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Abstract

Background:

Several studies have demonstrated that the use of single tablet regimens (STRs) in hypertension is

associated with improved outcomes and reduced healthcare costs compared with individual component

regimens. The objective was to carry out a retrospective analysis of a UK general practice population to test

these conclusions in a UK context.

Method:

A retrospective cohort study was carried out using a primary care database (The Health Improvement

Network; THIN), comparing 9929 hypertensive patients on STRs with 18,665 patients on individual

component therapy. Data were collected for prescriptions, significant cardiovascular events, and out-

patient referrals over a minimum follow-up period of 5 years after initiation of therapy. Current NHS

costings were applied to the data, to arrive at an estimate of comparative resource use.

Results:

There were significantly more cardiovascular events in the individual component group than those treated

with a single tablet regimen. Five year event rates: 8.3% vs 13.6%; Absolute Risk Reduction (ARR)¼ 5.3%;

Number needed to treat (NNT)¼ 18.9. After correction for potential confounders, the hazard ratio was 0.74

(95%CI¼ 0.70–0.77), p50.0001. Hospital admission costs were lower in the STR group, but drug costs

were higher. Overall, the mean annual management cost per patient was similar in the two groups (£191.49

vs £189.35).

Key limitations:

The study was based on a retrospective cohort and the result may therefore be influenced by unidentified

confounders. It was not possible to identify the reasons for individual prescriptions, some of which may have

been issued for reasons other than hypertension. Costings for some components of the outcome could not

be assessed from the dataset and are therefore omitted from the analysis. Finally, no attempt was made to

distinguish outcomes associated with individual classes of anti-hypertensives.

Conclusions:

This study confirms the association observed by other authors that patients treated with STRs are less likely

to experience serious cardiovascular events than those on individual component therapy. In a UK context this

analysis has shown that potential hospital savings broadly offset the additional drug acquisition costs

associated with STRs. These agents can therefore be considered cost neutral.
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Introduction

The identification and effective treatment of hypertension
has formed a key health outcome for UK primary care for
the past 20 years. However, despite the introduction of
incentivized target systems (Quality Outcomes
Framework: QoF), achievement of blood pressure control
is still sub-optimal. In 2010–11, 20% of patients with
hypertension failed to achieve the QoF blood pressure
audit standard of 150/901. Whilst up-to-date information
on the number of patients failing to meet the more chal-
lenging clinical target of 140/90 used by the National
Institute for Health and Clinical Excellence (NICE) and
the British Hypertension Society (BHS) are not available,
comparisons of data from previous years2,3 would suggest
that the current level of QoF audit target achievement
corresponds to�40% of patients with hypertension failing
to reach clinically relevant targets.

Published QoF data are presented as a binary
response—either a patient has achieved the target or
they have not—and there is no indication as to how far
individuals fall short of the objective. However, even if
these patients may be relatively close to their treatment
target, the clinical consequences of the shortfall can be
significant. Even a 2–3 mmHg difference in systolic BP,
if sustained for 5 years or more, can result in a 15%
higher risk of an adverse cardiovascular outcome4.

Whilst there are a number of possible explanations for
the under-achievement of clinical targets, a key factor is
likely to be poor adherence and persistence amongst
patients who would otherwise have been adequately trea-
ted5. A recently published study assessed the impact of
supervised tablet administration in 37 patients who had
been referred to secondary care with apparently treat-
ment-resistant hypertension6. Despite a mean starting
blood pressure of 179/98, in 78% of cases the QoF target
was achieved simply by ensuring treatment was taken as
prescribed, while in 60% of cases the clinical target of 140/
90 was reached. Given the strong link between blood pres-
sure reduction and clinical outcomes, strategies aimed at
improving adherence clearly have a powerful potential for
reducing cardiovascular events.

One approach to improving adherence that has
proved effective is the use of single tablet regimens
(STRs), which may contain two or three individual com-
ponents in a range of dose combinations. The use of
STRs has been shown to improve treatment adherence
vs the individual components prescribed separately7,8

with improvements of 20–25% typically being demon-
strated. In line with the expected impact of improved
adherence, there is also good evidence that the use of
STRs results in a reduced risk of admission for cardiovas-
cular events9 with consequent cost savings to the health-
care commissioner9,10, across a wide range of
organizations.

Despite this evidence, and the endorsement of the
approach by professional bodies11, there is a long clinical
tradition in the UK that the use of STRs should be
avoided, due principally to a fear that fixed dose combina-
tions may limit dose titration flexibility12. As a conse-
quence, only �1.5% of prescriptions for anti-
hypertensives in the UK are for STRs13, compared with,
for instance, more than 50% in the US9. Given that most
of the studies showing the benefit of STRs have been car-
ried out in the US and Germany9,10, it is uncertain
whether the clinical and budgetary benefits identified in
studies carried out elsewhere are also applicable in the UK.

The objective of this study, therefore, is to test two
distinct but related hypotheses that have already been
demonstrated elsewhere, within a UK healthcare context:
(1) That hypertensive patients treated with regimens

containing STRs experience fewer serious cardiovas-
cular events than those treated with regimens con-
taining exclusively individual components; and

(2) That the additional drug acquisition cost incurred by
the use of STRs is offset by savings in the secondary
care budget.

Methods

Study design

The chosen method is a retrospective cohort study, with
sample matching for age, sex, and GP practice, using
patient records drawn from the THIN dataset. The
Health Improvement Network (THIN) provides regularly
updated anonymized primary care data from 479 UK gen-
eral practices using the INPS VISION computer system.
The database includes 3.4 million active patients and a
historical data from a further 5.8 million patients.
Records available for these patients include full prescribing
data, diagnoses from GP and practice nurse contacts, sec-
ondary care referrals, and discharge diagnoses from
hospitals.

Ethics approval for the study was granted by the THIN
Scientific Review Committee (Protocol number 11-053).

Population

Data for this study were drawn from a sub-set of 320 prac-
tices within THIN containing validated data up to 1/1/
2011. The parent population was selected according to
the following criteria:
� Diagnosis of hypertension recorded;
� Age 18þ;
� On any treatment licensed for use in hypertension:
� Thiazide type diuretic (BNF 2.2.1),
� Beta-blocker (BNF 2.4),
� Calcium channel blocker (CCB) (BNF 2.6.2),
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� ACE inhibitor (BNF 2.5.5.1),
� Angiotensin receptor blocker (ARB) (BNF

2.5.5.2),
� Alpha-blocker (BNF 2.5.4),
� Renin inhibitor (BNF 2.5.5.3),
� Vasoldilating antihypertensives (BNF 2.5.1),
� Centrally acting antihypertensives (BNF 2.5.2),

or
� Any combination of these agents; and

� Minimum 5 years follow-up after first record of anti-
hypertensive treatment, unless follow-up was termi-
nated by death.

In order to qualify under the final criterion, no patient
who had initiated anti-hypertensive treatment after 1/1/
2006 was admitted to the dataset. There was no prior cut-
off date specified.

From this parent population, two datasets were selected:
� Group A: Any patient who had received a single tablet

regimen� additional anti-hypertensive agents. STRs
were defined as any combination tablet that incorpo-
rated two or more agents from different treatment clas-
ses, as listed above.

� Group B: An age-, sex-, and practice-matched control
group taking two or more individual component anti-
hypertensive medications who had not received a
prescription for any STR over a 5-year minimum
follow-up period after the first recorded prescription.
For every patient in group A, two matched controls
were selected for group B.

Group inclusion was based purely on whether the
patient had an STR-component to their treatment—no
attempt was made to match patients across classes.

Study variables

For each patient, the following items were extracted from
the record:
� Practice ID;
� Patient year of birth;
� Patient gender;
� List of all anti-hypertensive prescriptions prescribed

(drug name, formulation, strength, quantity, date
prescribed);

� Date of first recorded anti-hypertensive prescription;
� List of all blood pressure readings both pre- and post-

anti-hypertensive prescription;
� Full list of all recorded consultations and documented

referrals and admissions;
� In order to identify those patients with pre-existing

ischemic heart disease or diabetes, any of the following
diagnoses recorded prior to the first recorded anti-
hypertensive prescription were extracted:
� Myocardial infarction,
� Acute coronary syndrome,

� Unstable angina,
� Stable angina,
� Coronary revascularization,
� Ischaemic heart disease (Not otherwise specified),

or
� Diabetes (any type);

� In order to identify cardiovascular outcomes, any of the
following relevant diagnoses recorded after the first
recorded anti-hypertensive prescription were
extracted, with the date of the first recorded diagnosis:
� Death,
� Stroke,
� TIA,
� Myocardial infarction,
� Acute coronary syndrome,
� Unstable angina,
� Coronary revascularization, or
� Heart failure; and
� All records of referral to a hypertension, cardiol-

ogy, or general medical clinic were extracted.

Analysis

Sample size was calculated in order to power the study
sufficiently to demonstrate a 20% reduction in cardiovas-
cular outcomes in year 1. The following assumptions were
used:
� Event rate in control group: 4%;
� Event rate in STR group: 3.2%;
� Ratio controls:STR: 2:1;
� Power: 90%; and
� Alpha: 0.05.

This yielded a required sample size of 8851 in the STR
group and 17,702 in the control group. In order to allow for
losses following data cleaning in the test population, an
initial sample of 10,000 in the STR group and 20,000 in
the control group was chosen.

Preliminary analysis of the original dataset revealed a
degree of cross-contamination—principally patients in the
control group who had received prescriptions for STRs at
some stage since their initial anti-hypertensive prescrip-
tion. These individuals were therefore excluded, yielding
final cleaned populations of 9929 in the STR group and
18,665 in the control group. This fell well within the cal-
culated sample size requirements. The potential loss of
matching of controls due to unequal patient loss during
the cleaning process was taken into account in the analysis
(see below).

Objective 1: To identify the relative risk of any CV
outcomes in the two groups

From the global set of diagnoses and consultations, any
Read codes associated with an adverse cardiovascular
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outcome was extracted and limited to those events occur-
ring after the first prescription date. These diagnoses were
then sorted by date of occurrence and, for each patient, the
first recorded such event following the prescription date
recorded.

Survival analysis
In order to allow for differences in baseline characteristics,
a Cox proportional hazards survival approach was adopted.
Potential covariates were tested using the Cox function, in
order to ascertain whether they exerted an independent
effect on event risk. Only those characteristics that exerted
a significant independent effect were included in the sur-
vival model. Although the original dataset had been
matched for age, sex, and general practice, the loss of
nearly 7% of the control group in the data cleaning process
may have compromised this matching: for this reason it
was planned to include these factors as covariates in the
analysis.

Cox proportional hazards survival curves were con-
structed for both the crude data and data corrected for
confounding characteristics. Events were censored at 10
years. Hazard ratios with 95% confidence intervals were
estimated for the comparison between the two groups.

Objective 2: To assign costs to both prescriptions
and events to allow comparison of the two
groups

In all cases, costs incurred were assessed over the 5-year
period following treatment initiation, with results being
divided into ‘current year’ and ‘years 2–5’.

Hospital admissions
All unique qualifying events occurring in the 5 years post-
treatment initiation were recorded as part of objective 1.
Those events likely to require hospital admission (myocar-
dial infarction, acute coronary syndrome,

revascularization, stroke, TIA) were assigned costings
based on the 2011–12 Payment by Results tariff for
England (see Table 1). The quality of the data recording
for admission events was insufficient to allow accurate
HRG mapping, so broad categories were used instead.

Events included in objective 1, but for which primary
care records were insufficient to determine whether hos-
pital admission had also occurred (principally congestive
heart failure, impaired ventricular function, and death),
were excluded from the costing exercise.

Out-patient referrals
From the global set of diagnoses and consultations, any
record of a new referral to a cardiology, general medical,
or hypertension clinic were extracted and limited to those
referrals occurring after the first prescription date.
Referrals were costed at £214 per first attendance, in accor-
dance with the PbR tariff (Table 1). Attendance at follow-
up appointments is rarely recorded in primary care records
and, therefore, cannot be captured in the costing process.

Prescriptions
Prescription records for anti-hypertensive drugs were
aggregated for each patient over a 5-year period following
the first recorded prescription, with the number of individ-
ual doses prescribed for each agent over the period being
recorded. Current net ingredient cost per dose, based on
the September 2011 edition of the BNF were applied to
these dose records, in order to arrive at a total NHS cost of
drugs used, expressed at 2011 prices. Although some anti-
hypertensive drugs have more than one indication for use
(e.g., calcium channel blockers for angina), it was not pos-
sible to link each prescription with the clinical justifica-
tion for its use and so the cost of all prescription events was
logged.

An additional costing was added to each prescription
issued, in respect of the dispensing fee paid to the pharma-
cist, which is payable per item dispensed. The formula by

Table 1. Payment by results tariff prices used in this analysis14.

Event HRG code HRG description Cost applied

Myocardial infarction EB10Z Actual or suspected myocardial infarction (non-
elective)

£3841

Coronary artery bypass graft EA14Z Coronary artery bypass graft (first time) (elective) £7318
Percutaneous revascularization EA32Z Percutaneous coronary intervention (0–2 stents) and

catheterization (elective)
£3676

Acute coronary syndrome/unstable angina EB01Z Non-interventional acquired cardiac conditions 19
years and over (non-elective)

£802

Stroke AA22Z Non-transient stroke or cerebrovascular accident,
nervous system infections or encephalopathy (non-
elective)

£4264

Transient cerebral ischemia AA29Z Transient ischemic attack (non-elective) £1307
Out-patient attendance WF01B First attendance—single professional £214
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which this is calculated is complex, and there is insuffi-
cient information within GP prescribing data to make an
accurate estimate for each prescription. The estimate was
therefore based on published aggregated returns from the
NHS Business Services Agency which showed that, in the
first half of 2010 the average fee paid to community phar-
macists was £2.07 per item dispensed15. Although not
often included in NHS cost analyses, the dispensing fee
is non-negligible and will often exceed the cost of drugs in
the case of generic prescriptions. It is particularly impor-
tant for this analysis, as STRs incur only a single fee,
regardless of the number of component drugs in the
tablet, while individually prescribed components will
incur one fee per agent prescribed.

Total costs
The three cost variables were then aggregated to arrive at
an estimate of total direct costs incurred per patient per
year.

Results

After cleaning and checking of supplied datasets, there
were 9929 qualifying patients in group A and 18,665 qual-
ifying patients in group B. Baseline characteristics are
described in Table 2.

Therapy

In the 5 years following the first prescription in the STR
group, 2122 patients (21.4%) had exclusively STRs pre-
scribed; 4501 patients (45.3%) had STRþ additional

component anti-hypertensives prescribed; 3306 patients
(33.3%) were switched from STR to individual compo-
nents at some point during follow-up, but did not have
the two regimens prescribed simultaneously.

No patient in the individual component group had an
STR prescription at any stage in the 5 years following the
first anti-hypertensive prescription.

In the STR group, primary prescriptions were for:
� Beta blockerþ thiazide: 41.0%;
� ACE inhibitorþ thiazide: 29.2%;
� ARBþ thiazide: 19.8%;
� Beta blockerþCCB: 9.5%;
� ACE inhibitorþCCB: 0.5%; and
� ARBþCCB:50.1%.

In the individual component group, prescriptions
were for:
� CCB: 24.3%;
� ACE inhibitor: 23.8%;
� Beta blocker: 21.9%;
� Thiazide: 17.5%;
� ARB: 6.8%;
� Alpha blocker: 5.1%; and
� Others: 0.5%.

Cardiovascular events

Overall, there were 2173 first events recorded in group A
(21.9%) and 6285 in group B (33.7%) (see Tables 3 and 4).
The difference in event rates was seen at all time points.
A Cox proportional hazards analysis on the crude data,
without correction for confounding variables, yielded a
hazard ratio of 0.73 (95% CI¼ 0.70–0.76); p50.0001
(see Figure 1).

Table 2. Baseline characteristics.

Group A (single
tablet regimens)

Group B (individual
components)

p-value
(A vs B)

Number of patients 9929 18,665 –
Diagnosis of hypertension 100% 100% 1.0
% Male 44.0% 43.4% 0.80
Age at first prescription (meanþ SD) 61.2 [11.3] 62.5 [11.1] 50.0001
Age at first prescription (range) 22–95 24–95 –
Systolic BP before treatment (meanþ SD) 159.7 [17.4]

(18% had no BP recorded)
154.9 [24.3]

(36% had no BP recorded)
50.0001

Diastolic BP before treatment (meanþ SD) 91.5 [9.1]
(18% had no BP recorded)

90.5 [12.8]
(36% had no BP recorded)

50.0001

Systolic BP after treatment (meanþ SD) 147.8 [12.5]
(0.9% had no BP recorded)

148.2 [13.0]
(0.3% had no BP recorded)

0.011

Diastolic BP after treatment (meanþ SD) 82.4 [7.5]
(0.9% had no BP recorded)

82.7 [7.1]
(0.3% had no BP recorded)

0.001

Target achievement (NICE)
Based on mean BP achieved post-treatment

against 140/90 target

24.9%, at or below target
74.2%, above target

0.9%, no post-treatment BP

23.8%, at or below target
75.9%, above target

0.3%, no post-treatment BP

0.04

Target achievement (QoF)
Based on mean BP achieved post-treatment

against 150/90 audit target

56.0%m at or below target
43.1%, above target

0.9%, no post-treatment BP

52.9%, at or below target
46.9%, above target

0.3%, no post-treatment BP

50.0001
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Corrected results

The following variables were identified as having a signif-
icant independent impact on the risk of a CV event and
were used as variables in a Cox proportional hazards
analysis:
� Age at start of treatment;
� Male sex;
� Previous IHD (myocardial infarct, unstable angina,

stable angina, revascularization); and
� Diabetes.

Post-treatment blood pressure (both absolute values
and target achievement) was not a predictor of outcome.
The corrected hazard ratio of 0.74 (95%CI¼ 0.70–0.77)
was little different from the result obtained for the uncor-
rected analysis (see Figure 1).

Referrals

Overall, there were 1869 referrals to medical or cardiology
clinics recorded in group A (18.8%) and 4429 in group B
(23.7%) (Table 5). Patients on fixed dose combinations
were seen more frequently in the short-term following ini-
tiation of treatment and less frequently in the long-term.

Costs

Table 6 lists the overall costs incurred for the two groups,
across the three categories: admissions, out-patients, and
drug costs. The same data are listed in Table 7, expressed as
a mean cost per patient. The overall mean annual costs
over the 5-year time frame of the analysis were £191.49
(SD¼ 320.93) in group A and £189.35 (SD¼ 405.82) in
group B, representing virtual equality between the two
groups.

Discussion

This analysis has demonstrated that hypertensive adults
treated with regimens including single tablet anti-hyper-
tensives have a significantly lower risk of experiencing a
serious cardiovascular event than patients treated with
separately prescribed anti-hypertensives. The nature of
the database meant that adherence to prescribed therapy
could not be directly assessed—however, it seems likely
that improved compliance on STRs underlies this
observed effect.

The cost savings associated with this lower event rate
almost offset the additional drug acquisition costs, the net
additional cost of STR treatment over a 5-year period
being £10.70 (SD¼ 21.90). The absolute difference in car-
diovascular event rate over this period was 5.3%, meaning
that 18.9 patients would need to be treated with STR over
5 years to avoid one event, at an additional overall cost of
£202.23.

The observed reduction in risk of cardiovascular
adverse events (HR¼ 0.74; 95% CI¼ 0.70–0.77) is con-
sistent with that seen by other authors. In a recently pub-
lished analysis of a large US claims database9, hospital
admissions for cardiovascular reasons were significantly
lower in 382,476 hypertensive patients treated with STR
(IRR¼ 0.71; 95% CI¼ 0.69–0.72) compared with
197,375 patients on individual component therapy. In
this study, however, unlike this analysis, the authors
noted a net financial saving associated with STR use, a
finding that was confirmed in a meta-analysis of 12 other
randomized controlled trials10.

It seems likely that this difference in cost outcomes is
driven by national differences. The majority of current
literature on the subject is derived from analyses of US
practice, where the cost of hospital treatment tends to be
significantly higher than tariff prices in the UK. An admis-
sion for elective coronary artery bypass grafting, for exam-
ple, currently carries a tariff of £7318 in the UK14. In
contrast, an analysis based on 2005 Medicare claims in
the US15 suggested a mean cost for the same procedure
of $45,358, equivalent to £24,950 at the mid-2005
exchange rate. Clearly, given that the benefit of STRs is
driven by a reduction in hospital admissions, higher prices

Table 4. Breakdown of first event by sub-type.

Event* Group A—STRs
(n¼ 9929)

Group B—Individual
components
(n¼ 18,665)

Myocardial infarction 149 (1.5%) 570 (3.1%)
Stroke 156 (1.6%) 360 (1.9%)
Death 5 (50.1%) 42 (0.2%)
Heart failure 169 (1.7%) 649 (3.5%)
Acute coronary syndrome 58 (0.6%) 199 (1.1%)
Transient ischemic attack 177 (1.8%) 369 (2.0%)
Coronary artery bypass 62 (0.6%) 257 (1.4%)
Percutaneous angioplasty 44 (0.4%) 94 (0.5%)
Any qualifying event 820 (8.3%) 2540 (13.6%)

*First event occurring over 5 years following initial anti-hypertensive
prescription.

Table 3. First cardiovascular events.

Group A—STRs
(n¼ 9929)

Group B—Individual
components
(n¼ 18,665)

Any event 2173 (21.9%) 6285 (33.7%)
51 month 39 (0.4%) 190 (1.0%)
1 month–1 year 155 (1.6%) 550 (2.9%)
2–5 years 626 (6.3%) 1800 (9.6%)
0–5 years 820 (8.3%) 2540 (13.6%)
5 yearsþ 1353 (13.6%) 3745 (20.1%)
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will tend to draw the two treatment groups apart, such that
the difference in secondary care expenditure will tend to
overwhelm the relatively small difference in drug acquisi-
tion cost.

The relationship between blood pressure changes and
the observed outcomes in this analysis is, at first sight,
confusing. The STR group had significantly higher mean
pre-treatment blood pressure than those on individual
component therapy. After treatment, however, mean
achieved blood pressure levels were slightly, but signifi-
cantly lower in the STR group, with significantly more
patients achieving both audit and clinical blood pressure
targets. These finding are consistent with the hypothesis
that the use of STRs reduces blood pressure to a greater
extent than individual components, thanks to the benefi-
cial effects on adherence and persistence.

However, regression testing was unable to identify a
significant impact of these blood pressure differences on

the risk of experiencing a cardiovascular outcome. Indeed,
introduction of some of the blood pressure variables pre-
vented the Cox model from converging at all. There are
several possible reasons for this unexpected result.

Given the protocol requirement for 5 years minimum
follow-up, the majority of the pre-treatment data ante-
dated the introduction of QoF and therefore the quality
of blood pressure recording prior to initiating treatment
was not high; 18% of STR patients and 36% of individual
component patients had no blood pressure recorded at all,
while, for more than half of the remaining patients, the
estimate of pre-treatment blood pressure was based on
three or fewer readings. The possibility of selective record-
ing introduces a potential bias into the assessment of this
parameter.

There were potential differences between the two
groups in terms of blood pressure recording. The median
date of first treatment was 11/10/1999 in the STR group
and 2/2/1995 in the individual component group.
Computerization of UK general practice started with
enthusiasts in the late 1980s but was not universal until
the late 1990s. In the early stages of computerization, prac-
tices did not necessarily make a comprehensive clinical
record: this only becoming the norm once incentives
such as QoF made it a necessity. Unfortunately there is
no way of knowing whether the absence of a blood pressure
record for an individual means that no measurement was
made or simply that the record was not entered on the
computer. However, the fact that treatment was more
likely to be initiated early in the evolution of practice

Figure 1. Cox proportional hazards survival analysis (corrected). Censored at 10 years.

Table 5. Referrals to hypertension, cardiology, or general medical OPD.

Group A—STRs
(n¼ 9929)

Group B—Individual
components
(n¼ 18,665)

Any referral 1869 (18.8%) 4429 (23.7%)
51 month 25 (0.3%) 33 (0.2%)
1 month–1 year 131 (1.3%) 209 (1.1%)
2–5 years 603 (6.1%) 894 (4.8%)
0–5 years 759 (7.6%) 1136 (6.1%)
5 yearsþ 1110 (11.2%) 3293 (17.6%)

Journal of Medical Economics Volume 15, Number 5 October 2012

! 2012 Informa UK Ltd www.informahealthcare.com/jme Optimizing adherence in hypertension Belsey 903



computing in the individual component group introduces
a further potential bias for the pre-treatment blood pres-
sure metric.

Finally one must consider the reliability of the data
actually recorded. Records relating to clinical events, pre-
scriptions issued, and referrals made are reasonably robust,
as they are simply records of fact. Blood pressure recording,
however, is less clear cut. There is good evidence from the
literature that recorded blood pressures are susceptible to
recorder bias, with the figure being recorded not necessar-
ily reflecting the true measured blood pressure16.

Overall, the combinations of these potential biases may
well have been enough to blur the connection between
blood pressure control and the observed reduction in car-
diovascular events. Certainly, it is difficult to conceive of
any other reason why STRs should exert this effect.

Study limitations

The primary limitation is inherent to the retrospective
cohort methodology. Because patients have not been ran-
domized to treatment with STRs or individual compo-
nents, there may be factors that have not been identified
that may have influenced this decision and which will
have a bearing on the results. Although the method
allowed for many of these potential confounders to be
taken into account, it is impossible to be sure that all
such factors have been identified.

The second factor relates to the fact that many cardio-
vascular drugs are used for multiple indications.
Thus, beta-blockers and ACE inhibitors may be used for

their cardioprotective role in patients who have had a pre-
vious MI, while calcium channel blockers may be used for
their anti-anginal effect. Where a patient is also hyperten-
sive, it would be reasonable to choose a treatment in the
appropriate drug class to cover both indications. In these
circumstances, it is unlikely that a STR would be chosen,
as the majority of these are combinations of a beta-blocker,
ACE inhibitor, or ARB with a thiazide, a class which has
no particular cardioprotective properties beyond its ability
to lower blood pressure. Although a correction was made
for pre-existing ischemic heart disease in the analysis to
mitigate this effect, there is no way to directly identify
those patients in whom this was the determining factor
in treatment choice, given the limitations of a retrospec-
tive dataset.

Thirdly, although the events constituting the primary
outcome are sufficiently serious to be well recorded in GP
clinical records, for some adverse cardiovascular outcomes
the spectrum of disease is very wide. For instance the diag-
nosis of cardiac failure could imply anything from swollen
ankles to acute pulmonary edema. The information avail-
able to us in this dataset did not allow us to examine any
additional free-text notes entered by the GP. In the
absence of this fine detail, it is possible that some individ-
uals have been included in the primary outcome who
would not clinically have been considered to have serious
cardiovascular disease.

A further issue is that the analysis did not control for
different drug classes. Although the intention was to com-
pare any STR regimen with individual component ther-
apy, it is possible that differences exist between

Table 6. Total direct costs incurred.

Total costs Group A—STRs (n¼ 9929) Group B—Individual components (n¼ 18,665)

Year 1 Year 2–5 Year 1 Year 2–5

Admissions £632,623 £2,430,265 £2,296,276 £7,525,035
Out patients £33,384 £129,042 £51,788 £191,316
Drug costs* £1,248,572 £5,032,712 £1,325,962 £6,280,959

Total £1,914,579 £7,592,019 £3,674,026 £13,997,310

*Includes basic NHS costþ dispensing fee.

Table 7. Mean costs per patient per year.

Mean cost per patient per year (SD) Group A—STRs (n¼ 9929) Group B—Individual components (n¼ 18,665)

Year 1 Year 2–5 Year 1 Year 2–5

Admissions £63.71 (302.15) £61.19 (294.77) £123.03 (402.48) £100.79 (358.87)
Outpatients £3.36 (15.01) £3.25 (14.22) £2.77 (14.75) £2.56 (13.50)
Drug costs* £125.75 (106.20) £126.72 (102.94) £71.04 (75.34) £84.13 (72.11)

Total £192.82 (326.22) £191.16 (318.05) £196.84 (410.04) £187.48 (401.56)

*Includes basic NHS costþ dispensing fee.
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drug classes. This hypothesis should be explored in a future
analysis.

Conclusion

This retrospective cohort study has confirmed the asso-
ciation observed by other authors that patients treated
with single tablet regimens are less likely to experience
serious cardiovascular events than those on individual
component therapy. Although it seems likely that this
effect is mediated by improved blood pressure control, it
has not been possible to confirm this assumption, due to
data limitations. In a UK context the study has shown
that the reduction in cardiovascular events results in a
reduction in healthcare costs that approximately
matches the additional drug acquisition costs associated
with STRs. These agents can therefore be considered
cost neutral.
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