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AbstrACt
Objectives Hypertension trials and epidemiological 
studies use multiple clinic blood pressure (BP) 
measurements at each visit. Repeat measurement is 
also recommended in international guidance; however, 
little is known about how BP is measured routinely. This 
is important for individual patient management and 
because routinely recorded readings form part of research 
databases. We aimed to determine the current practice 
of BP measurement during routine general practice 
appointments.
Design (1) An online cross-sectional survey and (2) 
a prospective ‘mystery shopper’ study where patients 
agreed to report how BP was measured during their next 
appointment.
setting Primary care.
Participants Patient charity/involvement group members 
completing an online survey between July 2015 and 
January 2016. 334 participants completed the prospective 
study (51.5% male, mean age=59.3 years) of which 279 
(83.5%) had diabetes.
Primary outcome Proportion of patients having BP 
measured according to guidelines.
results 217 participants with (183) and without diabetes 
(34) had their BP measured at their last appointment. 
BP was measured in line with UK guidance in 63.7% 
and 60.0% of participants with and without diabetes, 
respectively. Initial pressures were significantly higher 
in those who had their BP measured more than once 
compared with only once (p=0.016/0.089 systolic and 
p<0.001/p=0.022 diastolic, in patients with/without 
diabetes, respectively).
Conclusions Current practice of routine BP measurement 
in UK primary care is often concordant with guidelines 
for repeat measurement. Further studies are required to 
confirm findings in broader populations, to confirm when 
a third repeat reading is obtained routinely and to assess 
adherence to other aspects of BP measurement guidance.

IntrODuCtIOn 
Measurement of blood pressure (BP) is 
carried out in general practice by health-
care professionals on a daily basis. Such 

measurement is important for the diagnosis 
and management of hypertension, a major 
risk factor for cardiovascular disease (CVD) 
in both the general population1 and even 
more so in those with diabetes.2 Hyperten-
sion trials and major epidemiological studies 
typically measure clinic BP using strict proto-
cols on two to three times per visit in most 
cases.3 For example, the Systolic Blood Pres-
sure Interventon Trial (SPRINT)4 and the 
Action to Control Cardiovascular Risk in 
Diabetes (ACCORD)5 trial used the mean of 
three readings taken automatically to guide 
treatment. Repeated measurement protocols 
are also recommended in the UK,6 Euro-
pean7 and North American8 hypertension 
guidelines. For example, current UK guid-
ance states that BP should be remeasured if it 
is initially high, or if two measurements differ 
substantially, with out-of-office monitoring 
recommended in those with sustained high 
BP in clinic.6 This reflects concerns that in 
many patients, clinic BP readings, particularly 
initial readings, may be systematically higher 
than BP during usual daily activities.9 

strengths and limitations of this study

 ► This survey has a novel ‘mystery  shopper’ de-
sign, minimising biases that may be introduced by 
self-reported practitioner behaviour.

 ► We have examined how adherence to guidelines 
varies according to patient characteristics, whereas 
previous studies have taken a healthcare profes-
sional view.

 ► The use of an online survey may have resulted in an 
under-representation of some groups, such as the 
very elderly.

 ► Larger studies are required to confirm our findings 
with respect to second and third blood pressure 
readings.
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Many factors can affect the accuracy of BP measure-
ment and the number of measurements used can influ-
ence estimates of BP control.10 11 Measurement practices 
may also vary depending on the focus of the consultation 
or patient characteristics and recorded BPs may also be 
influenced by incentive schemes such as the UK Quality 
and Outcomes Framework.12 13 Potential differences 
between primary study protocols and clinical practice 
have implications for the generalisability and imple-
mentation of research findings. For example, SPRINT 
found that treatment to a systolic BP target of 120 mm Hg 
resulted in fewer cardiovascular events compared with 
a target of 140 mm Hg in low-risk patients.4 However, 
others have argued that mean automatically measured 
BP of 120 mm Hg may correspond to a routine measure-
ment of 135–140 mm Hg14 and ACCORD (conducted in 
patients with diabetes) failed to show an effect of inten-
sive treatment.5

Furthermore, increasing numbers of observational 
studies in electronic healthcare databases rely on 
routinely collected BP measurements. In particular, the 
recommended cardiovascular risk calculator in the UK, 
QRISK215 was derived using such data. It is important to 
understand how BPs recorded in these databases were 
obtained, in order to reliably compare observational data-
base and primary study results.

However, little is known about how BP is measured 
in routine practice. A 2006 survey of UK general prac-
titioners’ (GPs’) adherence to hypertension guideline 
recommendations relied on self-reported data and did 
not ask about the use of repeat measurements.16 Other 
European studies have focused on whether implementa-
tion of lifestyle or treatment changes adheres to guide-
lines17 or reasons for non-adherence.18 These studies 
assume that an accurate BP reading is obtained initially 
and ignore the specifics of BP measurement. We, there-
fore, sought to determine the current practice of BP 
measurement during routine appointments in UK 
primary care, focusing on when repeat clinic and home 
BP measurements are obtained.

PAtIents AnD methODs
We conducted an online survey of patients, followed by a 
prospective survey of primary care consultations.

Online survey
An online survey was advertised through charities and 
patient involvement groups (‘University of the Third 
Age’, ‘Blood Pressure UK’, ‘Citizen Scientist’, ‘Patients 
Active in Research’, ‘Call for Participants’ and ‘Research 
for the Future (Help BEAT Diabetes)’) between 23 July 
2015 and 24 January 2016. Respondents anonymously 
reported basic demographic and health information, 
if and how many times their BP was measured at their 
last appointment and (recall permitting) their last BP 
reading (online supplementary material). Respondents 

were also asked about recommendations to monitor their 
BP at home.

Prospective study
Participants completing the online survey were invited 
to take part in a prospective study. They were told the 
study would ask similar questions to those already asked 
about their BP after their next primary care appoint-
ment. Those wishing to take part gave explicit consent, 
provided an email address and were asked when they 
expected their next appointment to be. After the antici-
pated time of this appointment, a link to an online ques-
tionnaire was emailed to participants. This asked whether 
BP was measured at the appointment, and if so, how many 
times, and (recall permitting) for up to three systolic and 
diastolic BP values (online supplementary material). The 
questionnaire was open from 23 July 2015 to 16 June 
2016. Two patient representatives helped design the study 
materials and three were asked to pilot the survey websites 
to test functionality. 

statistical analysis
The prospective study was powered to estimate the propor-
tion of people having their BP measured once or multiple 
times, in line with guidelines at the 95% confidence level 
with an accuracy of ±5%. Assuming a proportion of 10%, 
139 respondents who had had their BP measured was 
required.19

Demographic and clinical history data were summarised 
using means and SD or proportions. Mean BP was 
summarised with 95% CIs and ranges. Respondents 
were classified as hypertensive if they answered yes to the 
question ‘Have you got high blood pressure or have you 
ever been told by your GP that you have high blood pres-
sure?’. Responses were assessed against National Institute 
for Health and Care Excellence guidance and BP was 
deemed to have been measured according to guidelines 
if BP was measured: (1) once and the reading was below 
140/90 mm Hg, (2) two times if the initial reading was 
above 140/90 mm Hg and the first two readings differed 
by less than 5 mm Hg systolic or (3) three times if the 
first reading was above 140/90 mm Hg and the first two 
readings differed by more than 5 mm Hg systolic.6 
Respondents who had their BP measured more or less 
than guidance recommends were deemed not to have 
had their BP measured according to guidance. Propor-
tions were compared using two-sided tests of proportions, 
under the assumption of large samples, at the 5% level. 
Due to an unexpectedly large proportion of participants 
with diabetes, a decision to stratify all prospective study 
analyses by patient diabetes status was made after data 
collection.

Since behaviour among professionals from the 
same practice may be similar, sensitivity analyses were 
carried out by randomly selecting one observation 
from each postal code district (assuming respondents 
from different districts are registered to distinct prac-
tices). We also conducted sensitivity analyses excluding 
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prospective responses that were suspected of being dupli-
cate submissions of the same initial survey data. Analysis 
was conducted using Stata V.1420 and R V.3.3.1.21

results
In total, 2176 unique users visited the survey site, of whom 
756 completed the initial online survey, with complete 
data available in 743 individuals (623 with diabetes, 
83.9%). Consent for the prospective study was given by 
593 participants and was completed by 334 participants 
(279 with diabetes, 83.5%) (figure 1). The characteristics 
of those completing the initial and prospective surveys 
were broadly similar (online supplementary table S1).

Initial survey
Of the 743 people completing the first survey, 489 (65.8%) 
reported having had their BP measured at their last 
appointment: 156 (31.9% of 489) by a GP, 321 (65.6%) by 
a nurse and 12 (2.5%) in the waiting room. Most respon-
dents (480/489, 98.2%) could recall how many BP read-
ings were taken: 286 (59.6% of 480) one, 144 (30.0%) 
two and 50 (10.4%) three or more readings. Results strat-
ified by diabetes status are given in the online supplemen-
tary tables S2 and S3. Only 88 patients (11.8%) recalled 
ever having their BP measured in both arms at any one 
previous appointment. Compared with normotensives 

(20/330, (6.7%)), respondents with a previous diagnosis 
of hypertension (68/413, (16.5%)) were more likely to 
report having had their BP measured in both arms at any 
appointment previously.

Prospective study
Baseline characteristics for those with and without 
diabetes completing the prospective study after a further 
GP appointment are given in table 1. Of the 279 partic-
ipants with diabetes completing the follow-up ques-
tionnaire, 183 (65.6%) had their BP measured at the 
appointment: 38 (20.8%) by a GP, 139 (76.0%) by a nurse 
and 6 (3.3%) by themselves in the waiting room. Of the 
55 participants without diabetes, 34 (61.8%) had their BP 
measured: 21 (61.8%) by a GP, 11 (32.4%) by a nurse and 
2 (5.9%) by themselves in the waiting room.

Participants with diabetes
Of the 183 participants with diabetes who had their BP 
measured, 91 (49.7%) could recall a value for all of the BP 

Figure 1 Study flow chart.

Table 1 Characteristics of participants completing the 
prospective survey with and without diabetes

Characteristic

Participants 
with diabetes
(n=279)

Participants 
without 
diabetes
(n=55)

Mean (SD)/n 
(%)

Mean (SD)/n 
(%)

Male 157 (56.3) 15 (27.3)

Age 59.0 (12.1) 60.3 (12.7)

Current smoker 21 (7.5) 4 (7.3)

Hypertensive 159 (57.0) 41 (74.6)

  Antihypertensive 
medication

141 (88.7) 32 (78.0)

Previous CVD 29 (10.4) 2 (3.6)

Chronic kidney disease 11 (3.9) 1 (1.8)

Rheumatoid arthritis 12 (4.3) 1 (1.8)

Told at high risk of CVD 26 (9.3) 4 (7.3)

Region

  Northeast 9 (3.2) 0 (0.0)

  Northwest 111 (39.8) 14 (25.5)

  Yorkshire and The 
Humber

19 (6.8) 1 (1.8)

  East Midlands 6 (2.2) 2 (3.6)

  West Midlands 13 (4.7) 3 (5.5)

  East of England 22 (7.9) 6 (10.9)

  Southwest 40 (14.3) 9 (16.4)

  Southeast 42 (15.1) 15 (27.3)

  London 13 (4.7) 2 (3.6)

  Other 0 (0.0) 2 (3.6)

  Unknown 4 (1.4) 1 (1.8)

CVD, cardiovascular disease. 
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readings given. Fifty-eight respondents (63.7%, 95% CI 
53.0% to 73.6%) had their BP measured according 
to guidelines. Mean BP values by reading number are 
presented graphically in figure 2A (systolic) and figure 2B 
(diastolic, see online supplementary table S4 for raw 
data). Initial systolic and diastolic BPs  were lower in 
participants who had their BP measured only once than 
in those who had it measured two or more times (mean 
systolic difference=8.0 mm Hg, 95% CI 1.2 to 14.5 mm 
Hg, p=0.016 and mean diastolic difference=9.9 mm Hg, 
95% CI 5.1 to 14.6 mm Hg, p<0.001).

The proportion of participants with diabetes who had 
their BP measured multiple times was similar regardless 
of hypertensive or treatment status, or measurement 
personnel (table 2, top left). However, they were more 
likely to be asked to monitor their BP at home when BP 
was measured by a GP compared with a nurse (table 2, 
top right). Those who had their BP measured once, two 
and three or more times, were asked to monitor their BP 
at home in 10/109 (9.2%, 95% CI 3.8% to 14.6%), 11/51 
(21.6%, 95% CI 10.3% to 32.9%) and 7/23 (30.4%, 
95% CI 11.6% to 49.2%) cases, respectively.

Participants without diabetes
Of the 34 participants without diabetes who had their BP 
measured, 20 (58.8%) could recall a value for all of the 
BP readings given. Twelve respondents (60.0%, 95% CI 
36.1% to 80.9%) had their BP measured according 
to guidelines. Mean BP values by reading number are 
presented graphically in figure 3A (systolic) and figure 3B 
(diastolic, see online supplementary table S5 for raw 
data). Patterns of repeat BP measurement were similar 
to those observed in participants with diabetes, although 
numbers in this group were smaller. Initial systolic BPs 
were non-significantly lower in participants who had their 
BP measured only once than in those who had it measured 
two or more times (mean systolic difference=21.8 mm Hg, 
95% CI −3.7 to 47.3 mm Hg, p=0.089). However, a signifi-
cant difference was observed for diastolic pressure (mean 
diastolic difference=14.1 mm Hg, 95% CI 2.3 to 26.0 mm 
Hg, p=0.022).

The proportion of participants without diabetes who 
had their BP measured multiple times was similar regard-
less of hypertensive or treatment status, or measurement 
personnel (table 2, bottom left). However, those with 

Figure 2 Mean blood pressure (BP) and 95% CI by reading number in 91 participants with diabetes who reported a value for 
each BP reading in the prospective survey.
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hypertension were more likely to be asked to monitor 
their BP at home compared with normotensives (table 2, 
bottom right). Those who had their BP measured once, 
two and three or more times were asked to monitor their 
BP at home in 5/23 (21.7%, 95% CI 4.9% to 38.6%), 3/5 
(60.0%, 95% CI 17.1% to 100%) and 3/6 (50.0%, 95% CI 
10.0% to 90.0%) cases, respectively.

sensitivity analyses
Results were similar after randomly sampling responses 
from unique postal code districts (online supplementary 
tables S6–S8) or when excluding prospective responses 
suspected of being duplicate submissions of the initial 
survey data (online supplementary tables S9–S11).

DIsCussIOn
summary
This study has shown that a second BP measurement 
at clinic visit is more likely to be taken if the initial BP 
measurement is high. This is consistent with UK guidelines. 
However, there is no clear evidence that the decision to take 
a third measurement follows guidelines. The recommenda-
tion that a third measurement be taken only when the first 
two are discrepant (first measurement above threshold but 
second below threshold for diagnosis of hypertension) was 
not obviously reflected in our data, although CIs are wide. 
Although the majority of this evidence relates to people with 
diabetes, similar BP measurement practices were observed 
in those without diabetes.

strengths and limitations
The patient-centred nature of this study has allowed us 
to see into the consulting room for the first time and 
to determine how BP is measured in ‘real life’, in those 
with and without diabetes. Previous studies have taken a 
healthcare professional view.16

Our online survey was limited by the use of convenience 
mechanisms for recruitment, and like many internet 
surveys with no known denominator, these results should 
be interpreted with caution. The use of an online system 
itself may have resulted in an under-representation of 
some groups, such as the very elderly.22 For the prospec-
tive study, we were able to obtain ‘mystery shopper’ type 
data on more than 200 GP and nurse appointments 
without potentially influencing the appointment through 
direct observation by a researcher. To our knowledge, 
these data are unique. The lower numbers of respon-
dents without diabetes could limit generalisability if 
healthcare professionals follow protocols less carefully in 
patients without additional cardiovascular risk factors.23 
Recruitment through patient involvement groups may 
have also resulted in over-representation of patients who 
are actively engaged with their healthcare, and due to 
phenomenon such as the inverse-care law,24 may receive 
better quality (guideline adherent) care. However, since 
our aim was to study the behaviours of healthcare profes-
sionals, it is unclear how any biases at the patient level will 
have translated into biases at the healthcare professional 
level. Furthermore, previous research regarding current 
practice of BP self-monitoring showed similar results 

Table 2 Likelihood of having BP measured multiple times or being asked to monitor BP at home, according to patient and 
practitioner characteristics (stratified by diabetes status)

 

Likelihood of multiple BP 
measurements
(n (%) in each group)
(difference (95% CI))

Likelihood of being asked to 
monitor BP at home
(n (%) in each group)
(difference (95% CI))

In participants with diabetes

  If the participant was hypertensive versus 
normotensive

46/103 (44.7%) vs 28/80 (35.0%), 
difference=9.7% (−4.5% to 23.9%)

24/159 (15.1%) vs 13/120 (10.8%), 
difference=4.3% (−3.6% to 12.1%)

  If the participant had treated hypertension versus 
untreated hypertension

40/93 (43.0%) vs 6/10 (60.0%), 
difference=−17.0% (−49.0% to 
15.0%)

22/141 (15.6%) vs 2/18 (11.1%), 
difference=4.5% (−11.2% to 20.2%)

  If BP was measured by a GP versus a nurse 16/38 (42.1%) vs 56/139 (40.3%), 
difference=1.8% (−15.9% to 19.5%)

11/38 (28.9%) vs 15/139 (10.8%), 
difference=18.2% (2.8% to 33.5%)

In participants without diabetes

  If the participant was hypertensive versus 
normotensive

2/6 (33.3%) vs 9/28 (32.1%),  
difference=1.2% (−40.3% to 42.7%)

14/41 (34.1%) vs 0/14 (0.0%), 
difference=34.1% (19.6% to 48.7%)

  If the participant had treated hypertension versus 
untreated hypertension

8/23 (34.8%) vs 1/5 (20.0%),  
difference=14.8% (−25.3% to 
54.9%)

9/32 (28.1%) vs 5/9 (55.6%),  
difference=−27.4% (−63.4% to 
8.6%)

  If BP was measured by a GP versus a nurse 9/21 (42.9%) vs 2/11 (18.2%), 
difference=24.7% (−6.4% to 55.8%)

7/21 (33.3%) vs 4/11 (36.4%), 
difference=−3.0% (−37.9% to 
31.8%)

BP, blood pressure; GP, general practitioner. 
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using both convenience and representative sampling of 
professionals.25

Although our mechanism of data collection, asking 
patients to study the behaviour of their healthcare prac-
titioners, has the limitations discussed above, we chose 
our ‘mystery shopper’ approach over several other study 
designs. For a full discussion of the study designs consid-
ered, see Stevens PhD thesis.26 Briefly, studies based on 
alternative methodologies, such as practitioner self-report 
or direct observation, would have been subject to selec-
tion bias among practitioners, the Hawthorne effect and 
reporting bias and we have avoided these biases through 
our novel design.

Self-reported BP readings may have been subject to 
rounding error, digit preference or recall error. This 
introduces uncertainty into some analyses concerning BP 
values, but the number of measurements taken, is likely 
to be recalled with greater accuracy, especially in the 
prospective study. Guidance covers many factors affecting 
the accuracy of BP measurement, such as the use an 
appropriately sized cuff, but such factors are less easily 
assessed by patients and we chose to limit the focus of 

this study in order to maximise response rates. The type 
and accuracy of devices used in UK general practice has 
been studied previously,27 but further direct observation 
of clinicians is warranted to determine if other aspects of 
BP measurement guidance is followed.

Fewer than anticipated participants provided all BP 
readings and therefore we could only estimate the propor-
tion of people with diabetes having their BP measured 
according to guidelines with an error of ±10% (compared 
with an original target of ±5%). However, we have demon-
strated important differences (eg, in first systolic BP read-
ings) despite this. Although we have demonstrated that 
BP is measured in line with guidance in the majority of 
cases, this was driven by a large number of participants 
with low BP who had their BP measured only once. Larger 
studies would be required to confirm our findings, partic-
ularly with respect to second and third readings and in 
those without diabetes.

Many factors, other than the initial BP value, can influ-
ence the decision to measure BP multiple times including 
previous measurement of BP in clinic or at home and 
the presence of CVD or cardiovascular risk factors. Such 

Figure 3 Mean blood pressure (BP) and 95% CIs by reading number in 20 participants without diabetes who reported a value 
for each BP reading in the prospective survey.
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factors may explain the considerable variability in BP 
measurement practices observed in some specific patient 
examples. Although we have addressed key factors such 
as diabetes, hypertension and treatment status, future 
research could explore behaviour in other subgroups. 
Furthermore, we did not ask respondents about the 
primary reason for their consultation which may have 
influenced BP measurement and this also requires 
further study.

Comparison with existing literature
A previous review18 of barriers to hypertension awareness 
and treatment found that professionals were concerned 
about the accuracy of individual clinic BP readings. Our 
results support the idea that professionals treat single read-
ings with caution, particularly those above the diagnostic 
threshold which require further action (eg, in the form 
of treatment change). Although numbers were smaller, 
results suggest that this caution also extends to high BP 
sustained over two readings. Previous research suggests 
that recording of BP may be influenced by specific BP-re-
lated targets in the UK’s Quality and Outcomes Frame-
work,12 and hence routine practice in other healthcare 
systems, with different incentive schemes, may differ. 
Despite agreement between current practice and guide-
lines, GPs may be better advised to use multiple readings 
more widely28 to ensure comparability with BP moni-
toring studies and detection of masked hypertension 
which affects approximately 19% of adults.29

The finding that patients are more likely to be moni-
tored at home if they have high clinic pressures or hyper-
tension is consistent with results from a recent practitioner 
survey in Canada,30 where guidance is similar.31 A recent 
survey of general practices in the Southwest of England 
found that only 1 in 10 GP practices were not following 
current guidelines for the use of home and ambulatory 
BP monitoring in the diagnosis of hypertension,32 which 
is also consistent with our results in that guidance appears 
to be followed in most cases.

GPs were more likely to recommend home monitoring 
than nurses in those with diabetes. It is difficult to inter-
pret this finding as it may reflect the primary reason for 
consultation, with certain tasks (such as diabetes reviews) 
performed primarily by nurses. Current guidance for 
BP management in diabetes recommends that high BP 
is confirmed at subsequent appointments, rather than 
through home monitoring.33 Hence, this finding, which 
importantly was not replicated in those without diabetes, 
may be explained if many of those with diabetes had 
annual review appointments. Overall, few patients were 
encouraged to monitor their BP at home, although it is 
likely that around 31% of patients were already self-mon-
itoring based on previous UK survey data.34

Implications for research and practice
Our findings indicate that routine BP measurement does 
not reflect the strict measurement protocols in primary 
research studies. This has implications for patient care if 

results from primary research studies cannot be appropri-
ately translated into guidance for routine care (eg, in the 
form of adjusted treatment targets). Users of electronic 
healthcare databases should also be aware of the poten-
tial for recording biases12 which may dilute the observed 
effect of BP on outcomes and may extend to other biolog-
ical factors subject to measurement error.

The current practice of BP measurement will, reas-
suringly, detect white coat hypertension but may not 
identify those with masked effects (where BP is higher 
outside of the clinic). This could potentially result in 
missed diagnoses and suboptimal treatment. One solu-
tion which would not increase workload is the use of the 
Predicting Out-of-Office Blood Pressure (PROOF-BP) 
tool which was developed by two of the authors with 
colleagues.35 This combines factors associated with 
home-clinic BP differences with BP readings to identify 
which patients may exhibit masked or white coat effects 
and would benefit most from out-of-office monitoring. 
It accurately identifies hypertension in 93% of cases and 
is more accurate than current diagnostic guidelines.36 
Implementation of this tool could improve detection 
of masked effects and avoid unnecessary out-of-office 
monitoring.

Less than one in five participants with hyperten-
sion reported having their BP measured in both arms 
at a single appointment previously. Large differences 
between arms are associated with vascular disease and 
mortality.37 These results suggest little change since 
13% of GPs said they adhered to this recommendation 
a decade ago.16 Other recent estimates suggest that 
around half of practices measure BP in both arms as part 
of the diagnostic procedure,32 which, although more 
optimistic, further demonstrates room for improve-
ment. Barriers to such improvement may include practi-
tioner discordance with guidance (previously only 30% 
agreed with the recommendation) or a lack of a suitable 
devices.38

The results of this study provide a preliminary insight 
into how BP is measured routinely and indicate that 
repeat BP measurements are taken in line with guidelines 
but not with strict study protocols. The impact of these 
differences on patient care requires further investigation.
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