
ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 6, NO. 5 ✦ SEPTEMBER/OCTOBER 2008

390

Comparing the Effects of White Coat 

Hypertension and Sustained Hypertension 

on Mortality in a UK Primary Care Setting

ABSTRACT
PURPOSE We examined all-cause mortality within a primary care setting in 
patients with white coat hypertension or sustained hypertension in whom blood 
pressure (BP) monitoring was indicated.

METHODS This prospective multicenter study of ambulatory BP monitoring 
included 48 family practices in the county of Oxfordshire, United Kingdom. 
Mortality was compared for patients having white coat hypertension (mean of 3 
clinic BP readings >140/90 mm Hg and daytime ambulatory readings ≤135/85 
mm Hg) and patients having sustained hypertension (mean of 3 clinic readings 
>140/90 mm Hg and daytime ambulatory readings >135/85 mm Hg).

RESULTS A routine primary care cohort consisting of 5,182 patients chosen to 
undergo ambulatory BP monitoring by their family physician was followed up 
for a median of 7.3 years (interquartile range, 5.8-8.9). There were 335 deaths 
(6.5%), corresponding to a mortality rate of 8.9 deaths (95% confi dence interval 
[CI], 8.0-9.9) per 1,000 years of follow-up. Patients with white coat hypertension 
(n = 1,117) were more likely to be female and were on average younger than 
patients with sustained hypertension (n = 4,065). The unadjusted rate of all-cause 
mortality in patients with white coat hypertension was lower, at 4.4 deaths per 
1,000 years of follow-up (95% CI, 3.1-6.0) than that in patients with sustained 
hypertension, at 10.2 deaths per 1,000 years of follow-up (95% CI, 9.1-11.4). 
This reduction in all-cause mortality was still clinically signifi cant after adjustment 
for age, sex, smoking, use of antihypertensive medication, and practice-cluster-
ing effects (hazard ratio = 0.64; 95% CI, 0.42-0.97; P = .04).

CONCLUSIONS White coat hypertension (elevation of clinic BP only) confers sig-
nifi cantly less risk of death than sustained hypertension (elevation of both clinic 
and ambulatory BPs). Trials are now needed to evaluate the risk reduction achiev-
able in patients who have white coat hypertension and are receiving BP-lowering 
therapy.

Ann Fam Med 2008:6;390-396. DOI: 10.1370/afm.865.

 INTRODUCTION

E
levated blood pressure (BP) is common and associated with increased 

morbidity and mortality.2 Although the accurate determination of 

BP is therefore of major importance, the currently recommended 

method of estimating BP3 has several important limitations. Blood pressure 

varies by time of day4 and season.5,6 If it is measured only once, or only 

at 1 time in the day, this reading may give a biased indication of true BP. 

Other factors contribute to the unreliability of BP measurement as well, 

including observer bias, such as the dislike of obtaining a reading above a 

threshold that requires more intervention (ie, recording 88 mm Hg instead 

of 90 mm Hg for diastolic pressure), digit preference,7 the poor condition 

of some sphygmomanometers,8,9 and the rapid loss of proper technique 
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after training.6,10 This threshold avoidance affects both 

physicians and nurses in this setting.

Ambulatory BP monitoring has been used for many 

years in secondary care as a way of assessing patients 

with elevated BP11 and as a tool in research on antihy-

pertensive agents.12,13 Until recently, ambulatory moni-

toring has been mainly used in the research setting; 

however, the increasing availability, decreasing cost, 

and improved reliability of ambulatory BP machines 

have led to a dramatic increase in their use,14,15 includ-

ing introduction of ambulatory BP monitoring into 

family practice over the last few years.16-21 In addition, 

such monitoring is now recommended practice for the 

assessment of BP within some guidelines.22

Comparisons between ambulatory BP and BP 

measured in clinics have shown better reliability for 

the former, with measures of ambulatory BP better 

predicting all-cause mortality as well as cardiovascular 

mortality.23-26

A considerable proportion of patients have normal 

ambulatory BP, but their BP readings are elevated 

when measured in the offi ce, a phenomenon referred 

to as white coat hypertension.27,28 Its prevalence varies 

according to both clinic and ambulatory values used 

as thresholds to defi ne this condition.20,28 White coat 

hypertension has been shown to be associated with 

less morbidity than hypertension that is sustained 

outside the clinic; however, no large, long-term follow-

up studies have evaluated its impact on mortality in 

primary care.29-33

The aims of our study were to assess all-cause mor-

tality in patients in whom BP monitoring was indicated 

and to compare all-cause mortality in patients with 

BP elevated only in the clinic (white coat hyperten-

sion) with that in patients with BP elevated both in the 

clinic and during ambulatory monitoring (sustained 

hypertension). 

Our main hypothesis was that patients with white 

coat hypertension would have a signifi cantly lower 

risk of all-cause mortality compared with patients with 

sustained hypertension. Secondary hypotheses tested 

in this study were the effects of sex, age, smoking, and 

use of antihypertensive medication at the time of moni-

toring on the risk associated with white coat hyperten-

sion. In addition, we investigated the same associations 

for cardiovascular mortality.

METHODS
Study Design
This study was based on prospective multipractice data 

from patients within a multicohort study that has been 

described previously.23

Patient smoking status, current use of antihyperten-

sive medication at the time of ambulatory BP monitor-

ing, and sex were recorded by the offi ce nurse at the 

time that patients were provided with the monitor. 

Personal identifi cation data, including date of birth 

and the national health insurance number, were also 

collected and sent to the Offi ce of National Statistics, 

which linked patient records with the death registry 

and provided the date of death. The primary outcome 

for our study was all-cause mortality. Cause of death 

or contributing cause of death was also identifi ed from 

the death registry and classifi ed as cardiovascular or 

noncardiovascular using codes from the International 

Classifi cation of Diseases 9th Revision (ICD-9). 

Patient data were collected from January 1, 1992, to 

February 28, 1997. Data from the death registry were 

obtained up until September 2003. Ethics approval 

for this study was granted by the Central Oxfordshire 

Research Ethics Committee of the Oxfordshire Health 

Authority.

Study Population
In 1992, the regional (Oxfordshire) health authority 

provided ambulatory BP monitors (TM-2420 monitors, 

version 7; A&D Engineering, Milpitas, California) to 52 

family physician practices. Oxfordshire is an affl uent 

county in southeast England with a mixture of rural 

regions and small cities, and a population of 631,900 

(in 2006) in a land area of 2,605 km2. Most study prac-

tices were semirural and urban, covering mainly white 

populations in nondeprived areas. We invited all of the 

family physicians to provide data for the current study, 

and 48 (92%) agreed. 

We retrieved data for 6,953 patients who had been 

selected for ambulatory BP monitoring based on the 

clinical judgment of their participating physicians. 

Physicians’ main reasons for initiating monitoring in 

the study patients were a variable clinic BP (35.9%), a 

borderline clinic BP (35.4%), established hypertension 

resistant to treatment (8.4%), and isolated high clinic 

BP (7.6%). The most common diagnostic hyperten-

sive category for these patients (42.3%) was newly 

diagnosed hypertension with initiation of ambulatory 

monitoring before starting any treatment.

From this cohort, 1,771 patients were excluded.  

Forty-fi ve patients did not have available mortality 

data, 22 were missing ambulatory readings, 783 had 

invalid ambulatory readings, and 596 had fewer than 

3 clinic readings in the previous 6 months. There was 

no record of medication status in 515 patients and no 

record of smoking in 218. This process left a cohort of 

5,182 patients. There was no difference in the avail-

able data for sex, age, clinic BP, ambulatory BP, smoking 

status, or antihypertensive medication use between 

patients included in and excluded from further analysis. 
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BP Measurement
Clinic BP was defi ned as the mean of the 3 most 

recent readings in the clinic during the previous 6 

months, recorded using normal offi ce techniques and 

equipment, before the patients underwent ambulatory 

BP monitoring.

Ambulatory BP was measured using monitors 

previously validated according to guidelines of the 

Association for the Advancement of Medical Instru-

mentation.34-36 All ambulatory recordings were assessed 

for inclusion in the analyses. Monitoring was done over 

a 24-hour period; BP was measured every half hour 

during the day (7 AM to 11 PM) and every hour during 

the night. All results were available to the family physi-

cians. An ambulatory recording was defi ned as invalid 

if fewer than 20 valid daytime ambulatory measure-

ments were obtained or if more than 15% of the read-

ings were invalid (an error recorded by the monitor). 

 Of note, in contrast to the situation in some 

other settings, the nurses in this study were routinely 

involved in screening and management of hyperten-

sion and so were aware of the levels for BP manage-

ment, which may have reduced the likelihood of 

threshold avoidance. As part of this study, nurses were 

encouraged to attend the research study update meet-

ings where hypertension guidelines were routinely 

discussed.

Classifi cation of Patients
On the basis of concordance of the clinic BP read-

ing and the daytime (7 AM to 11 PM) ambulatory BP 

recordings, patients were grouped into 1 of 2 catego-

ries determined from current hypertension guide-

lines37: (1) white coat hypertension (defi ned as a clinic 

systolic BP >140 mm Hg and daytime ambulatory sys-

tolic ≤135 mm Hg, and/or clinic diastolic BP >90 mm 

Hg and daytime ambulatory diastolic BP ≤85 mm Hg) 

or (2) sustained hypertension (defi ned as clinic systolic 

BP >140 mm Hg and daytime ambulatory systolic BP 

>135 mm Hg, and/or clinic diastolic BP >90 mm Hg 

and daytime ambulatory diastolic BP >85 mm Hg). 

In all, 1,117 patients had white coat hypertension and 

4,065 patients had sustained hypertension.

Statistical Analysis
We performed data entry and validation 

using DBase IV software (dataBased Intel-

ligence Inc, Vestal, New York). Analysis was 

performed using version 11.0 of SPSS for 

Windows (SPSS Inc, Chicago, Illinois) and 

version 9.2 of Stata (Stata Corp, College 

Station, Texas). Patient characteristics and 

BP measures were summarized using fre-

quencies (percentages) for binary variables, 

means with standard deviations (SDs) for normally 

distributed continuous variables, or medians with 

range or interquartile range (IQR) for nonnormally 

distributed continuous variables. We compared these 

characteristics using the χ2 test for binary variables 

and the independent 2-sample t test for normally 

distributed continuous variables. To assess the poten-

tial effect of clustering by practice on outcome, the 

intraclass correlation coeffi cient (ICC) was calculated. 

Multivariate survival analysis was performed using the 

Cox regression model to evaluate the risk of mortal-

ity associated with white coat hypertension compared 

with sustained hypertension, adjusting for important 

prognostic factors including sex, age, smoking history, 

and prescribed antihypertensive medication recorded 

at the time of monitoring, and also for clustering at the 

practice level.

RESULTS
Characteristics of the Study Cohort
Of the 5,182 patients, 1,299 (25.1%) were current 

smokers and 1,161 (22.4%) were exsmokers. At the 

time of ambulatory monitoring, 1,675 patients (32.3%) 

were taking antihypertensive medication. The patients 

had a mean age of 56.9 years (SD, 12.5) and 2,336 

(45.1%) were male. 

There were statistically signifi cant and clinically 

important differences in these risk factors between the 

patients with white coat hypertension and the patients 

with sustained hypertension (Table 1). The former 

patients were more likely to be female, were on aver-

age younger, and were less likely to be smokers, all 

of which would reduce their risk of mortality. They 

were also marginally more likely than their counter-

parts with sustained hypertension to already be taking 

antihypertensive medication when monitoring began, 

although this difference was neither clinically nor con-

ventionally statistically signifi cant.

Compared with patients with white coat hyperten-

sion, patients with sustained hypertension had signifi -

cantly higher clinic BPs; the mean difference in systolic 

Table 1. Baseline Demographic and Clinical Characteristics 
by Blood Pressure Category

Characteristic

White Coat 
Hypertension
(n = 1,117)

Sustained 
Hypertension
(n = 4,065) P Value

Age, mean (SD), years 53.1 (13.2) 57.9 (12.1) <.001

Male, No. (%) 355 (31.8) 1,981 (48.7) <.001

Taking antihypertensive 
medication, No. (%)

388 (34.7) 1,287 (31.7) .052

Current smoker or 
exsmoker, No. (%)

501 (44.8) 1,959 (48.2) .048
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values was 9.2 mm Hg (95% confi dence interval [CI], 

8.2-10.2), and the mean difference in diastolic values 

was 2.1 mm Hg (95% CI, 1.6-2.7) (Table 2). Patients 

with sustained hypertension also had signifi cantly 

higher ambulatory BPs; the mean difference in systolic 

values was 29.4 mm Hg (95% CI, 28.5-30.3), and the 

mean difference in diastolic values was 9.2 mm Hg 

(95% CI, 8.5-9.8). These differences, in addition to the 

factors outlined above, were likely to lead to higher 

mortality in the sustained hypertension group.

Analysis of the effect of clustering showed a small 

ICC of 0.0068 for all-cause mortality. The ICC for 

cardiovascular mortality was 0.00072.

Mortality
The mean length of follow-up for 

the patients overall was 7.3 years 

(SD, 2.0), and the median length 

of follow-up was 7.3 years (IQR, 

5.8-8.9). Patients with white coat 

hypertension were followed up 

for a mean of 7.4 years (SD, 1.9), 

and those with sustained hyper-

tension were followed up for a 

mean of 7.2 years (SD, 2.0). 

Some 36 (3.2%) of the 

patients with white coat hyper-

tension and 299 (7.4%) of the 

patients with sustained hyper-

tension died. When patients 

were categorized by clinic and 

ambulatory systolic BP quartiles, 

the number of deaths was greatest in the patients with 

higher clinic BP; in addition, within that group, the 

number increased signifi cantly with increasing ambula-

tory BP.  

The overall mortality rate was 8.9 deaths per 1,000 

years of patient follow-up (95% CI, 8.0-9.9). Crude 

rates of all-cause mortality were signifi cantly lower in 

patients with white coat hypertension, at 4.4 deaths 

(95% CI, 3.1-6.0) per 1,000 years, compared with 

patients with sustained hypertension, at 10.2 deaths 

(95% CI, 9.1-11.4) per 1,000 years (P <.001) (Table 3).

Crude all-cause mortality rates were also lower 

overall in female patients and patients who had never 

smoked, and they increased with age (Table 3). Patients 

who were already taking medication at the initiation of 

BP monitoring had a higher mortality rate. Compared 

with their counterparts not taking medication, these 

patients tended to be older (mean age, 61.6 vs 54.6 

years) and had a higher clinic BP (5.1 mm Hg higher, 

P <.001); however, ambulatory BP and sex breakdown 

did not differ by medication status.

In 18 (50.0%) of the 36 patients with white coat 

hypertension who died and 151 (50.5%) of the 299 

patients with sustained hypertension who died, death 

was due to cardiovascular causes. The crude rate of 

cardiovascular mortality per 1,000 years of patient fol-

low-up was signifi cantly lower in patients with white 

coat hypertension, at 2.2 deaths (95% CI, 1.4-3.5), 

than in patients with sustained hypertension, at 5.3 

deaths (95% CI, 4.5-6.2) (P <.01).

The risk of all-cause mortality of patients with 

white coat hypertension was clinically and statistically 

signifi cantly lower than that of patients with sustained 

hypertension, after adjusting for the independent risk 

factors of age, sex, smoking status, and antihypertensive 

medication use, and for clustering (hazard ratio, 0.64; 

Table 2. Clinic and Ambulatory Blood Pressure by Blood 
Pressure Category

Measure

White Coat 
Hypertension

(n = 1,117)

Sustained 
Hypertension
(n = 4,065)

Mean Difference
(95% CI) 
[P Value]

Systolic blood pressure, 
mm Hg
Clinic 159.5 (13.1) 168.8 (15.6) 9.2 (8.2-10.2) [<.001]

Ambulatory 126.9 (6.8) 156.3 (14.9) 29.4 (28.5-30.3) [<.001]

Clinic minus ambulatory 32.6 (14.5) 12.4 (16.7) –

Diastolic blood pressure, 
mm Hg
Clinic 94.5 (7.5) 96.6 (8.3) 2.1 (1.6-2.7) [<.001]

Ambulatory 83.2 (8.0) 92.3 (10.2) 9.2 (8.5-9.8) [<.001]

Clinic minus ambulatory 11.3 (8.9) 4.3 (9.5) –

CI = confi dence interval.

Note: Values are expressed as mean (SD) or mean difference (SD).

Table 3. Crude All-Cause Mortality Rate per 
1,000 Years of Follow-up (95% Confi dence 
Interval) by Blood Pressure Category

Characteristic

White Coat 
Hypertension

(n = 1,117)

Sustained 
Hypertension
(n = 4,065)

Total population 4.4 (3.1-6.0) 10.2 (9.1-11.4) 

Sex

Male 5.0 (2.9-8.6) 11.8 (10.2-13.8)

Female 4.1 (2.7-6.1) 8.6 (7.3-10.2) 

Antihypertensive 
medication
Yes 6.3 (3.9-9.9) 16.3 (13.9-19.2)

No 3.3 (2.1-5.3) 7.4 (6.3-8.7) 

Smoking status

Nonsmoker 2.9 (1.7-4.9) 9.3 (7.9-10.9)

Smoker or 
exsmoker

6.5 (4.3-9.8) 11.2 (9.6-13.2) 

Age-group, years

 <50 0.9 (0.3-2.9) 1.9 (1.2-3.2)

 50-59 3.3 (1.6-6.6) 4.1 (3.0-5.7)

 60-69 7.7 (4.6-12.8) 14.0 (11.6-16.8)

 ≥70 14.9 (8.0-27.8) 29.4 (24.8-34.8)
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95% CI, 0.42-0.97; P = .04) (Table 4). This difference 

corresponds to an estimated 36% lower risk of death, 

adjusting for important covariates. In addition, patients 

with white coat hypertension had a similar estimated 

37% lower risk of cardiovascular mortality relative to 

their counterparts with sustained hypertension.

DISCUSSION
White coat hypertension has been shown to be associ-

ated with an increased risk of cardiovascular mortality 

and morbidity as well as all-cause mortality.29-31,38-40 

Very little work has explored the prognostic signifi -

cance of the white coat effect in primary care, how-

ever.32 Our study is the fi rst large, long-term follow-up 

study to compare the mortality risk of white coat 

hypertension with that of sustained hypertension in 

this setting. Our fi nding of a signifi cantly lower risk 

of death with the former is similar to that seen in a 

recent meta-analysis of 4 studies performed in second-

ary care.40 This fi nding stands in contrast, however, to 

that of other research showing a similar mortality rate 

in patients with white coat hypertension and sustained 

hypertension, although that research was conducted 

in a much smaller population.30 Different methods of 

recruitment and different populations across studies, 

as well as variation in fi ndings, have left a considerable 

level of uncertainty about the exact risk associated 

with white coat hypertension.40

Ambulatory BP recording in primary care has 

recently been recommended as a method of assessing 

BP in patients thought to be hypertensive.37 Our study 

shows that it is possible within routine primary care 

to monitor patients’ BP using an 

ambulatory monitor. The high 

percentage of technically satis-

factory recordings we obtained 

was largely due to the expertise 

of the practice nurses who were 

responsible for attaching the 

monitor to patients and instruct-

ing patients in its use.

Many studies have shown 

that BP readings measured using 

ambulatory monitors are lower 

than clinic readings41 and that 

the risk of death associated with 

ambulatory BP is lower than 

that associated with clinic BP23; 

however, the precise levels of 

ambulatory BP that should be 

considered equivalent to rec-

ognized cutoffs for clinic BP in 

terms of risk or benefi t from anti-

hypertensive treatment remain uncertain. Clear epide-

miologic evidence shows that the treatment of mild to 

moderate hypertension detected in the clinic reduces 

cardiovascular endpoints by as much as 50% but has 

less effect on all-cause mortality.42,43

There are limitations to this study. We undertook 

a pragmatic longitudinal study carried out in normal 

practice settings. Patients were selected opportunis-

tically by the physicians and as such may not have 

represented the total population of patients within 

these practices. Finally, some important predictors of 

mortality, such as cholesterol, were not available in this 

analysis because of the nature of the study.

The implication of this research for family medi-

cine is that we need to consider evaluating patients in 

greater depth before starting treatment for hyperten-

sion. Currently, the guidelines recommend an evalu-

ation of global cardiovascular risk to guide treatment 

recommendations. We need to now reconsider whether 

to stop using offi ce BP as both the routine screening 

test and the diagnostic test for hypertension.

Subsequent controlled clinical trials in primary care 

would be needed to test the benefi ts of interventions 

at different thresholds of ambulatory BP. These studies 

are now indicated.

To read or post commentaries in response to this article, see it 
online at http://www.annfammed.org/cgi/content/full/6/5/390.

Key words: Hypertension; white coat; mortality; primary care; family 
practice; ambulatory monitoring; blood pressure; practice-based research

Submitted August 24, 2007; submitted, revised, March 10, 2008; 
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Table 4. Risks of All-Cause and Cardiovascular Mortality 
According to Characteristics

Characteristic

All-Cause Mortality
(n = 355 Deaths)

Cardiovascular Mortality
(n = 169 Deaths)

HR 95% CI
P 

Value HR 95% CI
P 

Value

White coat hypertension

Crudea 0.43 0.30-0.60 <.001 0.43 0.29-0.63 <.001

Adjustedb 0.64 0.42-0.97 .04 0.63 0.39-1.02 .058

Male sexb 1.66 1.34-2.06 <.001 1.95 1.47-2.59 <.001

Age (5-year increments)b 1.61 1.52-1.71 <.001 1.63 1.50-1.77 <.001

Smoker or exsmokerb 1.39 1.16-1.67 <.001 1.25 0.95-1.64 .12

Not taking antihypertensive 
medicationb 

0.75 0.61-0.93 .008 0.72 0.56-0.94 .01

HR = hazard ratio; CI = confi dence interval.

a Crude/unadjusted hazard ratio (estimated using univariate Cox regression model) for white coat hypertension 
vs sustained hypertension.

b Adjusted hazard ratios (estimated using multivariate Cox regression model). Values were adjusted for blood 
pressure category, sex, age (continuous), smoking, antihypertensive medication use, and clustering at the 
practice level. Reference groups were as follows: blood pressure category: sustained hypertension; sex: female; 
smoking: never smokers; and antihypertensive medication use: taking medication.
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