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Abstract Objective This ‘‘proof of concept’’ study aimed

to assess the cost effectiveness of pharmacists giving ad-

vice via telephone, to patients receiving a new medicine for

a chronic condition, in England. Methods The self-regula-

tory model (SRM) theory was used to guide development

of our intervention and used in training pharmacists to

adopt a patient-centred approach. Non-adherence to new

medicines for chronic conditions develops rapidly so we

developed a study intervention in which a pharmacist

telephoned patients two weeks after they had started a new

medicine for a chronic condition. Patients were included if

they were 75 or older, or were suffering from stroke, car-

diovascular disease, asthma, diabetes or rheumatoid

arthritis, and were randomized into treatment or control

arms. Main outcome measures were non-adherence and

cost to the UK NHS, obtained via a questionnaire sent two

months after starting therapy. Cost of the intervention was

also included. Incremental cost effectiveness ratios

(ICERs) were generated. Results Five hundred patients

were recruited. At 4-week follow-up, non-adherence was

significantly lower in the intervention group (9% vs 16%,

p = 0.032). The number of patients reporting medicine-

related problems was significantly lower in the intervention

group compared to the control, (23% vs 34% p = 0.021).

Mean total patient costs at 2-month follow-up (median,

range) were intervention: £187.7 (40.6, 4.2–2484.3);

control: £282.8 (42, 0–3804) (p < 0.0001). The interven-

tion was dominant (less costly and more effective). If the

decision maker is not willing to pay anything for one

extra adherent patient, there is still a 90% probability that

the intervention is cost effective. Conclusions These

findings suggest that pharmacists can meet patients’ needs

for information and advice on medicines, soon after

starting treatment. While a larger trial is needed to confirm

that the effect is real and sustained, these initial findings

suggest the study intervention may be effective, at least in

the short term, with a reduced overall cost to the health

provider.
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Impact of findings on practice

• A telephone based pharmacy advisory service seems to

reduce non-adherence in elderly medicine users.

• The sustainability of the impact of such a service needs

to be studied in a large trial.

Introduction

Harm caused by non-adherence to appropriately prescribed

medicines is an important public health issue in most

chronic illnesses [1–5]. Potential consequences of non-

adherence are health benefits forgone[6] and personal and
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social economic burden. The economic wider societal

burden of non-adherence, if it exists, arises from morbidity

associated with sub-optimal medicine use, and includes

cost to the patient, cost to the health care provider and cost

to society. Cost of illness in the US due to non-adherence

was estimated at $100 bn per annum in 1997[7] and is

referred to as the nation’s ‘other drug problem’ [8]. In

Canada, cost of illness due to non-adherence was estimated

at $8 billion in 1998 [9]. Non-adherence causes unsched-

uled hospital admissions [10]. In the UK, 6.5% of adult

hospital admissions may be medicine-related, 30% of these

due to non-adherence to medicines for chronic illness [11].

However, interventions to improve adherence are often

complex, costly and not very effective [12]. A Cochrane

review discovered only 58 satisfactorily designed studies of

interventions, of which 26 improved adherence; these were

complex and multifaceted [13]. A recent review of 45

studies on efficiency of adherence-enhancing interventions

suggested that studies were limited by the validity of the

adherence-enhancing interventions, quality of interven-

tional study design, and quality of economic evaluation

[12]. Cost data were particularly badly prepared and

analysed. Many interventions were very resource-intensive

and, if implemented widely, would divert large amounts of

resources from other aspects of health care. From these

reviews, and others, it is clear that future interventions to

improve adherence must be developed systematically, with

staged studies accumulating evidence for effective, effi-

cient and deliverable solutions. The recently developed

MRC framework for complex interventions supports this

systematic approach [14]. A recent university-hospital

based intervention carried out by pharmacists improved

both adherence and outcome, showing that well-designed

studies can demonstrate the value of pharmacist-led ser-

vices [15]. However, carrying out adherence-enhancing

interventions in the community carries different challenges.

Previous research suggests that non-adherence to new

medications for chronic conditions develops rapidly, 30%

of patients were non-adherent 10 days after starting ther-

apy [16]. Therefore, we developed a study intervention in

which a pharmacist telephoned patients two weeks after

they had started a new medicine for a chronic condition.

We followed the Medical Research Council (MRC)

framework, using theory-based intervention components in

an exploratory trial to explore the feasibility of that inter-

vention [14]. Details of the process of the intervention, and

the safety, utility and patient acceptability of the inter-

vention have been reported elsewhere [16]. In this study we

assess the cost effectiveness of the study intervention,

compared with current counselling or medicine provision

service in community pharmacy, from the perspective of

the health provider (the UK National Health Service

(NHS).

Methods

Design

A randomised controlled trial was carried out to assess the

effect of the study intervention on adherence and associ-

ated costs of the study intervention. The study was

approved by the London Multi-Centre Research Ethics

Committee.

Selection criteria and randomisation

Patients were recruited from a convenience sample of 40

Moss (now Alliance) community pharmacies across Eng-

land. Patients were identified if they were receiving the first

prescription for a new medicine for a chronic condition.

Patients within this group were eligible if they were 75 or

older, or suffering from stroke, cardiovascular disease,

asthma, diabetes, or rheumatoid arthritis. Exclusion criteria

were an inability to understand written or spoken English

or not having a telephone. Patients were recruited oppor-

tunistically when they presented a prescription in one of the

pharmacies, and gave consent before entering the study.

Randomisation was by the pharmacist giving a sealed

envelope to the patients, this contained their treatment

group; the pharmacist was blind to the contents. The

pharmacist recorded the name and address of the patient

and referred this to the intervention pharmacists.

Intervention

The intervention group received a telephone call from one

of two community pharmacists at the head office of the

Moss group of pharmacies, two weeks after the patient was

recruited. The intervention phone call was based on a semi

structured interview schedule developed previously [16].

The self-regulatory model (SRM) theory and the necessity-

concerns framework were used to guide development of

the intervention as they recognise that adherence can be

influenced by patients’ beliefs about their illness and

treatment [17;18]. This theory was used in training

pharmacists to adopt a patient-centred approach. The

pharmacist listened to the patient’s problems and gave

advice if needed. The pharmacist asked patients ‘How are

you getting on with your medicines?’, enquired about any

medicine-related problems, adherence to the new medicine

and whether they required any further information. The
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pharmacist followed the flow of the patient’s conversation,

using the interview schedule as a checklist if the patient

spoke of issues in a different order. The pharmacist gave

information, advice or reassurance in response to the pa-

tients’ expressed needs.

Collection of data

Four weeks after recruitment a researcher phoned the

patient and interviewed them about their medicines and the

intervention (if they received it). The researcher recorded

self reported non-adherence. In our study, based on

recommendations from the literature, non-adherence was

defined as a self report of at least one dose of the new

medicine having been missed in the last seven days [19].

The perspective of the economic evaluation was the

NHS, so data were required on the use of primary care and

secondary care resources. The data were collected for the

two month period after the initiation of the new medicine.

To obtain these data, a second questionnaire was sent to the

patients two months after starting therapy.

Sample size

Sample size was calculated from the primary outcome

measure, using a clinically useful reduction in self reported

non-adherence from 22% to 12%, based on an alpha of

0.05 (two sided) and a power of 80%. Assuming 10% of

patients dropped out 490 patients were needed.

Analysis

The perspective of the study was that of the NHS in terms

of the direct costs of providing a pharmacist based inter-

vention to improve patients’ adherence and related follow

up care. It was not possible to calculate sample size on the

basis of cost due to lack of prior work in this area. NHS

resource use data (NHS contact, pharmacist training and time)

were collected prospectively for each patient six weeks after

the intervention and combined with unit costs for 2004/5. The

total cost was calculated for each of the patients enrolled in the

trial who completed follow-up. The data were not normally

distributed, so non-parametric bootstrapping was used to

compare arithmetic means of cost data [20).

A decision analytic model was developed to generate

incremental cost effectiveness ratios (ICERs), expressed as

cost per extra adherent patient. Data were applied to the

model as outlined in Fig. 1. The ICER was generated from

the following expression:(Cost intervention – Cost con-

trol)/(Outcome intervention - Outcome control).

The 2.5% and 97.5% percentiles of the ICER distribu-

tion were obtained by generation of a bootstrap estimate of

the ICER sampling distribution. Non-parametric boot-

strapping with replacement was employed, utilising MS

Excel�, using 1000 iterations.

Uncertainty in cost effectiveness analysis exists on two

levels: uncertainty in the estimated values of cost effec-

tiveness and uncertainty around the maximum (or ceiling)

cost effectiveness ratio that a decision-maker would con-

sider acceptable [21]. We constructed a cost effectiveness

acceptability curve to reflect uncertainty in costs, effects

and the maximum willingness to pay.

Results

Five hundred patients were recruited and consented from

40 Moss community pharmacies in eight areas of England,

from Cornwall to Yorkshire. Eight patients were ineligible,

leaving 255 patients in the intervention group and 237 in

the control group. Drop-out occurred when the patient had

been taken off the new medicine by their doctor, happening

to 48 (19%) of the intervention group and 29 (12%) of the

control group. The response rates to the questionnaires

were 72% (intervention) and 66% (control). The section on

use of resources was responded to by 87 in the intervention

group and 118 in the control group. This substantial loss to

follow-up could affect internal validity, and reduced power

to detect statistically significant differences in cost. Those

patients who were lost to follow up did not have signifi-

cantly different demographics (age, sex, comorbidities,

work status, prescription payment status) or 4-week

adherence from those patients included in the economic

analysis.

Adherence

In the 205 patients used in this analysis, non-adherence was

significantly lower in the intervention group (10/87, 11%)

when compared to the control group (23/118, 19%),

p < 0.05. Adherence at 4 weeks was assumed to remain

unchanged at 2 months, when the cost data were collected.

Fig. 1 Decision analytic model for the pharmacy-based intervention

compared with control ‘‘further NHS contact’’: GP, accident and

emergency, and outpatient visits, and hospitalizations
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Costs

The intervention pharmacists made a median of one (1st,

3rd quartiles: 1,2) call per patient and spent a median of 12

[8,18] min on each call. Associated administration took a

further median of 6 [4,10] min per patient.

Frequency of patient contact with the NHS was not

significantly different between the control and intervention

(Table 1). However, once these data were combined with

unit costs listed in Table 2, the difference in costs was

highly significant, suggesting that the intervention group

had a significantly lower cost to the NHS (Table 2).

Incremental economic analysis

ICERs were generated for the primary outcome measure

against total cost in the sample of patients with both cost

and outcome data (n = 205). The mean ICER was -£2168

per extra adherent patient (median -£1116, 2.5th percentile:

-£12925, 97.5th percentile: £7227). The intervention was

more effective and less costly, suggesting that the inter-

vention was dominant. Figure 2 shows the distribution of

the bootstrapped ICERs on the cost effectiveness plane. It

can be seen that most of the ICER point estimates are in the

south east quadrant, suggesting a high probability that the

intervention is dominant (more effective and less expensive

than normal treatment).

A cost effectiveness acceptability curve (CEAC) pro-

vides a measure of the probability that an ICER will be less

than the decision-maker’s ceiling willingness to pay.

Generating a CEAC shows there is an 90% probability that

this intervention is cost effective for the English National

Health Service even if the decision-maker is not willing to

pay anything for one extra adherent patient.(see Fig. 3)

Discussion

Adherence-enhancing interventions, policies or initiatives

use scarce resources, so should be informed by theory,

based on causes for non-adherence and targeted at key

patient groups. A cost-effective intervention to enhance

adherence is one that is effective in reducing the burden of

illness associated with non-adherence, at an optimal level

of resource use.

These findings provide evidence that a telephone call

from a pharmacist, with the aim of solving patients’

problems with a new medicine, can significantly reduce

non-adherence and is less costly than usual care. These

findings are tentative as the study was a feasibility study

and was not powered for an economic evaluation. We

developed an intervention based on theories of non-

adherence in an exploratory trial to explore the feasibility

of that intervention using the MRC framework [14]. Our

intervention is novel in that it is relatively simple and

cost-effective. This contrasts with the findings from the

Cochrane review which found most effective interventions

to be complex, difficult to implement in practice and

resource intensive [24]. This intervention may have general

applicability across a wide range of patients and, in the way

we have applied it, across a wide geographical area. Recent

developments in remuneration for professional community

pharmacy services in the UK mean that this service is now

also likely to be deliverable in practice [25].

The next stage is to test this hypothesis and to carry out

a definitive RCT with appropriate statistical power [14].

Limitations of this study are the methods used to recruit

pharmacies, measure adherence, health provider resource

use and length of follow-up, and loss to follow-up. The use

of a convenience sample of pharmacies may have intro-

duced some bias. There is no standard measurement of

adherence. The most commonly used methods are self-

report, using health care providers’ judgement, prescription

Table 1 Summary of patient demographics and contact with the NHS

Proportion of patients (%) Control

(n = 118)

Intervention

(n = 87)

Sex (% male) 51 44

Mean age (range) 67 (34–85) 67 (28–88)

Condition (% reporting)

Angina 4 2

Arthritis 7 10

Asthma 4 6

High blood pressure/heart 52 47

High cholesterol 8 8

Diabetes 11 8

Stroke 0 2

Other 1 14

Don’t know 1 3

Employment status

Working 19 20

Retired 73 71

Not in paid employment 8 9

Pay for own prescription 96 95

One or more GP visits (mean number

of visits per patient)

80.0 (1.53) 81.4 (1.34)a

One or more Accident and Emergency

visits (mean number of visits per

patient)

9.0 (0.14) 2.6(0.03)b

One or more outpatient visits (mean

number of visits per patient)

32.0 (0.51) 36.3 (0.46)c

One or more hospitalisations (mean

number per patient)

8.9 (0.18) 3.9 (0.06)d

a v2: 0.005, p = 0.946; b v2: 2.06, p = 0.151; c v2: 0.193, p = 0.660;
d v2: 1.04, p = 0.308
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filling, electronic measurement devices, tablet counts,

canister weights, clinical outcome measures and measure-

ment of blood or urine levels of the medicine [26]. Self-

report has been shown to provide increased rates of

adherence to asthma medications over other methods [27–

29]. Respondents commonly cannot accurately recall their

adherence or may intentionally exaggerate their adherence

to avoid being perceived negatively. [30] Self-report of

non-adherence is generally accurate, because if a person

reports that they are non-adherent, it is likely that they are

truly non-adherent [31]. This suggests that the difference in

adherence demonstrated in this study is informative, even if

the baseline overestimates overall adherence levels. Health

provider resource use was reported by patients, not ob-

tained from medical records, so the quality of these data

were reliant on patient recall, and may over or underesti-

mate actual resource use. In future, more reliable methods

need to be investigated to obtain sources of health care

Table 2 Principal patient-based resource use and costs

Cost parameter Cost per unit resource use (£)[22, 23] Control (n = 118)

(£)

Intervention (£)

(n = 87)

Mean GP costs (median, range) 21 26.3 (21.0, 0–63.0) 23.2 (21.0, 0–63.0)

Mean Accident and Emergency costs (median,

range)

100 10.1 (0, 0–300) 2.3 (0, 0–100)

Mean outpatient costs (median, range) 251 97.8 (0, 0–753) 98.1 (0, 0–502)

Mean hospitalization costs (median, range) 1168 148.5 (0, 0–3504) 53.7 (0, 0–2336)

Mean NHS costs (median, range) (GP + A&E + outpatient + inpatient) 282.8 (42.0, 0–

3804)

177.3 (21.0, 0–2478)

Mean intervention costs (median, range) £30 per hour (Moss Pharmacist) + call

tariff

0 10.9 (9.2, 2.1–40.8)

Mean total patient costs (median, range) NHS costs + intervention costs 282.8a (42.0, 0–

3804)

187.7a (40.6, 4.2–

2484.3)

a Bootstrapped t-test (assuming unequal variance): t: 45.39, p < 0.00001
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contact information, as many patients were lost to follow-

up, reducing the internal validity of the data. Also, it is

likely that the two month follow-up period of this study

was not long enough to detect health-related resource use

triggered by non-adherence. The resource-related conse-

quences of morbidity caused by non-adherence can take

many years to present. For example, tight blood pressure

control (ACE inhibitor or beta-blocker) reduces risk of

diabetic retinopathy, but the improvement is only signifi-

cant after 4.5 years of treatment [32]. The follow-up period

is also not long enough to assess the long-term impact of

the intervention. A future study should also include

assessment at a later time, at least six to twelve months

after the intervention, to determine whether the effect is

sustained, and should ideally show an improved clinical

outcome, although this is difficult in interventions like this

that cover many disease states. The sample size here was

too small to allow disease-specific analysis, but future

studies need to focus on specific disease states to assess

their different impact. One of the study limitations is the

opportunistic recruitment of patients in the community

pharmacy affecting the generalisability of the sample. This

has been reported as a limitation in other studies of the

same design [33]. It may be attributed to pharmacists’

inexperience and initial hesitation with informed consent

and enrollment procedures. Simpson et al (2001) reported

that patients were sometimes surprised when approached

by their pharmacist for participation in a ‘‘research study’’

[33].

Other studies have shown that pharmacists working with

patients and their medicines can improve adherence, and

also, clinical outcomes such as the control of blood pres-

sure[15;34] and heart failure [35]. Current health policy in

the UK is expanding the role of the pharmacist and other

health professionals into a greater involvement in medi-

cines management and both supplementary and indepen-

dent prescribing [36–38]. These developments allow the

funding of new professional services, including payment

for community pharmacists for medication use reviews.

Importantly, the benefits of adherence to effective medi-

cation can only be realised if appropriate prescribing takes

place so these interventions need to be carried out along-

side evidence-based prescribing. National Service Frame-

works (NSFs) outline optimal prescribing in key areas such

as diabetes, cardiovascular disease and the elderly [39–41].

Conclusions

In summary, clinical practitioners need support in their

management of people with chronic illness in both pre-

scribing and supporting adherence. Management of most

chronic illness is based on a complex set of strategies,

many promoting the use of regular medication when the

patient is symptom-free. It is perhaps, not surprising that

adherence to some medication is low [42]. It is clear that

trying to coerce patients into using medicines that they are

unwilling or unable to use, will result in failure.

Interventions to improve adherence must be effective,

patient-centred and provide value for money for the health

care provider. Our proof of concept study suggests that a

relatively simple intervention by a pharmacist in the early

stages of a new medication can improve adherence at

overall reduced cost to the health care provider and is

acceptable to patients. Further work is required, namely a

larger study is needed to see if the effect is sustainable, and

also to examine how this intervention could be carried out

on a larger scale within current models of service delivery.
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