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Abstract: Ulcerative colitis (UC) is a chronic inflammatory disorder that requires sustained 
treatment for optimal outcomes. The 5-aminosalicylate (5-ASA) class of medications are first-line 
for the treatment of mild-to-moderate UC but suffer from suboptimal adherence rates in real-world 
settings. This review summarizes the literature on adherence and patient preference to 5-ASA in 
patients with UC. We begin by highlighting key studies that measure real-world adherence rates, as 
well as some of the pitfalls associated with certain techniques. We examine the data on the 
consequences of non-adherence, which range from decreased quality of life and higher risk of 
colorectal cancer at the individual level to increased costs to the overall healthcare system. We then 
turn to the reasons and risk factors for non-adherence and summarize the current understanding of 
the barriers towards adherence. Afterwards, we describe the research on patient preferences 
between 5-ASA formulations and dosing regimen. Finally, we summarize the evidence regarding 
interventions to improve 5-ASA adherence. While adherence remains a challenge in practice, 
understanding the current state of the field can better inform future efforts towards increasing 
adherence, and thus clinical outcomes, in UC. 
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Introduction
Ulcerative colitis (UC) is an idiopathic, chronic inflammatory disorder of colonic 
mucosa that commonly involves the rectum and may extend proximally in 
a continuous fashion throughout the colon.1 It is one of the two major forms of 
inflammatory bowel disease (IBD), and it is classified from mild to severe based on 
Truelove and Witts criteria and the Mayo Clinic score.2–4 Globally, there were an 
estimated 6.8 million cases of IBD in 2017, with the highest incidence in high- 
income North America.5 As more countries adopt a Western lifestyle, the preva-
lence, and thus total disease burden, of UC is projected to continue to rise.

One of the first effective types of medication to treat UC is the 5-aminosalicylates 
(5-ASA) class, which includes sulfasalazine, mesalamine, and diazo-bonded 5-ASA.4 

Sulfasalazine, which consists of 5-ASA bonded to sulfapyridine, was the first to be 
discovered but is no longer routinely used owing to the side effects of sulfapyridine. 
Mesalamine has been packaged into various formulations, such as enteric-coated tablets 
and multi-matrix (MMX) formulations, to deliver the medication into the lower bowel, 
while diazo-bonded 5-ASA are prodrugs which are converted to 5-ASA by colonic 
bacteria (Table 1). In addition to oral formulations, mesalamine has also been packaged 
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as suppositories, enemas, and foams for rectal use. Despite the 
difference in delivery modalities, there does not appear to be 
significant differences in efficacy.6 Similarly, aside from sulfa-
salazine, all 5-ASA formulations are considered extremely 
safe.

Though the treatment options for UC have increased 
with the discovery of immunomodulators and biologics, 
5-ASA remains the mainstay of treatment for mild-to- 
moderate UC. The American Gastroenterological 
Association (AGA) recommends treating patients with 
mild-to-moderate left sided UC with mesalamine or diazo- 
bonded 5-ASA compounds.4 For patients with extensive 
mild-to-moderate UC, the AGA recommends the addition 
of rectal 5-ASA to oral therapy, as combined oral and 
rectal therapy delivers a greater effective dose to the 
affected areas of colon and leads to higher rates of remis-
sion. The European Crohn’s and Colitis Organization 
guidelines for using 5-ASA is comparable with AGA 
guidelines (Table 2).7 In practice, over 90% of patients 
with UC are treated with 5-ASA shortly after the diagno-
sis, and most patients who achieve clinical remission with 
these medications continue them to maintain remission.4,8

While a diagnosis of UC is no longer associated with 
increased risk of mortality, the morbidity remains signifi-
cant, with nearly 50% of patients requiring hospitalization 
and 10–15% requiring colectomy by 10 years.8 Since 
mucosal healing is associated with lower risks of 

complications, adherence to medications plays a crucial 
role in maintaining remission and improving long-term 
outcomes of UC. In this review, we describe the risks 
and outcomes of non-adherence with 5-ASA in UC, fac-
tors affecting adherence in UC patients, and patients’ pre-
ference for treatment with 5-ASA.

5-ASA Adherence in UC
Medication adherence is an important aspect of inducing and 
maintaining remission in UC, but it is also a recognized 
challenge since life-long adherence is required for disease 
management. While randomized control trials (RCTs) which 
demonstrated efficacy of 5-ASA compounds often reached 
adherence rates of 80–90% owing to strict follow-up and 
monitoring, experience from other chronic medical condi-
tions indicate that real-world medication adherence rates are 
approximately 50% or even lower.9–13 Perhaps unsurpris-
ingly, studies examining real-world adherence rates in UC 
patients have consistently found results much lower than 
those reported in RCTs.

In 1982, van Hees and van Tongeren demonstrated that 
41% of patients had substantially low serum sulfapyridine 
levels when measured 1 to 6 months after discharge, 
despite most claiming that they took sulfasalazine as 
prescribed.14 As the use of sulfasalazine declined, subse-
quent studies could no longer replicate van Hees and Van 
Tongeren’s methodology to measure adherence. Multiple 

Table 1 Available 5-ASA Formulations, Mechanisms of Delivery, and Dosing

Formulation Generic 
Name

Trade 
Names

Mode of Activation Site of 
Delivery

Daily Dosing

Diazo-bonded Sulfasalazine Azulfidine, 

Salazopyrin*

Mesalamine bound to sulfapyridine Colon 4 grams per day in three to 

four divided doses

Olsalazine Dipentum Two mesalamine molecules bound together Colon 1 gram daily in two divided 

doses

Balsalazide Colazide, 

Colazal

Mesalamine bound to 4-aminobenzoyl-β- 

alanine

Colon 2.25 to 6.75 grams daily in 

three divided doses

Delayed pH 

mediated 
release

Mesalamine Asacol, 

Delzicol

Eudragit-S coating (dissolves at pH ≥ 7) Mid-terminal 

ileum to colon

1.6 to 2.4 grams daily in one 

to three divided doses

Multi-matrix 
system

MMX 
mesalamine

Lialda, 
Mezavant*

Enteric coating (dissolves at pH ≥ 7). MMX of 
lipophilic and hydrophilic excipients

Terminal ileum 
and colon

2.4 to 3.6 grams once daily

Time 
dependent

Mesalamine Pentasa Microspheres encapsulated within an 
ethylcellulose semi-permeable membrane

Duodenum to 
colon

1.5 to 4 grams daily in four 
divided doses

Notes: Data from these studies.4,65 *Not available in the United States. 
Abbreviations: 5-ASA, 5-aminosalicylate; MMX, multi-matrix.
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authors have used survey-based methods to measure 
adherence, including Shale and Riley, D’Incà et al, and 
Moshkovska et al, and have found reported adherence 
rates to be generally between 50% and 70%.15–17

An important caveat of survey-based methods is that 
patients tend to over-report their adherence to medications, 
and indeed other authors have found lower adherence rates 
when using non-self-reported metrics.18 Using prescription 
refill records, Kane et al calculated an adherence rate of 
only 40% among 94 UC patients in remission.19 

A subsequent study of 1681 patients by Lachaine et al 
using the Canadian RAMQ database found an even lower 
adherence rate of 27.7% at 12 months.20 Some authors 
have also attempted to measure 5-ASA metabolites to 
increase objectivity; both Shale and Riley and 
Moshkovska et al incorporated spot urinary 5-ASA and 
N-acetyl-5-ASA measurements into their studies.15,17 

However, a subsequent study by Römkens et al found 
that spot measurements of urinary N-acetyl-5-ASA had 
considerable intra- and inter-subject variability and was 
not suitable for assessing 5-ASA adherence in practice.21

Implications of Non-Adherence
Non-adherence has major clinical and economic implica-
tions. Multiple studies have shown that non-adherence to 
5-ASA significantly increases the risk of relapse. In a pilot 
6-month-long RCT of different mesalamine formulations, 
Kane et al found that 2 of 6 non-adherent UC patients 

relapsed compared to zero patients who were adherent.22 

Kane et al also followed a prospective cohort of 99 
patients with quiescent UC on 5-ASA for 24 months and 
found a consistently higher rate of relapse among non- 
adherent patients, with 13 out of 32 non-adherent patients 
(40%) relapsed compared to 6 out of 54 adherent patients 
(11%) at 12 months (RR 3.65, 1.54–8.67), and 7 out of 28 
non-adherent patients (25%) relapsed compared to 1 out of 
39 adherent patients (2.6%) at 24 months (RR 9.75, 1.27– 
74.9).23 Results from a prospective cohort of 104 Japanese 
patients on 5-ASA were similar, with 41.3% of non- 
adherent patients relapsing compared to only 16% of 
adherent patients (HR 2.3, 1.004–5.24) by 12 months.24

Relapse, in turn, leads to numerous adverse outcomes 
including but not limited to decreased quality of life, more 
days missed from work, and adverse pregnancy outcomes.25– 

28 Furthermore, several observational studies have linked 
5-ASA non-adherence with an increased risk of colon cancer. 
Moody et al found that among 175 UC patients, 31.3% of non- 
adherent UC patients developed colorectal cancer after 10 
years compared to 3.3% of adherent patients (p < 0.001).29 

In a meta-analysis of 9 studies including Moody et al between 
1994 and 2004, Velayos et al found a protective association 
between 5-ASA use and colorectal cancer (OR 0.51, 95% CI: 
0.37–0.69).30 Subsequently, van Staa et al showed that IBD 
patients with regular 5-ASA use was found to have an adjusted 
OR 0.60 (95% CI: 0.38–0.96) of developing colorectal cancer 
compared to those who did not.31

Table 2 Indications to Use 5-ASA Formulations in Patients with Mild to Moderate UC per AGA and ECCO Guidelines

Disease Site and 
Activity

AGA ECCO

Proctitis Recommends mesalamine enemas (or suppositories) rather 

than oral mesalamine, where it also suggests that patients 

who place a higher value on convenience of oral medication 
administration and a lower value on effectiveness could 

reasonably choose oral mesalamine.

Mesalamine 1-g suppository once daily is the preferred 

initial treatment for mild or moderately active proctitis. 

Mesalamine foam or enemas are an alternative. Also, 
combining topical mesalamine with oral mesalamine or 

topical steroids is more effective.

Left-sided mild– 

moderate ulcerative 

proctosigmoiditis

Oral mesalamine in addition to rectal mesalamine 

suppositories or enemas. Combination is more effective than 

any form alone.

Active left-sided ulcerative colitis should initially be 

treated with an aminosalicylate enema ≥ 1 g/day 

combined with oral mesalamine ≥ 2.4 g/day.

Extensive mild– 
moderate UC

A standard-dose mesalamine (2–3 g/d) OR a diazo-bonded 
5-ASA rather. Low-dose mesalamine, sulfasalazine is not 

recommended. 

AGA also suggests adding rectal mesalamine to oral 5-ASA in 
these patients.

Aminosalicylate enema 1 g/day combined with oral 
mesalamine ≥ 2.4 g/day.

Note: Data from these studies.4,7. 

Abbreviations: 5-ASA, 5-aminosalicylate; UC, ulcerative colitis; AGA, American Gastroenterological Association; ECCO, European Crohn’s and Colitis Organization.
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Furthermore, poor adherence increases healthcare 
utilization and contributes to higher healthcare expen-
ditures. In a UK-based single-center retrospective 
cohort study, Bassi et al showed that compared to 
IBD patients in remission, relapsed IBD patients 
were associated with a 2- to 3-fold increase in health-
care costs at baseline and a 20-fold increase in costs if 
requiring hospitalization.32 Studies using insurance 
claims data have also linked non-adherence in UC 
patients to higher costs. Using data from 4313 UC 
patients from the Maryland CareFirst BlueCross 
BlueShield program, Kane and Shaya found that 
patients adherent to 5-ASA incurred 12.5% lower 
medical costs than those who were not.33 Similarly, 
an analysis of 1693 UC patients by Mitra et al showed 
that total all-cause costs were 29% higher for non- 
adherent patients.34

Factors Affecting Adherence in UC
In 2003, the World Health Organization (WHO) classified the 
determinants of non-adherence into five interconnected 
dimensions, social and economic, health system-related, con-
dition-related, patient-related, and therapy-related 
(Figure 1).35 From a socioeconomic standpoint, the most fre-
quently identified risk factor across multiple studies is younger 
age.16,17,20,36–39 Among 326 patients in the Manitoba IBD 
Cohort Study, Ediger et al found that 25% of patients cited 
cost of medications as an important obstacle towards 5-ASA 
adherence.36 Ediger et al and D’Incà et al also reported an 
association between being employed and non-adherence, pos-
sibly due to the increased time demands associated with 
employment.16,36 Several authors have examined the impact 
of sex, marital status, and education on 5-ASA adherence, but 
the association between each of the three variables and adher-
ence have been inconsistent.16,17,19,20,37–40

Figure 1 Factors affecting 5-ASA adherence in patients with UC. 
Note: *Factors for which data is conflicting or inconsistent. 
Abbreviations: 5-ASA, 5-aminosalicylate; UC, ulcerative colitis.
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The health system that a patient belongs to also plays 
a significant role on 5-ASA adherence. Through an analy-
sis of claims data from 5664 UC patients in the United 
States, Yen et al found that patients insured with Medicaid 
and Medicare risk plans were more likely to be non- 
adherent to 5-ASA (OR 1.48, 95% CI 1.03–2.03) com-
pared to those with commercial and fee-for-service 
Medicare plans.38 In addition, those who never receiving 
specialist care were also more likely to be non-adherent to 
5-ASA (OR 1.25, 95% CI 1.08–1.44).38 Nguyen et al has 
reported disparities in rates of IBD specialist utilization in 
the United States by race, which by extension suggests that 
there may be racial disparities in 5-ASA adherence as 
well.41 Lower rates of adherence have also been found 
among African Americans and Hispanic patients for 
other chronic medical conditions, further reinforcing that 
a disparity could exist for 5-ASA adherence as well.42,43

From a condition-related perspective, adherence to 
5-ASA is impacted by both the natural history of UC as 
well as the presence of comorbidities. Since UC flares are 
intermittent, patients may not feel the need to comply with 
treatment or do not wish to be reminded that they have an 
underlying chronic disease during remission.20,36 In 
a survey of 485 patients, D’Incà et al reported that non- 
adherence for patients in remission was 25%, compared to 
10% in those who had active symptomatic disease (p < 
0.001).16 Sewitch et al found that overall non-adherence in 
IBD patients was predicted by disease activity (OR: 0.50, 
p=0.0022) and intentional adherence was predicted by 
disease duration (OR: 0.12, p=0.0001).44 In terms of 
comorbidities, Lee et al described an association between 
non-adherence and both smoking and alcohol use, though 
an association between the former and non-adherence was 
not seen by Cerveny et al37,39 While Lachaine et al found 
no correlation between non-adherence and the diagnosis of 
another chronic medical condition in claims data, both 
Kane et al and Ediger et al reported that patients often 
cite having too many pills to take as a barrier to 
adherence.23,36

Non-adherence to 5-ASA is also shaped by patient- 
related factors. Multiple authors, including Kane et al, 
Ediger et al, and D’Incà et al, have noted that forgetfulness 
is one of the major reasons patients mention when asked 
why they do not take their medication.16,23,36 Ediger et al 
also found an association between higher adherence and 
agreeableness but not with any of the other Big Five per-
sonality traits (extraversion, openness, conscientiousness, 
and neuroticism).36 Finally, poor patient understanding of 

their disease may factor into 5-ASA non-adherence. In 
studies of UC patients in remission, both Kane et al and 
Ediger et al observed that a significant number of patients 
thought that they did not need to take medication while in 
remission.23,36 In interviews with UC patients, Moshkovska 
et al noted that a poor understanding of the natural history of 
UC and the benefits of medication, especially during quies-
cent disease, was a theme among those with low 5-ASA 
adherence.45

Preference Between 5-ASA 
Formulations
Given the complex factors which play into non-adherence 
in the above domains, several authors have investigated 
whether therapy-related barriers could be minimized by 
finding formulations and dosing schedules that patients 
prefer over others. Overall, patients appear to prefer oral 
over rectal 5-ASA formulations. In a randomized con-
trolled trial, Prantera et al reported a higher rate of adher-
ence to oral 5-ASA compared to rectal therapy (97.0% vs 
87.5%).46 Subsequently, in a real-world setting D’Incà 
et al found that rectal therapy was associated with greater 
non-adherence (68% vs 40%, p=0.001) owing to discom-
fort during use and inconvenience of administration.16 

However, given that in practice rectal 5-ASA is often 
added for extensive disease or non-response to oral 
5-ASA, not all patients may have the opportunity of 
choosing between oral and rectal therapy.

Dosing frequency may also be important given that 
patients often cite forgetfulness as reasons for non- 
adherence. Indeed, experience from other chronic conditions 
like hypertension, osteoporosis, and HIV demonstrate that 
decreased dosing frequency leads to higher adherence.47–50 

Older 5-ASA formulations, including many mesalamine for-
mulations, have traditionally been given multiple times a day 
in divided doses. In 2003, Kane et al performed a pilot RCT 
demonstrating that patients with quiescent UC could take 
mesalamine once-daily and maintain similar rates of remis-
sion as those taking the medication in divided doses.22 The 
efficacy of various mesalamine formulations given once- 
daily for maintenance of remission was confirmed in several 
multicenter RCTs, including by Kamm et al, Dignass et al, 
and Sandborn et al, and notably both Dignass et al and 
Sandborn et al also found higher rates of satisfaction 
among patients in the once-daily group.51–53 Kruis et al and 
Flourié et al extended these results to show that mesalamine 
formulations could also be dosed once-daily for active UC 
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with similar rates of remission and similar-to-higher rates of 
acceptability as divided dosing.54,55

Improving 5-ASA Adherence
Given that patients appear to exhibit a preference towards 
once-daily 5-ASA, it follows that switching from divided 
doses to once-daily dosing may lead to increased adher-
ence. Thus, it may be surprising that multiple meta- 
analyses found no difference in adherence rates between 
once-daily and divided dose strategies for both induction 
and maintenance of remission with 5-ASA.6,56,57 

However, it should be noted that these meta-analyses 
only included RCTs, where adherence rates in all groups 
were much higher than real-world rates, and so the effect 
of dose simplification may have been masked. Results 
from large-scale retrospective studies by Yen et al and 
Lachaine et al both showed that patients using MMX 
mesalamine had higher rates of adherence than patients 
using other formulations.20,38 Since MMX mesalamine 
was approved with once-daily dosing, in contrast to other 
5-ASA formulations, this data may support the superiority 
of a once-daily strategy if a large portion of patients using 
non-MMX formulations were being prescribed divided 
doses. Furthermore, Dignass et al found that despite 
there being no difference in adherence as measured by 
amount of medication used, the once-daily group reported 
lower rates of forgetting to take medications (21–26% vs 
25–44% in the control group) and had higher rates of 
remission (70.9% vs 58.9%, p = 0.024).52 Thus, it is 
quite plausible that once-daily dosing of 5-ASA can 
improve adherence, and potentially outcomes.

Other investigators have examined whether improving 
patient education and closer monitoring via telehealth 
could improve adherence. Both Waters et al and 
Nikolaus et al found that a standardized education program 
alone did not improve medication adherence.58,59 In con-
trast, Elkjaer et al showed that combining disease-specific 
education with Connected Care, a Web-based telehealth 
program, for UC patients on 5-ASA led to higher adher-
ence during flares and shorter duration of flares, though it 
did not change rates of overall adherence.60 In a study of 
IBD patients, de Jong et al demonstrated that the use of 
myIBDcoach, a similar telehealth program which tracked 
disease activity and provided e-learning modules, led to 
increased medication adherence and fewer hospitalizations 
at 12 months.61 However, Cross et al found no difference 
in medication adherence or disease activity through parti-
cipation in UC HAT, another telehealth program.62 

Notably, attrition rates were 24% (89 out of 117 patients) 
in Connected Care and 32% (8 out of 25 patients) in UC 
HAT, both which required weekly participation by default, 
compared to only 6% (27 out of 465 patients) in 
myIBDcoach, which asked for monthly participation 
unless a flare was detected. These findings suggest that 
telehealth programs may need to be convenient for the 
user or else patients may not adhere to the program, just 
as they may not adhere to taking medications if it is 
cumbersome.

There is some evidence to suggest that personalized 
interventions for improving 5-ASA adherence may lead to 
positive results. Moshkova et al demonstrated that provid-
ing patients with individualized interventions from a menu 
of choices including dose simplification, pillboxes, visual 
medication reminders, and mobile phone alerts signifi-
cantly increased adherence from 32% to 72% (p = 0.001) 
at 12 months.63 Greenley et al found that while providing 
problem-solving skills training to adolescent (age 11–18) 
IBD patients did not improve overall adherence, it did 
significantly increase adherence among an older subset 
(age 16–18) of patients with imperfect adherence by 10% 
(p < 0.05).64 The results from Moshkovska et al and 
Greenley et al suggest that interventions such as changes 
in dosing regimen, patient education, telehealth, and other 
techniques could all be promising if offered to the right 
patient.

Conclusion
UC is a chronic medical condition that requires life-long 
medication adherence for disease control and prevention 
of complications. However, adherence to 5-ASA remains 
low in real-world settings, influenced by a complex inter-
play of socioeconomic, systems-level, disease-related, and 
treatment-related factors. While non-adherence remains 
difficult to address, clinicians may be able to improve 
5-ASA adherence by switching formulations, simplifying 
the dosing, engaging patients with telehealth, and perhaps 
above all, providing a personalized approach towards 
tackling the problem. However, several gaps remain in 
our knowledge about 5-ASA adherence, and further 
research could confirm the real-world efficacy of dose 
simplification, investigate other methods to offer persona-
lized strategies for increasing adherence, and explore 
whether combining multiple strategies can improve 
5-ASA adherence, and potentially outcomes, in UC 
patients.
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