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Abstract
Background:  Non-adherence to oral medication for inflammatory bowel disease has been estimated to be between 30-45%. Factors found to be associated with non-adherence, while frequently reported, are often conflicting.  
Methods: We searched Embase, Medline, CINAHL and PsycINFO to identify studies from 2008-2013. A standardised data extraction sheet was used and methodological quality assessed against a quality indicator tool. Results were summarised through vote count, with reference to study quality and participant number.
Results: We identified 1,639 records of which 17 met the inclusion criteria. These were analysed alongside 15 papers identified by a review of the literature up to 2008 (Jackson et al, 2010). 12,167 participants were included in what were largely cross-sectional surveys.  We identified 45 factors related to adherence. These were condensed into 25 factors and grouped into four themes; demographic, psychosocial, clinical and medication factors. The majority of factors were not found to be consistently associated with adherence. The exceptions to this were attitudes towards and beliefs about treatment, barriers to taking medication, and membership of a patient support group. The review was limited by study quality and the prevalence of cross-sectional surveys.
Conclusions: Clinicians should be aware that many factors reported to be associated with adherence to oral medication for IBD are not supported with any consistency. Further research should be conducted into those areas shown to be consistently associated with adherence and amenable to targeted interventions, specifically attitudes and beliefs, and barriers to taking medication. 
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Introduction
Inflammatory bowel disease (IBD) is an umbrella term for conditions of the gastrointestinal tract – such as ulcerative colitis (UC) and Crohn’s disease (CD) - caused by an aberrant immune response. IBD is characterised by chronic inflammation and ulceration of the gastrointestinal mucosa; frequently this takes a relapsing and remitting course. Current NICE treatment guidelines (NICE, 2012; NICE, 2013) recommend oral medications including aminosalicylates, azathioprine, mercaptopurine and methotrexate for the maintenance of remission in IBD. Treatment for acute flares of disease activity include beclometasone, prednisolone, budesonide, tacrolimus and ciclosporin, and may also include topical and intravenous medications. Medication has been shown to be effective in treating acute symptoms and maintaining periods of remission (Borowicz & Fedorak, 2011; Fegan & Macdonald, 2012). However, it has been suggested that between one third and one half of all self-administered medicines are not taken as recommended (NICE, 2009). Jackson et al (2010) report that most of the studies in their review of oral medications for IBD found non-adherence rates of between 30-45%. Poor adherence to oral medication can lead to suboptimal clinical benefits, indeed the World Health Organisation (Sabate, 2003) state that increasing adherence may have a greater effect on health than any improvement in specific medical treatments. Adherence to medication may be defined as the extent to which a person’s behaviour corresponds with agreed recommendations (Sabate, 2003). There are a plethora of studies reporting factors associated with non-adherence to oral medication for IBD; some authors (Horne et al, 2009; Cook et al, 2010) have suggested that this may help clinicians identify ‘at risk’ groups. However, the systematic review undertaken by Jackson et al (2010) found that many of the significant correlations reported (between non-adherence and any given factor) were found to be non-significant by other papers. We aim to review those studies identified by Jackson et al (2010) and those published since in order to provide a synthesis of the literature, clarifying which (if any) factors are consistently associated with non-adherence.
Methods
A search of Embase, Medline (Ebsco), CINAHL, and PsycINFO databases was conducted using terms referring to adherence, treatment and IBD. Truncations and wild cards were used to broaden the search window. Criteria for inclusion were - Abstract in English; Full paper available and in English; Primary data; Quantitative data with inferential statistics; Participants with a diagnosis of IBD; Characteristics associated with adherence measured; Adherence to oral medication measured; Adult participants; Participants not pregnant; and Paper published in a peer reviewed journal. 
The search was conducted in October 2013 and identified 1,639 papers of which 18 papers met the inclusion criteria. These 18 papers together with the 17 identified by Jackson et al (2010) were then reviewed using the quality assessment tool developed by Daley et al (2012).  In each of the quality assessment categories, studies were awarded either a tick for good quality (no evidence of bias), a cross for poor quality (potential for bias), a question mark for poor reporting (unable to assess potential for bias), or NA for not-applicable to that study design.  The number of ticks for good quality were divided by the overall number of items (excluding NA’s) in order to produce a percentage reflecting methodological quality. Studies scoring above 70% were deemed high in quality, those under 40% low, and those in-between moderate. 
Data was extracted using a standardised form and consisted of statistical significance scores - either p-values or odds ratios. In summarising the data we used a simple vote count with reference to both quality assessment score and participant number in order to rank the factors according to the overall weight of evidence. Studies using a direct method of adherence assessment (where the presence of a drug or its metabolites was measured) were awarded a tick in the ‘assessment methodology’ section, likewise those using an indirect method such as prescription refill data in which the risk of recall bias, social desirability bias and estimation errors are minimized. Those using self-report were awarded a cross. Garber et al (2004) in their systematic review found a concordance rate of only 43% between self-report and direct measures. In light of this, where studies used both self-report and an objective measure, we reported only the results based on the objective measure. Methodological limitations included poor reporting by studies of non-significant outcomes; this may affect the results of this review by under-representing non-significant findings.  Similarly the search by Jackson et al (2010) (and replicated by the authors of this paper) did not include grey literature which leaves the review vulnerable to the effects of publication bias and an overestimation of significant effects.  
Results
Of the seventeen papers identified by Jackson et al (2010), two were excluded from our analysis as the full papers were not available in English (Karbach et al, 1984; Dewulf et al, 2007). The PRISMA diagram (Figure 1) shows the stages of the study identification process while Table 1 (appendix) lists the included studies.
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Summary of studies: A total of 12,167 participants were included in what were largely cross-sectional surveys. A range of demographic, clinical, medication and psychosocial variables were measured. Sample sizes varied from 22 to 2,011. The majority of studies were European (20), ten came from North America, two from Australia and one from India. Twenty six of the thirty two studies looked at both UC and CD. Twenty six used a self-report measure of adherence assessment; three used urinalysis, one blood testing and two prescription refill data. Non-adherence rates ranged from 9-81% of participants with a mean of 35%. 
Threats to validity: Studies were assessed for quality and threats to their validity using the generic use quality indicator tool developed by Daley et al (2012). None of the studies were deemed to be of high quality. Seventeen of the thirty two studies were graded moderate and fifteen low. 
Factors associated with non-adherence to oral medication for IBD
We found 45 different factors reported in the literature; those which were similar were combined. This was undertaken independently by AP and KHOD and differences resolved through discussion. The resulting 25 ‘condensed factors’ were grouped into four themes - demographic, clinical, medication and psychosocial factors. Statistically significant associations (between adherence and a given factor) reported by individual papers tended not to be consistently demonstrated across the literature as a whole: the number of studies in which there was found to be a statistically significant relationship were frequently outnumbered by the number of studies finding no such association. Table 2 ranks and summarises the data for those factors for which a significant association with adherence was consistently reported.
Demographic factors: With the exception of ethnicity and smoking status, demographic factors were not found to be associated with adherence. Ethnicity was the only factor where the number of studies reporting a relationship (two) outweighed those that did not (one). However, the sample size of the single study finding no correlation was approximate to that of the two studies reporting a relationship. Furthermore the two studies finding a relationship were in different countries and looking at different ethnicities. All three studies were of moderate quality but the populations and nature of the studies varied to such an extent that drawing any wider conclusions regarding ethnicity is not possible. 
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Table 2 – Factors Associated with Non-adherence to Oral Medication for Inflammatory Bowel Disease
	Rank
	Factor associated with non-adherence
	Authors
	Study design
	Study sample number
	Study Non-adherent number
	Comparison of total sample numbers[footnoteRef:1] [1:  Total numbers: this refers to the total number of participants in those studies finding a significant correlation and the total number of participants in those studies finding no such correlation (with the latter being in italics).] 

	Comparison of papers / factors
	Level of significance reported
	Assessment of study quality

	1
	Barriers to taking medication

	D’Inca (x2)
Ediger
	x-section survey
x-section survey
	n = 485
n = 326
	n = 187
n = 113
	n = 811


n = 0 
	3 factors 
(2 papers)

0 factors
	OR 6.3
OR 4.4
OR 3.9-4.2

	Low
Moderate

	2
	Membership of patient association

	Nahon 2011
Selinger
Waters
Sewitch 
	x-section survey
x-section survey
RCT
x-section survey
	n = 1663
n = 356
n = 69
n = 153
	n = 173
n = 102
n = 48
n = 63
	n = 2,088


n = 153 
	3 factors


1 factor
	OR 1.8
P < 0.0001
P = 0.018
NS
	Low
Moderate
Low
Moderate

	3
	Attitudes & Beliefs
	D’Inca
Horne 
Moshkovska
Nahon 2011
Selinger
Nahon 2011
Selinger
Sewitch
	x-section survey
x-section survey
x-section survey
x-section survey
x-section survey
x-section survey
x-section survey
x-section survey
	n = 485
n = 1871
n = 151
n =1663
n = 356
n = 1663
n = 356
n = 153 
	n = 187
n = 543
n = 90
n = 173
n = 102
n = 173
n = 102
n = 63
	n = 4526




n = 2172 
	5 factors




3 factors
	OR 1.5
OR 1.79-4.59
P = 0.028
OR 0.27
P < 0.0001
NS
NS
NS
	Low
Low
Moderate
Low
Moderate
Low
Moderate
Moderate

	
	Smoking

	Horvath
Nahon 2011
Lakatos
Cerveny (1)
Cerveny (2)
	x-section survey
x-section survey
x-section survey
x-section survey
x-section survey
	n = 592
n = 1663
n = 655
n = 47
n = 396
	n = 79
n = 173
n = 136
n = 6
n = 129
	n = 2,255

n = 1,098
	2 factors

3 factors
	P=0.002
OR=0.61
NS
NS
NS
	Moderate
Low
Moderate
Low 
Moderate

	 
	Ethnicity

	Moshkovska
Nguyen
Selinger
	x-section survey
x-section survey
x-section survey
	n = 151
n = 235
n = 356
	n = 90
n = 79
n = 102 
	n = 386

n = 356
	2 factors

1 factors
	P=0.009
P<0.0001
NS
	Moderate
Moderate
Moderate

	
	Frequency of follow-up

	Cook
Horne
Kane 2001
Sewitch x3

Horne x2
Lakatos
	Controlled trial
x-section survey
x-section survey
x-section survey

x-section survey
x-section survey
	n = 135
n = 1871
n = 94
n = 153

n = 1871
n = 655
	n = 16
n = 543
n = 56
n = 63

n = 543
n = 136
	n =2,253


 

n =  2,526
	6 factors
(4 papers)



3 factors
(2 papers)
	P < 0.001
OR 0.61
OR 0.96
OR 0.43, 1.33 & 0.40
NS 
NS
	Low
Low
Moderate
Moderate

Low
Moderate



Where ‘x2’ or ‘x3’ appears in the authors column this indicates the number of different factors reported in a single paper.
Italicised = papers reporting non-significant findings 		X-section survey = cross sectional survey
NS = Not significant						OR = Odds Ratio








While the number of studies reporting a correlation between smoking status and adherence (two) were outnumbered by those that did not (three), the two studies had a larger combined sample size than the three. It should be noted however that the bulk of these came from the study by Nahon et al (2011) which was rated low in quality. In contrast to this the bulk of the participants in the studies reporting no correlation came from papers graded moderate in quality. To draw any firm conclusions from this is difficult.  
Clinical factors: No consistent association was found between adherence and the disease characteristics factor (which included disease type, extent, severity, duration, location, and behaviour; previous hospital admissions; quality of life; presence of co-morbid conditions; and family history of IBD). Similarly there was no consistent association found between adherence and level of knowledge, nor with the use of complementary and alternative medicine (CAM). Frequency of clinical follow-up showed a possible association - four studies reporting a correlation versus two reporting none. However just one paper (Horne et al, 2009) graded low in quality provided the majority of participants for this factor; one of the correlations ran in the opposite direction to the others; and there were a greater number of participants in the studies reporting no correlation. This throws the likelihood of any relationship into doubt.
Medication factors: No consistent relationship was found between adherence and drug type, medication regime (including number of daily doses, therapy duration and use of concomitant medications) or adverse events (experience of them or fear of them). The strongest relationship exhibited was with the barriers to taking medication factor. This factor was constructed from three different factors relating to difficulty in taking medication; all three were found to be associated with adherence. Confidence in this relationship is limited by the fact that two of these factors came from one paper (D’Inca et al, 2008) rated ‘low’ in quality and by the fact that the three factors were all different - one was a physical barrier (difficulty swallowing) and one a social barrier (being at work). The third was a combination measure but the most commonly stated reason by participants was financial (cost of medication). 
Psychosocial Factors: No overall association was found with the mental health factor (largely studies of anxiety and depression) nor with the patient-physician relationship. Attitudes and beliefs did however reveal a possible relationship with adherence - five papers (4,526 participants) reported a significant correlation while three papers (2,172 participants) reported none. Both groups contained a mixture of moderate and low quality studies.					
‘Membership of a patient association’ and ‘medication self-efficacy’ were both consistently associated with adherence - three out of four studies reported a significant correlation. However, in the case of medication self-efficacy two of the reported correlations were positive (Ediger et al, 2007; Cook et al, 2010) and one negative (D’Inca et al, 2008).

Discussion

It was clear from the quality assessment process that reporting of studies is frequently sub-optimal. Information on the method of diagnosis and on blinding were the most common omissions. Where reporting of methodology was complete, the most frequent items identified as posing a threat to study validity were adherence assessment and participant representativeness. This reflects the common usage of self-report for adherence assessment and the frequently small participant numbers. While there is no consensus on a gold standard for adherence assessment (Vitolins et al, 2000; McMahon, 2011) the use of self-report is common as it is cost-effective and easy to administer (Nguyen et al, 2013).  It is however vulnerable to a number of biases (recall, social desirability) and it has been suggested that it may over-estimate adherence as frequently as 50% of the time (La Fleur & Oderda, 2004). Direct measures such as metabolite levels are not without issues either as their accuracy may be limited by pharmacokinetics (Bishop et al, 2014) and they may reflect current usage rather than longer term adherence. Use of two adherence assessment methods (direct measures and self-reports) has been advocated by some Bokemeyer et al, 2007) but reconciling the results of these can be challenging when there is poor concordance (Liu et al, 2001; Garber et al 2004). The range of non-adherence rates reported by studies was wide and this was the case whether using self-report (10-81%) or objective measures (9-60%). If this range reflects true variance it suggests that very different populations (in terms of health behaviour) are being compared. This would lend confidence to those results which were consistent across a large number of studies but would impact on the generalisability of results based on fewer studies. If it is artefact - reflecting variance in the adherence assessment methods rather than variance in adherence - this would affect validity and the comparability of results within the review. It is possible that both are occurring. In the studies making up this review two direct methods of adherence assessment were used; blood metabolite levels (Bokemeyer et al, 2007) and urine metabolite levels (Shale & Riley, 2003; Cerveny et al, 2007; Moshkovska et al, 2009). While metabolites are is frequently used as an indicator of adherence (Bokemeyer et al (2007) cite several studies) it is not clear whether the metabolite level chosen equates to the 80% figure that is commonly used in self-report measures. Nor is it established by any of the papers that the 80% threshold for declaring a patient adherent is a clinically relevant threshold for the medications under consideration. Pharmacodynamic information on therapeutic drug levels and how this relates to dosing, missed doses and adherence is difficult to find. Moreover were this data available, turning it into clinically useful information suited to patient-specific counselling might be difficult, particularly for patients on multiple drugs with the potential for several different clinically significant adherence thresholds. 
Another issue in the reporting of studies was that of incomplete reporting - factors mentioned in the methods section frequently did not feature in the results. If this is because they were found to be non-significant this will have led to an under-representation of non-significant findings and an over-representation of significant findings. This increases confidence in the results where we report a lack of relationship being found. It does however give rise to caution in those areas where a relationship has been suggested, implying the need for more research. A further limitation of this review is that the majority of studies included were cross-sectional surveys offering the chance to observe correlation but no opportunity to infer causation.
Demographic factors were almost universally found to be not associated with adherence; as a result any suggestion that socioeconomic or demographic factors are associated with or act as a predictor for adherence should be treated with caution. Of the possible relationships found ‘barriers to taking medication’ had the largest odds ratios reporting that those facing a barrier were four-to-six times more likely to be non-adherent. If this is taken at face value it would suggest that reducing barriers to taking medication has the potential to greatly reduce non-adherence. However, this review cannot speak to the number of people facing such barriers, nor the level of difficulty involved in overcoming them. 
Guidelines from the IBD Standards Group (IBDSG, 2013) and the Royal College of Nursing (RCN, 2007) suggest that patients should be provided with information about support organisations in order to encourage membership. This review did find that members of such associations are more likely to be adherent (OR 1.8 (Nahon et al, 2011)). Given that this is based on a correlation it is not clear whether it is membership of the group that improves adherence or whether the same patient attitudes and beliefs that might lead to adherence perhaps also lead to support-seeking activity (such as joining a patient association).  
The conflicting results for medication self-efficacy suggest that there is no relationship with adherence but it is difficult to draw a firm conclusion due to the variability of study methods used and poor reporting.  Cook et al (2010) do not define what they mean by self-efficacy nor how it was assessed. D’Inca et al (2008) use a question about whether patients would self-medicate for flu - whether this can be considered a useful measure for general levels self-efficacy, and self-efficacy as it applies to oral medication for IBD is open to question. Similarly it can be questioned whether the use of medication reminders is valid as an indicator of medication self-efficacy for all patients and whether we should have included it in this factor. Further examination using validated tools would add credibility to this finding. 
Those studies which found a significant correlation between adherence and attitudes and beliefs reported odds ratios of between 0.27 and 4.59. This mirrors the findings of a 2013 review (Chummun & Boland) which reported beliefs about medication to be associated with adherence and suggested the following possible mechanism: lack of belief in the efficacy of a medication leading to poor adherence, sub-optimal medication use and thus sub-optimal outcomes (lack of symptom control) which acts to reinforce lack of belief in the efficacy of the medication. Important to note is that more information on the condition and its treatment may not be an effective way to change treatment beliefs and attitudes as knowledge was not found to be consistently associated with adherence. 
No consistent association was found between adherence and medication type, adverse drug events, or medication regime. Thus it would seem that a patient’s risk of non-adherence is not influenced by the nature of their treatment regime (although this review looked only at oral medications). Importantly there also appears to be no correlation with the disease characteristics factor (including disease activity, severity and quality of life). It is therefore important not to assume in those patients most seriously affected by symptoms that this is due to non-response to medical intervention. Non-adherence may play a role as it would seem that adherence is not associated with symptom severity. It has been suggested (Kane et al, 2001) that adherence levels may depend on whether IBD is active or in remission. Indeed it is commonly asserted that IBD poses a particular challenge for adherence because of periods of quiescence (Lopez San Roman et al, 2005; Ediger et al, 2007). This assertion is not supported by the results of this review. This could be because those patients reporting quiescent disease still have symptoms acting as a prompt - a study by Witte et al (2000) found only 35-48% of patients report complete relief from their symptoms - but it could be that the presence of symptoms is unrelated to adherence. It is worth noting that levels of non-adherence across long term conditions shows only modest variance (Briesacher et al, 2008) irrespective of whether the condition is one which commonly produces symptoms (such as Parkinsons disease) (Daley et al, 2012) or not (such as hypertension) (Alhalaiqa et al, 2012).  Also of note is that Schreiber et al (2013) found expectations of remission to vary between countries - 65% of IBD patients in Spain believed that remission meant realistically living without symptoms whereas only 26% of IBD patients in Ireland believed this. This has potential ramifications for the transferability of findings across countries, specifically those studies looking at health beliefs and attitudes to treatment. Further research may need to be UK specific to yield relevant insight. 
In conclusion, typically recorded demographic and clinical factors are not reliable indicators of the likelihood of adherence. While demographic data may be collected in order that the reader may determine the relevance of findings to their own patient group, analysing these demographic factors - looking for a statistically significant relationship with adherence - is unhelpful. Often in the region of twenty demographic factors are recorded; given that the threshold for significance is typically set at p<0.05 there is every likelihood that at least one reported association will be spurious. Perhaps the most important finding of this review is the absence of a relationship between adherence and many of the factors previously thought to be relevant. This suggests that there are no simple predictors for those patients likely to be non-adherent. The most consistent association seems to be with barriers to taking medications and attitudes and beliefs. These findings imply that interventions aimed at adherence must be capable of being individualised, of addressing patient-specific barriers and of engaging with patients own personal beliefs about their condition and attitudes towards their treatment. This supports the conclusion of Jackson et al (2010) that psychosocial factors should be the target of future research. However, the prevalence of cross-sectional surveys highlights the need to use alternative study designs in order to explore causation and to evaluate the efficacy of interventions targeting these factors.  
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