent speculation that WCH is not
an entirely benign entity. Loft ventricular mass has
beenshown to be higher in elderly white coat hyper-
tensives than in normal controls.*” However the
literature is al variance onthe subject, withother
reports suggesting thatno significant left ventricular
remodelling occurs in these patients.’ It is interest-
ing lo note that previous comparative studies of
WCH vs normolension have shown higher 24-11 BPs
in the WCH group.®7'* This would al least suggest
that within the normal range, WCH patients have a
higher 24-11 BP load, occupying a higher pressure
stralum than normotensives. The subtle changes in
loft ventricular mass could be accounted for by this
BP discrepancy. '* if this was tire case, then one
would expect thatdifferences between normo- and
white coal hyperlensives with regard lo target organ
changes would disappear when the groups are
further controlled for 24-h BP. Indeed, two such
studies,”'" comparing left ventricular mass between
normolensive and WCH groups, where 24-11 BP was
comparable across the two groups, showed no differ-
ence in structural heart changes. On the other hand,
Glen et al’ in asimilarly designed study, with 131’
cquivalence between the normal and WCHI groups,
showed evidence of functional cardiac derangement
iii the WCH group. This last study has however been
criticised for havingavery high cut-off point for the
difference between normotension and hypertension,
at 95 mm g diastolic.*® As discussed by Verdec-
chia et al,?” a high cut-off point may result in

patients with borderline hypertension being
included in the definition of WCH. As a result, end-
organ damage may be ascribed to patients given the
qualitative diagnosis of WCH, when in fact it is the
quantitative, continuous variable of BP that is
responsible for end-organ changes. Our study
specifically compares cardiac muscle mass between
normal patients and white coat patients, and
removes the possible confounding effect of differ-
ences in BP between the two groups. The fact that
differences in muscle mass persisted when BP dif-
ferences were removed from the equation is strong
evidence that white coat hypertensives are indeed
different from their normotensive counterparts.

Left ventricular hypertropy (LVH) has been well
documented as an indicator of a poor prognosis in
patients with hypertension.?® |t is possble that even
with our strict matching of BP, minor differences in
measured pressure might, over a protracted time
period, give rise to the observed differences in left
ventricular Jnass, but the minimal differences
between the populations would make this very
unlikely.

What aetiological mechanisms may be at work to
cause cardiac changesin the presence of WCH but
in the absence of sustained elevation of BP? Firstly,
transient stress-related increases in BP, occurring
throughout the course of the day may account for
reactive changes in the vascular architecture of the
heart, while not altering the mean BP load, as meas-
ured on 24-h ABP monitoring. Thus, an increase in
BP variability may account for the changes in target
organs.?® However, a number of studies have failed
to show significant BP lability in patients with
WCH.?*1 Secondly, the presence of WCH may be a
manifestation of an underlying dysfunctional sym-
pathetic nervous system.?*3? Left ventricular muscle



hypertrophy has been ascribed to trophic activity of
the sympathetic nervous system. Again, however,
symipathetic anomalies have not been definitively
proven iii WCIL2%% Finally, patients with WCH may
have an underlying genetic propensitv _ 1o
increased stress responsiveness ot BP. This genetic
tendency may also beexpressed iii subtle abnor-
malities of cardiac modelling. 1t is already known
that children o f hyperlensive parents, without
overtly elevated BP, may show structural cardiac
muscle hypertrophy.* A prospective study showing
that white coal hvpertensives progress lo sustained
hypertension  would  provide good supportive
evidence f or this lalter inlerpretation, and some
evidence Tor this does exisl.??

Withrespect lo thisstudy, il is always aconcern
that a retrospective case control study will be open
o selection hias. 11 is possible that a particularly
severe cohort of white coal hypertensives, with
LVI I, were scleclively identified. However, the
decision o perform the echocardiograph was a pro-
tocol drivenone, based on the referral BP, and with-
out knowledge of the ABP moniloring result. The
likelihood therefore of particularly a pathological
cohort being identified is small.

A prevalence rate of 20% for WCH means that a
significanlt nwber of patients in the community
have aformof BI’ abnormality which carries a rela-
tively low risk.*” QOurfindings would concurwith
thisinterpretation. However, our resulls aso suggest
that WCH does describe a group of patients with a
cardiovascular profile that is different from normal.
The only prospective study to date”®*? had a rela-
tively shortfollow-up period, and was unlikely to
have shown either progression to sustained hyper-
tension iii white coal hypertensives over this time
period,and therefore would have been unlikely to
have shownan excess of morbidity iii these patients.
Further dataaretherefore required lo determine the
prognostic significance or our findings, with regard
lo mortalily and end-stage organ failure.
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