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Background/Aims: Although pharmacist intervention for patients with chronic diseases has
been shown to improve medication adherence, few studies have evaluated its effects on the
objective clinical outcomes. We investigated the impact of pharmacist intervention on medication
adherence and clinical outcomes in patients with ulcerative colitis (UC).
Methods: Patients with UC and low medication adherence were divided into two groups, based
on pharmacist intervention. Their medication possession ratio and nonadherence rate for 6
months before and after the baseline were investigated. The partial Mayo score, flare-up incidence, and factors influencing flare-up events for 1 year after the baseline were analyzed.
Results: Of 99 patients, 33 and 66 were included in the intervention and control groups, respectively. The nonadherence rate significantly declined in the intervention group 6 months after the
baseline (60.6% before vs 30.3% after; p=0.013). The groups showed a significant difference
regarding time-related partial Mayo scores (p=0.002). Intervention was significantly negatively
correlated with time and the partial Mayo score (r2=0.035, p=0.013). A significant difference was
observed in the flare-up incidence (33.3% in the intervention group vs 54.6% in the control group;
p=0.046). Multivariate logistic regression indicated that pharmacist intervention (adjusted odds
ratio, 0.370; 95% confidence interval, 0.145 to 0.945; p=0.038) independently reduced the flareup risk.
Conclusions: Pharmacist intervention significantly decreased the nonadherence rate, improved
the partial Mayo score, and reduced the flare-up incidence compared with the control group in a
cohort of UC patients identified to have low medication adherence. (Gut Liver, Published online
February 11, 2022)
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INTRODUCTION
Ulcerative colitis (UC) is an inflammatory bowel disease
(IBD) characterized by continuous mucosal inflammation
that commences in the rectum and extends towards the
colon.1,2 In 2020, South Korea had the second-highest incidence and prevalence rates of IBD in East Asia.3 Further,
the cost of managing patients with IBD has increased over
time.4,5 UC is a lifelong disease characterized by recurrent

remissions and unpredictable flare-ups, with a considerable number of patients unable to maintain a continuous
state of remission.6,7 The goal of UC treatment is to induce
and maintain corticosteroid-free remission.8,9 However,
>80% of patients with UC experience a minimum of one
flare-up during the decade following the diagnosis.10 The
IBSEN study suggested that the maintenance of remission
after prior remission induction is necessary to prevent further flare-ups.10
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Pharmacotherapy is the basis of the treatment for patients with UC,11 and medication adherence is one of the
key factors associated with remission maintenance.12 However, according to a systematic literature review, 30% to
45% of patients with UC were reported to be among those
with low medication adherence.13 Low medication adherence in patients with UC can lead to increased disease activity, loss of treatment response, and increased treatment
cost.14,15 Several studies have demonstrated that pharmacist
interventions in patients with chronic diseases, including
IBD, can improve their medication adherence.16-18 Tiao et
al. 19 reported that medication adherence of patients with
UC was improved through personalized counseling by
pharmacists.
Most previous studies regarding pharmacist intervention in patients with UC have only investigated the
improvement in medication adherence and suggested
performance tasks and roles for pharmacists.19-21 Few studies have evaluated the effects of pharmacist intervention
on objective clinical outcomes. Therefore, we analyzed the
effects of pharmacist interventions on both medication
adherence and clinical outcomes in patients with UC with
low adherence, compared with a control group of similar
patients without intervention.

MATERIALS AND METHODS
This was a retrospective longitudinal study using data
extracted from the electronic medical records (EMRs) at
a single tertiary hospital in South Korea. This study conformed with the Ethical Guidelines of the Helsinki Declaration in 1975. The study protocol was approved by the
Institutional Review Board of the Yonsei University Health
System (IRB number: 4-2021-0251). The informed consent
was waived.
1. Patients and study design
The study population comprised only those who were
identified as “non-adherers” in the EMR. The subjects
were divided into two groups. During the study enrollment
period (from October 2017 to April 2019), nonadherent
patients were allocated to an intervention group if they
were referred to a pharmacist for medication counseling.
Patients were allocated to the control group if they were
recorded as non-adherers in the EMR, but had not been
referred to a pharmacist. Non-adherer in our medical institution is recorded when more than 30% of the medication
prescribed on the previous clinic visit day remains unused
on the following visit day, which is based on staff opinion
and consensus.
2 www.gutnliver.org

The inclusion criteria were as follows: (1) aged ≥19
years; (2) diagnosed with UC at least 6 months before
the study enrollment (International Classification of
Diseases, Tenth Revision code: K51); (3) undergoing outpatient treatment with a specific gastroenterologist; (4)
a clear record of nonadherence on the EMR; (5) having
prescriptions for topical medications related to UC treatment or patients in a non-remission state (baseline partial
Mayo score [PMS] ≥3)22 that warranted intervention by
a pharmacist; or (6) having follow-up records spanning a
minimum of 8 months after enrollment in the study. Patients who met more than one of the following exclusion
criteria were excluded from the study: (1) diagnosed with
simultaneous UC and Crohn's disease; (2) having insufficient baseline scores on PMS-related items; (3) not having prescriptions for topical medication and with baseline
PMS ≤2; (4) having fewer than two outpatient clinic visits
during the follow-up period after the baseline; (5) participation in other clinical studies; (6) had received counseling
by a pharmacist before the study period; (7) pregnancy; (8)
solid organ transplant recipients; (9) not receiving medications; or (10) with malignant tumors.
2. The procedure for pharmacist intervention
The IBD multidisciplinary team at our hospital comprises doctors, pharmacists, nurses, nutritionists, and
social workers. The investigators developed the following
counseling protocol for outpatients with UC who need to
improve medication adherence: Patients who have been
identified as having low medication adherence by physicians were referred to a pharmacist for medication consultation. After the next request for consultation, the pharmacist reviewed patient information and prescriptions,
then prepared consultation materials, such as medication
information brochures and medication schedules. The
pharmacist subsequently conducted educational interventions, such as personalized counseling regarding medication dosage, drug mechanisms of action, effects, and possible side effects, as well as coping/prevention methods,
associated discomfort, difficulties, and concerns related
to medication use. Each consultation with the pharmacist
took approximately 30 minutes. All consultations were
free. If the patient agreed to a 1-week follow-up telephone
consultation, the pharmacist proceeded with a second
consultation at the scheduled time with the patient's
phone number (Fig. 1).
3. Clinical outcomes

1) Comparison of medication adherence: medication
possession ratio (MPR) and nonadherence rate

The medication possession ratio (MPR) was defined
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Ulcerative colitis outpatient visit for a specific physician s care

Stage 1
Non-adherer

Occurrence of patient with low medication adherence

Does the patient need
medication consultation
with a pharmacist?

No

Exclusion of 1st
pharmacist consultation

Yes
Stage 2
Non-adherer

Referring to a pharmacist for medication consultation

Reviewing the prescription and preparing consultation materials

Pharmacist: 1st face-to-face consultation

Does the patient agree
to the follow-up
telephone consultation
after 1 week?

No

Exclusion of 2nd
pharmacist consultation

Yes

Fig. 1. The procedure of pharmacist
intervention.

Pharmacist: 2nd follow-up telephone consultation

as a value obtained by dividing the total number of prescribed days of the administration of medications during
the follow-up period by the number of days of follow-up.15
Nonadherence was defined as MPR <80%.15 When multiple treatments were prescribed for the management of
UC, the MPR was calculated as the maximum number of
days of prescription among the concomitant medications.
The baseline MPR was calculated during an observation
period of 6 months. The MPR values between the two
groups were compared before and after the baseline following another 6-month observation period. The two groups
were also compared regarding the MPR for a 1-year postbaseline observation period and regarding the change in
the MPR between 6-month pre-baseline and 1-year postbaseline.
2) Comparison of disease activity: time-related
improvement in the PMS

We collected data regarding the frequency of stools, rectal bleeding, and the physician’s global assessment to compute the PMS over 1 year after enrollment in this study.23
This study statistically analyzed the PMS over time at
1-month intervals to evaluate the degree of improvement.
Subsequently, linear regression analysis was performed on
each group to estimate the regression equation between

time and the PMS.
3) Comparison of the flare-up incidence rates

A flare-up was defined as having one or more occurrences of the following items: dose escalation of medications used for UC treatment, step-up therapy, the addition
of corticosteroids,10,24 and the occurrence of severe disease
activity (PMS ≥5) at least once during the follow-up period.25 The two groups were compared regarding the rate
of flare-up.
4) Comparison of other items

The rates of hospitalization, surgery, and emergency
room visits, the defined daily dose of the corticosteroids
administered during the 1-year period, and factors related
to the flare-up incidence were analyzed. The number of
corticosteroids used by the participants was expressed using the defined daily dose, which is the average daily maintenance dose of the medication, as developed by the World
Health Organization (Supplementary Table 1).26
4. Statistical analyses
The baseline patient characteristics of the control and
intervention groups were summarized via descriptive
statistics and depending on the variables, were compared
https://doi.org/10.5009/gnl210371 3
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using the t-test or the Mann-Whitney U test and the chisquare test or the Fisher exact test. The significance level
was set at p<0.05. Data analysis was performed using SPSS
version 25 (IBM Corp., Armonk, NY, USA) and R version
4.0.0 (R Foundation for Statistical Computing, Vienna,
Austria).
Propensity score matching (PSM) was performed using
the optimal PSM method in the intervention and control
groups at a ratio of 1:2. The covariates included sex, age
at baseline, age at diagnosis, time elapsed after diagnosis,
baseline PMS, remission status, oral 5-aminosalicylate use,
biologics use, and disease extent. A linear mixed model
was used to analyze the group-by-time interaction regarding the PMS at 1-month intervals. When the PMS was
evaluated twice or more within 1 month, the highest score
was used.
The flare-up incidence rates were compared between
the two groups. Univariate and multivariate analyses were
performed to analyze the factors related to flare-ups. A
multivariate logistic regression analysis was performed in
accordance with the forward stepwise selection (likelihood
ratio) procedure for any factors that yielded results of p<0.2
in the univariate analysis.
The Kaplan-Meier analysis was performed to identify
the effect of pharmacist intervention on the time of occurrence of flare-ups during the follow-up period.

RESULTS
1. Basic participant characteristics
The number of patients who met the inclusion criteria
from October 2017 to April 2019 was 54 in the intervention group and 279 in the control group—333 patients
in total. Among these, 21 in the intervention group and
149 in the control group were excluded. The study group
finally comprised 33 in the intervention group and 130 in
the control group. PSM was subsequently performed at a
ratio of 1:2, with 66 of the 130 control participants selected.
Thus, the number of participants finally included in this
study was 99 (Fig. 2).
The median age of the participants was 33.0 years (interquartile range [IQR], 26.1 to 41.5), with 60.6% being
male; their median age at the time of diagnosis was 29.1
years (IQR, 22.7 to 36.6). The median time interval after
diagnosis was 3.6 years (IQR, 1.5 to 4.9).
No significant differences were found between the intervention (n=33) and control groups (n=66) regarding
baseline demographic distributions or regarding the following: median PMS (p=0.194), number of patients with
PMS ≤2 (p=0.444), number of patients using external
medications (p=1.000), and number of patients undergoing corticosteroid therapy within 1 year before their enrollment in this study (p=0.269). There were no statistically
significant differences between the two groups regarding
the disease extent and rate of biologics use (Table 1).
2. Comparison of the MPRs and nonadherence rates
There was no significant difference between the two

333 Total patients
Age >19 years, ulcerative colitis diagnosis >6 months, specific gastroenterologist s outpatients, non-adherer

54 Intervention group

21 Excluded
9 No topical medication & PMS <2
5 Outpatient clinic visits <2
3 No follow-up records for
a minimum of 8 months
1 Prior pharmacist intervention
1 Cancer
1 Pregnancy
1 Clinical trial

279 Control group

149 Excluded
52 No topical medication & PMS <2
47 Outpatient clinic visits <2
20 No follow-up records for
a minimum of 8 months
15 Cancer
6 Pharmacist intervention within the period
3 Transplantation
3 Pregnancy
2 Clinical trial
1 No medication prescribed

130 Control group

33 Intervention group

1:2 propensity score matching

33 Intervention group
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66 Control group

Fig. 2. Flow diagram depicting the
selection of the study population.
PMS, partial Mayo score.
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Table 1. Demographics and Baseline Characteristics of the Study Population
Classification
Male sex*
Age, yr*
Age at diagnosis, yr*
Age at diagnosis group
≤16 yr
17 to <40 yr
≥40 yr
Duration of diagnosis, yr*
Smoking status
Never
Former
Current
Disease extent*,†
E1
E2
E3
PMS*
PMS ≤2*
1 yr prior hospitalization: yes
Prior ER visit: yes
1 yr prior corticosteroid use: yes
Prior surgery: yes
Prior appendectomy: yes
Anemia: yes
Insomnia: yes
Depression: yes
Vitamin D deficiency: no
Diabetes mellitus: yes
Dyslipidemia: yes
Current medications
5-ASA: yes
Oral use*
Topical use
6-MP: yes
Azathioprine: yes
MTX: no
Corticosteroids: yes
Biologics: yes*
Infliximab
Adalimumab
Golimumab
Vedolizumab

Control (n=66)

Intervention (n=33)

Total (n=99)

40 (60.6)
32.6 (26.3–40.6)
29.0 (22.5–35.9)

20 (60.6)
33.0 (25.1–42.6)
29.1 (23.7–40.2)

60 (60.6)
33.0 (26.1–41.5)
29.1 (22.7–36.6)

0
54 (81.8)
12 (18.2)
3.5 (1.3–4.9)

0
25 (75.8)
8 (24.2)
3.7 (1.8–5.0)

0
79 (79.8)
20 (20.2)
3.6 (1.5–4.9)

46 (69.7)
20 (30.3)
0

25 (75.8)
7 (21.2)
1 (3.0)

71 (71.7)
27 (27.3)
1 (1.0)

18 (27.3)
29 (43.9)
19 (28.8)
1.5 (0.0–3.0)
47 (71.2)
4 (6.1)
5 (7.6)
14 (21.2)
0
2 (3.0)
11 (16.7)
1 (1.5)
1 (1.5)
66 (100.0)
1 (1.5)
3 (4.5)

7 (21.2)
14 (42.4)
12 (36.4)
2.0 (0.0–3.0)
21 (63.6)
2 (6.1)
5 (15.2)
4 (12.1)
1 (3.0)
1 (3.0)
5 (15.2)
3 (9.1)
0
33 (100.0)
1 (3.0)
2 (6.1)

25 (25.3)
43 (43.4)
31 (31.3)
2.0 (0.0–3.0)
68 (68.7)
6 (6.1)
10 (10.1)
18 (18.2)
1 (1.0)
3 (3.0)
16 (16.2)
4 (4.0)
1 (1.0)
99 (100.0)
2 (2.0)
5 (5.1)

66 (100.0)
66 (100.0)
63 (95.5)
3 (4.5)
14 (21.2)
66 (100.0)
6 (9.1)
6 (9.1)
0
3 (4.5)
2 (3.0)
1 (1.5)

33 (100.0)
33 (100.0)
31 (93.9)
0
6 (18.2)
33 (100.0)
1 (3.0)
6 (18.2)
4 (12.1)
1 (3.0)
1 (3.0)
0

99 (100.0)
99 (100.0)
94 (94.9)
3 (3.0)
20 (20.2)
99 (100.0)
7 (7.1)
12 (12.1)
4 (4.0)
4 (4.0)
3 (3.0)
1 (1.0)

p-value
1.000
0.827
0.670
0.472

0.879
0.264

0.693

0.194
0.444
1.000
0.294
0.269
0.333
1.000
0.847
0.107
1.000
1.000
1.000
1.000
1.000
1.000
1.000
0.549
0.723
1.000
0.419
0.207

Data are presented as the number (%) or median (interquartile range).
PMS, partial Mayo score; ER, emergency room; 5-ASA, 5-aminosalicylate; 6-MP, 6-mercaptopurine; MTX, methotrexate.
*Matched variables in the intervention group; †Disease extent of ulcerative colitis (UC) was defined as ulcerative proctitis (E1), left-sided UC (E2), or
extensive UC (E3).

groups regarding their median MPRs (control group,
90.8% [IQR, 77.1% to 100%] vs intervention group, 86.3%
[IQR, 75.2% to 96.2%]; p=0.254) and nonadherence rates
(30.3% vs 39.4%; p=0.366) for the 1-year observation period after the baseline (Table 2).
However, the MPR for the observation period of 6
months before and after the baseline increased significantly in the intervention group alone (n=65, from 73.4%
to 87.9%, p=0.070 in the control group vs n=33, from

60.5% to 83.6%, p=0.004 in the intervention group) (Fig.
3). Additionally, the rate of nonadherence significantly
decreased from 60.6% to 30.3% in the intervention group
alone (p=0.013). In the control group, the nonadherence
rate decreased from 36.9% to 21.5% (p=0.054) (Fig. 4).
There was a significant difference between the two groups
regarding the MPRs (73.4% vs 60.5%; p=0.023) and nonadherence rates (36.9% vs 60.6%; p=0.026) for the 6-month
observation period before the baseline. One of the 66 pahttps://doi.org/10.5009/gnl210371 5
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Table 2. Clinical Outcomes
Classification

Control (n=66)

Flare-up
Dose escalation
Step-up therapy
Severe activity (PMS ≥5)
Corticosteroid use
MPR, % (observation of 1 yr)
Nonadherence (observation of 1 yr)
DDD of corticosteroids
Hospitalization
Emergency room visit

Intervention (n=33)

36 (54.6)
27 (40.9)
8 (12.1)
14 (21.2)
17 (25.8)
90.8 (77.1–100.0)
20 (30.3)
20.4±41.7
1 (1.5)
0

Total (n=99)

11 (33.3)
9 (27.3)
4 (12.1)
5 (15.2)
4 (12.1)
86.3 (75.2–96.2)
13 (39.4)
12.6±38.3
0
1 (3.0)

p-value

47 (47.5)
36 (36.4)
12 (12.1)
19 (19.2)
21 (21.2)
89.6 (76.7–99.7)
33 (33.3)
17.8±40.5
1 (1.0)
1 (1.0)

0.046
0.184
1.000
0.470
0.118
0.254
0.366
0.158
1.000
0.333

Data are presented as the number (%), median (interquartile range), or mean±SD.
PMS, partial Mayo score; MPR, medication possession ratio; DDD, defined daily dose.

Before baseline
After baseline

Before baseline
After baseline
100
p=0.117

p=0.070

p=0.004

90
80

MPR (%)

70
60
50
40

87.9

83.6

73.4

30

60.5

Non-adherence rate (%)

p=0.023

100

p=0.340

90
80

p=0.026
p=0.013

70
60

p=0.054

50
40
30
20
10

60.6
36.9
21.5

0
Control (n=65)

20
10
0
Control (n=65)

Intervention (n=33)

Fig. 3. Medication possession ratio (MPR) before and after the baseline for an observation period of 6 months. The MPR for the observation period of 6 months before and after the baseline increased
significantly in the intervention group (n=65, from 73.4% to 87.9%;
p=0.070 in the control group vs n=33, from 60.5% to 83.6%; p=0.004
in the intervention group). One of 66 patients was excluded from the
control group due to the lack of exact prescription history because of
transfer from another hospital.

tients in the control group was excluded owing to a lack of
prescribing information in the 6 months before baseline.
Although changes in the MPR (delta rates) between the
two groups did not show a significant difference between
6 months before and after the baseline (9.5% in the control
group vs 23.1% in the intervention group; p=0.150), the
MPR changed between 6 months before and 1 year after
the baseline were significantly increased in the intervention group compared to those in the control group (7.1%
in the control group vs 23.3% in the intervention group;
p=0.013).
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30.3

Intervention (n=33)

Fig. 4. The rates of nonadherence before and after the baseline for an
observation period of 6 months. The rate of nonadherence significantly decreased from 60.6% to 30.3% in the intervention group (p=0.013).
In the control group, the rate of nonadherence decreased from 36.9%
to 21.5% (p=0.054). One of 66 patients was excluded from the control
group due to the lack of exact prescription history because of transfer
from another hospital.

3. Comparison of disease activity (PMS) after
pharmacist intervention
A comparison of the group-by-time interaction regarding the PMS at 1-month intervals revealed a statistically
significant difference between the two groups (p=0.002)
(Fig. 5). Linear regression analysis revealed that the control
group did not exhibit any significant correlation between
time and the PMS (r2<0.001, p=0.669). However, the PMS
decreased by 0.094 every month in the intervention group,
revealing a significant correlation between time and the
PMS (r2=0.035, p=0.013).
4. Comparison of the disease flare-up incidence
There was a significant difference between the two
groups concerning the incidence of flare-ups during the
follow-up period (control group, 54.6% vs intervention

Kim JS, et al: Improvement Medication Adherence Pharmacist Intervention

group, 33.3%; p=0.046). However, there were no significant
differences amongst the sub-items concerning the occurrence of flare-up, such as dose escalation (p=0.184), stepup therapy (p=1.000), severe disease activity (p=0.470), or
additional corticosteroid usage (p=0.118) (Table 2). The
survival rates of the patients free from any flare-up incidents were 38.8% and 66.7% in the control and intervention groups, respectively. This difference was not statistically significant (χ2=1.685, p=0.194) (Supplementary Fig.
1).
5. Comparisons of other items
The mean of corticosteroid consumption in defined
daily dose for 1 year was 20.4±41.7 and 12.6±38.3 in the
control and intervention groups, respectively (p=0.158).
There was no significant difference between the control
and intervention groups regarding the rates of hospitalization during the follow-up period (control group, 1.5% vs
Control
Intervention

5

Partial Mayo score

p=0.002

4
3
2
1

0

2

4

6

8

10

12

Time (mo)

Fig. 5. Comparison of the group-by-time interaction in the partial
Mayo score (PMS) during the course of the 1-year follow-up using the
linear mixed model analysis. This analysis revealed a statistically significant difference between the two groups (p=0.002). The values are
expressed as the mean±standard errors of the PMS monthly.

intervention group, 0%; p=1.000). None of the patients in
either group underwent surgery. Finally, only one patient
in the intervention group visited the emergency room
(Table 2).
6. Factors related to flare-up
Multivariate logistic regression revealed that pharmacist
intervention (adjusted odds ratio [OR], 0.370; 95% confidence interval, 0.145 to 0.945; p=0.038), the baseline PMS
(adjusted OR, 1.333; 95% confidence interval, 1.039 to
1.710; p=0.024), and history of 1-year prior corticosteroid
use (adjusted OR, 3.312; 95% confidence interval, 1.035 to
10.597; p=0.044) were independent factors associated with
flare up-free survival (Table 3).

DISCUSSION
This was the first study to evaluate the impact on clinical outcomes and medication adherence of pharmacist
intervention in patients with UC and low medication
adherence. Although pharmacist intervention for patients
with IBD has been shown to improve medication adherence, few studies have evaluated its effects on clinical
outcomes.19-20 The results of this study revealed that nonadherence rate, disease activity over time, and flare-ups
were significantly reduced in the intervention group alone.
This study confirmed that pharmacist intervention could
be one solution for improving patient outcomes by increasing medication adherence through individually educating
patients with IBD. The pharmacist’s role is emphasized in
the field of IBD treatment in international guidelines and
agreements.21,27 Nonetheless, the participation of pharmacists as members of the IBD multidisciplinary team is not
yet common in South Korea. Hence, this study supports
the guidelines and agrees with the necessity for the active
involvement of expert pharmacists in the management of

Table 3. Logistic Regression Model to Identify the Factors Influencing “Flare-Up” in Univariate and Multivariate Analyses (n=99)
Factor
Intervention (intervention group vs control group)
Sex (male vs female)
Baseline PMS
Baseline remission (yes vs no)
Topical 5-ASA use at the baseline (yes vs no)
AZA use at baseline (yes vs no)
Biologics use at baseline (yes vs no)
Corticosteroids use at baseline (yes vs no)
Corticosteroid use before 1 year (yes vs no)

Univariate analysis

Multivariate analysis

OR (95% CI)

p-value

Estimate

0.417 (0.174–0.996)
0.464 (0.204–1.054)
1.277 (1.009–1.616)
0.442 (0.185–1.054)
0.211 (0.023–1.957)
3.253 (1.132–9.348)
2.462 (0.690–8.786)
7.463 (0.864–64.494)
3.594 (1.171–11.036)

0.049
0.067
0.042
0.066
0.171
0.029
0.165
0.068
0.025

–0.995
0.287
1.197

OR (95% CI)
0.370 (0.145–0.945)
1.333 (1.039–1.710)
3.312 (1.035–10.597)

p-value
0.038
0.024
0.044

Method=forward stepwise regression.
OR, odds ratio; CI, confidence interval; PMS, partial Mayo score; 5-ASA, 5-aminosalicylate; AZA, azathioprine.
https://doi.org/10.5009/gnl210371 7
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IBD patients.
Several systematic literature reviews and meta-analysis
studies have demonstrated that pharmacist interventions for patients with diabetes, depression, and autoimmune diseases improved their medication adherence.16-18
Moreover, a previous study verified that participants who
received face-to-face intervention from the pharmacist exhibited improved quality of life, knowledge regarding their
medications, physical function, and symptoms compared
with the participants who did not.28
Furthermore, pharmacist intervention as part of an
outpatient IBD multidisciplinary team approach showed
high medication adherence by participants.20 Previous
studies assessing pharmacist intervention in various disease groups, including IBD, concur with our results, which
revealed a significant improvement in medication adherence in the intervention group alone. Moreover, in situations of remission, patients are often uncertain about the
need for therapeutic agents, with their medication adherence displaying a consequent decline.29 Therefore, using
the PSM, both groups were comprised so that there was no
difference regarding disease status when patients were enrolled in this study. The intervention group alone displayed
improved medication adherence, thereby confirming that
pharmacist intervention was an important factor in remission maintenance. Nevertheless, since the data were calculated based on an observation period of only 6 months
and there was a significant difference in the MPR and nonadherence rates 6 months before the baseline between the
two groups, it is necessary to confirm these results in larger
follow-up studies.
This study used PMS to evaluate the effect of pharmacist intervention on disease activity, which emphasizes
its relevance. This study also identified group-by-time
interactions in their PMS using linear mixed model statistical analysis at monthly intervals and found a statistically
significant difference between the two groups (p=0.002). A
correlation was observed in the intervention group alone,
with a monthly decrease in the PMS by 0.094 (p=0.013).
This confirmed that pharmacist intervention contributed
to the reduction in disease activity.
Ardizzone et al. 30 reported that corticosteroid therapy
was a risk factor for the frequent development of flare-ups.
Patients with UC with a history of corticosteroid usage had
a higher risk of clinical flare-ups.31 Furthermore, 65% of
the patients developed flare-ups that warranted corticosteroid therapy within 2 years after the initial corticosteroid
usage.32 We observed an increase in the risk of flare-ups
with 1-year prior corticosteroid use, which concurred with
the results of previous studies.
This study assessed an increase in the PMS at the base8 www.gutnliver.org

line as a predictive factor for the increase in the incidence
of flare-ups. Indeed, two-thirds of patients who were in
a non-remission state at the baseline developed flare-ups
over 1 year. These findings were similar to that of a previous study reporting an association between an increase
in the PMS and an increased risk of adverse physicianreported clinical outcomes, including current flare-ups.33
Although there is no consensus regarding the definition
of a clinical flare-up in UC, the basis of the clinical diagnosis of a flare-up is the manifestation of symptoms.34 Therefore, the definition of the occurrence of a flare-up in this
study included additional corticosteroid usage, the occurrence of dose escalation, step-up therapy for UC compared
with previous prescriptions, or severe disease activity.
This study had some limitations. First, although the
PSM method selected a control group similar to the intervention group, significant differences were found regarding MPR and nonadherence rate for 6 months before
the baseline between the two groups due to limitations
inherent to the retrospective study method. To overcome
this limitation, we compared and analyzed the changes
in the MPR (delta rates) between 6 months before and 1
year after baseline. Although the control group showed
no significant difference, the intervention group showed a
significant increase in the delta rate. Second, the number
of non-adherers identified in the EMRs at the baseline was
only half of those revealed via the MPR. The adherence of
patients undergoing treatment may include not only the
administration of prescribed medications but also regular
appointments and scheduled laboratory test completion.15
It is presumed that patients defined by the doctor as being nonadherent in the EMRs included those who were
non-compliant in other aspects, in addition to being low
medication adherence. However, it is estimated that this
difference was not significant, as the MPR reflects the
impact of scheduled appointment adherence failure. Moreover, as the medication adherence was calculated using the
MPR, it was not possible to confirm whether the patient
took their medications. Third, this study was retrospective;
hence, the medication adherence was confirmed using
the MPR alone. Fourth, the population size was relatively
small. Fifth, due to the limitations of this retrospective
study, regular endoscopy records could not be obtained.
Thus, confirmation of healing of mucosal lesions was not
possible. Sixth, since the study involved a review of EMRs,
the analysis of the factors that can affect flare-ups did not
include marital status, economic level, education level, or
mental status. Finally, a bias might have occurred regarding the control group due to other factors that were not
applied to the covariate. As a consequence of the basic
statistical characteristics, there was no statistical difference
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regarding the other factors. A logistic regression analysis
was performed, applying other factors to the covariate to
minimize any potential bias. Thus, potential differences
between the two groups can be considered to have been
minimized, though not eliminated. Future multicenter,
prospective studies should be performed to overcome the
abovementioned limitations and to generalize the results of
this study.
In conclusion, to our knowledge, this was the first study
to analyze the effect of pharmacist intervention on medication adherence and clinical outcomes in patients with UC
and low medication adherence. This study revealed that
pharmacist intervention had a positive effect on remission
maintenance, as the intervention group displayed significant improvement in medication adherence, improvement
in disease activity, and reduction in flare-up incidence.
Further, pharmacist intervention reduced the risk of flareup incidences. Therefore, this study suggested that patients
with UC and low adherence may require pharmacist intervention to improve their medication adherence and clinical outcomes.
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