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BACKGROUND: Many outpatients with functional dys-
pepsia (FD) do not follow the medication schedule recom-
mendations, which can lead to illness relapse.
OBJECTIVE: To investigate whether short message ser-
vice (SMS) reminders improve medication regimen adher-
ence and therapeutic efficacy in outpatients with FD.
DESIGN:Participants with FDwere randomly allocated to
the control group or intervention group. Patients in the
control group received a 4-week medication treatment
with no reminders, those in the intervention group re-
ceived medication treatment plus a daily SMS reminder
of dose and medication time.
PARTICIPANTS: Newly diagnosed FD patients from April
2019 to June 2019 were recruited from the GI outpatient
clinics at Renji Hospital.
MEASUREMENTS: The scores for FD symptoms (LDQ)
and psychological conditions (PHQ-9 for depression and
GAD-7 for anxiety) were assessed before and after the
treatment. The medication possession ratio (MPR) was
calculated.
KEY RESULTS: A total of 352 eligible patients was
enrolled in the study. The overall compliance rates of
patients in the intervention and control groups were
87.5% and 80.7% in the intention-to-treat (ITT) anal-
ysis (P = 0.08) and 94.48% and 86.59% in per-
protocol (PP) analysis (P = 0.015), respectively. In the
intervention group, the compliance rate of younger
patients (age ≤ 40 years) was significantly higher
than that of age-matched patients in the control
group (ITT: 86.1% vs. 70.5%, P = 0.018). Compared
with the control group, the reduction in scores of
LDQ (9.33 vs. 8.02, P = 0.017), PHQ-9 (6.97 vs.
5.69, P = 0.004), and GAD-7 (8.70 vs.7.53, P = 0.028)
was significantly greater in patients receiving SMS
reminders. The MPR of patients positively correlated
with the reduction in scores of LDQ, PHQ-9, and
GAD-7 in both groups.
CONCLUSIONS: SMS reminders can improve treatment
compliance and efficacy in patients with FD.
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INTRODUCTION

Functional dyspepsia (FD) is one of the most prevalent
functional gastrointestinal disorders (FGIDs). It is char-
acterized by one or more of the following symptoms
that are unexplained after a routine clinical evaluation:
postprandial fullness, early satiation, epigastric pain, and
epigastric burning.1, 2 FD is a common condition seen
in the clinical practice of gastroenterologists.3 It poses
significant burdens to patients due to consultations,
medications, and sickness-related absences from
work.4–6 Currently, the main treatment options include
drug therapy, psychotherapy, and nutritional diet thera-
py.4–6 Although high-quality evidence supporting the
use of medication regimens is lacking, pharmacotherapy
including acid-suppressive drugs and prokinetics forms
one of the pillars of FD treatment.1 Guidelines recom-
mend the use of neuromodulators (such as antidepres-
sants) in FD patients not responding to acid-suppressive
drugs and prokinetics.7 The maximum benefit of medi-
cations can be achieved only if patients adhere to the
prescribed treatment regimen.8 Effective treatment for
FD requires patients to take multiple drugs daily for a
specific duration (at least 4 weeks), especially for those
with severe symptoms.1, 9 However, less than half of
outpatients with FD adhere to physician recommenda-
tions of the medication schedules given by physicians.10

Non-adherence to prescribed medications could greatly
reduce the chance of treatment success, precluding a
proper evaluation of therapeutic efficacy. Therefore, we
conducted a prospective randomized controlled study to
investigate whether short message service (SMS) re-
minders could improve the treatment compliance rate
and therapeutic efficacy in patients with FD.
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MATERIALS AND METHODS

Patients and Study Design

This was a prospective, physician-blinded, and randomized
study. A total of 352 consecutive patients who were newly
diagnosed with FD from April 2019 to June 2019 were re-
cruited from the GI outpatient clinics at Renji Hospital. The
inclusion criteria were as follows: 18–65 years old; education
level no lower than middle school; met the Rome IV criteria
for FD; absence of abnormalities on physical examination,
laboratory tests (including a routine blood test, blood glucose,
and liver function examination), and abdominal imaging and
GI endoscopy; and the absence of Helicobacter pylori infec-
tion. Patientswere excluded if theywere younger than 18 years
old or older than 65 years old; were allergic to the treatment
medication; had evidence of organic GI disease; had a psychi-
atric disease or taking psychotropic drugs for indications other
than FD; had severe diseases of other systems; were lactating,
pregnant, or planning pregnancy; or lacked capacity. The
study protocol and informed consent form were approved by
the Medical Ethics Committee of Renji Hospital (Approval
No. KY2019032), and the study was registered on
clinicaltrials.gov (NCT04052750). An informed consent form
was obtained from each participant.

Randomization and Intervention

Eligible patients were randomly allocated to the intervention
group or the control group for 4 weeks. The randomization
sequence was prepared by an independent researcher accord-
ing to the computer-generated random number tables. In order
to reduce bias and achieve balance, a permuted-block design
(with variable block size) was used in the allocation of partic-
ipants to study arms. The participants’ basic information and
symptoms were recorded before the intervention began. Pre-
scribing physicians were blinded to the study. All patients
received standard treatments for FD. Treatment was the dis-
cretion of the prescribing physician and included proton-pump
inhibitors (PPIs), H2 receptor blockers, and prokinetics as well
as antidepressants. Prescribing physicians were blinded to the
study. Patients in the intervention group received daily SMS
instructions of medication dosage and time about dyspeptic
medications prescribed at the outpatient clinic. The control
group received only treatment with no reminders. The SMS
reminder was sent using an automated system (Red Maple
LeafMedia Ltd, Shanghai, China) at the timewhenmedication
needed to be taken. The messages included medication dose
and time about the drugs prescribed at the outpatient clinic.

Outcome Measures

The primary endpoint of this studywasmedication adherence to
the dyspepsia drugs. The major classes of medications used by
the enrolled subjects consisted of the regular first-line therapy,
i.e., non-psychiatric medications including PPIs (n = 314,
89.2%), H2 receptor blockers (n = 210, 59.66%), prokinetic

agents (n = 117, 33.24%), and psychiatric medications (antide-
pressants; n = 282, 80.11%). Nearly all the patients received
multiple medications. Adherence was evaluated by pill count,
using the medication possession ratio (MPR),11 defined as the
number of drugs taken by the patient during the follow-up
period relative to the amount prescribed. The numerator for
MPR was the number of medications taken by patients during
the observation period. The MPR denominator was the number
of drugs required during the observation period for 100%
adherence and was defined as the number of drugs required
per day multiplied by the days of the observation period. The
start of the observation was defined as the date on which the
corresponding medication was first prescribed. The end of the
observation was the date of follow-up. If a patient used more
than one drug, the MPR was calculated with the sum of all the
FD drugs. MPR ≥ 80% was defined as the threshold for which
patients were considered adherent to therapy. Poor compliance
was defined as taking less than 80% of prescribed dyspepsia
drugs. The percentage of compliant patients in each group was
calculated by dividing the number of compliant patients (MPR
≥ 80%) by the total numbers of enrolled patients after the 4-
week treatment period. The secondary endpoint was the thera-
peutic efficacy. Dyspeptic symptoms of patients were assessed
using Leeds Dyspepsia Questionnaire (LDQ). Psychological
symptoms were assessed using Patient Health Questionnaire
Depression Scale (PHQ-9) and Generalized Anxiety Disorder
Scale (GAD-7). The patients were asked to fill out a corre-
sponding questionnaire before the treatment. A standardized
follow-up phone call was performed at the end of the 4-week
treatment to evaluate the patient’s condition. Patients’ missing
dosages, symptoms, and adverse drug reactions (ADRs) were
recorded through the standard self-report questionnaires.

Statistical Analysis

Drug efficacy and treatment compliance were analyzed based on
the intent-to-treat (ITT) population, which included all the en-
rolled subjects, and on a per-protocol (PP) population. Subgroup
analyses of patients of different ages were not pre-specified. Our
sample size of 176 patients per arm was based on a 10%
difference in the SMS reminder group with a significance level
of 0.05 (α) and a power of 80% (1− β) in the two-side test,
assuming 10% of withdrawing or loss to follow-up.

SPSS software V.25.0 (IBM Corp., Armonk, NY, USA)
was used to perform all statistical analyses. Categorical data
were analyzed with chi-square test, or Fisher exact tests if
appropriate. Continuous variables were analyzed with Stu-
dent’s t test. Spearman’s correlation analysis was used to
determine the association of medication compliance with
symptom improvement or other variables. The participants
who were lost to follow-up, withdrew due to adverse reac-
tions, and did not take medicine according to the physician’s
advice were excluded in the per-protocol analysis. Each par-
ticipant who had finished the follow-up phone call at the end
of the fourth week was included in the compliance assessment.
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A P value < 0.05 was considered statistically significant. Nor-
mally distributed data were expressed as mean ± SD.

RESULTS

Subjects

A total of 352 consecutive patients with FD were included
and randomly assigned to the control or intervention
groups. The flow of screening and recruitment of study
subjects is shown in Figure 1. The subjects were all includ-
ed in the ITT analysis; 327 subjects completed the treat-
ment (164 in the control group and 163 in the intervention
group) and were analyzed as the per-protocol group.
Groups were well-balanced in terms of demographic and
baseline clinical characteristics (Table 1).

Compliance with Medication Treatment

There was no difference in the ITT analysis (n = 176), in the
proportion of compliant patients (MPR ≥ 80%) between the
intervention and control groups for FD medications (87.5% vs.
80.7%, P = 0.08), though the PP analysis (n = 164) suggested
improvement with the intervention (94.5% vs. 86.6%, P= 0.02;
Table 2). Subgroup ITT analysis showed that the proportion of
compliant patients was higher for non-psychiatric FD drugs
compared with the control group (88.0% vs. 78.0%, P = 0.02;

Table S1), but not for psychotropic FD drugs (85.7% vs. 77.5%,
P = 0.07). Compliance was also significantly higher in patients
40 years and younger between the intervention and control
groups (86.1% vs. 70.5%, P = 0.02), though not in older patients
(88.7% vs. 88.8%, P = 0.98; Table 2). Patients younger than 40
had higher educational attainment than older patients (P < 0.001;
Fig. 2a).

Outcomes of Treatment

The symptom scores decreased significantly compared with
baseline in both the control group (n = 164) and the interven-
tion group (n = 163) after a 4-week treatment (P < 0.001;
Table 3). Compared with the control group, the change in
LDQ scores was greater in the intervention group than in the
control group (9.33 vs. 8.02; P = 0.017), indicating a better
treatment response of this group. The scores of PHQ-9 (for
depression) and GAD-7 (for anxiety) in each group also
significantly decreased after a 4-week treatment (P < 0.001
compared with baseline; Table 3). The improvement in these
scores in the intervention group was significantly greater than
that in the control group (P < 0.05; Fig. 2b).

Relationship Between Medication Compliance
and Symptom Improvement

Spearman’s correlation analysis revealed that the MPR of
patients positively correlated with the reduction in scores of

Figure 1 Flowchart of screening and recruitment of study subjects.
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LDQ (control group: r = − 0.494, P < 0.001; intervention
group: r = − 0.246, P = 0.002), PHQ-9 (control group: r = −
0.213, P = 0.006; intervention group: r = − 0.158, P = 0.045),
and GAD-7 (control group: r = − 0.496, P < 0.001; interven-
tion group: r = − 0.276, P < 0.001) in both groups (Table 4).
We also analyzed the correlations between the baseline char-
acteristics of patients and their MPR. As shown in Table 5, the
baseline scores of depression negatively correlated with med-
ication compliance in the control group (control group: r = −
0.195, P < 0.05; intervention group: r = 0.074, P = 0.345). On
the contrary, the baseline scores of anxiety positively correlat-
ed withmedication compliance in the control group (r = 0.213,
P < 0.01; intervention group: r = 0.051, P = 0.518).

Adverse Events

The rate of overall ADRs was 1.14% (2/176) in the control
group and 1.7% (3/176) in the intervention group (P > 0.99;
Table S2). Generally, the incidence of side effects was low,
with five participants withdrawing because of intolerable side
effects. The majority of these adverse events were of mild or
moderate intensity and resolved after the termination of the
study. No life-threatening ADRs occurred.

DISCUSSION

Overall, we found that the SMS intervention significant-
ly improved dyspepsia and depressive and anxiety
symptoms. Overall, the intervention did not improve
adherence (though it increased adherence for non-

psychiatric FD drugs) and appeared to be dependent on
the participants’ age. Those less than 40 had significant
improvement in adherence to medications. Moreover, the
intervention improved adherence to non-psychiatric FD
medications, such as PPIs, H2 antagonists, and
prokinetics, but not to FD antidepressant treatment. Gen-
erally, medication adherence was high in both groups,
with approximately more than 80% of subjects reporting
good adherence, especially in elderly patients.
Our results are consistent with other studies. Providing

patients with some forms of reminder such as SMS reminders
on mobile phones helps to enhance antiretroviral adherence.12

A meta-analysis shows that mobile phone SMS messages
could double the odds of medication adherence in chronic
diseases such as hypertension.13 As growing numbers of indi-
viduals use mobile phones around the world, mobile phone–
based interventions are appealing.14, 15 Compared with tele-
phone, short messages consume less time and human re-
sources and can be easily integrated into patients’ lives.16

Therefore, a short message reminder may be a more suitable
method for promoting compliance in the treatment of FD.
These findings are similar to those of other studies

investigating treatment adherence in FD.17 Similar to the
findings in a previous study on adherence to proton-
pump inhibitors,18 younger participants in the control
group displayed lower compliance (reflected as a lower
percentage of compliant patients and a lower average
age of non-compliant patients) compared with those
aged 41–65 years. Interestingly, this population showed
a better response to SMS reminders, with an increased
percentage of compliant patients (ITT: P = 0.018 vs.
control group) than that in the control group. While
dyspepsia is not age-related, younger people use mobile
phones more frequently,19 and may be more responsive
to short message reminding. In addition, older patients
are more likely to be taking medications regularly, and
may need less reminding. Another explanation may in-
volve the education level; younger patients had higher
education. However, whether education level is associ-
ated with treatment compliance needs further research.
Different from the results obtained in young patients, a
high percentage of older patients who are compliant
regardless of the arm of the study were observed, indi-
cating that SMS may not be necessary nor useful in
older patients with FD.
Patients with FD often exhibit higher levels of anxi-

ety, depression, and other psychological conditions.20

Some researchers have reported that psychotropic drugs
such as antidepressants appear to be an effective treat-
ment for FD.21–23 We found that SMS reminders did not
increase the proportion of compliant patients for psycho-
tropic FD drugs. There are a number of possible reasons
for this including side effects24 and stigma.25 Improved
communication, including acknowledging and addressing
t h e c o n c e r n s o f F G I D p a t i e n t s a b o u t

Table 1 Demographic and Baseline Clinical Characteristics of the
Enrolled Patients with Functional Dyspepsia

Characteristics Control group Intervention group P value

n 176 176
Sex ratio (F/M) 1.44 1.62 0.663
Age (years) 45.35 ± 13.81 44.36 ± 14.30 0.512
BMI (kg/m2) 21.25 ± 2.76 21.14 ± 2.61 0.701
LDQ score 12.58 ± 4.98 12.66 ± 5.16 0.875
PHQ-9 score 9.47 ± 4.57 9.72 ± 4.48 0.604
GAD-7 score 11.86 ± 4.64 11.46 ± 4.54 0.410

Data are presented as mean ± SD. BMI, body mass index; LDQ, Leeds
Dyspepsia Questionnaire; PHQ-9, Patient Health Questionnaire De-
pression Scale; GAD-7, Generalized Anxiety Disorder Scale

Table 2 The Percentage of Compliant Patients in the Control
Group and Intervention Group

Adherence
rate

Control
group
n (%)

Intervention
group
n (%)

P value (χ2

test)

ITT analysis 142 (80.68) 154 (87.50) 0.080
≤ 40 years 55 (70.51)* 68 (86.08) 0.018
41–65 years 87 (88.78) 86 (88.66) 0.979

PP analysis 142 (86.59) 154 (94.48) 0.015
≤ 40 years 55 (78.57)† 68 (94.44) 0.006
41–65 years 87 (92.55) 86 (94.51) 0.590

*P= 0.0035 compared with elderly group (41–65 years, χ2 test). †P=
0.011 compared with elderly group (41–65 years, χ2 test). ITT,
intention-to-treat; PP, per-protocol
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pharmacotherapeutic regimens, could potentially improve
adherence.26, 27 In our study, adherence to psychotropic
drugs did not improve. It may be necessary to look for
other strategies to improve adherence to psychotropic
agents in FD therapy.
While there was minimal improvement in adherence,

there was significant improvement of FD symptoms and
comorbid psychological symptoms in both groups, sig-
nificantly greater in those receiving SMS reminders. The
MPR of patients in both groups was positively

correlated with symptom improvement. The correlation
was stronger in patients in the controls than those in the
intervention group. While our intervention did not im-
prove adherence, it may have impacted on patients’
anxiety and depressive symptoms; the SMS messages
may have been therapeutically reassuring. Much of the
benefit may be from a type of social support and feed-
back to patients about the disease that may make them
feel better.

Figure 2 a Education time of patients with different ages (≤ 40 years or 41–65 years) in the control group and intervention group. Data are
presented as mean ± SD. ***P < 0.001 (Student’s t test). b The changes in symptom scores after the 4-week treatment in the control group (n =

164) and intervention group (n = 163). *P < 0.05, **P < 0.01 (Student’s t test).

Table 3 Symptom Scores Before and After the Treatment in the
Control Group and Intervention Group

Variable Group Before After P value
(paired t
test)

LDQ Control 12.65 ± 4.95 4.59 ± 4.29 < 0.001
Intervention 12.63 ± 5.18 3.35 ± 3.59 < 0.001

PHQ-9 Control 9.42 ± 4.50 3.74 ± 3.59 < 0.001
Intervention 9.61 ± 4.48 2.59 ± 2.90 < 0.001

GAD-7 Control 11.93 ± 4.42 4.46 ± 3.86 < 0.001
Intervention 11.46 ± 5.27 2.98 ± 3.21 < 0.001

Data are presented as mean ± SD. LDQ, Leeds Dyspepsia Question-
naire; PHQ-9, Patient Health Questionnaire Depression Scale; GAD-7,
Generalized Anxiety Disorder Scale

Table 4 Correlation Between MPR and Symptom Improvement of
Patients in the Control Ggroup and Intervention Group

Changes
of scores

Control group Intervention group

Spearman’s
correlation
coefficient

P
value

Spearman’s
correlation
coefficient

P
value

LDQ − 0.494 <
0.001

− 0.246 0.002

PHQ-9 − 0.213 0.006 − 0.158 0.045
GAD-7 − 0.496 <

0.001
− 0.276 <

0.001

LDQ, Leeds Dyspepsia Questionnaire; PHQ-9, Patient Health Ques-
tionnaire Depression Scale; GAD-7, Generalized Anxiety Disorder
Scale
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Our study is not without limitations. First, some patients may
need to take medications for FD for more than 4 weeks (often 6–
8 weeks) to achieve a clinical effect. Therefore, a longer follow-
up period may be needed. Second, an 7% improvement in
adherence may be clinically meaningful; our study was under-
powered to show this difference to be statistically significant.
Third, there was heterogeneity in treatment; this diversity might
impact our outcomes, though most of the first-line agents have
relatively few adverse effects. Fourth, patients were not blinded
in this study. Fifth, compliance was high in both the control and
intervention groups. Our intervention could bemore effective in a
population with lower adherence. Sixth, we focused exclusively
on functional dyspepsia; whether this intervention could be more
effective in other conditions, such as hypertension (where adher-
ence is generally low), is unknown. Finally, our study was
entirely conducted in China and may not be generalizable to
other populations.
In conclusion, our study demonstrated that SMS reminders

on cell phones could meaningfully improve treatment compli-
ance and had a significant impact on symptom outcomes in
patients with FD. Sending SMS reminders on cell phones is
economical and easy to do. Daily SMS reminders could be a
useful and feasible tool in enhancing treatment compliance of
FD patients.
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