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Participants
88 756 adults with hypertension from The Health
Improvement Network nationwide primary care
research database.

Results
During a median follow-up of 37.4 months after the
treatment strategy assessment period, 9985 (11.3%)
participants had an acute cardiovascular event or
died. No difference in risk of the outcome was seen
between systolic intensification thresholds of
130–150 mm Hg, whereas systolic intensification
thresholds greater than 150 mm Hg were associated
with progressively greater risk (hazard ratio 1.21, 95%
confidence interval 1.13 to 1.30; P < 0.001 for
intensification threshold of 160 mm Hg). Outcome risk
increased progressively from the lowest (0–1.4
months) to the highest fifth of time to medication
intensification (hazard ratio 1.12, 1.05 to 1.20;
P = 0.009 for intensification between 1.4 and 4.7
months after detection of elevated blood pressure).
The highest fifth of time to follow-up (> 2.7 months)
was also associated with increased outcome risk
(hazard ratio 1.18, 1.11 to 1.25; P < 0.001).

Main outcome measures
Rates of acute cardiovascular events or death from any
cause for patients with different hypertension
treatment strategies (defined by systolic
intensification threshold, time to intensification, and
time to follow-up over the course of a 10 year treatment
strategy assessment period) after adjustment for age,
sex, smoking status, socioeconomic deprivation,
history of diabetes, cardiovascular disease or chronic
kidney disease, Charlson comorbidity index, body
mass index, medication possession ratio, and
baseline blood pressure.

Conclusions
Systolic intensification thresholds higher than
150 mm Hg, delays of greater than 1.4 months
before medication intensification after systolic
blood pressure elevation, and delays of greater than
2.7 months before blood pressure follow-up after
antihypertensive medication intensification were
associated with increased risk of an acute
cardiovascular event or death. These findings support
the importance of timely medical management and
follow-up in the treatment of patients with
hypertension.

Abstract
Objectives
To investigate the optimal systolic blood pressure goal
above which new antihypertensive medications
should be added or doses of existing medications
increased (“systolic intensification threshold”) and to
determine the relation between delays in medication
intensification and follow-up and the risk of
cardiovascular events or death.
Design
Retrospective cohort study.
Setting
Primary care practices in the United Kingdom,
1986–2010.

What is already known on this topic
In the routine management of hypertension, the optimal systolic blood pressure
goal above which new antihypertensive medications should be added or existing
doses increased is not well understood
The optimal time interval between the measurement of a blood pressure above goal
and intensification of the antihypertensive regimen and the optimal time to
reassess blood pressure after medication intensification are not known

What this study adds
Systolic intensification thresholds higher than 150 mm Hg were associated with
increased risk of subsequent acute cardiovascular events or death
Delays of greater than 1.4 months before medication intensification after systolic
blood pressure elevation and delays of greater than 2.7 months before blood
pressure follow-up after antihypertensive medication intensification were
associated with increased risk
These findings support the importance of avoiding delays in medical management
and follow-up in the treatment of patients with hypertension
the bmj | BMJ 2015;350:h158 | doi: 10.1136/bmj.h158

Introduction
Hypertension is the single most common risk factor for
both cardiovascular and overall disease burden and
mortality worldwide, and the medical treatment of
hypertension mitigates this risk.1–4 Management of
hypertension is also among the most common reasons
for ambulatory visits to physicians’ clinics among
non-pregnant adults worldwide.2 5 6 However, many key
aspects of optimal medical management for hypertension remain unclear.
The evidence that medically treating patients with
stage 1 (140–159 mm Hg) systolic hypertension improves
outcomes is limited, and current guidelines differ substantially in their recommendations for management.6–9
In addition, for all patients little evidence is available to
guide the optimal time interval between measurement
of elevated blood pressure and addition or dose escalation of antihypertensive medications (“medication
intensification”) or between medication intensifica
tion and follow-up measurement of blood pressure.
1
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Optimal systolic blood pressure target, time to intensification,
and time to follow-up in treatment of hypertension: population
based retrospective cohort study
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Methods
Data source
The Health Improvement Network is an electronic medical record database containing data on encounters
with patients collected from primary care practices
throughout the United Kingdom that choose to submit
their electronic records for research purposes. Patients’
and practices’ characteristics within The Health
Improvement Network database are representative of
those in the general UK primary care population.12 General practitioners are required to document encounters
with patients through a process that is subject to audit,
and the accuracy of patients’ records is linked with
compensation via the UK quality and outcomes framework. Patients’ mortality and dates of death in The
Health Improvement Network are assessed using information that is forwarded to the patient’s general practitioner on administration of the death certificate. The
accuracy of diagnosis and death records in the database
have been previously validated.13 14
Study cohort
We included adults registered in primary care practices
in The Health Improvement Network database between
1986 and 2010. We included all patients who were aged
18 years or older, had at least one diagnosis code related
to hypertension (supplementary table A), had at least
one blood pressure measurement and at least one antihypertensive medication started or intensified, had at
least 10 years of continuous data (to allow adequate
time to assess treatment strategy), and had at least one
set of height and weight data. To permit adjustment for
socioeconomic deprivation, we excluded patients with
missing postal codes. We also excluded patients with
body mass index less than 15 or greater than 100 to minimize the effect of implausible values.
Study measurements
Patients’ baseline characteristics and pre-existing medical conditions were assessed during the run-in period.15
The run-in period began on the clinic registration date
and ended on the later date of 12 months after clinic registration or the first documentation of a hypertension
related diagnosis code or systolic blood pressure of
130 mm Hg or above.
We defined a treatment strategy assessment period
for each patient, which consisted of the first 10 years
after the end of the run-in period. During the treatment
2

strategy assessment period, we defined the minimum
intensification threshold as the lowest systolic blood
pressure at which antihypertensive medication intensification occurred (out of all known intensification
events), rounded down to the nearest 10 mm Hg. For
instance, for a patient who had antihypertensive medication additions or dose increases at blood pressures of
167, 145, and 155 mm Hg, we would assume that the physician was targeting a blood pressure goal of 140 mm Hg.
This approach allowed us to represent the patient’s
treatment as a single summary, as is the standard
approach in cohort studies.16 We defined antihypertensive medication intensifications as the start of a new
antihypertensive medication (complete list in supplementary table B) or an increase in the daily dose of an
existing antihypertensive medication, on a date on
which blood pressure was measured.17 Medication
adjustments made when systolic blood pressure was
already lower than 130 mm Hg are unlikely to represent
antihypertensive medication intensifications, so we
excluded them from the analysis to minimize confo
unding from secondary indications for these medications (angiotensin converting enzyme inhibitors
prescribed for patients with diabetes and renal failure,
for instance).
We defined time to intensification as the mean length
of unintensified hypertensive periods; each hypertensive period started on the day when systolic blood pressure was first measured to be above the minimum
intensification threshold and ended on the first subsequent day when medications were intensified or when
the unintensified period was censored (for example,
systolic blood pressure fell below the threshold). Transient blood pressure elevations, defined by a single elevated blood pressure measurement above the
intensification threshold that fell below the threshold at
the next blood pressure reading in the absence of medication intensification, were excluded from the analysis. We defined time to follow-up as the mean time
between each medication intensification and the next
visit at which blood pressure was recorded.
We defined time to outcome as the time elapsed
between the end of the treatment strategy assessment
period and the composite outcome, which we defined
as a first acute cardiovascular event (myocardial infarction, cerebrovascular accident, acute congestive heart
failure episode, or peripheral vascular disease) or death
(supplementary table C).
We calculated age at the conclusion of the run-in
period. We calculated body mass index by using the
first set of height and weight data available for each
patient. We defined smoking history as past or current
tobacco use and chronic kidney disease as the presence
of a diagnosis code associated with chronic kidney
disease (except stage 1 or 2 chronic kidney disease)
or an estimated glomerular filtration rate less than
60 ml/min/1.73 m2 (supplementary table C).18 We calculated a medication possession ratio (as a proxy for compliance) for each patient as a weighted average of the
number of days’ supply actually prescribed for each
medication, divided by the total period of time over
doi: 10.1136/bmj.h158 | BMJ 2015;350:h158 | the bmj
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 outine clinical practice differs from clinical trials in
R
that substantial delays may exist between the observation of an elevated blood pressure and medication
intensification,10 11 or between medication intensification and follow-up measurement of blood pressure, but
the effect of such delays on patients’ outcomes is not
understood.
We therefore did a retrospective cohort study to investigate the systolic intensification threshold, time to
intensification, and time to follow-up that are associated with the lowest risk of cardiovascular events or
death.

RESEARCH

Statistical analysis
We produced summary statistics by using frequencies
and proportions for categorical variables and means,
standard deviations, medians, and ranges for continuous variables. We used a Cox proportional hazards
regression model to compare event-free survival for
patients with various treatment strategies as defined by
systolic intensification threshold, time to intensification, and time to follow-up.22 The analysis was adjusted
for the entry age category (< 60, 60–74, ≥ 75),20 23 24 as
well as for sex, smoking status, Townsend score, previous history of diabetes/cardiovascular disease/chronic
kidney disease, Charlson comorbidity index, body mass
index, medication possession ratio, and the mean difference by which systolic blood pressure exceeded the minimum intensification threshold at the beginning of each
hypertensive period.25 We used multiple imputation in
the sensitivity analysis that included patients with missing demographic or body mass index information.
We anticipated that treatment target, time to intensification, and time to follow-up may have a non-linear
relation to risk of an event, with an optimal range of
values and increased hazards outside this range. On the
other hand, thresholds defined by fifths of each variable
are somewhat arbitrary, with the boundaries determined by the behavior of the physicians in our particular sample. To provide an alternative view of the relation
between systolic intensification threshold, time to
intensification, time to follow-up, and event risk, we
constructed Cox regression models that included systolic intensification threshold, time to intensification,
and time to follow-up as natural cubic splines to
account for a continuous non-linear functional dependence between these treatment parameters and the log
hazard rate. Spline knots were placed at the 5th, 25th,
75th, and 95th centiles of the overall distribution of
each of the three variables. These models were adjusted
for the same covariates as the main model.
The study included several pre-planned sensitivity
analyses. A substantial change in UK hypertension
treatment patterns occurred in 1999, when the systolic
treatment threshold in British guidelines was lowered
in many patients from 160 mm Hg to 150 mm Hg. We
therefore looked for the presence of a cohort effect in
our data by generating separate models for patients
who had the midpoint of their treatment strategy
assessment period in 1999 or earlier and those who had
their midpoint in 2000 or later.
the bmj | BMJ 2015;350:h158 | doi: 10.1136/bmj.h158

We subsequently investigated whether defining a
shorter treatment strategy assessment period (three years
instead of 10) would lead to misclassification of prescribing strategies. We also analyzed the effect a shorter (three
years) treatment strategy assessment period would have
on the calculation of the optimal systolic blood pressure
target (as a large fraction of patients did not have any
medication intensifications during the first three years,
time to intensification and time to follow-up after intensification could not be defined). In this analysis, for
patients without intensifications, we assumed that the
highest blood pressure attained remained below the
intensification threshold. For such patients, we therefore
defined the estimated systolic intensification threshold
as the highest attained non-transient blood pressure
during the treatment strategy assessment period,
rounded up to the nearest 10 mm Hg.
In the event that physicians would decide to alter
their hypertension management strategy after a patient
had an acute cardiovascular event, our approach raises
a risk of bias in the presence of risk factors (for example, acute cardiovascular events) that are at the same
time determined by previous exposure (for example,
hypertension control) and determine subsequent exposure.26 To estimate the effect that acute cardiovascular
events during the treatment strategy assessment period
may have on our model, we included a variable corresponding to the presence of such an event during this
period. Finally, to investigate whether time to intensification and time to follow-up have an effect on outcomes
independent of frequency of visits, we introduced a
variable corresponding to the total number of blood
pressure measurements over the 10 year treatment
strategy assessment period.
We obtained P values by using the type III test and
used the Simes-Hochberg method to adjust significance
thresholds for multiple hypothesis testing.27 28 We used
SAS version 9.3 for all analyses.

Results
Patients’ characteristics
We identified 149 829 patients from The Health Improvement Network database with a hypertension diagnosis
code and at least 10 years of subsequent primary care
records between 1986 and 2010. We excluded patients
who had no blood pressure measurements, were aged
under 18 years, had fewer than 10 years of follow-up,
had no medication intensifications during the 10 years
after diagnosis of hypertension, or had missing demographic data or implausible body mass index values
(fig 1). The final study population therefore consisted
of 88 756 adult patients (Table 1). After the treatment
strategy assessment period, mean follow-up time was
37.4 months; 9985 (11.3%) patients had an acute cardiovascular event or died.
Treatment strategy and outcome risk
In multivariable analysis, male sex, older age, obesity,
diabetes, previous cardiovascular disease, chronic
kidney disease, history of smoking, higher Charlson
comorbidity index, and socioeconomic deprivation
3
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which that medication was prescribed.19 We calculated
the Charlson comorbidity index from the Read code list
by using a previously described and validated method,
while excluding conditions individually included in the
multivariable analysis.20
We estimated socioeconomic status by using the
Townsend socioeconomic deprivation score, which is
calculated using economic and demographic data based
on the patient’s postal code.21 Patients who had multiple
addresses during the follow-up period had their
Townsend deprivation score calculated as a weighted
average based on time spent living at each address.
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Patients in THIN with 10 years of hypertension records available between 1986 and 2010 (n=149 829)

Patients included in analysis (n=88 756)

Fig 1 | Study patients and exclusion criteria. THIN = The Health Improvement Network

Table 1 | Baseline characteristics of study patients. Values
are numbers (percentages) unless stated otherwise
Characteristic

Value

No of participants
Mean (SD) age, years
Male sex
Mean (SD) body mass index
Past/current smoker
History of any cardiovascular disease
History of coronary artery disease
History of congestive heart disease
History of stroke
History of peripheral vascular disease
History of diabetes
Chronic kidney disease
Mean (SD) modified Charlson index
Mean (SD) Townsend deprivation score

88 756
58.5 (11.9)
36 800 (41.5)
27.6 (5.0)
50 176 (56.5)
9907 (11.2)
6827 (7.7)
601 (0.7)
2450 (2.8)
981 (1.1)
5863 (6.6)
2420 (2.7)
0.27 (0.6)
2.66 (1.3)

Table 2 | Effects of patients’ baseline characteristics on risk of cardiovascular event or
death
Variable

Hazard ratio (95% CI)

P value

Female sex
Age (years):*
< 60
60–74
≥ 75
Townsend deprivation score†
Past or current smoker
Modified Charlson comorbidity index‡
Body mass index:
< 20
20–24.9
25–29.9
≥ 30
Pre-existing medical conditions:
Diabetes
Coronary artery disease
Chronic heart failure
Cerebrovascular disease
Peripheral vascular disease
Chronic kidney disease

0.74 (0.71 to 0.77)

< 0.001

1.00
2.37 (2.19 to 2.57)
5.99 (2.54 to 6.49)
1.09 (1.08 to 1.11)
1.21 (1.16 to 1.27)
1.14 (1.11 to 1.17)

—
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

1.95 (1.66 to 2.29)
1.00
0.97 (0.93 to 1.02)
1.08 (1.02 to 1.14)

< 0.001
—
0.27
0.006

1.62 (1.51 to 1.73)
1.48 (1.40 to 1.57)
1.61 (1.38 to 1.87)
1.45 (1.32 to 1.77)
1.60 (1.44 to 1.73)
1.15 (1.02 to 1.30)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.021

Results of multivariable Cox proportional hazards regression model of time to death from any cause or
cardiovascular event that included variables in tables 2 and 3.
*Age categories were calculated at beginning of outcome assessment period.
†Hazard ratio for Townsend deprivation score is per fifth increase in socioeconomic deprivation.
‡History of cardiovascular disease and diabetes were omitted from calculation of modified Charlson index;
hazard ratio is per 1 point increase in Charlson score.

4

doi: 10.1136/bmj.h158 | BMJ 2015;350:h158 | the bmj

BMJ: first published as 10.1136/bmj.h158 on 5 February 2015. Downloaded from http://www.bmj.com/ on 20 May 2019 by guest. Protected by copyright.

Excluded (n=61 073):
Age <18 (n=84)
Missing height and weight data (n=1852)
Implausible body mass index values (n=2256)
Missing demographic data (n=5805)
Blood pressure never measured during treatment startegy assessment period (n=118)
Never had antihypertensive treatment intensifications (n=50 958)

were associated with a greater risk of cardiovascular
events or death (Table 2). Systolic blood pressure intensification thresholds of 160 mm Hg or higher were associated with a progressively increased risk of the
composite outcome (Table 3). Longer time to medication intensification was associated with a progressively
greater risk of the composite outcome, beginning with
the lowest fifth (0–1.4 months). Patients who had time
to follow-up greater than 2.7 months also had an
increased risk of the composite outcome. A sensitivity
analysis that included patients with missing demographic and body mass index information gave similar
results (supplementary table D).
To examine the relation between prescribing behavior and event rate without dividing systolic blood pressure intensification threshold, follow-up, and
intensification time into discrete categories, we created
a natural cubic spline model (fig 2). A lower systolic
blood pressure intensification threshold was associated
with a progressively lower risk of the composite outcome. Shorter times to medication intensification were
associated with a decreased risk of cardiovascular
event or death; the greatest rate of increase in risk
occurred in the first nine months. A J shaped curve was
noted for time to follow-up, as both very short and very
long follow-up times were associated with increased
risk of cardiovascular event or death.
In a secondary analysis using all cause mortality as
the endpoint, we found a similar relation between systolic intensification threshold, time to intensification,
time to follow-up, and all cause mortality (Table 4).
Higher fifths of time to intensification were associated
with progressively increased overall mortality risk, as
were time to follow-up after intensification greater than
2.7 months and systolic intensification thresholds of
greater than 150 mm Hg.
The sensitivity analysis for cohort effect showed no
difference in the direction or significance of the associations between minimum intensification threshold,
time to intensification, or time to follow-up and the
composite outcome between patients with treatment
strategy assessment period midpoint before compared
with in or after 2000 (supplementary tables E and F).
Sensitivity analysis of alternate lengths of the treatment
strategy assessment period showed that with a three
year treatment assessment period, 40.8% of all patients
in the highest fifth for time to intensification (when we
used the 10 year treatment strategy assessment period)
were reclassified to lower fifths. The fraction of unintensified periods in the highest fifth that were censored
also decreased with increasing length of the treatment
strategy assessment period (fig 3). In the analysis of
optimal systolic intensification threshold using a three
year treatment strategy assessment period that
included 329 491 patients, intensification thresholds
above 150 mm Hg remained associated with increased
risk of cardiovascular events or death. However, thresholds of 150 mm Hg or lower were associated with progressively decreased risk, down to a minimum
intensification threshold of 130 mm Hg (supplementary
table G). This reflects the trend seen in the main model

Table 3 | Effects of characteristics of treatment strategy assessment period on risk of
cardiovascular event or death
P value

0.69
—
0.34
< 0.001
< 0.001
< 0.001
—
0.009
< 0.001
< 0.001
< 0.001

Results of multivariable Cox proportional hazards regression model of time to death from any cause or
cardiovascular event that included all variables in tables 2 and 3.
*Mean difference between actual blood pressure and systolic intensification threshold at beginning of each
hypertensive period.

(Table 2) and raises the possibility that more aggressive
intensification thresholds have a small added benefit
that our main model lacked the power to detect.
In the sensitivity analysis of the bias that might be
introduced by cardiovascular events during the treatment assessment period, the presence of such an event
was strongly correlated with risk of subsequent events
(hazard ratio 1.92, 95% confidence interval 1.82 to 2.02).
However, the inclusion or exclusion of this variable did
not alter either the direction or the significance of hazard differences between treatment strategies.
Finally, in the sensitivity analysis to determine
whether the effects of time to intensification and time to
follow-up are independent of the frequency of visits,
the inclusion of frequency of blood pressure measurement in the model did not qualitatively change the significance or direction of the previously observed risk
differences between fifths for either metric (supplementary table H). Increased visit frequency was associated
with increased risk of composite outcome after adjustment for time to intensification and time to follow-up
(hazard ratio 1.00, 1.00 to 1.01, per visit; P < 0.001).

Discussion
In this large retrospective study, we examined the relation between delays in treatment of elevated blood pressure and risk of cardiovascular events or death. We
found that systolic intensification thresholds higher
the bmj | BMJ 2015;350:h158 | doi: 10.1136/bmj.h158

Hazard ratio
95% CI

1.7

1.3
1.1
0.9
130

150

140

160

170

180

Minimum systolic intensification threshold (mm Hg)
1.3
1.2
1.1

0.085
—
0.71
0.050
< 0.001
—
< 0.001
< 0.001
< 0.001
0.001
< 0.001

1.9

1.5

Hazard ratio

Hazard ratio (95% CI)

1.0
0.9
0.8
0

10

20

30

40

50

Months to intensification
Hazard ratio

No (%) or mean (SD)

Minimum systolic intensification threshold (mm Hg):
130
12 229 (13.8)
0.98 (0.91 to 1.07)
140
20 458 (23.0)
1.00
150
21 329 (24.0)
1.03 (0.97 to 1.10)
160
17 513 (19.7)
1.21 (1.13 to 1.30)
170
8978 (10.1)
1.42 (1.31 to 1.55)
8249 (9.3)
1.69 (1.55 to 1.84)
≥ 80
Fifths of mean time to intensification (months):
0–1.439
17 752 (20.0)
1.00
1.440–4.681
17 751 (20.0)
1.12 (1.05 to 1.20)
4.682–8.689
17 749 (20.0)
1.23 (1.15 to 1.32)
8.690–15.320
17 753 (20.0)
1.19 (1.11 to 1.28)
17 751 (20.0)
1.25 (1.17 to 1.35)
≥ 15.321
Fifths of mean time to follow-up after intensification (months)
0–0.723
18 283 (20.6)
1.06 (0.99 to 1.13)
0.724–1.018
17 524 (19.7)
1.00
1.019–1.544
17 887 (20.2)
1.01 (0.95 to 1.08)
1.545–2.727
17 537 (19.8)
1.07 (1.00 to 1.14)
17 525 (19.7)
1.18 (1.11 to 1.25)
≥ 2.727
Mean systolic blood pressure (mm Hg) elevation over intensification threshold (%):*
1–9
47 173 (53.1)
1.00
10–19
31 376 (35.4)
1.13 (1.07 to 1.19)
20–29
8514 (9.6)
1.38 (1.27 to 1.49)
30–39
1508 (1.7)
1.51 (1.31 to 1.73)
40–49
185 (0.2)
1.78 (1.26 to 2.50)
Medication possession
0.859 (0.19)
0.80 (0.73 to 0.88)
ratio

2.1

1.3
1.2
1.1
1.0
0.9
0.8
0

1

2

3

4

5

6

Months to follow-up

Fig 2 | Effects of systolic blood pressure intensification
threshold, time to antihypertensive intensification, and
time to follow-up after intensification on risk of acute
cardiovascular event or death. Top panel: hazard ratio for
acute cardiovascular event or death in relation to systolic
blood pressure intensification threshold. Middle panel:
hazard ratio for acute cardiovascular event or death in
relation to mean months elapsed between systolic blood
pressure elevation above minimum intensification
threshold and either antihypertensive medication
intensification or censoring of unintensified period (via
spontaneous normalization of blood pressure). Bottom
panel: hazard ratio for acute cardiovascular event or death
in relation to mean months elapsed between each
antihypertensive medication intensification and next
blood pressure measurement. Solid lines indicate hazard
ratios; dashed lines indicate 95% confidence intervals
calculated using natural cubic spline regression. Reference
points are placed at means of respective distributions for
time to intensification and time to follow-up. Knots are
placed at 5th, 25th, 75th, and 95th centiles of each
variable. Multivariable model was adjusted for age, sex,
body mass index, smoking status, socioeconomic
deprivation, history of cardiovascular disease or diabetes,
other chronic medical conditions as represented by
Charlson comorbidity index, minimum systolic
intensification threshold, mean initial blood pressure
elevation above intensification threshold, and medication
possession ratio
5
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Characteristic

Hazard ratio
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Characteristic

No (%) or mean (SD)

Hazard ratio (95% CI)

P value

Minimum systolic intensification threshold (mm Hg):
130–139
10 853 (13.4)
0.99 (0.90 to 1.09)
140–149
18 646 (23.0)
1.00
150–159
19 724 (24.3)
1.05 (0.97 to 1.14)
160–169
16 177 (19.9)
1.26 (1.15 to 1.37)
170–179
8253 (10.2)
1.42 (1.28 to 1.58)
≥ 180
7525 (9.3)
1.69 (1.53 to 1.87)
Fifths of mean time to intensification (months):
0–1.406
16 233 (20.0)
1.00
1.407–4.646
16 238 (20.0)
1.11 (1.03 to 1.20)
4.647–8.684
16 236 (20.0)
1.24 (1.14 to 1.34)
8.685–15.350
16 238 (20.0)
1.20 (1.10 to 1.30)
≥ 15.351
16 233 (20.0)
1.30 (1.19 to 1.42)
Fifths of mean time to follow-up after intensification (months):
0–0.723
16 652 (20.5)
1.02 (0.95 to 1.10)
0.724–1.018
14 747 (18.2)
1.00
1.019–1.544
17 110 (21.1)
1.01 (0.93 to 1.09)
1.545–2.694
16 577 (20.4)
1.05 (0.98 to 1.15)
≥ 2.695
16 092 (19.8)
1.21 (1.13 to 1.30)
Mean systolic blood pressure (mm Hg) elevation over intensification threshold (%):*
1–9
43 576 (53.7)
1.00
10–19
28 627 (35.3)
1.12 (1.05 to 1.20)
20–29
7521 (9.3)
1.31 (1.19 to 1.44)
30–39
1301 (1.6)
1.58 (1.34 to 1.85)
40–49
153 (0.2)
1.98 (1.34 to 2.92)
Medication possession ratio 0.861 (0.192)
0.92 (0.82 to 1.03)

0.80
—
0.22
< 0.001
< 0.001
< 0.001
—
0.009
< 0.001
< 0.001
< 0.001
0.55
—
0.90
0.18
< 0.001
—
< 0.001
< 0.001
< 0.001
< 0.001
0.14

Results of multivariable Cox proportional hazards regression model of time to death from any cause that
included all variables in tables 2 and 4.

than 150 mm Hg and delays of greater than 1.4 months
before medication intensification after systolic blood
pressure elevation above the intensification threshold
were associated with an increased risk of an acute cardiovascular event or death. After each intensification of
antihypertensive treatment, lack of follow-up blood
pressure measurement within 2.7 months was also associated with an increased risk of the composite outcome.

Fraction censored

Comparison with other studies and current
guidelines
The systolic treatment threshold for patients with stage
1 hypertension is controversial. The guidelines of both
the Eighth Joint National Committee and the European
0.8
0.6
0.4
0.2
0

3

4

5

6

7

8

9

10

Length of strategy assessment period (years)

Fig 3 | Censoring of time to intensification versus length
of treatment strategy assessment period (highest fifth:
> 15.32 months)
6

Society of Hypertension/European Society of Cardiology (ESH/ESC) suggest a target systolic blood pressure
of less than 140 mm Hg for younger patients and less
than 150 mm Hg for older patients, but they differ with
regard to the age at which patients are considered
older.8 9 On the other hand, the National Institute for
Health and Care Excellence’s guidelines recommend
treating patients with systolic blood pressure between
140 and 160 mm Hg only when other cardiovascular
risk factors or end organ damage are present,6 and a
Cochrane review found no clear evidence of benefit of
medication treatment for mild hypertension without
considering pre-existing diabetes or end organ damage.29 These disagreements are also reflected in guidelines issued by other major societies and reflect
difficulties in weighing the available evidence in the
absence of definitive data.7 No clinical trial has adequately examined the question of whether medical treatment of grade 1 systolic hypertension (140–159 mm Hg)
leads to improved outcomes; the treatment of patients
with systolic blood pressure between 140 and 149 mm
Hg is particularly controversial. Several large randomized trials have shown cardiovascular benefit when
reducing blood pressure below 140 mm Hg, but all
included patients with initial blood pressure above
150 mm Hg.30–32 Other factors that limit the generalizability of available randomized clinical trials include
the paucity of direct comparisons between blood pressure targets, incongruity of patient populations (differences in age, previous cardiovascular history, and other
comorbidities), and the difficulty of achieving sufficient
power to detect differences at various thresholds.8 9 33 34
Our finding that systolic treatment targets greater than
150 mm Hg were associated with a greater risk of acute
cardiovascular event or death is therefore roughly in
line with the limited data available, although other evidence suggests benefit at lower treatment thresholds in
some populations.8 30 35 36
The current ESH/ESC guidelines and previous Seventh Joint National Committee management guidelines suggest follow-up within two to four weeks or
one month, respectively, after intensification of antihypertensive treatment, but these recommendations
are primarily based on expert opinion rather than clinical data.9 37 The recent Eighth Joint National Committee guidelines do not recommend a particular interval
for blood pressure assessment, but suggest intensifying treatment within a month if target blood pressure
is not attained on the current treatment.8 Although
direct evidence in support of these recommendations
is limited, previous studies have examined the relation between frequency of visits and management of
hypertension. Increased frequency of encounters has
been associated with improved intermediate outcomes
such as increased incidence of blood pressure control
and more rapid blood pressure control.38–40 Evidence
also shows that providers often delay intensifying
antihypertensive treatment when treatment goals are
not met and that more frequent intensification of antihypertensive treatment leads to better blood pressure
control.10 41 In addition, several studies have suggested
doi: 10.1136/bmj.h158 | BMJ 2015;350:h158 | the bmj
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Table 4 | Effects of characteristics of treatment strategy assessment period on overall
mortality risk
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Methodological considerations
In this study, we evaluated outcomes after treatment of
hypertension by defining separate time periods for the
assessment of treatment strategy and outcomes. We did
this to minimize the time dependent confounding
caused by variations in blood pressure level, which predicts antihypertensive treatment, is itself influenced by
treatment, and also affects outcome risk. A concurrent
treatment strategy assessment and outcome assessment period would also introduce an undesirable bias
towards systematically shorter treatment strategy
assessment periods for patients who have outcomes
early in the study, resulting in systematic overestimation of treatment thresholds for patients with early cardiovascular events. We chose a 10 year treatment
strategy assessment period because we found that
shorter treatment strategy assessment periods are vulnerable to misclassification of time to intensification, as
the assessment period may end before intensification
occurs. When we did alternate analyses using a three
year treatment assessment period, intensification
thresholds above 150 mm Hg remained associated with
the bmj | BMJ 2015;350:h158 | doi: 10.1136/bmj.h158

increased risk. Strategies corresponding to longer time
to intensification and longer follow-up times would be
disproportionally affected, leading to systematic censoring bias. This study design necessarily limits our
analysis to patients who had 10 years of treatment data
available after the date of diagnosis of hypertension (for
example, the length of the strategy assessment period).
However, considering that mean life expectancy at age
65 in the United Kingdom is now more 17 years for men
and 20 years for women, this may be a good initial
approximation for patients in industrialized societies
with routine access to medical care.47
In the natural cubic spline model, we saw a visual
trend towards higher hazards when patients had very
quick blood pressure follow-up, although this did not
reach statistical significance in the multivariable
model. This is likely to be due to confounding by indication, as we were unable to distinguish scheduled
appointments from urgent care visits. Patients with a
blood pressure check immediately after a previous
appointment may have been seen for other urgent indications, leading to an apparent increase in outcome
risk. On the other hand, delays in medication intensification longer than 10 months did not seem to be associated with a further increase in cardiovascular risk.
Further investigations are needed to confirm this finding and establish its physiological basis.
This study has several additional limitations. The
database we used may not have included all cardiovascular events, leading to underestimation of the cardiovascular risk associated with different antihypertensive
treatment strategies. However, unless ascertainment of
cardiovascular events differed between treatment strategies, this limitation should not have affected their relative cardiovascular risks that are the main findings of
this study. Some of the information on medication
changes could also be missing, particularly treatment
adjustments made in the hospital. We did not have
information on how blood pressure measurements in
the database were obtained (for example, automated or
manual). We assumed that providers intensify antihypertensive treatment until the target blood pressure is
reached and therefore used the minimum intensification threshold as a proxy for target blood pressure.
However, patients with hypertension resistant to treatment may never reach the provider’s intended treatment goal, leading to potential overestimation of the
systolic treatment threshold. Controversy exists surrounding the optimum systolic treatment threshold for
patients with diabetes, chronic kidney disease, atherosclerosis, or advanced age, but our sample size was
insufficiently large to permit stratification by these subgroups. Although we examined the effects of treatment
on outcome, and our treatment strategy assessment
period chronologically preceded the outcome assessment period, the retrospective nature of our data limits our ability to make causal inferences. Our study
was limited to patients who were diagnosed as having
hypertension by a general practitioner. However,
approximately 99% of residents of the United Kingdom are registered with a general practitioner, so the
7
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that delays in blood pressure control lead to increased
outcome risk. The VALUE trial initially achieved
greater blood pressure reductions in the amlodipine
group than in the valsartan group, and a transient difference in the incidence of stroke was observed while
this difference persisted.42 In an open label extension
of the Syst-Eur trial, patients who were immediately
randomized to the treatment arm had a lower risk of
stroke and cardiovascular complications compared
with those who received delayed treatment in the
extension phase.43 In this study, we show that the time
to medication intensification and the time to follow-up
after intensification are independent predictors of the
risk of cardiovascular morbidity or death. This is, to
our knowledge, the first study that has directly examined the effect of these variables on patients’ outcomes. In our study population, most patients had
blood pressure follow-up within 2.7 months after each
medication intensification, which was the time period
associated with lowest risk for the composite outcome.
However, most patients did not receive medication
intensification within 1.4 months. Further investigation is needed to determine whether interventions to
reduce the time to medication intensification would
improve outcomes.
A “J curve” corresponding to increased risk of adverse
outcome at low blood pressure has previously been
reported in observational studies for diastolic and occasionally systolic blood pressure,44–46 but we did not
detect this phenomenon. Notably, we examined systolic
blood pressure targets, whereas previous studies that
noted the J curve for systolic pressure analyzed mean
blood pressures without regard for treatment, which
may be more vulnerable to confounding from patients’
baseline illnesses. On the other hand, systolic treatment thresholds even lower than 130 mm Hg, which
was the lowest treatment target we examined, may be
associated with increased cardiovascular risk.

RESEARCH
potential for patient selection bias is less than it would
be in many other countries.48
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Conclusion and implications
In a population of patients with hypertension and regular access to primary care, systolic intensification
thresholds higher than 150 mm Hg, delays of greater
than 1.4 months before medication intensification after
systolic blood pressure elevation above the intensification threshold, and delays of greater than 2.7 months
before blood pressure follow-up after each antihypertensive medication intensification were associated with
an increased risk of an acute cardiovascular event or
death. In patients with hypertension and regular access
to primary care, timely achievement of blood pressure
targets and regular follow-up may be an important factor in minimizing the risk of adverse cardiovascular outcomes.
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