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Abstract
Background and objective To determine the impact of non-adherence to 5-Aminosalicylates (5-ASA) on the risk of flares and to
identify risk factors of non-adherence.
Methods Observational, cohort study of ulcerative colitis (UC) patients in clinical remission at least 6 months on 5-ASA mono-
therapy maintenance prescribed by an electronic management program. Adherence was considered when 80% of the prescribed 5-
ASA had been dispensed at the pharmacy. The study analyzed the existence and degree of 5-ASA adherence, disease course, UC
phenotypic expression, and 5-ASA dose and regimen, and consumption of non-UC chronic drugs during 2-year follow-up.
Results The study included 274 patients, 49% males with a median age of 38 (27–49) years old. Overall, 41% of patients were
non-adherent to 5-ASA. Risk of flares was reduced in the adherent group (36% vs 54%; OR = 0,484; p = 0,004), mainly the mild
ones (26% vs 38%; OR = 0,559; p = 0,031). Non-adherence was associated with younger age at diagnosis (32 (26–45) vs 41.5
(21–50), p = 0.000) and no-consumption of other chronic treatments (1.1 vs 2.1; OR = 1709; p = 0,048).
Conclusion Non-adherence to 5-ASA evaluated by the pharmaceutical management system was at 41% with a higher risk of
relapse. Younger patients and patients who do not receive non-UC chronic treatments showed lower adherence rate.

Keywords Colitis, ulcerative . Aminosalicylic acids . Treatment adherence and compliance . Treatment outcome . Symptom
flare-up

Introduction

Ulcerative colitis (UC) is a chronic inflammatory bowel dis-
ease (IBD) characterized by an unpredictable course marked
by periods of flare and remission. The goal of maintenance
therapy is to keep steroid-free remission, clinically and endo-
scopically defined [1, 2]. 5-Aminosalicylates (5-ASA) repre-
sent the first-line maintenance treatment in patients
responding to 5-ASA or steroids due to its beneficial effect
in inducing remission and preventing relapse [3, 4].Moreover,

maintenance treatment with 5-ASA has proven to prevent
long-term complications such as colorectal cancer (CRC)
[5]. Thus, patients are required to take medication for long
periods of time and, in most cases, indefinitely [1].

Patient adherence to treatment is defined as the rate of
cooperation in following the physician’s prescriptions and rec-
ommendations over a specific period of time [6]. The adher-
ence rate to 5-ASA varies from 23 to 93% based on different
cohorts [7.8]. Adherence to 5-ASA therapy is essential to
improve disease outcomes. Non-adherence to 5-ASA is relat-
ed to a higher risk of disease relapse [9–12], CRC [13], wors-
ening quality of life, and increased medical health care costs
[11, 14, 15]. Other pharmacological factors such as 5-ASA
dose have shown to impact on disease course together with
adherence to medication [16]. However, several studies have
investigated adherence to UC treatment using indirect and
subjective methods such as patient self-reporting, question-
naires, or medical records [7, 8, 10, 17–20]. Adherence eval-
uation with these methods has come up with disperse
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adherence rates and controversial results about risk factors and
impact of non-adherence in UC.

We hypothesized that non-adherence to 5-ASA can be
evaluated objectively and reliably with a pharmaceutical elec-
tronic management system. The main aim of this study was to
determine the impact of non-adherence to 5-ASA on the risk
of flares. The secondary aim was to identify risk factors of
non-adherence.

Material and methods

Study design and population

An observational, analytical, retrospective with prospectively
gathered data, single tertiary center, cohort study of 2-year
follow-up was performed. All consecutive patients with UC
diagnosis, followed in the Inflammatory Bowel Disease (IBD)
Unit of the University Clinic Hospital of Valencia in January
2016, were screened for eligibility. Inclusion criteria were firm
UC diagnosis, age ≥ 18 years, clinical remission for at least
6 months before the study, 5-ASA monotherapy as mainte-
nance treatment at the beginning of the study, and prescription
made with a pharmaceutical electronic management program
with a regular follow-up of at least every 6 months in the out-
patient clinic. Exclusion criteria were history of colon surgery
and hypersensitivity or intolerance to 5-ASA.

Epidemiological and clinical data were collected from the
ENEIDA registry. ENEIDA is a registry of the Spanish
Working Group in Crohn’s and Colitis (GETECCU), which
includes patients with IBD. The database prospectively re-
cords clinical characteristics, outcomes, and treatments.
Adherence to treatment was evaluated with a pharmaceutical
electronic management program. With this method, we calcu-
lated the percentage of the prescribed doses of the 5-ASA that
the patient dispensed at the pharmacy. Non-adherence was
considered when 5-ASA dispensed was less than 80% of the
prescribed [6]. Adherence was measured until relapse or until
the end of the study period in cases under remission. No mo-
tivation for adherence to treatment was present during the
study period reflecting a real clinical practice situation.

Informed consent to participate in the database was obtain-
ed from all patients. The study was approved by the institu-
tional ethics committee of the hospital on August 28, 2016.
The study protocol conforms to the ethical guidelines of the
1975 Declaration of Helsinki as reflected in a priori approval
by the institution’s human research committee.

Variables

Variables included were adherence to 5-ASA, gender and age
at diagnosis, risk factors for IBD, phenotypic expression of the
disease, presence of extraintestinal manifestations,

complications, 5-ASA dose, formulation and regimen, con-
sumption of other non-UC chronic treatments, and disease
course evaluated as relapse rate, severity of flares, and interval
since the beginning of the study until relapse.

Definitions

Diagnosis of UC was made by local gastroenterologists based
on standard clinical, endoscopic, and pathological criteria ac-
cording to the European Crohn’s and Colitis Organization
(ECCO) consensus guidelines [1].

A positive family history was defined as the presence of
one or more relatives of first or second degree with either UC
or Crohn’s disease (CD). Patients were classified as smokers if
they had smoked more than seven cigarettes per week for at
least 6 months and ex-smokers if they had stopped smoking
for at least 12 months at the time of the evaluation.

Disease extent was determined with ileocolonoscopy and
classified according to the Montreal classification [21]. The
maximum extent of disease at any time since diagnosis was
assigned for each patient. The extraintestinal manifestations
(EIMs) taken into account were peripheral arthropathy, anky-
losing spondylitis, sacroilitis, erythema nodosum, pyoderma
gangrenosum, aphthous stomatitis, iritis, episcleritis, primary
sclerosing cholangitis, and thrombosis. Complications consid-
ered were megacolon, intra-abdominal abscesses, bowel per-
foration, or major acute hemorrhage defined as hematochezia
or melena with hemodynamic instability (hypotension or or-
thostatic change in vital signs) and/or an acute decrease in
hemoglobin concentration of at least 2 mg/dL compared with
baseline. Neoplasia was defined as the presence of high-grade
dysplasia or colon carcinoma during follow-up surveillance
colonoscopy.

Relapse was defined based on previous cohort studies ac-
cording to the Mayo score that led to the initiation of
remission-induction therapy [2]. A mild flare was considered
whether an increase in the 5-ASA dose or combination thera-
py was needed. A moderate-severe flare was considered when
steroids, immunomodulators, or biologic treatments were
added. Flares that required hospitalization were considered
in a separate group.

The treatment regimen for UC in the follow-up period was
the same in all patients, based on Spanish-developed guide-
lines [22], which are in agreement with ECCO guidelines [1].

Statistical analysis

The distribution of the variables was obtained by the analysis
of normality with the Kolmogorov-Smirnov and the Shapiro-
Wilk test. Qualitative variables were expressed as frequencies
(%) and quantitative variables as mean and standard deviation
(SD) or median and interquartile range (IQR).
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Univariate analysis was performed to study demographic
variables, risk factors for IBD, phenotypic expression, treat-
ment regimen, and disease course differences according to the
existence and degree of 5-ASA adherence. Either chi-square
test or Fisher’s test (variables that showed more than 25% of
the categories with an expected value lower than 5) was per-
formed with qualitative variables. Measures of association
between qualitative variables were reported as odds ratio
(OR) with 95% confidence intervals (95CI). Comparison be-
tween groups of quantitative variables was made with the t
test, Mann-WhitneyU test, or Kruskal-Wallis test, as required.
A multivariate logistic regression model was applied to dis-
criminate adherence condition including in the model signifi-
cant risk factors of the univariate analysis.

A Spearman’s rank correlation coefficient analysis was per-
formed to correlate percentage of adherence with relapse rates.

Kaplan-Meier curves were used to compare the time free of
relapse among 5-ASA adherence, with statistical comparison
being made using the log-rank test. Cox proportional hazard
models were used to assess the relationships between non-
adherence and clinical relapse as well as other potential prog-
nostic factors.

All statistical tests were two-sided. A p value of < 0.05 was
considered statistically significant. Analyses were performed
with the SPSS V22.0 software package.

Results

Study population and prevalence of adherence

The cohort included 542 patients at the beginning of the study.
From the initial eligible population, 268 patients did not meet
the inclusion criteria and were excluded; 274 patients were
finally enrolled (Fig. 1).

Baseline characteristics of the cohort population are shown
in Table 1.

Overall, 112 (41%) (95CI = 35–47) patients were non-
adherent to 5-ASA during the 2-year follow-up. The median
adherence rate was 65% (49–74) and 94% (88–100) in the
non-adherent and adherent group, respectively (p = 0,000).

Disease flares according to adherence

During the follow-up period, 124 patients experienced re-
lapse. For all patients, the cumulative relapse rate was 45.3%
(95CI = 39–51). Eighty-eight (32%) patients suffered a mild
relapse, of whom 71 (81%) required a combination of 5-ASA
therapy and 63 (72%) increased doses. Fifty-five patients
(20%) experienced a moderate-severe flare that required ste-
roids, of whom 9 (16%) were prescribed immunomodulation,
7 (13%) biologics, and 5 (9%) combination therapy of immu-
nomodulators and biologics. Two patients (0.7%) required
hospitalization.

Risk of flares was reduced in the adherent group (36% vs
54%; OR = 0.48; 95CI = 0.29-0.80; p = 0.004). Differences
were mainly seen in the risk of mild flares (26% vs 38%;
OR = 0.56; 95CI = 0.33-0.95; p = 0.031); while no statistically
differences were observed in the risk ofmoderate-severe (18%
vs 21%; OR = 0.79; 95CI = 0.43-1,47; p = 0.461) and flares
that required hospitalization (0.7% vs 0.9%; OR = 0.70;
95CI = 0.04-11,38; p = 0.804).

Rank correlation showed a limited inversed relationship
between adherence rate to 5-ASA and number of relapses
(r = − 0.20, 95CI = − 0.32–− 0.09, p = 0.001). Kaplan-Meier
analysis showed differences in terms of survival function free
of relapse with a mean of 16 vs 18 months in non-adherent vs
adherent group, respectively (log-rank 7.67; p = 0.006; hazard
ratio 1.66, 95CI = 1.15–2.41, p = 0.007) (Fig. 2).

Univariate analysis of demographical data, risk factors of
IBD, phenotypic expression, and treatment regimens accord-
ing to disease flares is shown in Table 1.

Younger age at diagnosis, 5-ASA in a unique daily dose,
no-treatment for other chronic diseases, and 5-ASA non-ad-
herence were associated with an increased risk of flares. No
differences were observed for gender, family history of IBD,
smoking habits, appendectomy, disease duration and extent,
perianal involvement, EIM, complications, CRC, and 5-ASA
dose or formulation among both groups. A multivariable Cox
regression analysis was performed, including statistically sig-
nificant variables of Table 1. This analysis showed that adher-
ence condition and number of 5-ASA takes per day remained
as independent predictive factors of relapse (Table 2). Survival
function free of relapse showed a mean of 16 vs 18 months in
non-divided vs divided doses of 5-ASA, respectively (log
Rank 4.83; p = 0.028) (Fig. 3).

Means of daily dose were 2.8 g, 2.7 g, 3 g, and 2.9 g per
day in those patients taking 1, 2, 3, or 4 takes per day respec-
tively. Cox regression excluded daily dose as an independent
risk factor for disease flare (HR = 1.00; 95CI = 1.00–1.00; p =

542 eligible patients at the 

beginning of the study

51 no maintenance 

treatment with 5-ASA

25 history of colectomy
3 with a non-electronic 

management prescription system

34 non-regular follow-up

11 hypersensitivity or 

intolerance to 5-ASA

144 adjunvant treatment

274 enrolled patients

Fig. 1 Study protocol flowchart
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0.077) and maintained non-adherence (HR = 1.77; 95CI =
1.21-2.58; p = 0.003) and number of 5-ASA takes per day
(HR = 0.74; 95CI = 0.59–0.93; p = 0.010) as predictors of
relapse.

Risk factors for non-adherence

Univariable analysis comparing demographical data, risk
factors of IBD, phenotypic expression, and treatment reg-
imens according to adherence is shown in Table 1.
Younger age at diagnosis and no-treatment for other
chronic diseases were associated with non-adherence to
5-ASA. No differences were observed for gender, family
history of IBD, smoking habit, appendectomy, disease du-
ration and extent, perianal involvement, EIMs, complica-
tions, CRC, and 5-ASA dose or formulation and 5-ASA
regimen. The multivariable logistic regression analyses
showed that younger age at diagnosis (OR = 1.03;
95CI = 1.01–1.04; p = 0.010) and no-consumption of other
chronic treatments (OR = 1.71; 95CI = 1.004–2.91; p =
0.048) remained as independent risk factors of non-
adherence to 5-ASA. The discriminant function model
showed that independent factors distinguish 5-ASA adher-
ence condition in 65% of the cases.

Discussion

With this study, we obtained that 41% (95CI = 35–47) of the
UC patients were non-adherent to 5-ASA during the 2-year
follow-up and non-adherence was associated with an in-
creased risk of disease flare and shorter time free of relapse.

The two recent Spanish studies of Bermejo F et al. [17] and
Algaba A et al. [18], which based their studies on the same
population, showed a discordant adherence rate of 31% and
81%, respectively, measured by a self-reporting questionnaire.
To avoid subjective data which may lead to very different
results, we used the pharmaceutical electronic management
system. This is an objective method that reports the percentage
of dispensed medication by the patient in the pharmacy and
therefore provides a good estimation of the medication con-
sumption. It is costless and easy to apply in routine clinical
care for evaluating adherence without an influence on pa-
tients’ attitude, showing real-life data about the impact and
risk factors of non-adherence in UC.

The results of our study, in accordance with previous re-
sults [9–12], show that non-adherence to 5-ASA is an inde-
pendent predictive factor of disease relapse. However, unlike
other studies [10, 18, 20], we excluded patients with adjuvant
maintenance treatment with immunomodulators or biologic
therapies or less than 6 months clinical remission before in-
clusion not due to the lack of validity of the method in this
population but to assess the direct effect of 5-ASA non-adher-
ence in disease outcomes. We found that non-adherence to 5-
ASA monotherapy was mainly related to an increased risk of
mild flares. The pathophysiology of the disease could explain
the differences shown according to the severity of the relapse.
A pooled analyses of individual participant data from clinical
trials have shown no benefit of concomitant 5-ASA in patients
with UC escalated to biologic therapy [23]. Therefore, while
mild flares depend on 5-ASA adherence; moderate or severe

Fig. 3 Time-to-relapse according to 5-ASA regimen

Table 2 Cox regression of risk factors for disease flare

Characteristics HR; 95CI p value

Age at diagnosis 0.99; 0.98–1.01 0.715

Non-adherence 1.61; 1.10–2.36 0.014*

Other chronic treatments 0.76; 0.50–1.13 0.174

Number of 5-ASA takes 0.75; 0.60–0.94 0.014*

*p < 0.05

Fig. 2 Time-to-relapse according to adherence
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flares trigger regardless of the 5-ASA not only adherence but
also treatment prescription. The higher number of patients that
experienced a mild flare compared with those who suffered a
moderate or severe one could also explain a stronger statistical
power in the mild group.

A major finding in our study is that both non-adherence
and the number of times 5-ASA is taken per day are indepen-
dent predictors of disease flare. A higher survival function free
of relapse was seen in patients taking divided 5-ASA dosing
compared with once daily dose. On the contrary, the meta-
analysis of Li W et al. [22] found that once daily dosing of
5-ASAwas as effective and safe as multiple dosing for induc-
ing and maintaining remission of mild to moderate UC.
However, some of the studies included were of low quality
and the inclusion criteria of patients with UC and relapse or
remission definitions were not uniform among the studies in-
cluded in themeta-analysis. A limitation of our study is that no
subgroup analysis of 5-ASA type was done. Nevertheless,
other pharmacological variables were analyzed, and we ob-
served no differences in the 5-ASA total dose, route of admin-
istration, or adherence rate among once vs multiple daily dos-
ing that could explain the higher risk of relapse. Therefore,
future trials will need to explore the optimal 5-ASA adminis-
tration regimen.

As it is well known, adherence to treatment in chronic
disease is a complex issue in which a wide variety of factors
play a role. Previous studies have tried to identify demograph-
ic and clinical characteristics predictive of non-adherence to 5-
ASA in UC. However, these studies have provided contradic-
tory results about the influence of some factors such as gender,
age, social status, or number of daily doses [7, 8, 17–20, 24,
25]. The pharmaceutical electronic management system al-
lows physicians to reliably asses the percentage of topical
medication dispensed by the patient in the pharmacy.
Moreover, no differences were found in the adherence rate
or in their risk factors depending on the route of 5-ASA ad-
ministration, so therefore patients with only topical formula-
tion were also included. Factors that showed independent as-
sociation with non-adherence to 5-ASA in our study were
younger age at diagnosis and no-consumption of other chronic
treatments. Patients with no other chronic treatments showed
up to 2.2 times higher risk of non-adherence than patients
taking other chronic diseases medication which may imply
that patients with other chronic disease are more aware of
the relevance of taking their medication.

Adherence concept implies a wide range of behaviors, from
a patient that misses occasionally a dose to a patient who does
not take any of their medication. Moreover, adherence rates
not only vary between patients but also over time. A limitation
of our study is that disease relapse was defined retrospectively
according to the treatment changes and variations of the ad-
herence condition over time after disease flares were not mea-
sured. Thus, the effect of disease relapse in the patients’

behavior was not evaluated. In addition, patients have differ-
ent reasons for not taking their medication, which could be
unintentional and intentional [26]. Combining a self-reported
method with an electronic management system to evaluate
adherence to 5-ASAwill help understand the relationship be-
tween patients’ beliefs, concerns, and behaviors. Identifying
the specific reason behind non-adherence may help to individ-
ualize measures to improve adherence.

In summary, there is 41% (95CI = 35–47) non-adherence to
5-ASA evaluated with a pharmaceutical electronic manage-
ment program. Younger patients who do not receive other
non-UC chronic treatment show a lower adherence rate. Non-
adherence to 5-ASA is associated with a higher risk of disease
flares, althoughmainlymild. A higher time-to-relapse is present
in patients taking divided 5-ASA doses compared with a once
daily dose. The electronic management system may be consid-
ered a useful tool in the clinical practice evaluation, mainly to
be applied in patients with non-adherence risk factors, in order
to recognize their reasons for inadequate adherence and in-
crease awareness of its consequences in disease evolution.
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