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Abstract: Objective: Non-compliance in clinical studies is a significant issue, but causes remain unclear.

Utilizing the Elaboration Likelihood Model of persuasion, this study assessed the psychophysical peripheral 

cue 'Interactive Voice Response System (IVRS) call frequency' on compliance.

Methods: 71 participants were randomized to once daily (OD), twice daily (BID) or three times daily (TID) 

call schedules over two weeks. Participants completed 30-item cognitive function tests at each call. 

Compliance was defined as proportion of expected calls within a narrow window (±30 min around scheduled 

time), and within a relaxed window (-30 min to +4 hour). Data were analyzed by ANOVA and pairwise 

comparisons adjusted by the Bonferroni correction.

Results: There was a relationship between call frequency and compliance. Bonferroni adjusted pairwise 

comparisons showed significantly higher compliance (p=0.03) for the BID (51.0%) than TID (30.3%) for the 



narrow window; for the extended window, compliance was higher (p=0.04) with OD (59.5%), than TID 

(38.4%).

Conclusion: The IVRS psychophysical peripheral cue call frequency supported the ELM as a route to 

persuasion. The results also support OD strategy for optimal compliance. Models suggest specific indicators 

to enhance compliance with medication dosing and electronic patient diaries to improve health outcomes 

and data integrity respectively. 
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FIGURES

71 participants randomized

OD Calls
(n = 23)

BID Calls
(n = 25)

TID Calls 
(n = 23)

18 (78.3%) 
Completed

16 (64%) 
Completed

10 (43.4%) 
Completed

Fig. 1: Patients completing the trial with each call strategy 

Figure



Fig. 2: End of study phase results for randomized trial participants (N=71). 



FIGURE LEGENDS

Fig. 1: Patients completing the trial with each call strategy 

Fig. 2: End of study phase results for randomized trial participants (N=71). 
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ABSTRACT

Objective: Non-compliance in clinical studies is a significant issue, but causes remain 

unclear. Utilizing the Elaboration Likelihood Model of persuasion, this study assessed the 

psychophysical peripheral cue ‘Interactive Voice Response System (IVRS) call frequency’ on 

compliance.

Methods: 71 participants were randomized to once daily (OD), twice daily (BID) or three 

times daily (TID) call schedules over two weeks. Participants completed 30-item cognitive 

function tests at each call. Compliance was defined as proportion of expected calls within a 

narrow window (±30 min around scheduled time), and within a relaxed window (-30 min to

+4 hour). Data were analyzed by ANOVA and pairwise comparisons adjusted by the 

Bonferroni correction.

Results: There was a relationship between call frequency and compliance. Bonferroni 

adjusted pairwise comparisons showed significantly higher compliance (p=0.03) for the BID 

(51.0%) than TID (30.3%) for the narrow window; for the extended window, compliance was 

higher (p=0.04) with OD (59.5%), than TID (38.4%).

Conclusion: The IVRS psychophysical peripheral cue call frequency supported the ELM as a 

route to persuasion. The results also support OD strategy for optimal compliance. Models 

suggest specific indicators to enhance compliance with medication dosing and electronic 

patient diaries to improve health outcomes and data integrity respectively. 
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1. Introduction

Patient compliance can be defined as the extent to which an individual’s behaviour coincides 

with medical advice [1] or more generally to their compliance with clinical trial procedures.

Suboptimal compliance to treatment regimens has been observed in approximately 50% of 

patients with chronic diseases [2]. It has been reported to impact treatment efficacy, resulting 

in poor clinical outcomes, increased hospitalizations, reduced overall quality of life and 

increases overall healthcare costs [3]. If health outcomes are to be assessed in clinical trials, 

high levels of patient compliance are vital [4] – to the intervention under examination (such 

as a prescribed medication) [5], to protocol assessments and procedures [6], and to the 

completion of patient reported outcomes (PRO) tools such as electronic patient diaries

(electronic devices that can be used by patients to capture events such as symptoms and 

quality of life outcomes) [7]. Despite this, high levels of non-compliance have been reported 

in all these areas [5,6,7]. Of particular interest to this study are patient diaries, which are

increasingly used in clinical trials to assess both quantitative (e.g., number of doses of 

‘rescue’ medication) and qualitative (e.g., quality of life) parameters. Here the evidence about 

compliance is mixed with both poor [8] and high [9] compliance noted for diaries 

administered by telephone using Interactive Voice Response Systems (IVRS). In IVRS, study 

participants use a touch-tone telephone to respond to pre-recorded messages; responses are 

transmitted in real-time to a central database for later analysis [10–12]. Little is known about

the cause of this variable behaviour [2]. 

In this study, we sought to examine one of the potential causes of sub-optimal compliance –

dosing frequency. There is some evidence (although inconsistent) that reducing dosing 

frequency may enhance compliance [13–17]. However, this evidence generally comes from 
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clinical trials, where the results can be influenced by the efficacy or adverse effects of the 

drugs being studied. This study therefore utilized a novel design, in which an IVRS system 

was used to model dosing frequency and patient diary compliance by varying the parameter 

‘IVRS call frequency’. Such a model will support targeted development and meaningful 

evaluation of interventions to enhance compliance in clinical trials.

1.1.  Models for understanding suboptimal compliance

The Elaboration Likelihood Model (ELM) of persuasion, developed by Petty & Cacioppo 

[18] is a dual-process model that proposes two routes to persuasion along an elaboration 

continuum and comprise the peripheral route, and the central route. The ELM is a useful 

model for enhancing compliance because by understanding aspects of persuasion, compliance 

can be optimized. Since, in general, compliance relies on superficial peripheral cues under 

conditions of low elaboration (i.e., encouraging participants low in motivation to complete an 

assessment under potentially distracting conditions) [19], IVRS is therefore an ideal model 

for compliance – with a previous study providing evidence of good compliance and high 

participant acceptability of the technology employed [20]. Our design was based on the study 

of psychophysics, which theorizes that it is possible to physically measure the impact of 

various psychological parameters [21]. We accomplished this by manipulating a peripheral 

cue (call frequency) and determined the impact on the psychological parameter ‘compliance’. 

This peripheral cue is therefore described as a ‘psychophysical’ peripheral cue. 
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1.2. Study aim and hypothesis

The study sought to provide an insight into causes of sub-optimal compliance, with a 

particular focus on compliance to medication regimen and patient diaries. The main aims

were to assess the level of compliance to the completion of an IVRS patient diary over 13

days, and to act as a model of medication dosing by varying the peripheral cue ‘call 

frequency’. The null hypothesis was that compliance is not associated with call frequency.

The primary objective was to assess the effect of the IVRS psychophysical peripheral cue 

variable ‘call frequency’ (OD [once daily], BID [twice daily], TID [three times daily]) on 

rates of compliance over 13 days. Secondary objectives included an assessment of the impact 

of these call frequencies on the cognitive function variables Simple Reaction Time (SRT) and

Choice Reaction Time (CRT), and the effect on variables of the Eysenck Personality 

Questionnaire (EPQ).

2. Methods

2.1. Design

This was a single centre, randomized study in healthy adults aged over 18 years. On Day 1, 

participants called into IVRS to complete a set of baseline assessments. They were then 

randomized to one of three call frequencies (OD, BID, TID). Post-randomization, participants 

contacted the IVRS daily for 13 days, with a study completion call on Day 15 to assess 

participant experiences and acceptability of IVRS diaries. 

The study received local ethics committee approval and all participants gave written informed 

consent prior to the start of the study.
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2.2. Inclusion and exclusion criteria

Male and female Participants aged 18 years or over were enrolled. There were no restrictions 

with regards to medical history or gender, and no other inclusion / exclusion criteria were 

applied. Recruitment was by open invitations distributed to internal staff at The ClinPhone 

Group Ltd and external participants already known to the authors. 

2.3. Procedure

Participants (N=71), were randomized using an IVRS automated sequential selection from a 

blocked randomization list in the ratio 1:1:1 to a OD, BID or TID call schedule. IVRS 

facilities were provided by The ClinPhone Group at their Head Office, Nottingham, UK.

During the call on Day 1, as part of the randomization transaction, baseline demographics and 

EPQ variables (including a measure of extraversion and neuroticism) were collected. The 

EPQ is an example of a 101-item validated research tool that measures three major 

components of personality, namely extraversion, neuroticism and psychoticism [22]. The 

purpose of collecting EPQ data was to investigate the effect of personality dimensions 

extraversion and neuroticism on compliance.

During the call on Day 1, participants specified their preferred IVRS call times and were 

requested to call as close as possible to those times. Participants randomized to a BID or TID 

schedule were required to allow a minimum of 4 hours between each IVRS call to model as 

close as possible a medication dosing schedule. Where a call was made more than one hour 

prior to a scheduled call time, participants were advised to call back at the scheduled date / 

call time. Calls more than 4 hours after the scheduled call time were defined as missed. 
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Where a call was missed, on next logging into the system, participants were presented with

an automated missed call questionnaire for each missed diary transaction. This assessed

reasons for the missing call, such as ‘forgot’ and ‘lack of access to a telephone’.

Each IVRS call, irrespective of randomized assignment, consisted of two cognitive function 

tests – Simple Reaction Time (SRT) and Choice Reaction Time (CRT). These were

developed and validated for use with IVRS by Cognitive Drug Research (CDR; Goring-on-

Thames, UK) as components of patient diaries.

SRT measures the power of concentration and alertness, where a faster response indicates 

more processes are being called upon to action the task. This 30-item test involved pressing 

the ‘9’ key on the telephone keypad in response to an audible “Yes” prompt. CRT measures 

continuity of attention, where a higher score reflects ability to sustain concentration. In this 

30-item test, participants were instructed to press the ‘9’ key in response to the audible “Yes” 

prompt or the ‘7’ key in response to the word “No”. In both tests, the intervals between 

prompts varied to avoid a learned response. The total time required to complete the SRT and 

CRT tests was approximately 2 minutes. On completion of the tests, participants were 

advised of the date and time of their next scheduled call.

The final transaction on Day 15 was the end of study (completion) phase call to obtain 

participants perceptions about the ease of use of IVRS, and their experiences of the study 

design. No follow-up data were obtained from participants who discontinued the study; these

participants were classified as ‘lost to follow-up’.
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2.4. Statistical analyses

A sample size calculation was performed with a crude estimate of the variability where the 

SD was assumed to be one quarter of the range i.e. 25%; in the event this turned out to be 

quite accurate. Then with a two-tailed test adjusted for multiple comparisons, it was 

calculated that 75 patients would be required to detect differences of 25% with 90% power.

Compliance variables were analyzed for all randomized participants including those who 

discontinued prior to Day 15. Compliance was defined by two key variables, namely:

 Proportion of calls within a narrow window around the scheduled time points (defined 

as the period from 30 minutes before until 30 minutes after each specified time point)

 Proportion of calls within the relaxed window (defined as the period from 30 minutes 

before until 4 hours after each specified time point, thereby also incorporating the 

narrow window).

These values were expressed as the percentage of the expected calls that were actually 

made/recorded/completed, where the number of expected calls was calculated by multiplying 

the number of participants randomized into each group by the IVRS call frequency of that 

group for the entire scheduled length of the study. Thus if a participant dropped out 

prematurely, his/her expected number of calls was not reduced.

Data were analyzed using an ANOVA, where the independent factor was the call strategy 

group (OD, BID or TID), and dependent variables were respectively the percentage of calls 

within the narrow window, and percentage of calls within the relaxed window. Significance 

was determined with respect to the 5% level (two-sided); the Bonferroni correction was 

applied to adjust for multiple comparisons. A two-sided test was employed because it was not 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Page 11 of 25

known whether the increased frequency could aid memory and thus compliance even though 

of course the compliance burden was greater as the call frequency increased. The influence of 

the continuous scale covariates measured (EPQ, SRT and CRT) were examined by analysis 

of covariance (ANCOVA) with call group strategy as an independent factor. It was realized

that SRT and CRT were post randomization variables which could complicate the 

interpretation of any significant results and so this was seen as an exploratory analysis. 
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3. Results

3.1. Participants

Participants were recruited to a single call centre in Nottingham, UK. Of the 71 randomized 

participants, 44 (62%) completed the study (Fig.1). As a result of the length of time required 

to recruit 71 participants, and the resource implications of extending the recruitment period 

further, recruitment had to be closed before the enrolment of all 75 participants required 

according to the sample size calculation. Participants who prematurely discontinued were not 

followed up, so reasons for withdrawal are unknown. Demographic and baseline 

characteristics were well balanced between the randomized groups (Table 1). For the EPQ, 

mean scores of extraversion and neuroticism between the three groups were also well 

balanced.

3.2.  IVRS compliance

For the narrow window (32.1% of calls made), the overall ANOVA analysis revealed a 

statistically significant difference between the three call frequency groups (p=0.03). Similarly 

for the relaxed window (67.9% of calls made), there was an overall difference (p=0.03).

In the Bonferroni adjusted pairwise comparisons for the narrow window, compliance was 

significantly enhanced with a BID schedule compared with a TID schedule (Table 3). For this 

window the OD schedule showed no statistical difference from BID or TID schedules. In 

contrast, with the relaxed window the OD call schedule revealed the highest levels of 

compliance when compared to the BID or TID call schedule with the difference between OD 

and TID being statistically significant.
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In response to the missed call questionnaire, the majority reason given (in 10–13% of cases) 

for missing the scheduled call was due to participant forgetfulness. Other reasons included

‘too busy to call’, ‘no access to a telephone’, ‘lack of interest in the trial’, ‘system issues’, 

‘data confidentiality concerns’, ‘don’t remember reason for failure to call’ and ‘other’.

3.3.  SRT and CRT

There was evidence within the groups that task repetition increased accuracy, where the 

percentage of correct responses for the CRT test improved slightly with increasing the daily 

call frequency (Table 4); the SRT test was virtually always correct in all instances. However, 

ANOVA analysis showed no statistically significant effect of SRT or CRT performance on 

compliance (Table 5). 

3.4. EPQ

ANOVA analysis showed no statistically significant relationship between baseline EPQ 

Extraversion or EPQ Neuroticism scores and compliance, whether using the narrow window 

or the relaxed window (Table 5).

3.5. End of study phase

In the end of study evaluation, participants generally scored the IVRS system highly for ease 

of use and clear instructions (Fig. 2). Participants liked the use of reminders at the end of 

each call, although a need for further improvements in IVRS speed and reliability was 

highlighted, as was the ability to alter selected daily call times.
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With the exception of the number of calls made per day, there was good agreement in the 

feedback received from the three groups.
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4. Discussion and Conclusion

4.1.  Discussion

The first objective of this study was to examine the effect of three different call schedules on 

compliance while using IVRS diary data capture as a model of medication dosing. The 

secondary aims of the study were to explore the effect of call frequency on cognitive function 

variables and the effect of personality variables on compliance. Two key variables were used 

to assess compliance: the proportion of calls completed within a narrow window around the 

specified calls times; and the proportion of calls completed within a relaxed window.

In this study provide a number of important contributions to the literature. Firstly, changes in 

the peripheral cue ‘IVRS call frequency’ were shown to influence compliance. This result

partly supported the hypothesis that reduced call frequency would be associated with 

increased rates of compliance. Thus with the relaxed window, the overall (numerically) 

highest rate of compliance was observed with the OD schedule – consistent with the theory 

that once-daily dosing is superior to more frequent dosing regimens [13–17]. Indeed, the rate 

of completed calls within the relaxed window was considerably higher (38% to 60%) for the 

OD schedule than for the TID schedule. For the narrow window, although the percentage of 

calls completed was numerically higher with the OD schedule than the TID schedule, the 

highest rate of compliance was observed with the BID frequency.

It is also clear from the results that imposing a narrow time window reduces compliance, 

regardless of call frequency, when compared with an expanded window. This accords with 

published data, in which compliance nearly doubled with a relaxed completion window of 90 

minutes, compared with a strict 30-minute completion window [7]. The slightly higher 
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compliance rate observed in this study for the BID schedule in contrast to the OD schedule 

for the narrow window may suggest that, at least when participants are able to select their 

own call times, a more regular, structured frequency has some advantages. However, the 

differences in compliance between the OD and BID schedules were marginal, and so care 

should be taken in any such interpretation. The much-reduced rate of compliance with the 

TID schedule suggests a lifestyle element to compliance whereby OD schedules may fit in 

better with daily routines than TID schedules.

The low overall rates of compliance in this study (up to 60%), and the relatively high 

discontinuation rate make the interpretation of the results of the study challenging. Previously 

reported rates of compliance with electronic diaries, particularly IVRS, are variable [5]. This

may be, at least in part, due to the recruitment of healthy volunteers who had little incentive 

to participate in, or complete, the study. However, participants reported little difficulty with 

the diary procedures and were not unduly burdened by the call strategies, and so it would 

appear that the design of the study per se was not the cause of the lower than anticipated 

compliance and completion rates. Given that rates of compliance observed in clinical trials 

are generally acknowledged to be better than those observed in clinical practice, the current 

study may in fact represent a more accurate compliance rate than has previously been 

observed. Indeed, rates of persistence (a measure of compliance) with chronic medication as 

low as 60% have been reported [23]. It is also of note that 78% of participants randomized to 

once-daily calls completed the study compared to 43% of participants randomized to three-

times daily calls. This difference in completion rates supports our findings for the primary 

endpoint, given that the once-daily call schedule was associated with the highest rate of 

compliance (with the relaxed window). The number of participants recruited into the study 
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(71) was lower than the required number according to our sample size calculation (75). 

However, a shortfall of just four participants is felt unlikely to impact the overall results.

When researching compliance, the psychological literature describes dual-process models of 

persuasion than can be used as a framework to determine components of compliance. The 

Elaboration Likelihood Model (ELM) of persuasion, developed by Petty & Cacioppo, 1981

[18] is a dual-process model that proposes two routes to persuasion along an elaboration 

continuum – the peripheral route and the central route. Under conditions of high elaboration,

e.g., where an individual is motivated and has the ability to scrutinise the message text, 

persuasion occurs via the central route. Conversely, when elaboration is low e.g., where the 

message is not personally relevant or where motivation / ability to process are low, 

processing occurs via a peripheral route. Peripheral route persuasion allows processing to 

occur under highly distracting conditions and relies on a variety of ‘peripheral cues’ that, 

when present, induce an attitude change without message scrutiny [24]. Examples of 

persuasive peripheral cues include aspects of source credibility (such as high expertise), 

where the perceived expert is more credible than the non-expert [25], a high fear message 

[26], a short message length [27] and low dosing frequency [28]. The design of this study 

matches the criteria for the ELM of persuasion with low elaboration, given that calls to IVRS 

were made under distracting conditions, that participants had low motivation to process and 

no incentive, and that the study involved ephemeral behavior change over 2 weeks. The 

results suggested that IVRS call frequency acts as a peripheral cue to persuasion and hence 

compliance behaviors are influenced by this variable even under highly distracting 

conditions. Nevertheless, despite good evidence that peripheral cue call frequency impacts 

compliance in healthcare, these results should be considered with caution. There was no 
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evidence from this study to suggest that peripheral route processing occurred in the absence 

of central route processing. Future studies should challenge the ELM model and investigate 

whether peripheral route processing does occur in isolation. It is recommended that future 

work examines the effect of intermittent dosing (weekly) to determine if a psychophysical 

threshold can be found above which compliance is significantly compromised. However, the

study was not designed to determine whether peripheral route processing occurred in the 

absence of central route processing – this would be an interesting area for future research.

IVRS acted as a suitable model of medication dosing since, in accordance with the literature, 

OD dosing was associated with improved compliance compared with BID or TID dosing

[13–17]. A key advantage of this model is that the selected SRT and CRT modules took 

approximately 2 minutes each to complete – simulating the time required to take a dose of 

medication. SRT results throughout the study were high, which might be a reflection of the 

participants who largely had prior experience with the use of IVRS and good concentration 

and alertness for the task. Similarly, correctness of CRT results was high, particularly with 

increasing call frequency. While the SRT and CRT findings did not reach statistical 

significance, it is well recognized in the literature that repetition increases persuasion [19]. In 

the past, PRO measures (including patient diaries) have traditionally used paper-based 

instruments. One of the issues with such methods is that it has been shown that 75 to 80% of 

dates and times are falsified [7]. An advantage of IVRS over such paper-based systems is that 

such ‘data falsification’ can be prevented, and the high SRT and CRT results in this study 

suggest that IVRS can be a reliable and accurate model for data collection. Furthermore, 

IVRS was generally considered easy to use, which highlighted the acceptability of this 

method for data capture.



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Page 19 of 25

It is proposed that whilst peripheral route processing may offer a route to persuasion, 

dimensions of personality, namely extraversion and neuroticism (anxiety proneness) have 

also shown some effect on compliance, such that compliance correlates positively with 

neuroticism and negatively with extraversion [19]. In accordance with Eysenck’s original 

two-dimensional framework (neuroticism-stability and introversion-extraversion),

compliance is highest among unstable introverts and lowest among stable extraverts [19]. 

Whilst the EPQ is good to use in conjunction with IVRS in that it asks Yes/No questions, this 

is also a limitation of the model in that it can force inaccurate responses and hence be 

psychometrically inferior. 

Future work is needed on compliance in the current study. This might be because 

extraversion and neuroticism scores of the EPQ were well balanced between the groups, and

the finding is perhaps a reflection of the chosen sample population. 

Future work is needed to enhance persistence, and findings should be extended in further 

research to follow-up with and ascertain the reasons for participants’ premature 

discontinuation. Finally, these findings are based on conducting a controlled trial. Real-world 

data may differ from results obtained in such a controlled study. Further work is required to 

monitor compliance in a real-life clinical practice and in large-scale studies.

The results for the male participants were not compared with the female participants. The 

study was not powered for such a comparison (given that randomization was not stratified by 

gender), and thus interpretation of the results could be challenging. However, it should be 

noted that the distribution of gender in each group was approximately even. Given that other 
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research has suggested a gender bias to compliance but with very inconsistent findings (in 

some studies, compliance was higher in females; in other studies compliance was higher in 

males) [29,30], this would be an interesting area for future research with our IVRS model.

Future work is also recommended on the impact of dimensions of personality on compliance 

(the lack of extremes in baseline EPQ score prevent detailed analysis), and into the reasons 

for premature discontinuation. Finally, it would be interesting to study whether these 

(controlled trial) results are replicated in a ‘real world’ setting.

4.2.  Conclusion

In conclusion, the results suggest that a once-daily diary call or dosing regimen is preferential 

for compliance compared to a twice-daily or three-times daily schedule, when dosing or diary 

calls must occur as close as possible to the scheduled time point. Repetition may encourage 

better compliance where a more relaxed time window of up to 4 hours is permitted. If these 

findings are substantiated in large-scale, controlled clinical trials, reduction of call frequency 

may represent a significant improvement in overall rates of compliance of the trial.

The practice implications of this research suggest that reducing IVRS diary transactions and 

medication dosing to a once-daily regimen increases compliance in clinical studies when such 

assessments are to be completed as close as possible to a scheduled time. Limiting the 

number of daily doses / IVRS transactions can avoid compromising data reliability and 

integrity and, hence, provide more assurance of the accuracy of safety, tolerability and 

efficacy of treatments. In terms of development of the ELM theory, findings support the use 

of the IVRS psychophysical peripheral cue variable ‘call frequency’ as a route to persuasion;
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thus, awareness of the ELM contributes to the maximisation of compliance. Furthermore, an 

awareness of various aspects of compliance helps to maximize data integrity of patient-

reported outcomes, and of assessments of the safety, tolerability and efficacy of treatments in 

clinical studies. Future work with such an IVRS model is proposed to study how to maximize

compliance in healthcare and, in turn, reduce the burden to society of spiraling healthcare 

costs.



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Page 22 of 25

REFERENCES

[1] Patel MX, David AS. Medication adherence: predictive factors and enhancement 

strategies. Psychiatry 2007;6:357–361.

[2] Hansson Scherman M, Löwhagen O. Drug compliance and identity: reasons for non-

compliance. Experience of medication from persons with asthma/allergy. Patient 

Educ Couns 2004;54(1):3–9.

[3] Gold D, McClung B. Approaches to patient education: emphasizing the long-term 

value of compliance and persistence. Am J Med 2006;119(4):S32–37.

[4] Van Der Wal MHL, Jaarsma T, Van Veldhuisen DJ. Non-compliance in patients with 

heart failure; how can we manage it? Eur J Heart Fail 2005;7(1):5–17.

[5] Bloom BS. Daily regimen and compliance with treatment. BMJ 2002;324(7334):425.

[6] Boudes P. Drug compliance in therapeutic trials: A review. Control Clin Trials 

1998;19(3):257–268.

[7] Stone AA, Shiffman S, Schwartz JE, Broderick JE, Hufford MR. Patient compliance 

with paper and electronic diaries. Control Clin Trials 2003;24(2):182–199.

[8] Toll BA, Cooney NL, McKee SA, O’Malley SS. Correspondence between Interactive 

Voice Response (IVR) and Timeline Followback (TLFB) reports of drinking 

behavior. Addict Behav 2006;31(4):726–731.

[9] McEntegart D, Nicholls G, Byrom B. Blinded by science with adaptive designs. 

Applied Clinical Trials 2007:56–64.

[10] Lee H, Friedman ME, Cukor P, Ahern D. Interactive Voice Response System (IVRS) 

in healthcare services. Nurs Outlook 2003;51(6):277–283.



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Page 23 of 25

[11] Byrom B. Using IVRS in clinical trial management. Applied Clinical Trials; October 

2002. Available at http://www.clinphone.com/files/item132.aspx (accessed 16 August 

2008).

[12] Abu-Hasaballah K, James A, Aseltine RH Jr. Lessons and pitfalls of interactive voice 

response in medical research. Contemp Clin Trials 2007;28(5):593–602.

[13] Levy G. Medication non-compliance. When hard science meets soft science. Int 

Congr Ser 2001;1220:125–133.

[14] Iskedjian M, Einarson TR, Mackeigan LD, Shear N, Addis A, Mittmann N, Ilersich 

AL. Relationship between daily dose frequency and adherence to antihypertensive 

pharmacotherapy: evidence from a meta-analysis. Clin Ther 2002;24(2):302–316.

[15] Eisen SA, Miller DK, Woodward E, Spitznagel E, Przybeck TR. The effect of 

prescribed daily dose frequency on patient medication compliance. Arch Intern Med 

1990;150(9);1881–1884.

[16] Wetzels GEC, Nelemans P, Schouten JS, Prins MH. Facts and fiction of poor 

compliance as a cause of inadequate blood pressure control: a systematic review.

Journal of Hypertension 2004;22(10):1849–1855.

[17] Claxton AJ, Cramer J, Pierce C. A systematic review of the associations between dose 

regimens and medication compliance. Clin Ther 2001;23(8):1296–1310.

[18] Petty RE, Cacioppo JT. Attitudes and persuasion: Classic and contemporary 

approaches. Dubuque, IA: Wm. C. Brown 1981.

[19] Lien NH. Elaboration Likelihood Model in consumer research. Proc Natl Sci Counc 

2000;11:301–310.

http://www.clinphone.com/files/item132.aspx
http://www.ncbi.nlm.nih.gov/pubmed/17400520?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum


 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Page 24 of 25

[20] Stone AA, Broderick JE, Schwartz JE, Shiffmann S, Litcher-Kelly L, Calvanese P. 

Intensive momentary reporting of pain with an electronic diary: Reactivity, 

compliance, and patient satisfaction. Pain 2003;104:343–351

[21] Michell J. Psychophysics, intensive magnitudes, and the psychometricians fallacy. 

Stud Hist Philos Biol Biomed Sci 2006; 17:414–432.

[22] Eysenck SBG, Barrett P, Spielberger C, Evans FJ, Eysenck HJ. Cross-cultural 

comparisons of personality dimensions: England and America. Pers Individ Differ

1986;7:209–214.

[23] Cramer JA, Benedict A, Muszbek N, Keskinaslan A, Khan ZM. The significance of 

compliance and persistence in the treatment of diabetes, hypertension and 

dyslipidaemia: a review. Int J Clin Pract 2008;62:76–87.

[24] Updegraff JA, Sherman DK, Loyster FS, Mann TL. The effects of message quality 

and congruency on perceptions of tailored health communications. J Exp Soc Psychol 

2006;43:249–257.

[25] Stern SE, Mullennix JW, Yaroslavsky I. Persuasion and Social Perception of human 

vs synthetic voice across person as source and computer as source conditions. Int J 

Hum Comput Stud 2006;64:43–52.

[26] Joffe H. Adherence to health messages: A social psychological perspective. Int Dent J

2000;Suppl Creating A Successful:295–303.

[27] Edwards P, Roberts I, Sandercock P, Frost C. Follow-up by mail in clinical trials: 

does questionnaire length matter? Control Clin Trials 2004;25:31–52.

[28] Richter A, Anton SE, Koch P, Dennett SL. The impact of reducing dose frequency on 

health outcomes. Clin Ther 2003;25:2307–2335.



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

Page 25 of 25

[29] Wogen J, Kreilick CA, Livornese RC, Yokoyama K, Frech F. Patient adherence with 

amlodipine, lisinopril, or valsartan therapy in a usual-care setting. J Manag Care 

Pharm 2003;9(5):424–9.

[30] van Dijk L, Heerdink ER, Somai D, van Dulmen S, Sluijs EM, de Ridder DT, Griens 

AM, Bensing JM. Patient risk profiles and practice variation in nonadherence to 

antidepressants, antihypertensives and oral hypoglycemics. BMC Health Serv Res

2007;7:51.

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wogen%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kreilick%20CA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Livornese%20RC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yokoyama%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Frech%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22van%20Dijk%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Heerdink%20ER%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Somai%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22van%20Dulmen%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sluijs%20EM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22de%20Ridder%20DT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Griens%20AM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Griens%20AM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bensing%20JM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


TABLES

Table 1: Demographics and personality characteristics of randomized trial participants 

(N=71).

Call Schedule

OD

n=23

BID

n=25

TID

n=23

Median age (yr) (range) 29 (20-50) 29 (23-51) 29 (23-58)

Sex, n (%)

Male 11 (47.8) 12 (48.0) 9 (39.1)

Female 12 (52.1) 13 (52.0) 14 (60.9)

Smoking History, n (%)

Never smoked 14 (60.9) 13 (52.0) 16 (69.6)

Ex-smoker 4 (17.4) 7 (28.0) 2 (8.7)

Current smoker 5 (21.7) 5 (20.0) 5 (21.7)

EPQ Extraversion

Mean (SD) 13 (5.9) 13 (5.9) 14 (4.9)

EPQ Neuroticism

Mean (SD) 10 (5.5) 11 (6.1) 10 (5.6)

Demographics of study participants where OD = Once daily, BID = Twice daily, TID = 

Three-times daily calls. 

Tables



Table 2: Compliance variables (%) by call schedule of randomized trial participants (N=71).

Call Schedule

OD

N=23

BID

N=25

TID

N=23

Calls (as % of expected) within narrow 

±30-min window of specified call times1

Mean (SD) 44.5 (22.48) 51.0 (28.54) 30.3 (24.69)

Calls (as % of expected) within relaxed 

window between -30-min & 4-hour2

Mean (SD) 59.5 (23.68) 57.9 (29.45) 38.4 (29.35)

1ANOVA F= 3.87; df=2,68;p=0.03

2ANOVA F=3.89; df=2, 68, p=0.03

Mean calls within the narrow (30 minute) and relaxed (4 hour) time windows by call strategy 

(OD, BID and TID)



Table 3: Bonferroni post-hoc regression analysis of compliance variables (%) by call 

schedule for randomized trial participants (N=71).

Dependent Variable (I) Call

Strategy

(J) Call

Strategy

Mean Difference

in compliance

(I-J)

Std 

Error
Pa

OD BID -6.30 7.22 1.00

OD TID 13.52 7.21 0.20

Calls made within narrow 

(±30-mins) window

BID TID 19.83 7.29 0.03(*)

OD BID 2.08 7.79 1.00

OD TID 19.86 7.78 0.04(*)

Calls made within relaxed  

(-30 min to +4 hours) window

BID TID 17.78 7.87 0.08

(*) indicates p<0.05

aPairwise comparisons adjusted according to Bonferroni comparing the call strategies for the 

narrow and relaxed compliance windows. 



Table 4: SRT and CRT Performance (% correct responses for randomized trial participants 

(N=71)

Call Schedule

OD

n=23

BID

n=25

TID

n=23

SRT Correct Responses (%)

Mean (SD) 100 (0.06) 100 (0.02) 100 (0.000)

CRT Correct Responses (%)

Mean (SD) 95.1 (3.6) 97.3 (2.3) 97.6 (2.8)

Cognitive performance (SRT & CRT) in terms of correct responses given over the study 

period by call strategy.



Table 5: Results of the ANCOVA analysis of relationship between compliance and average 

SRT,CRT and baseline EPQ scores for randomized trial participants (N=71)

Covariates Dependent Variable F p

Average SRT Percentage calls (30-min window) 0.24 0.63

Percentage calls (4-hour window) 0.34 0.56

Average CRT Percentage calls (30-min window) 0.04 0.84

Percentage calls (4-hour window) 0.08 0.78

Percentage calls (30-min window) 0.02 0.90Baseline EPQ N 

Score Percentage calls (4-hour window) 0.01 0.94

Percentage calls (30-min window) 1.26 0.27Baseline EPQ E 

Score Percentage calls (4-hour window) 0.07 0.79

Degrees of freedom = 1,64 for all

Describes the effect of key covariates on compliance with both the relaxed and narrow 

windows



Title: A randomized trial to determine the impact on compliance of a psychophysical peripheral cue based on the Elaboration Likelihood Model 

First Author: Rachael Jane Horton

Response to review comments

Page 1 of 2

Review comment Response
Reviewer 1
1. Authors present 'A sample size calculation' should 
be '75' (Line 22 P9), but in fact it was just '71'.

Although the sample size calculation indicated that 75 participants were required, 
time and resource implications resulted in recruitment being closed after the 
enrolment of 71 participants. It was not possible to extend the recruitment further as 
access to the IVRS was limited. The shortfall of four participants is felt unlikely to 
impact the overall results. Additional text has been added to pages 12 (results) and 
16–17 (discussion).

2. 'Participants (N=71), were randomized using an 
IVRS in the ratio 1:1:1 to a OD, BID or TID call 
schedule'. How did authors divide them according to 
1:1:1?

Explanatory text has been added to page 8. Please note that randomization was not 
stratified.

3. '44 (62%) completed the study (Fig.1). Participants 
who prematurely discontinued were not followed up, so 
reasons for withdrawal are unknown'.
Just 44 of 71 participants completed study, the quality 
of it should be susceptible.

The authors recognize that the completion rate is lower than perhaps might be 
considered ideal. However it should be noted that 78% of participants randomized to 
once-daily calls completed the study compared to 43% of participants randomized to 
three-times daily calls. This difference in completion rates supports our findings for 
the primary endpoint, given that the once-daily call schedule was associated with the 
highest rate of compliance (with the relaxed window).
Additional text has been added to the discussion (page 16) to raise this point.

4. The discussion should be concise; the conclusion 
should be cautious. 

The discussion and conclusion have been shortened, to ensure that only the key 
points from the study are discussed, and to remove some of the aspects of the 
conclusions that generalised the findings of the study in a clinical study context. See 
pages 15–20.

Reviewer 2
1. Define "electronic patient diaries " A definition has been added to page 5.
2. Define "Interactive Voice Response systems " A definition has been added to page 5, along with supporting references (one of 

which is taken from this journal).

* Revision Notes



Title: A randomized trial to determine the impact on compliance of a psychophysical peripheral cue based on the Elaboration Likelihood Model 

First Author: Rachael Jane Horton

Response to review comments

Page 2 of 2

Review comment Response
3. Reason to do the study? In this study, we sought to examine one of the potential causes of sub-optimal 

compliance – dosing frequency. There is some evidence (although inconsistent) that 
reducing dosing frequency may enhance compliance. However, this evidence 
generally comes from clinical trials, where the results can be influenced by the 
efficacy or adverse effects of the drugs being studied. This study therefore utilised a 
novel design, in which an IVRS system was used to model dosing frequency. The
stated aim of the study (page 6) was ‘to provide an insight into causes of sub-optimal 
compliance, with a particular focus on compliance to medication regimen and patient 
diaries’.

Additional explanatory text has been added to the introduction (pages 5–6)
4. The researchers’ review of literature is weak done. The introduction has been expanded to include additional literature reviews and 

supporting references. See pages 5–7. 
5. Define "psychophysical peripheral cue " A definition has been added to page 6.
6. Why are participants females and males ? Recruitment was open to either men or women, with no stratification. This sentence 

(page 8) has been rephrased for clarity
7. Why didn't compare the results? The results for the male participants were not compared with the female participants. 

The study was not powered for such a comparison (given that randomization was not 
stratified by gender), and thus interpretation of the results could be challenging. 
However, it should be noted that the distribution of gender in each group was 
approximately even. The authors acknowledge that this would be an interesting area 
for future study. Additional text has been added to the discussion (pages 19–20)

8. The discussion section was too long The discussion section has been significantly shortened. See pages 15-20.


