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Abstract

Background: it is not known if clinical practice reflects guideline recommendations for the management of hypertension in
older people and whether guideline adherence varies according to overall health status.
Aims: to describe the proportion of older people attaining National Institute for Health and Care Excellence (NICE) guideline
blood pressure targets within 1 year of hypertension diagnosis and determine predictors of target attainment.
Methods: a nationwide cohort study of Welsh primary care data from the Secure Anonymised Information Linkage databank
including patients aged ≥65 years newly diagnosed with hypertension between 1st June 2011 and 1st June 2016. The primary
outcome was attainment of NICE guideline blood pressure targets as measured by the latest blood pressure recording up to
1 year after diagnosis. Predictors of target attainment were investigated using logistic regression.
Results: there were 26,392 patients (55% women, median age 71 [IQR 68–77] years) included, of which 13,939 (52.8%)
attained a target blood pressure within a median follow-up of 9 months. Success in attaining target blood pressure was
associated with a history of atrial fibrillation (OR 1.26, 95% CI 1.11, 1.43), heart failure (OR 1.25, 95% CI 1.06, 1.49) and
myocardial infarction (OR 1.20, 95% CI 1.10, 1.32), all compared to no history of each, respectively. Care home residence, the
severity of frailty, and increasing co-morbidity were not associated with target attainment following adjustment for confounder
variables.
Conclusions: blood pressure remains insufficiently controlled 1 year after diagnosis in nearly half of older people with newly
diagnosed hypertension, but target attainment appears unrelated to baseline frailty, multi-morbidity or care home residence.
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Key Points

• Population-level routine data enable the evaluation of the care and outcomes of older people living with hypertension.
• Blood pressure remains insufficiently controlled in nearly half of older people 1 year after a new diagnosis of hypertension.
• Blood pressure target attainment in older people appears unrelated to baseline frailty, multi-morbidity or care home

residence.

Introduction

More than two-thirds of adults over the age of 65 years
have hypertension [1], which contributes to an estimated
7.7–10.4 million deaths annually worldwide [2–4]. Blood
pressure (BP) treatment can reduce that risk, yet fewer
than half of those treated for hypertension reach guideline-
recommended BP targets [5].

There is a concern that people who are older, have multi-
ple long-term conditions or are living with frailty are partic-
ularly vulnerable to the harms associated with BP-lowering
treatment (such as syncope, falls and kidney injury) [6–9]. It
is possible that these factors may predict plausible grounds
for not adhering to guideline targets as clinicians adopt a
personalised approach to BP management. Indeed, National
Institute for Health and Care Excellence (NICE) guidelines
recommend the application of clinical judgement in those
with frailty or multi-morbidity or aged over 80 years [10].
The lack of a robust evidence base to inform treatment and
optimise benefits over risks means that clinicians must make
a judgement of whether to follow guidelines or not in the
context of multi-morbidity and frailty.

The Secure Anonymised Information Linkage (SAIL)
Databank holds population-scale individual-level linked
routinely collected data sources. This population-level
routine data offers a unique opportunity to evaluate the
care and outcomes of people with hypertension as managed
in the community. It includes older people who are normally
excluded from clinical trials and for whom the risks of
harm from treatment may be significant, such as care home
residents [11]. Therefore, we investigated the proportion of
older people that attain NICE guideline BP targets within 1
year of a hypertension diagnosis and determined predictors
of BP target attainment.

Methods

Study design

We conducted a retrospective cohort study reported accord-
ing to the REporting of studies Conducted using Observa-
tional Routinely collected health Data (RECORD) guide-
lines [12] (Appendix S1) (Supplementary data are available
in Age and Ageing online).

Setting and participants

The study included patients aged 65 years and over when a
new clinical code for hypertension was recorded in primary

care between 1st June 2011 and 1st June 2016. Patients
were followed up for 1 year following their hypertension
diagnosis. We excluded patients who on 1st June 2011 were
younger than 60 years or already had an established diagnosis
of hypertension. We also excluded patients who, during
follow up, moved to a different general practitioner (GP),
died or were lost to follow-up.

Data source

The SAIL Databank holds population-scale individual-level
anonymized health data for the population of Wales, with
linked care home data [13]. The following datasets were
linked within the SAIL Databank: Welsh Demographic Ser-
vice (which is an NHS administrative database), Welsh
Longitudinal General Practice data set, the Annual District
Death Extract recording death record data and a care home
registry.

Data cleaning and extraction

As part of data cleaning, readings outside pre-defined clin-
ically plausible ranges were excluded. For systolic BP, plau-
sible readings were defined as between 50 and 300 mm Hg
and for diastolic BP, 30–200 mm Hg; for other continuous
variables (cholesterol, BMI, weight and height), we excluded
extreme readings, i.e. <0.15% and >98.5% of the range.
Measurements outside these respective ranges were defined
as outliers and treated as missing.

The coding of categorical variables was based on positive
recording. For example, where a diagnosis of atrial fibrilla-
tion had not been coded for an individual, the diagnosis was
considered absent. Exceptions were measures of cardiovascu-
lar risk (smoking, ethnicity, BP, BMI and cholesterol), which
represent required data according to NICE hypertension
guidelines at the time of the hypertension diagnosis [14].
For these variables, missing data were assumed to be missing
at random and principle models were fitted on the basis
of multiple imputation by chained equations with interac-
tion [15–17]. Code lists and their sources are detailed in
Appendix S2.

Primary outcome

The primary outcome was attainment of the 2011 NICE
hypertension guideline-recommended systolic and diastolic
BP targets at the time of annual review, at which point
clinicians should provide an ‘annual review of care for adults
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with hypertension to monitor BP, provide people with sup-
port, and discuss their lifestyle, symptoms and medication’
[14]. We specifically investigated the achievement of BP
monitoring to target whether or not the systolic and diastolic
BP measurements recorded by the time of annual review met
with a clinic-measured target of a BP of less than 140/90 mm
Hg for patients aged less than 80 years or below 150/90 mm
Hg for those aged 80 years and older [14]. Given that
patients may have multiple encounters with primary care,
we extracted the latest BP up to 1 year after hypertension
diagnosis. Guideline adherence was considered achieved if
both the systolic and diastolic BP readings at the final date of
follow-up were equal to or less than the age-based guideline
targets.

Prognostic factors

Potential predictors were chosen according to indications
for treatment according to the 2011 NICE guidance,
alongside key demographic variables (age, sex, deprivation
and ethnicity). These included known cardiovascular risk
factors and established cardiovascular disease [18]. Patients
were also characterised by potential mitigating factors in
their hypertension care including care home residence,
baseline comorbidity (Quality Outcomes Framework Co-
morbidity Count [19]) and baseline frailty status (as defined
by electronic frailty index [20]). Further details are available
in Appendix S3 (Supplementary data are available in Age
and Ageing online). Point estimates were adjusted for pre-
specified confounders, which included age, sex, the year of
diagnosis, and baseline systolic BP.

Statistical analysis

The study population was described according to key
demographic and prognostic factors. Patient characteristics
were described using frequencies and proportions for
categorical data. Normally distributed continuous data were
described using means and standard deviations (SDs) and
non-normally distributed data using medians and interquar-
tile ranges (IQRs). The distribution of demographic and
prognostic factors in the analytic cohort was compared
to the population that were lost to follow up to test for
selection bias.

Given the short follow-up and anticipated small loss
to follow-up, we undertook logistic regression modelling
to determine which prognostic factors were predictive of
success in attaining target BP. Two sensitivity analyses were
undertaken:

(i) to compare the primary imputed analysis with an
imputed analysis using a broader outcome definition
that classified patients who had no recorded measure-
ment of BP on follow-up as not attaining BP target on
follow up;

(ii) to compare the primary imputed analysis with a com-
plete case analysis.

Extended methods are detailed in Appendix S3 (Supple-
mentary data are available in Age and Ageing online).

Ethics

The project was approved by the SAIL Information Gover-
nance Review Panel (IGRP).

Results

Study population

The study population included 29,436 patients (Figure 1).
During the period of follow up, 2,392 (8.1%) had no
recorded measurement of BP, 611 (2.1%) died and 41
(0.1%) moved general practice. The remaining 26,392
patients were included in the analytic cohort. The com-
parison of those lost to follow-up to the analytic cohort
population demonstrated a similar distribution of age and
sex, lower BP at baseline and higher proportion of missing
cardiovascular risk data (Appendix S4) (Supplementary data
are available in Age and Ageing online). Descriptive analysis
is presented in Table 1.

Data for any of the key cardiovascular risk factors were
missing in 20,759 (78.7%) participants. Data were missing
for baseline BP in 1,361 (5.2%), deprivation measures in
1,390 (5.3%), ethnicity for 4,308 (16.3%), total serum
cholesterol in 7,209 (27.3%), BMI in 10,511 (39.8%) and
smoking status in 13,870 (52.6%). Only 519 (2.0%) had
a recorded ambulatory BP (ABP) recorded at baseline, with
the proportion increasing with time from 2011 (1.2%) to
2016 (2.3%). The mean ABP reading (154/83 mm Hg) was
lower than the mean office BP (159/86 mm Hg).

BP target attainment

At a median follow-up of 270 days (IQR 176–331 days), the
mean BP was 139/77 mm Hg. Overall, 13,939 (52.8%) of
patients attained BP targets within 1 year after the hyperten-
sion diagnosis. This proportion was 48.5% (10,705/22,068)
in participants under the age of 80 years in whom the
target is <140/90 mm Hg. The proportion was higher
at 74.8% (3,234/4,324) in participants over the age of
80 years in whom the guideline target is <150/90 mm
Hg.

There were a median of four BP measurements during 1-
year follow-up and three in patients who attained target BP.
By the end of follow-up, antihypertensive treatment was pre-
scribed for 91.1% (mean of 1.5 classes of anti-hypertensive
medication prescribed per person).

Predictors of BP target attainment

Systolic and diastolic BP at baseline were associated with
a reduced likelihood of BP target attainment on follow-up
(Figure 2, Appendix S3) (Supplementary data are available
in Age and Ageing online). Age > 80 years (unadjusted OR
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Figure 1. Strengthening the Reporting of Observational Studies in Epidemiology diagram to demonstrate the derivation of the
study cohort. Abbreviations: BP: blood pressure; GP: general practitioner; NICE: National Institute for Health and Care Excellence;
SAIL: Secure Anonymised Information Linkage databank.

3.15, 95% CI 2.93, 3.39), atrial fibrillation (adjusted OR
1.26, 95% CI 1.11, 1.43), heart failure (adjusted OR 1.25,
95% CI 1.06, 1.49) and myocardial infarction (adjusted OR
1.20, 95% CI 1.10, 1.32) were associated with increased
likelihood of target attainment. Prognostic factors that did
not consistently predict success or failure to attain BP targets
following adjustment included deprivation; ethnicity; a past
history of stroke, peripheral artery disease, type II diabetes,
rheumatoid arthritis and chronic kidney disease; living in a
care home; severity of frailty; and increasing co-morbidity.
Having missing data predicted failure to meet guideline tar-
gets at follow-up (unadjusted OR 0.85, 95% CI 0.80, 0.90),

but this did not remain significant following adjustment
(adjusted OR 0.97, 95% CI 0.91, 1.03).

Sensitivity analysis

There was no significant difference in the direction or signif-
icance of point estimates when the analysis using imputed
data was compared to complete case analysis (Appendix S5)
(Supplementary data are available in Age and Ageing
online).

Undertaking sensitivity analysis using a broader outcome
definition that classified patients who had no recorded
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Table 1. Study population

Variable All patients in the
analytic cohort

NICE target
attained

NICE target not
attained

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Total, n (%) 26,392 (100) 13,939 (52.8) 12,453 (47.2)
Demographics
Age Median, IQR 71 (68, 77) 72 (68, 79) 71 (67, 75)
Sex n (%) 14,590 (55.3) 7,729 (55.4) 6,861 (55.1)
Deprivation Most deprived WIMD

quintile n (%)
Missing n (%)

5,805 (22.0)

1,390 (5.3)

3,138 (22.5)

764 (5.5)

2,667 (21.4)

626 (5.0)
Ethnicity Non-White n (%)

Missing n (%)
123 (0.5)
4,308 (16.3)

68 (0.5)
2,047 (14.7)

55 (0.4)
2,261 (18.2)

Year of diagnosis 2011 n (%) 3,005 (11.4) 1,428 (10.2) 1,577 (12.7)
2012 n (%) 5,252 (19.9) 2,637 (18.9) 2,615 (21.0)
2013 n (%) 5,375 (20.4) 2,992 (21.5) 2,383 (19.1)
2014 n (%) 5,297 (20.1) 2,854 (20.5) 2,443 (19.6)
2015 n (%) 5,068 (19.2) 2,734 (19.6) 2,334 (18.7)
2016 n (%) 2,395 (9.1) 1,294 (9.3) 1,101 (8.8)

Baseline anti-hypertensives # of classes
mean (SD)

1.18 (0.83) 1.23 (0.86) 1.13 (0.78)

Record of ambulatory BP n (%) 519 (2.0) 276 (2.0) 243 (2.0)
Cardiovascular risk factors at baseline
Systolic BP mmHg Mean (SD)

Missing n (%)
159 (17.9)
1,361 (5.2)

156 (18.1)
726 (5.2)

163 (16.9)
635 (5.1)

Diastolic BP
mm Hg

Mean (SD)
Missing n (%)

86 (10.5)
1,361 (5.2)

84 (10.6)
726 (5.2)

87 (10.1)
635 (5.1)

Smoking Never smoker n (%) 10,196 (38.6) 5,479 (39.3) 4,717 (37.9)
Ex-smoker n (%) 1,435 (5.4) 770 (5.5) 665 (5.3)
Light n (%) 334 (1.3) 188 (1.3) 146 (1.2)
Moderate n (%) 375 (1.4) 169 (1.2) 206 (1.7)
Heavy n (%) 182 (0.7) 93 (0.7) 89 (0.7)
Missing n (%) 13,870 (52.6) 7,240 (51.9) 6,630 (53.2)

BMI
kg/m2

Mean (SD)
Missing n (%)

28.2 (5.15)
10,511 (39.8)

27.9 (5.02)
5,400 (43.4)

28.5 (5.28)
5,111 (41.0)

Cholesterol mmol/L Mean (SD)
Missing n (%)

5.27 (1.17)
7,209 (27.3)

5.18 (1.18)
3,676 (26.4)

5.27 (1.17)
3,533 (28.4)

Family history of CVD n (%) 6,465 (24.5) 3,438 (24.7) 3,027 (24.3)
Cardiovascular disease MI n (%) 2,707 (10.3) 1,781 (12.8) 926 (7.4)

Stroke n (%) 142 (0.5) 96 (0.7) 46 (0.4)
Heart failure n (%) 718 (2.7) 502 (3.6) 216 (1.7)
PAD n (%) 960 (3.6) 555 (4.0) 405 (3.3)
T2DM n (%) 2,954 (11.2) 1,756 (12.6) 1,198 (9.6)
CKD n (%) 2,386 (9.0) 1,500 (10.8) 886 (7.1)
RA n (%) 659 (2.5) 349 (2.5) 310 (2.5)
AF n (%) 1,277 (4.8) 857 (6.1) 420 (3.4)

Overall health status at baseline
CH residence n (%) 179 (0.7) 128 (0.9) 51 (0.4)
Frailty Fit n (%) 13,036 (49.4) 6,312 (45.3) 6,724 (54.0)

Mild n (%) 10,281 (39.0) 5,625 (40.4) 4,656 (37.4)
Moderate n (%) 2,623 (9.9) 1,685 (12.1) 938 (7.5)
Severe n (%) 452 (1.7) 317 (2.3) 135 (1.1)

Multi-morbidity 2+ comorbidities, n (%) 9,480 (35.9) 5,519 (39.5) 3,961 (31.8)

This table describes the population of the study, categorised into NICE guideline target BP attainment and non-attainment. Categorical variables are reported as
a frequency and percentage of the population, normally distributed variables are reported as the mean and standard deviation and skewed variables are reported
as the median and IQR. Abbreviations: AF: atrial fibrillation, BMI: body mass index, BP: blood pressure, CH: care home, CKD: chronic kidney disease, CVD:
cardiovascular disease, DBP: diastolic blood pressure, IQR: interquartile range, kg/m2: kilogramme per square metre, MI: myocardial infarction, n: number, NICE:
National Institute for Health and care Excellence, RA: rheumatoid arthritis, SBP: systolic blood pressure, SD: standard deviation, mmHg: millimetres of mercury,
mmol/L: millimoles per litre, PAD: peripheral arterial disease, T2DM: type II diabetes mellitus, WIMD: Welsh Index of Multiple Deprivation. Numbers and
proportions in italics represent those with missing data for each variable.

BP measurement as not attaining BP target on follow-
up, predictors of BP target attainment significant in the
primary analysis remained significant despite adjustment. In
addition to these factors, a family history of cardiovascular

disease, frailty severity, comorbidity count and type II
diabetes mellitus increased the likelihood of attaining
target BP; hypercholesterolaemia decreased the likelihood
of attaining target BP.

5

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/52/5/afad077/7181252 by U

niversity of Leeds user on 05 June 2023



O. Todd et al.

Figure 2. Forest plot displaying associations between predictors and attainment of NICE guideline target blood pressure
(n = 26,392). This is a forest plot representing associations between predictors and the attainment of NICE BP targets on follow-
up. Point estimates for variables underlined have been adjusted for age, sex, systolic blood pressure (continuous) and the year of
hypertension diagnosis. Point estimates for all other variables (not underlined) are unadjusted/univariable. The vertical line represents
odds ratio = 1; dots represent the point estimate of the predictor versus the comparator and horizontal lines represent 95% confidence
intervals. Point estimates to the left of the vertical line represent risk estimates favouring failure to attain the target, and estimates
to the right of the vertical line represent risk factors favouring success to attain the target. Abbreviations: AF: atrial fibrillation; BP:
blood pressure; CKD: chronic kidney disease; FH of CVD: family history of cardiovascular disease; HF: heart failure: mm Hg:
millimetres of mercury; MI: myocardial infarction; OR: odds ratio; PAD: peripheral arterial disease; PMH: past medical history;
RA: rheumatoid arthritis; T2DM: type II diabetes mellitus; WIMD: Welsh Index of Multiple Deprivation.

Discussion

In this study of 26,392 patients aged 65 years or older with
newly diagnosed hypertension, approximately half attained
their NICE guideline target BP at 1 year following diagnosis.
BP target attainment within 1 year of diagnosis was associ-
ated with having an established history of atrial fibrillation,
heart failure or myocardial infarction. Living in a care home,
living with increasing frailty and having co-morbidity were
not associated with failure to meet BP targets following
adjustment for known confounders. This suggests that clin-
ical practitioners may not be differentiating treatment goals
based on these patient characteristics and may not be mod-
ifying a person’s BP target accordingly. Cardiovascular risk
measurement was incompletely recorded for most patients
with a new diagnosis of hypertension and a minority had a
recorded evidence of ABP monitoring, which is a guideline
recommendation for the diagnosis of hypertension.

Despite the prognostic benefit of treating older people
with hypertension [21, 22], the attainment of target BP
in this study was suboptimal—yet it was higher than has
been reported elsewhere in Europe and America [23–27].
These differences may reflect the less intensive BP targets
for people over the age of 80 in NICE compared to other
guidelines [14] and financial incentivisation for GPs to treat

BP to target in hypertension as part of the UK’s Quality and
Outcomes Framework [28]. Alternative explanations include
the lower cardiovascular risk of study patients who were
eligible for inclusion because they had not developed hyper-
tension earlier in life. Also, the limited ethnic diversity of our
study population may be relevant given the known higher
prevalence of hypertension and increased risk of adverse
outcomes in minority ethnic groups. We found that BP
target attainment increased during the study period, reflect-
ing improving temporal trends in hypertension management
[29].

Patients who had established cardiovascular disease had
greater odds of attaining target BP, which may be explained
by a particular focus on optimal secondary prevention in this
group that are at a high risk of event recurrence [30] and per-
haps increased adherence to medications among people that
have already experienced an adverse event. We also found
that increasing age was associated with a greater attainment
of target BP. This may be due to the higher guideline target
in patients over 80 years of age but may also reflect greater
medication adherence in older people [31] and declining
systolic trajectories towards the end of life [32].

Overall, frailty, multi-morbidity and care home residence
at baseline did not predict a difference in adherence to
guideline targets on follow-up. Both increasing frailty and
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multi-morbidity showed a trend to better target attainment,
but those with the highest frailty and most co-morbidities
had wide confidence intervals, presumably due to small
numbers.

This finding is inconsistent with studies that report reluc-
tance among physicians to treat hypertension intensively
among older people [33]. Indeed, lowering BP with antihy-
pertensives in older people at risk of falls for other reasons
increases their risk of future falls [6]. The lack of adjustment
in clinical practice among older people for measures of ageing
may reflect the uncertainty in the evidence base. Epidemio-
logical studies [34, 35] including in large routine data sets
[36] have demonstrated a strong association between antihy-
pertensive treatment and falls in older people. However, this
finding is inconsistent across observational studies [37] and
interpretation should account for the higher risk of reverse
causality and residual confounding in observational research.
Choices about antihypertensive medications are made more
challenging as BP becomes more variable with age [38], and,
as a result, older adults are more susceptive to experience
both episodes of hypertension and hypotension and single
BP readings are unreliable as measures of BP control in older
adults.

Ambulatory BP (ABP) is a more accurate measurement of
a person’s true BP and can better predict cardiovascular risk
in comparison to office BP readings [39]. The recommen-
dation to measure ABP was new in the 2011 NICE hyper-
tension guideline [14], and there is an evidence of increased
use over time since guideline change [40]. In this study,
only 2% of patients had a record of ABP recording on their
record. Possible explanations include the following: ABP is
under-recorded in routine data (e.g. average ABP reading
is miscoded using office BP codes), there is a lack of ABP
resource in primary care [41] or patients are declining ABP.

Using BP variability information from ABP in individ-
uals on treatment for hypertension could help inform the
titration of therapy to minimise both their cardiovascular
and fall risk. This could complement good, newly available
prediction tools that help identify fall risk effectively among
older people with hypertension in primary care [42].

Strengths and limitations

We used routine health data from the entire Welsh pop-
ulation, which represents contemporary clinical care. We
assessed adherence to the NICE guidelines that are applicable
to practice in England and Wales and informed clinical
practice at the time. Recording bias was mitigated by using
codes taken from published and validated consensus code
lists.

However, we recognise the limitations of our work. Dif-
ferences between the study population and the whole popu-
lation of older people in the UK may relate to the exclusion
of participants with established hypertension from the study
population resulting in a healthy participant bias. This is
reflected in the lower mortality rate at 1 year (2%) compared

to an expected annual rate (3%) in this population [32, 43].
Patients with moderate and severe frailty and care home
residents are under-represented compared to comparable
studies [20, 44, 45].

Non-White ethnicity represented 0.5% of the study
cohort, which is lower than that reported (1.1%) in the
census data for Wales [46]. Ethnicity data in this data
set were extracted from hospital data; therefore, ethnicity
data were only available for those who have had a hospital
admission prior to study start. Hospital admissions may be
expected to be lower because of healthy participant bias, and
this bias may affect different ethnicities disproportionately.
For these and other prognostic factors, missing data were
likely not missing at random. While multiple imputation is
an accepted method of addressing missing data even when
there is a possibility that missing data were not missing at
random [47], and the correlation between the imputed and
the complete case analyses is reassuring, the potential risk of
unmodelled and residual bias remains.

Participants lost to follow-up had fewer diagnoses
recorded, lower frailty status and fewer anti-hypertensive
treatments at baseline and may represent a population
with less contact with medical services for whom the
findings of this study may not be generalisable. Patients
with missing data on cardiovascular risk assessment rep-
resent a key group of interest in progressing population
BP control—and a population that may require more
targeted management approaches to improve NICE target
achievement.

Hypertension was defined in this study according to
hypertension codes entered by primary care providers.
Hypertension in primary care is known to be under-
recorded, and when hypertension is coded, it may not always
represent a new diagnosis. For example, in participants,
newly registered at a GP practice, a historic diagnosis
of hypertension may be identified as a new diagnosis of
hypertension when it is not. However, new registration at
a GP practice is relatively uncommon in this population
where only 1% of adults 65 or older were registered for less
than 1 year at a GP practice [48].

This study’s use of binary targets to assess overall hyper-
tension management does not account for patients with
proteinuria and type I diabetes or chronic kidney disease,
for whom disease specific guidelines take precedence and the
target BP is lower. To better understand current treatment
decisions to inform how to improve current management
will require analysis in larger data sets using a more granular
analysis of BP trajectory and treatment intensity during
follow-up.

Conclusion and future implications

Over half of older people reach their target BP within 1
year of a new diagnosis of hypertension. People with estab-
lished concomitant cardiovascular disease were more likely
to meet their BP target. Current guidelines recommend that
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hypertension management in the context of competing risks
and frailty is tailored to the individual. We did not find
evidence that people with frailty, people living in residential
care and people with multi-morbidity were being managed
more conservatively. Greater guidance is required to tailor
treatment to the older person with hypertension.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.

Acknowledgements: This work uses data provided by
patients and collected by the NHS as part of their care
and support. We would also like to acknowledge all
data providers who make anonymised data available for
research.

Declaration of Conflicts of Interest: None.

Declaration of Sources of Funding: O.T. was funded by
the Dunhill Medical Trust (RTF107/0117). O.J. received
funding from the British Geriatrics Society Bulpitt Under-
graduate Scholarship (Cardiovascular Science). J.P.S. receives
funding from the Wellcome Trust/Royal Society via a Sir
Henry Dale Fellowship (ref: 211182/Z/18/Z) and an NIHR
Oxford Biomedical Research Centre (BRC) Senior Fellow-
ship. This research was funded in part by the Wellcome Trust
(211182/Z/18/Z). R.J.M. is supported by NIHR Oxford
Thames Valley ARC and is an NIHR Senior Investigator.
For the purpose of open access, the author has applied a
CC BY public copyright licence to any Author Accepted
Manuscript version arising from this submission. A.C. is
part-funded by the National Institute for Health and Care
Research Applied Research Collaboration Yorkshire & Hum-
ber (NIHR ARC YH), the NIHR Leeds BRC and Health
Data Research UK, an initiative funded by UK Research and
Innovation Councils, NIHR and the UK-devolved admin-
istrations and leading medical research charities. The views
expressed in this publication are those of the author(s) and
not necessarily those of the NHS, the National Institute for
Health Research or the Department of Health and Social
Care.

Data Availability Statement: The data used for the study
is third-party data and is held by the SAIL Databank at
Swansea University on behalf of healthcare providers in
Wales who are the original data owners. This study was
approved by the Secure Anonymised Information Link-
age (SAIL) Information Governance Review Panel (project
0826) in Wales. All data were anonymised prior to access
and analysis. We did not have special access to this data; it is
available to anyone via an application to SAIL. All proposals
to use SAIL data are subject to review by an independent
Information Governance Review Panel (IGRP). Before any
data can be accessed, approval must be given by the IGRP.
The IGRP gives careful consideration to each project to
ensure proper and appropriate use of SAIL data. When access
has been approved, it is gained through a privacy protecting
safe haven and remote access system referred to as the SAIL
Gateway. SAIL has established an application process to be

followed by anyone who would like to access data via SAIL
https://www.saildatabank.com/application-process.

References

1. Mozaffarian D, Benjamin EJ, Go AS et al. Heart disease and
stroke statistics–2015 update: a report from the American
Heart Association. Circulation 2015; 131: e29–322.

2. Global Burden of Metabolic Risk Factors for Chronic Dis-
eases, C. Cardiovascular disease, chronic kidney disease, and
diabetes mortality burden of cardiometabolic risk factors from
1980 to 2010: a comparative risk assessment. Lancet Diabetes
Endocrinol 2014; 2: 634–47.

3. Zhou B, Perel P, Mensah GA, Ezzati M. Global epidemi-
ology, health burden and effective interventions for elevated
blood pressure and hypertension. Nat Rev Cardiol 2021; 18:
785–802.

4. Global Burden of Disease 2017 Risk Factor Collabora-
tors. Global, regional, and national comparative risk assess-
ment of 84 behavioural, environmental and occupational,
and metabolic risks or clusters of risks for 195 countries
and territories, 1990-2017: a systematic analysis for the
Global Burden of Disease Study 2017. Lancet 2018; 392:
1923–94.

5. Beaney T, Schutte AE, Tomaszewski M et al. May mea-
surement month 2017: an analysis of blood pressure
screening results worldwide. Lancet Glob Health 2018; 6:
736–43.

6. Albasri A, Hattle M, Koshiaris C et al. Association
between antihypertensive treatment and adverse events:
systematic review and meta-analysis. BMJ 2021; 372:
n189.

7. National Institute for Health and Care Excellence (NICE).
Multimorbidity: Clinical Assessment and Management.
National Institute for Health and Care Excellence, London,
UK 2016. Available from: https://www.nice.org.uk/guidance/
ng56 (accessed 14 May 2023).

8. Tinetti ME, Han L, Lee DS et al. Antihypertensive medica-
tions and serious fall injuries in a nationally representative
sample of older adults. JAMA Int Med 2014; 174: 588–95.

9. Todd OM, Wilkinson C, Hale M et al. Is the association
between blood pressure and mortality in older adults differ-
ent with frailty? A systematic review and meta-analysis. Age
Ageing 2019; 48: 627–35.

10. National Institute for Health and Care Excellence (NICE).
Clinical Guideline Hypertension in Adults: Diagnosis and
Management. [CG136]. National Institute for Health and
Care Excellence, London, UK 2019. [Accessed 14 May
2023]. Available from: https://www.nice.org.uk/guidance/
ng136 (accessed 14 May 2023).

11. Todd OM, Burton JK, Dodds RM et al. New horizons in the
use of routine data for ageing research. Age Ageing 2020; 49:
716–22.

12. Benchimol EI, Smeeth L, Guttmann A et al. The REporting
of studies conducted using observational routinely-collected
health data (RECORD) statement. PLoS Med 2015; 12:
e1001885. https://doi.org/10.1371/journal.pmed.1001885.

13. Lyons RA, Jones KH, John G et al. The SAIL data-
bank: linking multiple health and social care datasets.
BMC Med Inform Decis Mak 2009; 9: 3. https://doi.o
rg/10.1186/1472-6947-9-3.

8

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/52/5/afad077/7181252 by U

niversity of Leeds user on 05 June 2023

https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afad077#supplementary-data
https://www.saildatabank.com/application-process
https://www.nice.org.uk/guidance/ng56
https://www.nice.org.uk/guidance/ng56
https://www.nice.org.uk/guidance/ng136
https://www.nice.org.uk/guidance/ng136
https://doi.org/10.1371/journal.pmed.1001885
https://doi.org/10.1186/1472-6947-9-3
https://doi.org/10.1186/1472-6947-9-3


Attainment of NICE blood pressure targets

14. National Clinical Guideline Centre, Hypertension in Adults:
Diagnosis and Management - Full Guideline. National
Institute for Health and Care Excellence, London, UK 2011.
Available from: https://www.nice.org.uk/guidance/ng136/e
vidence/full-guideline-august-2011-6898565197?tab=evide
nce (accessed 14 May 2023).

15. White IR, Royston P, Wood AM. Multiple imputation using
chained equations: issues and guidance for practice. Stat Med
2011; 30: 377–99.

16. Sterne JA, White IR, Carlin JB et al. Multiple imputation for
missing data in epidemiological and clinical research: potential
and pitfalls. BMJ 2009; 338: b2393. https://doi.org/10.1136/
bmj.b2393.

17. Tilling K, Williamson EJ, Spratt M, Sterne JA, Carpenter
JR. Appropriate inclusion of interactions was needed to avoid
bias in multiple imputation. J Clin Epidemiol 2016; 80:
107–15.

18. Hippisley-Cox J, Coupland C, Robson J, Brindle P. Deriva-
tion, validation, and evaluation of a new QRISK model to
estimate lifetime risk of cardiovascular disease: cohort study
using QResearch database. BMJ 2010; 341: c6624. https://
doi.org/10.1136/bmj.c6624.

19. NHS England. 2019/20 General Medical Services (GMS)
Contract Quality and Outcomes Framework (QOF).
NHS England, UK 2020. Available from: https://www.
england.nhs.uk/wp-content/uploads/2019/05/gms-contract-
qof-guidance-april-2019.pdf.

20. Clegg A, Bates C, Young J et al. Development and valida-
tion of an electronic frailty index using routine primary care
electronic health record data. Age Ageing 2016; 45: 353–60.

21. Wright JT Jr, Williamson JD, Whelton PK et al. A random-
ized trial of intensive versus standard blood-pressure control.
N Engl J Med 2015; 373: 2103–16.

22. Beckett NS, Peters R, Fletcher AE et al. Treatment of hyper-
tension in patients 80 years of age or older. N Engl J Med
2008; 358: 1887–98.

23. Rodríguez Roca GC, Artigao Ródenas LM, Llisterri Caro JL
et al. Control of hypertension in elderly patients receiving pri-
mary Care in Spain. Revista Española de Cardiología (English
Edition) 2005; 58: 359–66.

24. De Backer G, Myny K, De Henauw S et al. Prevalence,
awareness, treatment and control of arterial hypertension in
an elderly population in Belgium. J Hum Hypertens 1998;
12: 701–6.

25. Hajjar I, Kotchen TA. Trends in prevalence, awareness, treat-
ment, and control of hypertension in the United States,
1988-2000. JAMA 2003; 290: 199–206.

26. Prencipe M, Casini AR, Santini M, Ferretti C, Scaldaferri N,
Culasso F. Prevalence, awareness, treatment and control of
hypertension in the elderly: results from a population survey.
J Hum Hypertens 2000; 14: 825–30.

27. Trenkwalder P, Ruland D, Stender M et al. Prevalence, aware-
ness, treatment and control of hypertension in a population
over the age of 65 years: results from the Starnberg study on
epidemiology of parkinsonism and hypertension in the elderly
(STEPHY). J Hypertens 1994; 12: 709–16.

28. National Institute for Health and Care Excellence (NICE),
NICE Quality and Outcomes Framework Indicator. National
Institute for Health and Care Excellence, UK 2018. https://
www.nice.org.uk/standards-and-indicators/qofindicators
(accessed 14 May 2023).

29. Serumaga B, Ross-Degnan D, Avery AJ et al. Effect of pay for
performance on the management and outcomes of hyperten-
sion in the United Kingdom: interrupted time series study.
BMJ 2011; 342: d108. https://doi.org/10.1136/bmj.d108.

30. Wilson PW, D’Agostino R Sr, Bhatt DL et al. An interna-
tional model to predict recurrent cardiovascular disease. Am J
Med 2012; 125: 695–703.e1.

31. Sheppard JP, Albasri A, Gupta P et al. Measuring adherence
to antihypertensive medication using an objective test in older
adults attending primary care: cross-sectional study. J Hum
Hypertens 2022; 36: 1106–12.

32. Ravindrarajah R, Hazra NC, Hamada S et al. Systolic blood
pressure trajectory, frailty, and all-cause mortality >80 years of
age: cohort study using electronic health records. Circulation
2017; 135: 2357–68.

33. Butt DA, Harvey PJ. Benefits and risks of antihypertensive
medications in the elderly. J Intern Med 2015; 278: 599–626.

34. de Vries M, Seppala LJ, Daams JG et al. Fall-risk-
increasing drugs: a systematic review and meta-analysis:
I. cardiovascular drugs. J Am Med Dir Assoc 2018; 19:
371.e1–e9.

35. Leipzig RM, Cumming RG, Tinetti ME. Drugs and falls
in older people: a systematic review and meta-analysis: I.
Psychotropic drugs. J Am Geriatr Soc 1999; 47: 30–9.

36. Sheppard JK, Koshiaris C, Stevens R, McManus R. The
association between antihypertensive treatment and serious
adverse events by age and frailty: an observational cohort
study of 3.8 million patients followed up for 10 years.
J Hypertens 2022; 40: e300. https://doi.org/10.1097/01.
hjh.0000838644.05445.db.

37. Kahlaee HR, Latt MD, Schneider CR. Association between
chronic or acute use of antihypertensive class of medications
and falls in older adults. A systematic review and meta-
analysis. Am J Hypertens 2018; 31: 467–79.

38. Stevens SL, Wood S, Koshiaris C et al. Blood pressure vari-
ability and cardiovascular disease: systematic review and meta-
analysis. BMJ 2016; 354: i4098.

39. Fan H, Onakpoya IJ, Heneghan CJ. 24-h ambulatory blood
pressure versus clinic blood pressure as predictors of cardiovas-
cular risk: a systematic review and meta-analysis of prospective
studies. J Hypertens 2020; 38: 2084–94.

40. Lay-Flurrie SL, Sheppard JP, Stevens RJ et al. Impact of
changes to National Hypertension Guidelines on hyperten-
sion management and outcomes in the United Kingdom.
Hypertension 2020; 75: 356–64.

41. Mejzner N, Clark CE, Smith LF, Campbell JL. Trends in the
diagnosis and management of hypertension: repeated primary
care survey in south West England. Br J Gen Pract 2017; 67:
e306–13.

42. Archer L, Koshiaris C, Lay-Flurrie S et al. Development and
external validation of a risk prediction model for falls in
patients with an indication for antihypertensive treatment:
retrospective cohort study. BMJ 2022; 379: e070918.

43. Masoli JAH, Delgado J, Pilling L, Strain D, Melzer D. Blood
pressure in frail older adults: associations with cardiovascu-
lar outcomes and all-cause mortality. Age Ageing 2020; 49:
807–13.

44. Hollinghurst J, Fry R, Akbari A et al. External validation
of the electronic frailty index using the population of Wales
within the secure anonymised information linkage databank.
Age Ageing 2019; 48: 922–6.

9

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/52/5/afad077/7181252 by U

niversity of Leeds user on 05 June 2023

https://www.nice.org.uk/guidance/ng136/evidence/full-guideline-august-2011-6898565197?tab=evidence
https://www.nice.org.uk/guidance/ng136/evidence/full-guideline-august-2011-6898565197?tab=evidence
https://www.nice.org.uk/guidance/ng136/evidence/full-guideline-august-2011-6898565197?tab=evidence
https://doi.org/10.1136/bmj.b2393
https://doi.org/10.1136/bmj.b2393
https://doi.org/10.1136/bmj.c6624
https://doi.org/10.1136/bmj.c6624
https://www.england.nhs.uk/wp-content/uploads/2019/05/gms-contract-qof-guidance-april-2019.pdf
https://www.nice.org.uk/standards-and-indicators/qofindicators
https://www.nice.org.uk/standards-and-indicators/qofindicators
https://doi.org/10.1136/bmj.d108
https://doi.org/10.1097/01.hjh.0000838644.05445.db
https://doi.org/10.1097/01.hjh.0000838644.05445.db


O. Todd et al.

45. Care Homes for Older People – Market Report. 33rd edition
Laing Buisson, UK. 2019. Available from: https://www.lai
ngbuisson.com/shop/care-homes-for-older-people-uk-ma
rket-report-33ed/ (accessed 14 May 2023).

46. Official Census and Labour Market Statistics (Nomis). Cen-
sus 2011. Office for National Statistics, UK 2011. Available
from: https://www.nomisweb.co.uk/census/2011/dc2101ew
(accessed 14 May 2023).

47. Cro S, Morris TP, Kenward MG, Carpenter JR. Sensitivity
analysis for clinical trials with missing continuous outcome

data using controlled multiple imputation: a practical guide.
Stat Med 2020; 39: 2815–42.

48. Todd O. Can Frailty Inform the Management of Hyper-
tension in Older People? PhD thesis. University of Leeds,
2020.

Received 2 October 2022; editorial decision 8 March 2023

10

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/52/5/afad077/7181252 by U

niversity of Leeds user on 05 June 2023

https://www.laingbuisson.com/shop/care-homes-for-older-people-uk-market-report-33ed/
https://www.laingbuisson.com/shop/care-homes-for-older-people-uk-market-report-33ed/
https://www.laingbuisson.com/shop/care-homes-for-older-people-uk-market-report-33ed/
https://www.nomisweb.co.uk/census/2011/dc2101ew


© 2022 Abbott. All rights reserved. All trademarks referenced are trademarks of either the Abbott group of companies or their respective owners.  
Any photos displayed are for illustrative purposes only. Any person depicted in such photos is a model. COL-07987-02 10/22

NOW
K N O W  F A S T E R  S O  Y O U 
C A N  A C T  Q U I C K E R

ID NOW™ PLATFORM

Now, you can provide rapid molecular 
respiratory testing for COVID-19, 
influenza, RSV and strep A in any 
acute care setting, where and when 
it’s needed most.

NOW
IMPROVED WORKFLOW
with single patient swab for 
COVID-19 and influenza A & BIDNOW. ABBOTT 


	 Attainment of NICE blood pressure targets among older people with newly diagnosed hypertension: nationwide linked electronic health records cohort study
	Introduction
	Methods
	Results
	Discussion  
	Conclusion and future implications
	6 Supplementary Data:
	7  Acknowledgements:
	8 Declaration of Conflicts of Interest:
	9 Declaration of Sources of Funding:
	10 Data Availability Statement:


