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Abstract

Background

Hypertension is a major cause of preventable disability and death globally and affects more

than one in four adults in England. Unwarranted variation is variation in access, quality, out-

come or value which is unexplained by differences in the condition or patient characteristics

and which reduces quality and efficiency. Distinguishing unwarranted from variation due to

clinical, organisational or patient factors can be challenging. We carried out this study to

explore inter-practice variation in the diagnosis and management of hypertension in the

Royal College of General Practitioners (RCGP) Research and Surveillance Centre (RSC)

network database, a large, representative surveillance database.

Methods and finding

We carried out a cross-sectional study using primary care data extracted from the electronic

health records of 1,271,419 adults registered at RCGP RSC general practices on 31st

December 2016. Logistic regression was used to indirectly standardise practice-level hyper-

tension prevalence and control against the RCGP RSC population, adjusted for age, gen-

der, ethnicity, deprivation, co-morbidity, NHS region and practice size. Inter-practice

variation was demonstrated using funnel plots with 95% and 99.8% control limits. The prev-

alence of detected hypertension was 18.4% (95% CI 18.4–18.5), n = 234,165. Uncontrolled

hypertension was present in 146,553 of 196,052 individuals, 25.2% (25.1–25.4), in whom

blood pressure had been recorded in the previous year. Hypertension management varied

markedly between practices with a three-fold difference in prevalence, 13.5–38.4%, and a

four-fold difference in the proportion of uncontrolled hypertension, 11.8–47.9%. Despite

adjustment for sociodemographic and practice characteristics funnel plots demonstrated

marked over-dispersion.
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Conclusions

Substantial variation in the prevalence of diagnosed hypertension and the management of

hypertension was only partially explained by characteristics captured within a routine data-

set. The over-dispersion suggests variation is not fully explained by these factors and that

context, behaviour and processes of care delivery may contribute to variation. Routine data

sources in isolation to not provide sufficient contextual data to diagnose the causes of

variation.

Introduction

Hypertension is internationally a major cause of preventable disability and death globally and

England is no exception [1] [2]. In England, hypertension affects more than one in four adults

and is the second biggest risk factor for premature morbidity and mortality [3]. However,

despite recognition of the importance of hypertension as a risk factor for premature mortality,

diagnosis and control of hypertension is suboptimal [4] [5]. Factors associated with uncon-

trolled hypertension include male gender [6], increased age [6] [7] [8] [9], non-white ethnicity

[9] [10] and obesity [6] [9] [11] [12]. Physician and care delivery factors were associated with

blood pressure control in cross-sectional studies carried out in the United States [10] [13],

however given differences between the UK and US healthcare systems these studies may not

be comparable. Evidence from both the UK and internationally demonstrates substantial

improvements in the proportion of individuals with diagnosed hypertension who are treated

[14] [15] and in the UK there is evidence of improving control of diagnosed hypertension over

the last decade [14]. However, under-diagnosis remains problematic and there is scope to

reduce hypertension associated cardiovascular disease through improving detection of hyper-

tension [14].

Unwarranted variation in care is variation in access, quality, outcome or value which is

unexplained by differences in the condition, or in patient characteristics or preference [16]

[17]. Unwarranted variation reduces quality and efficiency through the overuse of inappropri-

ate or ‘low-value’ interventions, and to the underuse of effective ones [16] [18]. The reduction

of unwarranted variation in care has long been a focus of quality improvement: monitoring

childhood tonsillectomy rates started in the UK in the 1930s [19] and variation continues to be

documented in the NHS Atlas of Variation [20] and in the Dartmouth Atlas of Health Care in

the USA [21]. However, distinguishing unwarranted from variation due to clinical, organisa-

tional or patient factors can be challenging. Variation in the management of hypertension will

be reflected in significant differences hypertension prevalence and control both between and

within general practices, regions and nationally. In England the National Institute for Health

and Care Excellence (NICE) provides evidence based guidance (EBG) on the management of

hypertension [1], reinforced by pay-for-performance (P4P) indicators, the Quality and Out-

comes Framework (QOF) [1] [22]. These tools have standardised the recording of BP and pro-

vide definitions of what represents uncontrolled BP (Table 1).

We carried out this study to estimate the prevalence of diagnosed hypertension, evaluate its

management in relation to attainment of blood pressure control targets, and explore inter-

practice variation using the Royal College of General Practitioners (RCGP) Research and Sur-

veillance Centre (RSC) network database. In addition, we identified sociodemographic and

practice characteristics associated with. We aimed to demonstrate the extent to which

Hypertension diagnosis and control in primary care in England

PLOS ONE | https://doi.org/10.1371/journal.pone.0210657 January 10, 2019 2 / 16

based on the European Declaration of Human

Rights and the European General Data Protection

Regulations (GDPR). The legal framework and NHS

approval (and compliance with the NHS

information governance policy) is that personally

identifiable data may not leave the network. As the

data extracted via to the RCGP database is at an

individual level, and therefore contains a detailed

coded medical history extracted electronic records,

it is incredibly difficult to create dataset that could

be assured is genuinely non-identifiable dataset.

The risk of identification places a restriction on the

ability to upload a dataset to the repository. The

data contained within the manuscript does not

constitute a minimum data set. The minimum data

set is a third party data set – the third party being

the Royal College of General Practice. Authors were

able to obtain and use this dataset through an

application process open to all researchers.

Researchers wishing to use the dataset are

required to complete a data request form which is

reviewed by the RCGP Research and Surveillance

Centre in line with RCGP policies. The details of this

process are available at http://www.rcgp.org.uk/

clinical-and-research/our-programmes/research-

and-surveillance-centre.aspx. Researchers wishing

to use the data which is the subject of this

manuscript would be required to make clear within

their data request submission that they wish to

revisit this data. The data would then be made

available to the researcher, subject to approval

from the RCGP. The authors confirm that they

didn’t have any special access privileges that

others would not have.

Funding: The authors received no specific funding

for this work.

Competing interests: I have read the journal’s

policy and the authors of this manuscript have the

following completing interests: MF reports grants

from Astra Zenica, grants, personal fees and non-

financial support from Novo Nordisk, personal fees

from Sanofi, outside the submitted work; SdL

reports that for unrelated work in diabetes and

vaccine safety he has received grants through

University of Surrey from: Eli Lilly, GSK, Astra-

Zeneca, and Takeda. RMC, MH and SJ have

nothing to disclose. This does not alter our

adherence to PLOS ONE policies on sharing data

and materials.

https://doi.org/10.1371/journal.pone.0210657
http://www.rcgp.org.uk/clinical-and-research/our-programmes/research-and-surveillance-centre.aspx
http://www.rcgp.org.uk/clinical-and-research/our-programmes/research-and-surveillance-centre.aspx
http://www.rcgp.org.uk/clinical-and-research/our-programmes/research-and-surveillance-centre.aspx


variation in the prevalence of diagnosed hypertension and attainment of blood pressure targets

could be explained by these individual and practice level characteristics.

Methods

Study design and data source

We carried out a cross-sectional study using data routinely collected from the Royal College of

General Practice Research and Surveillance Centre (RCGP RSC) database. English general

practice lends itself to this type of research because it is a registration-based system (people

register with a single practice) and P4P has standardised the recording of chronic disease data.

In addition, practitioners can “exception report” patients from P4P indicators–for example

where a patient declines treatment or is taking the maximum tolerated level of medication.

This means that patients who decline or can’t tolerate therapy can be differentiated from those

in whom treatment could be optimised.

The RCGP RSC is a gold standard surveillance service which collects data from computerised

medical records (CMR) systems from more than 200 general practices across England with a

registered population of approximately 2 million [23]. The RCGP RSC dataset is a representative

network, although there is a small over representation of adults aged 25–44, and underrepresen-

tation of people of white ethnicity, people in IMD quintiles indicative of higher deprivation, and

overrepresentation of practices in London [23]. The database includes all recorded clinical codes

within the primary care record. These clinical codes include diagnosis codes, medication codes,

investigation codes, and process of care codes. Data for this study was extracted from the RCGP

RSC database using a predefined list of Read 2 codes[24] as specified below.

Case definitions

Diagnosed hypertension. Individuals with a diagnosis of hypertension were identified by

searching the RCGP RSC database for diagnostic and clinical codes for hypertension.

Table 1. Blood pressure targets in England–(i) NICE National Evidence based Guidance (EBG) and (ii) UK Pay

for Performance (PFP) targets.

Evidence-based

guidelines (EBG)

Pay-for-performance

(P4P)

Age < 80 years Systolic BP�140 mmHg

Diastolic BP�90 mmHg

Systolic BP�150 mmHg Diastolic BP�90

mmHg

Age� 80 years Systolic BP�140 mmHg

Diastolic BP�90 mmHg

Systolic BP�150 mmHg Diastolic BP�90

mmHg

Type 1 Diabetes Mellitus Systolic BP�135 mmHg

Diastolic BP�85 mmHg

Achievement assessed for: Systolic BP�150

mmHg Diastolic BP�90 mmHg AND Systolic

BP�140 mmHg Diastolic BP�90 mmHgType 1 Diabetes Mellitus with

albuminuria or�2 metabolic risk

factors

Systolic BP�130 mmHg

Diastolic BP�80 mmHg

Type 2 Diabetes Mellitus Systolic BP�140 mmHg

Diastolic BP�90 mmHg

Type 2 Diabetes Mellitus with

retinal, renal or cerebrovascular

disease

Systolic BP�130 mmHg

Diastolic BP�80 mmHg

Chronic kidney disease Systolic BP�140 mmHg

Diastolic BP�90 mmHg

No disease specific achievement target

Chronic kidney disease with

albumin creatinine ratio�70mg/

mmol

Systolic BP�130 mmHg

Diastolic BP�80 mmHg

https://doi.org/10.1371/journal.pone.0210657.t001
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Uncontrolled hypertension. The definition of “uncontrolled hypertension” was based on

national EBG targets for adults aged� or < 80 years, as per Table 1. The proportion of indi-

viduals who had had a blood pressure measurement in the previous 12 months was calculated,

as was the proportion who had a blood pressure recorded 12–36 months and>36 months pre-

viously. Individuals who had had a blood pressure measurement in the previous 12 months

and in whom the latest systolic or diastolic blood pressure was greater than the targets listed

above, were categorised as having uncontrolled hypertension. The most recent blood pressure

reading was used for each individual. Where more than one blood pressure reading was

recording, the lower result was used. This method is consistent with those used to determine

attainment of blood pressure control in the P4P indicators [22]. Our principal analysis did not

include the disease specific targets (Table 1). However, we conducted a sensitivity analysis

removing these patients, as detailed below, to explore if this made a difference.

Hypertension treatment. Antihypertensive prescription was determined using drug dic-

tionary codes. The code and date of latest prescription was extracted. Antihypertensive medi-

cation was defined as one or more of an Angiotensin converting enzyme inhibitor, an

Angiotensin receptor blocker, a calcium channel blocker or a thiazide diuretic (including

indapamide).

Inclusion criteria

All patients aged� 18 years with a diagnosis of hypertension on or preceding 31st December

2016 were included. Individuals with diagnosed hypertension in whom blood pressure had

been recorded in the preceding 12 months were included in the primary analysis of blood pres-

sure control.

Exclusion criteria

Patients no longer registered with a participating practice at the end of the observation period,

e.g. those who had moved practice or died, were excluded. Patients with an exception report-

ing code for hypertension and those who had not had a blood pressure measurement in the

preceding 12 months were excluded from the analysis of blood pressure control. This is

because UK national guidelines recommend that blood pressure is monitored least annually in

people with diagnosed hypertension, and we aimed to demonstrate variation in attainment of

blood pressure targets in people with diagnosed hypertension who were being actively man-

aged in primary care. Any patients who have codes suggesting they declined any form of data

sharing are not analysed by RCGP RSC (approximately 2.2%).

Sensitivity analysis

Owing to the complexity of the differential EBG blood pressure targets recommended in indi-

viduals with co-morbidities, e.g. chronic kidney disease, diabetes mellitus, we did not consider

these within the main analysis of uncontrolled hypertension, which is likely to somewhat

underestimate the prevalence of uncontrolled hypertension. It could also be expected that indi-

viduals with co-morbidities would have more proactive blood pressure management, owing to

their higher risk of complications, and therefore inclusion of these individuals could underesti-

mate variation. Therefore, to validate our approach we repeated the analysis excluding those

people in whom lower blood pressure targets are recommended by EBG and confirmed the

position of practices outside the funnel plot control limits relative to the initial model. These

individuals were identified using clinical codes for diabetes mellitus, chronic kidney disease,

cardiovascular disease etc.

Hypertension diagnosis and control in primary care in England
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As described above the main analysis included only those with a blood pressure recorded

within the previous 12 months. A further sensitivity analysis was undertaken to test the effect

of including individuals in who were excluded from the main analysis due to missing blood

pressure data–i.e. those in whom the latest blood pressure reading was >12 months

previously.

Statistical analyses

Descriptive statistics were used to describe the proportion of people with hypertension and

uncontrolled hypertension. Mean and standard deviation were used to describe continuous

variables and proportions with confidence intervals for categorical variables.

Logistic regression was used to calculate the indirectly standardised prevalence of hyperten-

sion, and of uncontrolled hypertension at GP practice level. This is an established method of

calculating indirectly standardised ratios and allows the input of explanatory variables beyond

age and gender [25]. Models were adjusted for age, sex, ethnicity, index of multiple deprivation

(IMD), body mass index (BMI), co-morbidities, prescription of anti-hypertensive medication,

NHS region and practice size. Funnel plots were used to demonstrate variation in the propor-

tion of patients with detected and uncontrolled hypertension at a practice level, again a widely

used method of graphically representing performance and can be used to compare institutions

[26]. The 95% and 99.8% control limits, or ‘funnels’, represent natural variation around the

average value. Observation points which fall within the control limits have a confidence inter-

val which includes the average value and therefore this variation is expected. In contrast those

which fall outside the control limits do not contain the average value within their control lim-

its, and therefore may indicate unexpected variation [27]. In a well-adjusted model we expect

95% and 99.8% of observations will fall within the respective control limits. Over-dispersion

was defined as present where the number of observations outside the control limits is substan-

tially higher than this [28]. In our study we have indirectly standardised against the RCGP

RSC population. Therefore comparisons between individual practices and the whole popula-

tion are possible, whereas comparisons between practices are not. The model C statistic was

calculated, to provide a measure of model fit.

Logistic regression analysis was used to identify sociodemographic and practice characteris-

tics associated with uncontrolled hypertension. Odds ratios are reported adjusted for age, gen-

der, IMD quintile, ethnicity, multimorbidity, practice size and NHS region of the practice.

Statistical analysis was carried out R studio version 3.2.5 (2016-04-14).

Ethics

The data used for the analysis was pseudonymised at the point of extraction, and encrypted

prior to uploading to the secure network on which this analysis took place. Potentially personal

data were not identifiable during the analysis. This study was approved by RCGP and was clas-

sified as an audit of current practice using the Medical Research Council and Health Research

Authority research categorisation tool [29]. Therefore, no further ethical approval is required.

Results

Data was extracted from the primary care records of 1,271,419 adult men and women regis-

tered at 164 general practices in England. Study inclusions and exclusions are shown in Fig 1.

The crude prevalence of diagnosed hypertension within the RCGP RSC cohort was 18.4%

(18.4–18.5), n = 234,165. The latest blood pressure reading was taken within the last 12 months

in 196,052 individuals (84.9%). The latest blood pressure reading was obtained between 12 and

Hypertension diagnosis and control in primary care in England
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36 months in 29469 individuals (12.8%), and>36 months previously in 5461 individuals

(2.4%).

The latest blood pressure reading demonstrated controlled blood pressure in 146,553/

196,052 individuals, 74.8% (74.6–74.9) while 49499, 25.2% (25.1–25.4) had uncontrolled

hypertension.

Practice prevalence of diagnosed hypertension

The crude practice prevalence of diagnosed hypertension in adults ranged from 13.5% to

38.4%. The indirectly standardised ratio (ISR) for detected hypertension was calculated,

adjusted for age, sex, ethnicity, deprivation, practice size and practice location, and ranged

from 70.0–165.5 (C statistic 0.88). Of the 164 practices within the sample 40.2% (n = 66) fell

within the 95% control limits of the funnel plot, and 54.2% (n = 89), fell within the 99.8% con-

trol, as shown in Fig 2. Therefore, in approximately 60% of practices the prevalence of diag-

nosed hypertension fell beyond the 95% control limts and in approximately 45% this

prevalence fell beyond the 98% limits, demonstrating substantial over-dispersion despite

adjustment for a range of individual and practice characteristics.

Practice prevalence of uncontrolled hypertension

The crude practice prevalence of uncontrolled hypertension in adults ranged from 11.8–

47.9%. The ISR for uncontrolled hypertension was calculated, adjusted for age, sex, ethnicity,

deprivation, co-morbidity, obesity, anti-hypertensive medication prescription, practice size

and practice location, and ranged from 46.5.0–184.2 (C statistic 0.622). The proportion of

practices within the 95% control limits was 40.2% (n = 66) and the number within the 99.8%

Fig 1. Study inclusions and exclusions.

https://doi.org/10.1371/journal.pone.0210657.g001
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control limits was 59.1% (n = 97)), as shown in Fig 3. As with the prevalence of diagnosed

hypertension, the funnel plots demonstrate substantial overdispersion despite adjustment for

individual and practice characteristics.

Sensitivity analysis

Following exclusion of patients in whom tighter blood pressure control is recommended by

EBG the crude practice prevalence of uncontrolled hypertension in adults ranged from 11.8–

50.4%. Consistent with the results demonstrated in Fig 3, there was substantial overdispersion.

The proportion of practices falling within the 95%, n = 66 practices, and 99.8%, n = 99, control

limits was similar to the intial model. As demonstrated in Fig 4, in the sensitivity analysis most

of practices remained in the same position relative to the funnel plot control limits.

The results of an additional sensitivity analysis to test the impact of excluding all individuals

in whom the latest blood pressure recording was>12 months previously. The ISR for uncon-

trolled hypertension was calcuated using the same adjustment as per Fig 3. Fig 5 demonstrates

the practice ISR for uncontrolled hypertension when all individuals with a blood pressure mea-

surement after diagnosis are included. Inclusion of all individuals did not materially change

the results in regards to dispersion. The proportion of practices falling within the 95%, n = 59

practices, and 99.8%, n = 99, control limits was similar to the intial model.

Fig 2. Prevalence of detected hypertension in primary care at practice level, standardised to the RCGP RSC cohort.

https://doi.org/10.1371/journal.pone.0210657.g002
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Factors associated with uncontrolled hypertension–multivariable analysis

Individual characteristics associated with uncontrolled hypertension. Age, gender and

ethnicity were all significantly associated with having uncontrolled hypertension (see Table 2).

By comparison to individuals aged 18–35 uncontrolled hypertension was significantly more

frequent in adults aged 36–80 years old. In contrast adults aged over 80 years were significantly

less likely to have uncontrolled hypertension, adjusted OR 0.39 (0.36–0.43). Female gender

was associated with a reduced likelihood of having uncontrolled hypertension, 0.95 (0.93–

0.97). By comparison to those of white ethnicity, uncontrolled hypertension was less common

in people of Asian ethnicity, and was more common in people of black and unknown

ethnicity.

Deprivation, measured by IMD quintile, a mixed pattern was seen. Individuals in IMD

quintiles 2, 3 and 4 were more likely than those in IMD quintile 1 (most deprived) to have

uncontrolled hypertension. In contrast individuals in IMD quintile 5 (least deprived) were no

more or less likely to have uncontrolled hypertension than those in in quintile 1. People who

were overweight or obese were more likely than those with a normal BMI to have uncontrolled

hypertension.

When age and co-morbidity were considered together, the presence of one physical co-

morbidity was not associated with uncontrolled hypertension in any age band. However,

Fig 3. Prevalence of uncontrolled hypertension in primary care at practice level, standardised to the RCGP RSC cohort.

https://doi.org/10.1371/journal.pone.0210657.g003
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individuals aged> 35 with two or more comorbidities were less likely than those aged 18–35

years and without comorbidity to have uncontrolled hypertension. This is in contrast to the

relationship between age and uncontrolled hypertension when age was considered as a distinct

explanatory variable.

Prescription of anti-hypertensives was associated with blood pressure control. People pre-

scribed 1–2 anti-hypertensives were less likely than those on no medication to have uncon-

trolled hypertension, and those prescribed three or more anti-hypertensives were more likely

to have uncontrolled hypertension compared to people taking no medication.

Practice characteristics. Uncontrolled hypertension was associated with smaller sized

practice, although the effect size was small. Individuals registered at practices in NHS regions

South and Midlands and East were more likely to have uncontrolled hypertension than those

in NHS London.

Factors associated with uncontrolled hypertension (Table 2).

Discussion

In this cross-sectional of study of 1,271,419 adults we have demonstrated considerable inter-

practice variation in the prevalence of diagnosed hypertension and its control. At practice level

Fig 4. Sensitivity analysis—Uncontrolled hypertension in primary care at practice level excluding patients in whom tighter blood pressure

targets are recommended, standardised to the RCGP RSC cohort.

https://doi.org/10.1371/journal.pone.0210657.g004
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there was a three-fold difference between the practice with the lowest and the highest preva-

lence of hypertension and a four-fold difference between the lowest and highest prevalence of

uncontrolled hypertension. This variation is only partially explained by routinely collected

sociodemographic and practice level data. This makes it challenging to differentiate between

potentially modifiable from unmodifiable causes of variation and to identify the root cause of

variation.

The greatest gap in effective management of hypertension was in men and people of black

ethnicity have worse control, while people of Asian ethnicity had better blood pressure control

better. These observations point towards the need to improve hypertension management and

make it more consistent between practices. The differences between gender and ethnicity may

provide some insight into where further exploratory studies should be conducted.

Comparison with the other studies

Variation in hypertension diagnosis and its control. Unwarranted variation can con-

tribute to inefficiency through over- and under-utilisation of healthcare, however distinguish-

ing warranted from unwarranted variation is challenging [17] [30]. Factors can lead to

variation including individual factors such as clinician decision making [31] [32] [33], local

Fig 5. Sensitivity analysis—Uncontrolled hypertension in primary care at practice level in adults with diagnosed hypertension and a blood

pressure reading at any time post diagnosis, standardised to the RCGP RSC cohort.

https://doi.org/10.1371/journal.pone.0210657.g005
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cultural beliefs of clinicians and patients [33], and system factors such as incentives and system

delivery factors [33] [34]. In a systematic review of variation research in OECD countries only

10% of studies focused on the underlying cause of variation [34].

Table 2. Individual and practice level characteristics associated uncontrolled hypertension adjusted for age, sex,

ethnicity, deprivation, co-morbidity, obesity, hypertension prescription, practice size and practice location.

Odds Ratio 95% confidence interval P value

Age (years)

18–35

36–50 1.09 (0.99, 1.21) 0.08

51–65 0.98 (0.89, 1.08) 0.76

66–80 0.94 (0.85, 1.03) 0.21

>80 0.39 (0.36, 0.43) <0.001

Sex

Male

Female 0.95 (0.93, 0.97) <0.001

Ethnicity

White ethnicity

Asian ethnicity 0.86 (0.81, 0.91) <0.001

Black ethnicity 1.19 (1.12, 1.27) <0.001

Mixed ethnicity 1.12 (0.99, 1.28) 0.08

Other ethnicity 0.97 (0.83, 1.14) 0.72

Unknown ethnicity 1.13 (1.10, 1.16) <0.001

Index of multiple deprivation (IMD)

IMD Quintile 1 (most deprived)

IMD Quintile 2 1.05 (1.01, 1.09) 0.02

IMD Quintile 3 1.08 (1.04, 1.12) <0.001

IMD Quintile 4 1.05 (1.01, 1.09) 0.01

IMD Quintile 5 (least deprived) 1.01 (0.98, 1.05) 0.47

BMI Category (kg/m2)

BMI Normal (18.5-<25.0)

BMI Underweight (<18.5) 1.04 (0.93, 1.17) 0.50

BMI Overweight (25.1-<30.0) 1.09 (1.06, 1.13) <0.001

BMI Obese (30.1-<40.0) 1.21 (1.18, 1.25) <0.001

BMI Severely Obese (>40.0) 1.42 (1.35, 1.49) <0.001

Co-morbidities

No physical co-morbidities

One physical comorbidity 0.80 (0.77, 0.82) <0.001

Two or more physical co-morbidities 0.59 (0.58, 0.61) <0.001

No. prescribed anti-hypertensives

None

1–2 anti-hypertensives prescribed 0.99 (0.96, 1.02) 0.52

3+ anti-hypertensives prescribed 1.25 (1.20, 1.31) <0.001

NHS Region

NHS London

NHS North 1.13 (1.08, 1.17) <0.001

NHS Midlands and East 0.97 (0.94, 1.01) 0.17

NHS South 1.12 (1.08, 1.17) <0.001

Practice Size

No. Registered patients (continuous) <1.00 (1.00, 1.00) <0.001

https://doi.org/10.1371/journal.pone.0210657.t002
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Our data show marked variation in the prevalence of diagnosed hypertension and its con-

trol which is not fully explained by controlling for routinely collected explanatory variables.

This is consistent with previous UK studies which have demonstrated marked variation in

practice achievement of hypertension targets [35]. In our study, despite adjustment, only 66

(40.2%) of 164 practices lying with the 95.0% control limits for hypertension prevalence and

97 (59.1%) of practices lying within the 99.8% control limits for uncontrolled hypertension

(Figs 2 and 3). This over-dispersion usually indicates that the variation demonstrated is not

fully explained by the explanatory variables included within a model [28]. In this study we

have been able to adjust for practice size and location. A North-South divide in terms of mor-

tality has been demonstrated in the UK, with individuals living in Northern regions experienc-

ing higher mortality than Southern counterparts [36]. Similarly, practice size is associated with

quality in the UK, and smaller practices have been shown to score less on quality indicators

than larger practices [37]. However, despite the adjustments in our models variation is not

fully explained. This may reflect variation in processes of care or practice characteristics,

which are not routinely collected. Determining the importance of such factors and their practi-

cal impact on care quality is difficult [28]. While measuring patient sociodemographic factors

is easy, measuring their preferences for or against a particular treatment option is not [38].

Moreover, system level factors (e.g. recall register) and structural factors (e.g. clinician to

patient ratios) are not routinely available and therefore cannot be considered when evaluating

the causes of variation. Our results highlight that there are limitations in attempting to quan-

tify variation without access to sufficient individual, structural and context factors. This is

important because efforts to reduce variation may be ineffective, or worse counter-productive,

where the proportion of variation which is genuinely unwarranted and the cause of the unwar-

ranted variation is unknown [17].

Our results demonstrate several factors associated with poor blood pressure control.

Uncontrolled hypertension was more frequent among men compared to women, people of

black and of Asian ethnicity compared to people of white ethnicity, people who were over-

weight and obese compared to people of normal weight and people taking three or more anti-

hypertensive medications compared to those on no medications. Regarding practice character-

istics, uncontrolled hypertension was found more frequently in patients registered at practices

in NHS Midlands and East and in NHS South, compared to London. Uncontrolled hyperten-

sion was significantly more frequent in larger practices, although the difference was small.

Uncontrolled hypertension was less frequent in people aged over 80 years compared to

those aged 18–35 years, adjusted Odds Ratio (95% Confidence interval) 0.39 (0.36–0.43), and

in people with co-morbidities compared to those without physical co-morbidities. An associa-

tion [35] between co-morbidity and achievement of hypertension P4P targets has been dem-

onstrated in a previous English cross-sectional study. There are a number of possible

explanations for this finding. There is significant overlap in the pharmacological agents used

to treat cardiac disease, chronic kidney disease and hypertension [1] [39] [40] [41] [42]. There-

fore it would be reasonable to expect a person with co-morbid cardiac or renal disease to be

more likely to be prescribed agents which would directly or indirectly treat their hypertension

than someone without these conditions. Additionally, it is well established that future risk of

cardiovascular disease is influenced by the presence or absence of risk factors including as

chronic disease (e.g. chronic kidney disease, diabetes, hypertension[43] [44]. The importance

of managing blood pressure is emphasised in the presence of additional cardiovascular risk

factors [39]. Therefore, our findings may reflect more intensive blood pressure management

in individuals with higher cardiovascular risk. Another explanation for our findings could

relate to frequency of attendance in primary or secondary care services. There is evidence

from the UK that people living with co-morbidities account for a disproportionate number of
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primary care attendances, outpatient appointments and emergency admissions [45] [46].

Additionally, regular clinical reviews, including blood pressure assessment, are recommended

by NICE in the management of several chronic conditions including Type 1[40] and Type 2

Diabetes[41], COPD[47] and chronic heart failure[48]. It is possible that the increased clinical

input received by people attending primary and/or secondary care more regularly is associated

with more opportunities to review and adjust blood pressure management as appropriate,

although this has not been demonstrated previously.

Strengths and weaknesses of this study

A key strength of this study is its use of computerised medical records from a nationally repre-

sentative sample of general practices, with over 1.2 million adults. Accordingly these results

are generalizable to the wider English population. An important weakness of this study is that

in comparing the practice prevalence of controlled and uncontrolled hypertension we are only

able to control for explanatory variables which are routinely collected. We are therefore unable

to control for structural and process factors which may be important, for example full time

equivalent practice clinical staff per patient population, or the use of allied health professionals

in blood pressure management. We are, however, highlighting this particular weakness as

something which is frequent in attempts to identify unwarranted variation[34] and call for

more research to identify the role of these complex factors in mediating variation. Another

important limitation is that the case definition for ‘uncontrolled hypertension’ relies on blood

pressure measurements within the primary care setting. White-coat hypertension may con-

tribute to transient high blood pressure readings when these are obtained with a general prac-

tice. UK national guidance recommends ambulatory or home blood pressure monitoring for

individuals with white-coat hypertension[1] and practice would be expected to input these

results into the clinical record. However, remote blood pressure monitoring may not always be

available therefore the prevalence of uncontrolled hypertension in our study may be somewhat

overestimated. However, the methods we have used are consistent with UK pay-for-perfor-

mance data extraction logic.

Interpretation of findings and implications for clinicians and policy

makers

The practice level variation which we have demonstrated is not fully explained by individual

and practice level characteristics captured in our routine datasets. This suggests that additional

contextual factors may account for variation. This is important in which reducing unwar-

ranted variation has become synonymous with quality improvement in the dialogue of

national and local healthcare commissioners [17] [30]. Efforts to reduce variation may be inef-

fective, or worse counter-productive, where the proportion and the cause of the unwarranted

variation is unknown [17]. While routine datasets provide rich information their limitations,

in particular in regards to measuring processes of care delivery and context, must be recog-

nised, particularly when they are being used to inform local healthcare priorities. It is vital that

efforts to reduce unwarranted variation recognise that we currently lack an understanding of

the underlying causes. This is likely to require measurement of process and structural factors

not currently included in routine datasets.

Conclusions

Reducing unwarranted variation in hypertension management is likely to improve the diagno-

sis of hypertension and its control and contribute to better health outcomes. However, routine

data sources alone are not sufficient to distinguish warranted from unwarranted variation and
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do not capture sufficient contextual factors to identify the causes of variation. Organisations

and researchers seeking to understand variation should consider mixed methods to explore

the wider contextual and process factors which may contribute to variation.
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