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Abstract

Background: Guidelines for the management of blood pressure (BP) in primary care generally suggest that decisions be
made on the basis of specific threshold values (e.g. BP 140/90 mmHg); but this fails to adequately accommodate a common
cause of variation - the play of chance.

Objective: To determine the impact of chance variability in BP readings on the clinical decision making of general
practitioners (GPs) regarding anti-hypertensive treatment and cardiovascular risk management.

Method: We used an internet based study design, where 109 GPs were assigned to manage one of eight case vignettes
(guidelines would recommend treatment for only one of the eight) and presented with blood pressure readings that were
randomly selected from an underlying population.

Results: Seventeen (15.6%, 17/109) GPs consulted the vignette for whom treatment was recommended, but only 7/17
(41.2%) GPs prescribed treatment, whereas 14/92 (15.2%) GPs prescribed medication to the other vignettes. When deciding
to follow-up a vignette GPs were influenced by threshold values for systolic and diastolic BP, but not by the overall
cardiovascular risk. If the first reading was a low BP (systolic <140, diastolic <90) GPs were highly likely to discharge the
vignette and follow-up a high BP reading (diastolic >90 or systolic BP=140). Similar factors predicted the decision to
prescribe a drug, although the vignette’s cardiovascular risk (>20%) was now statistically significant (p =0.03).

Conclusions: GP decision making, whilst generally consistent with guidelines, appears to be compromised by chance
variation leading to under and over treatment. Interventions to adequately accommodate chance variability into clinical
decision making are required.
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Introduction

Like many other countries, guidelines in the United Kingdom
(UK) determine whether a patient is recommended antihyperten-
sive treatment based on their measured blood pressure and their
ten-year cardiovascular risk [1]Patients are recommended antihy-
pertensive treatment if their ten-year cardiovascular risk exceeds
20% and their blood pressure exceeds 140/90 mm Hg or if their
blood pressure exceeds 160/100 mm Hg.

Although guidelines are clear, the decision to start a patient on
treatment is not straightforward because within the same
individual, measured blood pressure varies. Measured blood
pressure exhibits variation of two types: systematic and random
(or chance). Systematic variation is caused by a range of patient
factors such as flu, the white-coat effect or pain [2] the presence of
a medical student or taking blood tests at the time of measurement
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[3,4]and by the use of an uncalibrated sphygmomanometer, an
inappropriate cuff’ size, or an insufficient rest period before
measurement [3,6,7].

The intrinsic biological variability of blood pressure gives rise to
“chance like” variation in blood pressure from beat to beat,
minute to minute and day to day. To try and take account of blood
pressure variability, clinical diagnosis is based on the average of a
number of blood pressure measurements: in an attempt to estimate
the true, but unknown, mean blood pressure.

Since blood pressure measurement is used as a diagnostic test,
variability of blood pressure can lead to false positives — where
normotensives misclassified as hypertensive - and false negatives -
hypertensives misclassified as normotensive. The Positive Predic-
tive Value [8] (the proportion of test positives that are true
positives) of blood pressure measurement is calculable but is
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known to vary with age [9]. The variability (systematic and chance
causes) of blood pressure therefore has the potential to affect
clinicians’ decisions to start antihypertensive treatment. Subse-
quent follow up of patients on treatment also involves blood
pressure measurement with systemic and chance variability
[10,11]. The effect of this blood pressure variability on clinical
decision-making during follow up is also unknown.

Investigating the effect of blood pressure variation on clinical
decision-making in clinical practice is challenging because patients
with different blood pressures also differ in characteristics such as
age, gender or other cardiovascular risk factors and the act of
measurement, treatment and management interfere/confound the
estimation of the true underlying blood pressure. However
simulation, using case vignettes, is one approach to investigating
the impact of chance variation on the clinical decision making
process because it avoids some of these challenging problems [12].
We used eight typical patient vignettes to study the impact of
chance variation in blood pressure on GP clinical decision making.

Methods

TM sought ecthical approval from the South Birmingham
Research Ethics Committee and was advised that the project did
not require cthical review. All data were handled anonymously.

A website was developed that presented one of eight typical case
vignettes of a patient consulting for a routine check up in primary
care. The eight case vignettes described a 40, 50, 60 and 70 year
old white man and a 40, 50, 60 and 70 year old white woman. In
each case the vignette was a non smoking, non diabetic, who drank
alcohol in moderation and exercised twice a week, with a body
mass index of 25 kg/m2. The total cholesterol level and HDL
cholesterol level were the mean for a person of this age and sex
based on the Health Survey for England of 1998 [13]. The eight
case vignettes are shown in Table 1. Only one vignette, the 70 year
old male, would be recommended treatment under UK guidelines.
We use the term vignette and patient interchangeably.

Participants who accessed the website were presented with
information on the patient’s characteristics, with summaries of
current UK guidelines and a hyperlink to an on-line cardiovas-
cular risk calculator [14].Participants were then provided with a
blood pressure reading representing the blood pressure measured
at a clinic visit. This blood pressure was randomly sampled from a
population of two hundred blood pressures with a mean for a
person of the appropriate age and gender and a standard deviation
reflecting the degree of variation expected within an individual
patient from one clinic visit to the next. The standard deviation
was based on a coeflicient of variation of 9.9% for systolic blood
pressure, the variation observed in a meta-analysis of individual
patient data from clinical trials of hypertension [15]. Variation in
diastolic blood pressure was constrained to show a degree of
correlation with systolic blood pressure. This correlation was
determined from a series of 59 blood pressures measured in the
same individual.

On accessing the website, participants were randomly allocated
to one of the eight case vignettes and presented with a first
consultation blood pressure reading. Participants were asked to
indicate which of three possible decisions they would take. These
decisions were coded as 1 to 3 (Table 2). If the participant answer
was 1, this was equivalent to discharging the patient, the exercise
ended and the participant left the website. If the answer was 2 or 3
the participant proceeded to subsequent consultations (Table 2).

At subsequent consultations participants were provided with
turther randomly selected blood pressure drawn from a population
of two hundred. If the patient had been started on treatment the
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Table 1. Characteristics of patients in eight case vignettes.
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Table 2. Possible clinical decisions in the website based case vignettes.

Clinical Decision

Stop one medication.

Qo U A W N

Stop all drugs

1 Take no action - do not repeat blood pressure measurement in near future
Lifestyle advice and/or follow-up - repeat blood pressure measurement in 1 to 3 months
Start (or add if already on medication) drug treatment and repeat blood pressure measurement within 1 to 3 months

Change one medication and repeat blood pressure measurement within 1 to 3 months

doi:10.1371/journal.pone.0046556.t002

subsequent blood pressure was drawn from a population of two
hundred blood pressures with a slightly lower mean, reflecting the
effects of treatment. Treatment effects were determined from the
average effects reported in meta-analysis [16]. The vignettes were
adherent to any treatment regimen. Having seen the subsequent
blood pressure, participants were asked to indicate their next
decision from up to six decisions to account for changes to
previous treatment decisions. Participants continued until they
discharged the patient or the patient had completed ten clinic
Visits.

We aimed to recruit UK based GPs, so participants were
recruited by emailing members of a number of the Primary Care
Cardiovascular Society, the Royal College of General Practition-
ers and MidRec (the Midlands Research network). Advertisements
were placed in Pulse (a UK magazine read by GPs) to draw
attention to the study. All participants could opt to be included in a
draw with a prize of £100. Participants were asked to provide
basic details: their age, gender and clinical specialty.

Statistical Analysis

Our exploratory analysis involved the use of Classification and
Regression Trees (CART) which are a statistical data mining
based technique for constructing decision trees by recursively
splitting or partitioning patients into homogenous groups [17].
They have been used to support medical decision making
[18,19,20] although their use is still somewhat novel. Tree models
can reflect human decision making and are intuitive to interpret
because they have a simple visual presentation, are distribution
free, incorporate interaction effects and identify cut-offs for
continuous covariates. As first developed, CARTSs, could lead to
quite large tree models, but recent work has incorporated p-value
based tree modelling, known as conditional trees, yielding smaller
tree models whilst simultaneously controlling for multiple testing
(Bonferroni adjustment, based on p=0.01) and are available in the
Party Package [21] in R [22]. In the tree models decisions to stop
one or all drugs (decision code 5 and 6) were combined and our
response variable was the clinical decision (coded as 1 to 5) with
the following predictor covariates — vignette no (1 to 8), patients
age (years), patients gender (male/female), GPs age (years), GPs
gender (male/female), systolic BP (mmHg), diastolic BP (mmHG)
and CVD risk (0-100%). We produced a tree model for the first
consultation and one for subsequent consultations; although the
latter ignores the correlated nature of the measurements (GPs
nested within patients) it is nevertheless insightful in highlighting
factors which influence a specific decision, if decisions are assumed
to be independent.

We used the insights from the tree models to construct two
random effects models logistic regression models using the /fne
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[23] package in R [22] which reflected the repeated measurements
design.

The first model focused on the decision to follow-up (decision 2)
the patient and the second model focused on the decision to
prescribe medication (decision 3). These two decisions were
considered the most important in our study (and other decisions
did not occur with enough frequency to enable a meaningful
analysis). The covariates in the random effects models were the
patients age (years), patients gender (male/female), GPs age
(years), GPs gender (male/female), patient’s first visit (yes/no),
patients systolic BP=120 (yes/no), patients diastolic BP=90 (yes/
no) and CVD Risk =20% (yes/no). We investigated two way
interactions between the blood pressure variables and first visit and
retained only those interactions which were statistically significant
at the 5% level. GPs were included as random effects as were our
eight vignettes (although the latter showed no material contribu-
tion — i.e. near zero variance — in the follow-up model.) Our use
and choice of threshold values for systolic BP, diastolic BP and
CVD Risk was based on values commonly indicated in clinical
guidelines (BP 140/90) which were also seen in our exploratory
tree models.

Results

GP Characteristics

Between September 2007 and July 2008, 109 UK GPs, 65 male
and 44 female with an average age of 40.28 years (SD: 9.44),
accessed the website and answered questions relating to the case
vignettes.

Decisions at First Consultation

Figure 1 shows the conditional tree model for the first
consultation involving 109 GPs and the eight vignettes. The
model identified three statistically significant (p<<0.001) decision
pathways which were based on thresholds of systolic and diastolic
BP. GP characteristics (age, gender), patient’s ten year GVD risk,
patient age, patient gender and patients CVD risk, were not
statistically significant features of decision pathways, suggesting
that there was no material difference between GPs and that
decisions were primarily influenced by threshold values for systolic
and diastolic BP.

Specifically if the patient (nodel:2:3, n=24) had a low BP
(systolic =138, diastolic =89,) then the GPs discharged the patient
(n =24, all discharged). If the patient (node1:2:4, n = 18) had a low
diastolic BP (=89) but a high systolic BP (>138) then GPs were
more likely to invite the patient for a follow-up (n=18, 13/18
72.2% had a follow-up) and less likely to discharge the patient (5/
18 27.7% were discharged). Finally, a high diastolic reading (>89,
node 1:5, n=67) was most likely to result in a follow-up visit
(n=67, 58/67 86.6% had a follow-up visit), with 8/67 (11.9%)
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Figure 1. Tree model for decisions made at the first visit for all vignettes. Terminal nodes have proportion on the y-axis and decision code

(1 to 3) on the x-axis. Sys is systolic BP and dia is diastolic BP.
doi:10.1371/journal.pone.0046556.g001

being discharged and 1/67 (1.5%) being prescribed a drug. The
decision to prescribe was related to a one-off high BP reading
(systolic 175 and diastolic 107) in vignette eight, which equates to
ten year CVD risk calculated with this blood pressure reading
would be 20.9% (compared to true underlying CVD risk of
13.9%). At the end of the first consultation, 34% (37/109) of GPs
had discharged the patient, whereas 65% (71/109) invited the
patient for a follow-up consultation and 1 GP had prescribed
medication.

Decisions at Subsequent Consultations

Figure 2 shows the conditional tree model for the subsequent
consultations involving 72 GPs and 301 decisions. This explor-
atory model identified the patient’s treatment status, the patients
systolic and diastolic BP as the key factors driving the GPs decision
making process. As in the first consultation, GP factors (age,
gender), patient’s ten year CVD risk, patient age and patient
gender did not feature. The tree model identified five statistically
significant (p<<0.001) decision pathways.

If the patient, (node 1:7:9, n =156 occasions) was on treatment
and presented with a high diastolic BP (>94) then on these
occasions, GPs were most likely to add another medication (31/56
additional drug), although in 20/56 such occasions GPs invited the
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patients for follow-up, on 4/56 such occasions the medication was
changed and on one such occasion (1/56) a drug was stopped.

If the patient (node 1:7:8, n =102 occasions) was on treatment
and presented with a low diastolic BP (=94) then on these
occasions, GPs were most likely to invite the patient for a follow-up
(74/102), although in 13/102 occasions GPs prescribed an
additional BP drug, on 11/102 occasions GPs discharged the
patient, on 3/102 occasions GPs stopped one medication and one
occasion (1/102) the GP changed the medication.

If the patient (node 1:2:6, n=49) was not on treatment and
presented with a high diastolic BP (>91) then on these occasions
GPs were most likely to invite the patient for a follow-up (44/49),
although on 4/49 occasions GPs discharged the patient and on
one occasion (1/49) the GP started the patient on medication.

If the patient (node 1:2:3, n=63) was not on treatment and
presented with a low diastolic BP (=91) and a low systolic BP
(=137) then in 39/63 such occasions GPs discharged the patient,
whilst in 24/63 occasions GPs invited the patient for follow-up.

If the patient (node 1:2:3, n=31) was not on treatment and
presented with a low diastolic BP (=91) and a high systolic BP
(>137) then in 27/31 such occasions GPs invited the patient for
follow-up, whilst on four (4/31) occasions GPs discharged the
patient.

November 2012 | Volume 7 | Issue 11 | e46556
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Figure 2. Tree model for decisions made at subsequent visit for all vignettes. Terminal nodes have proportion on the y-axis and decision
code (1 to 5) on the x-axis. OnRx stands for on treatment. Sys is systolic BP and dia is diastolic BP.

doi:10.1371/journal.pone.0046556.9002

Treatment Recommendations and Treatment

Table 3 shows the number of GPs who prescribed medication
for each of the vignettes. According to UK guidelines, only
vignette four (the 70 year old man with high systolic BP — see
Table 1) would be recommended treatment and of the 17/109
(15.6%) GPs who consulted this patient vignette, only 7/17
(41.2%) GPs prescribed treatment whereas 14/92 (15.2%) GPs
prescribed medication to other patient vignettes.

Random Effects Statistical Models

Decision to follow-up the patient. We further investigated
the decision to follow-up the patient using a random effects logistic
regression model (Table 4) and found that the GPs decision to
follow up a patient was strongly predicted by diastolic BP=90 or
systolic BP=140, especially at the first visit. If the patient’s BP was
below 140/90 then the patient was most unlikely to be invited for
follow-up (OR: 0.13). The patient’s ten year CVD Risk=20%,

age, gender, GP age, GP gender were not significant predictors.

PLOS ONE | www.plosone.org

Table 3. GP prescribing patterns for each vignette.

Treatment recommended Max no of visits
Vignette by guidelines Noof GPs ODrug 1Drug 2 Drugs 3 Drugs before discharge Min Median
1 No 9 9 1 1 2
2 No 18 17 4 1 3
3 No 22 16 4 1 3 1 3
4 Yes 17 " 2 1 4
5 No 13 12 1 10 1 3
6 No 13 12 9 1 2
7 No 9 6 1 1 6 1 3
8 No 8 5 2 1 1 1 3
doi:10.1371/journal.pone.0046556.t003
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There was near zero variation between GPs in this respect
(SD =1.41e-7).

Decision to prescribe a drug. We further investigated the
decision to prescribe medication using a random effects logistic
regression model (Table 5) and found that the GPs decision to
start/add a drug was strongly predicted by whether or not it was
the first consultation (OR: 0.02), and diastolic BP=90, systolic
BP=140 and CVD Risk=20%. The patient’s age, gender, GP’s
age, GPs gender were not significant predictors. There was
considerable variation between GPs in this respect (SD = 0.50).

Discussion

To our knowledge this is the first study to explicitly explore how
clinician decision making is influenced by chance variation in
blood pressure. We found that when deciding to follow-up the
patient, GPs appeared not to consider if the vignette’s overall
cardiovascular risk was =20%, but were influenced by threshold
values for systolic and diastolic BP. Furthermore, whilst GPs
decisions to prescribe a drug were also affected by similar
thresholds, the patient’s cardiovascular risk (>20%) was now seen
to be statistically significant. Since cardiovascular risk is only valid
in untreated populations we would expect it to influence only the

Table 5. Random effects logistic regression model for
decision to prescribe medication to the patient.

Lower Upper
Covariate Odds Ratio 95%ClI 95% CI P-value
Patients Age (years) 1.05 0.99 1.11 0.132
Patient Gender 0.31 0.09 1.06 0.061
(M/F)
GP Age 0.98 0.93 1.02 0.311
GP Gender 1.63 0.64 417 0.309
(M/F)
First Visit (yes/no) 0.02 0.00 0.21 0.0001
Dia=90 (yes/no) 8.52 2,95 24.63 <0.0001
Sys=140 (yes/no) 3.97 1.64 961 0.002
Risk=20% 3.97 1.15 13.74 0.03
(yes/no)
doi:10.1371/journal.pone.0046556.t005
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Table 4. Random effects logistic regression model for decision to follow-up the patient.

Covariate Odds Ratio Lower 95%CI Upper 95% CI P-value
Patients Age (years) 0.98 0.95 1.00 0.069
Patient Gender(M/F) 1.14 0.69 1.89 0.613
GP Age 1.02 0.99 1.04 0.244
GP Gender(M/F) 0.67 0.41 1.08 0.103
First Visit (yes/no) 0.06 0.02 0.19 <0.0001
Diastolic BP=90 (yes/no) 1.96 1.05 3.66 0.034
Systolic BP=140 (yes/no) 3.59 1.57 8.18 0.0024
Risk=20% (yes/no) 1.39 0.68 2.83 0.368
First Visit * Diastolic BP=90 25.55 7.00 93.24 <0.0001
First Visit * Systolic BP=140 7.28 2.05 25.79 0.002
Diastolic BP=90 *Systolic BP=140 0.13 0.05 0.36 <0.0001
doi:10.1371/journal.pone.0046556.t004

decision to intiate treatment. Finally, we saw evidence of under
treatment and over treatment. Under half of practitioners
prescribed for the only patient who would be recommended
treatment under UK guidelines and about 15% of GPs prescribed
medication to non-recommended patients.

Treatment seemed to be determined more by blood pressure
than by estimated risk of cardiovascular disease. This observation
has also been made in UK clinical practice [24]. Our finding of
lower pre-treatment blood pressures in younger patients concurs
with that of a survey in New Zealand [25]. It is also consistent with
findings relating to cardiovascular prevention through cholesterol
lowering: when describing their decision making GPs more
commonly mention individual risk factor values than numerical
risk estimates [26]. Decision making based on a single risk factor is
more compromised by chance variation in that risk factor.
Although risk factor variability also affects estimation of global
cardiovascular risk. [27].

A weakness of this website based study design is that theoretical
decisions are made about a theoretical patient, although we found
no evidence of nonsensical decision making, indeed the decisions
appeared rational. However as observed earlier, this is the only
practical design that can investigate the effects of blood pressure
variation on standardised patients. Our participating GPs are self-
selected volunteers with an average age of 40.3 years and 59.6%
(95% confidence interval: 49.8% to 68.9%) are male. In the UK
52.6% of GPs are male and in England mean age is about 46
[28,29].The thresholds for systolic and diastolic BP identified by
the models are consistent with commonly used clinical guidelines
and suggesting that at least in this respect, our GPs are consistent
with guidelines.

A key question about the study design is whether the variability
of blood pressure in the vignettes adequately represents what is
seen in clinical practice. The coeflicient of variation of blood
pressure used in the case vignettes (9.9%) is consistent with
published reports which range from 7.2% to 10% [11,30,31].

In the UK it has recently been recommended that 24-hour
ambulatory blood pressure measurement be used for diagnosis of
hypertension when blood pressures are close to a treatment
threshold [32]. Economic modelling has suggested that this may be
more cost-effective. [33] However 24-hour ambulatory blood
pressure measurements also show variation, with coefficients of
variation for mean daily blood pressures (systolic/diastolic)
reported as 7.7%/6.6% when measured six months apart and
5.5%/4.9% six weeks apart [34,35]. But the effects of this new
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recommendation are complex as clinicians must first decide
whether to make use of 24-hour ambulatory blood pressure
measurement and then interpret its results. Chance variation will
affect both decisions.

Whilst further studies to determine the impact of chance

variation on clinical decision making would be useful, it is also
worth noting that there is little in the clinical guidelines to mitigate
against chance variation and interventions that can help clinicians
and patients understand and appropriately react to chance
variability are also needed, especially because our findings suggest
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