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Background: Non-adherence to physician-prescribed medications, especially
oral medications, is common in children with inflammatory bowel disease (IBD),
and medication non-adherence is associated with poorer outcomes in IBD.
Therefore, understanding and improving medication adherence in children with
IBD is critical for optimizing treatment and improving treatment outcomes.
Despite the relatively high prevalence of IBD in children in China, to date, very
little is known about medication adherence in these patients.

Objective: The aim of this study was to investigate the prevalence of medication
non-adherence and its risk factors in children with IBD in China to provide a
basis for developing adherence improvement strategies.

Methods: A cross-sectional design was employed. Children (aged <18 years)
with IBD who visited the Children’s Hospital, Zhejiang University School of
Medicine, from September 2020 to December 2021 were included. Data were
collected by a general information questionnaire, the 4-item Medication
Adherence Report Scale (MARS-4) and Crohn's and Colitis Knowledge
(CCKNOW) questionnaire. Subsequently, forward stepwise binary logistic
regression analysis was performed to determine independent predictors of
medication non-adherence.

Results: A total of 119children were included in this study. The results showed
that 33 (27.73%) and 86 (72.27%) children had poor and good medication
adherence, respectively. Of these, 83 (69.75%) had forgotten to take their
medications sometimes, often, or always. On binary logistic regression, we
found that the incidence of medication non-adherence in children with IBD
course of 3years and above [OR 4.82 (95%C/: 1.47-15.88); p = 0.01] was
significantly higher than that in children with course of 3 months to 1lyear,
whereas children with higher parental CCKNOW scores [OR 0.77 (95%CI: 0.67-
0.88); p = 0.00] had significantly lower incidence of medication non-adherence
than those with lower parental CCKNOW scores, and the results of the
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correlation between parental knowledge scores of the four categories and
children’s medication adherence showed that drug knowledge scores (r = 0.36,
p < 0.00) and complication knowledge scores (r = 0.24, p = 0.01) were positively
correlated with medication adherence.

Conclusion: Poor medication adherence in children with IBD in China was
common, and forgetting to take medication was the main barrier. Longer
disease duration (3 years and above) in children could act as a risk factor for
medication adherence, whereas higher level of parental knowledge about IBD
could act as a protective factor, and one interesting novel finding was that the
level of parental knowledge about drug and complication were significantly
correlated with medication adherence in children with IBD. Our results may

inform on the design and implementation of medication adherence
interventions for children with IBD.
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Introduction

Inflammatory bowel diseases (IBD), including Crohn’s
disease (CD) and ulcerative colitis (UC), are chronic
inflammatory ~ diseases of the  gastrointestinal tract.
Approximately 25% of patients first develop symptoms under
20 years of age, while only 4%-10% are diagnosed before the age
of 6years (Rosen et al, 2015; Afzali and Katz, 2018). The
incidence of pediatric IBD has risen rapidly in recent years,
and it has emerged as a global disease in developed and
developing nations (Benchimol et al., 2011; Benchimol et al,,
2017; Piovani et al, 2020). Symptoms of IBD include
gastrointestinal symptoms such as abdominal pain, diarrhea,
and blood in stool, and non-gastrointestinal symptoms such
as arthritis and autoimmune liver disease, which lead to slow
growth, delayed puberty, and decreased quality of life. In
addition, psychiatric comorbidities, particularly depression
and anxiety, are common in pediatric IBD patients (Loftus
et al., 2011; Keerthy et al., 2016).

The treatment goals of IBD are to induce and maintain
clinical remission, achieve mucosal healing, and reduce the
need for surgeries and hospitalizations (Xiao et al, 2014).
Medications, including corticosteroids, 5-aminosalicylates,
immunomodulators, and biological agents, are the primary
means to achieve these treatment goals. However, non-
adherence to physician-prescribed medications is common in
children with IBD (Hommel et al., 2009; Spekhorst et al., 2016).
Previous studies have shown that poor adherence to medication
can lead to disease recurrence or progression, resulting in the
need to step-up therapy, reducing health-related quality of life,
and increasing treatment costs (Gray et al., 2012; LeLeiko et al,,
2013; Pearce and Fleming, 2018; Plevinsky et al., 2019; Collyer
et al, 2020). Therefore, understanding and improving
medication adherence in children with IBD is critical for
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optimizing treatment and improving treatment outcomes.
However, very little is known on this subject in China.

Oral medications are a mainstay of IBD treatment, non-
adherence to oral medications is regarded as a pervasive problem
in the management of IBD (Greenley et al., 2012). Therefore, we
focus our discussion and analysis on the oral medication
children with IBD. The first step in
understanding adherence is quantifying its incidence. This can

adherence in

be performed by self-report, objective measures, or mixed
indicators; the most commonly used is the patient-self-
reported medication adherence scale because of its
effectiveness, reliability, convenience, and cost-effectiveness.
However, there are literatures showing that subjectively
reported adherence (e.g., self-report, parent-report) can lead
to overestimates of medication adherence due to recall bias
and social desirability (Wu et al., 2013; Spekhorst et al., 2016).
Then, some scholars have found that subjectively and objectively
reported adherence were consistent and correlated (Wu et al.,
2013; Selinger et al., 2019). Selinger et al. (2019) suggested the
Medication Adherence Report Scale (MARS) and Visual Analog
Scales (VAS) could be used as simple and effective screening tools
for medication non-adherence in patients with IBD in clinical
practice. The 4-item Medication Adherence Report Scale
(MARS-4) is a widely used adherence-specific self-reported
questionnaire that has been translated into several languages
and has been shown to have good reliability and validity in
assessing medication adherence in patients with different
diseases (Horne et al.,, 2009; Jacobsen et al., 2009; Jeganathan
et al., 2017). However, a Chinese version of the MARS-4 is not
currently available. Therefore, in this study, we sought to
translate the English version of the MARS-4 into Chinese,
evaluate its psychometric properties, and explore the
predictors of non-adherence to anti-inflammatory bowel
disease medication in a group of children with IBD in China.
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Methods
Study design and patients

This cross-sectional study was conducted at the Children’s
Hospital of Zhejiang University School of Medicine. We enrolled
children (age <18years) who visited the hospital between
September 2020 and September 2021 and who had been
diagnosed with IBD for at least 3 months and taking oral IBD
medicines in the prior 3 months.

This study was approved by the Ethics Committee of the
Children’s Hospital, Zhejiang University School of Medicine
(2020-IRB-133). Written informed consents were obtained
from the children’s parents or guardians, and children over
8 years old provided written assent.

Data collection

Two trained pharmacists approached patients who met the
inclusion criteria and explained the purpose, procedure, risks,
and benefits of the study to them and their parents. If the children
(=8 years old) and their parents agreed to participate, they were
asked to complete questionnaires that included baseline
demographic family and clinical information. Parental disease-
related knowledge level was evaluated by the validated Chinese
version of Crohn’s and Colitis Knowledge (CCKNOW)
questionnaire, and children’s medicine adherence was assessed
using the MARS-4. The CCKNOW questionnaire was completed
by child’s parent, while the MARS-4 was completed by the child
(child by his/her (child
aged <12years), as the MARS questionnaire has a Flesch-
Kincaid Readability Grade Level of 6.0 and is considered
appropriate only for subjects aged >12 years (Jeganathan et al.,
2017).

In addition, the same pharmacist re-surveyed a randomly

aged >12years) or parent

selected subset of 30 patients by telephone interview within
4 weeks to assess the test-retest reliability of MARS-4. Patients
for the re-interview were selected by generating a random sample
from all enrolled patients using SPSS 24.0.

Medication adherence report scale

Adherence to medications was assessed using the MARS-4,
which has been validated in a range of patients, including those
with IBD (Horne et al., 2009; Selinger et al., 2013; Tiao et al.,
2017). The four items are scored on a 5-point Likert scale,
ranging from always (1) to never (5), and summed to yield a
total score between 4 and 20, with higher scores indicating higher
levels of adherence. Participants scoring <16 were classified as
having low adherence, and those scoring >17 were classified as
high adherence (Horne et al., 2009).
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Parental knowledge about IBD

A linguistically and culturally validated translation of the
CCKNOW questionnaire was used to assess parental
knowledge about IBD (Zhu et al,, 2012). The CCKNOW is
a self-administered IBD knowledge questionnaire which was
developed by Eaden et al, in 1999 (Eaden et al, 1999).
of 24-item of IBD
management: 1) general knowledge, including anatomy, 2)

Consists covering four areas
medication, 3) diet, and 4) complications (Colombara et al.,

2015).

Statistical analysis

All raw data were double-entered into Microsoft Excel for
Office 365 MSO by dedicated study staff, and then exported to
SPSS (version 24.0) for analysis. Descriptive statistics were used
to assess the participants’ sociodemographic and medical
characteristics. Normally distributed continuous data were
expressed as the mean (range) and non-normally distributed
continuous data as the median (IQR), while categorical variables
were expressed as a percentage.

The internal consistency reliability of the MARS-4 was
estimated by calculating the Cronbach’s alpha coefficient,
where a value of 0.70 or higher indicates good internal
consistency. Test-retest reliability was analyzed after a 4-weeks
interval with an intraclass correlation coefficient (ICC) value >
0.70 indicating acceptable reliability (Bland and Altman, 1986).
Construct validity was identified by an exploratory factor analysis
(EFA) with principal components.

For group comparison, 2-tailed unpaired t-test or Mann-
Whitney U-test was used for continuous variables, and Chi-
square test for categorical variables. Variables that were
statistically significant or had a trend toward significance (p <
0.2) or were of a priori clinical significance were included in a
multivariable analysis with forward stepwise ordinal logistic
regression, to evaluate independent factors associated with
medication non-adherence. Odds ratios (ORs) and 95% ClIs
were used to measure the effect of predictors. All results are
presented as two-tailed values with statistical significance for p
values < 0.05.

Results
Demographic and medical characteristics

A total of 119 participants, with a median age of 12.58 (8.58,
14.00) years, were recruited. Among them, 80 (67.23%) were
male, 95 (79.83%) were diagnosed with CD, and 14 (11.76%)
were diagnosed with UC. The participants’ characteristics are
presented in Table 1.
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TABLE 1 Demographics and clinical characteristics of the study participants (n = 119).

Age, M (IQR), yr
Gender, n (%)

Male

Female

Diagnosis, 1 (%)

CD

ucC

VEO-IBD

IBD duration, n (%)

3 months-1 year

1-3 years

3 years and above
Disease severity, n (%)
Remission

Mild

Moderate

Severe

No. Of IBD medications, n (%)
1 medication

2 or more medications
Medication frequency, n (%)
Once a day or less
Twice a day or more
Health insurance, n (%)

No health insurance

Rural new cooperative medical scheme

Urban resident basic medical insurance

Average monthly income, n (%)
Less than RMB 2500

RMB 2500-5000

More than RMB 5000

Parental CCKNOW score, M (IQR)

CD, Crohn disease; UC, Ulcerative Colitis.

Adherence (n = 86)

12.67 (9.65-13.92)

55 (63.95)
31 (36.05)

70 (81.40)
10 (11.63)
6 (6.98)

40 (46.51)
34 (39.53)
12 (13.95)

52 (60.47)
19 (22.09)
12 (13.95)
3 (3.49)

81 (94.19)
5 (5.81)

70 (81.40)
16 (18.60)

20 (23.26)
38 (44.19)
28 (32.56)

22 (25.58)
38 (44.19)
26 (30.23)
9.00 (6.75-11.00)

Non-adherence (n = 33)

12.58 (8.17-15.71)

25 (75.76)
8 (24.24)

25 (75.76)
4 (12.12)
4 (12.12)

10 (30.30)
12 (36.36)
11 (33.33)

22 (66.67)
10 (30.30)
0 (0.00)
1(3.03)

30 (90.91)
3 (9.09)

28 (84.85)
5 (15.15)

9 (27.27)
13 (39.39)
11 (33.33)

10 (30.30)

16 (48.48)

7 (21.21)

5.00 (3.50-8.00)

VEO-IBD: very early onset inflammatory bowel disease; IBD: inflammatory bowel disease.

CCKNOW: Crohn’s and Colitis Knowledge questionnaire.

“Mann-Whitney test.

TABLE 2 Reliability test of MARS-4 (n = 119).

MARS-4 item

1. I forget to (give my child to) take these IBD medicines
2. 1 alter the dose of these IBD medicines (of my child)

3. I stop (my child) taking these IBD medicines for a while

4. T decide to (let my child) miss out on a dose

CITC Cronbach’s o if item
deleted

0.54 0.70

0.41 0.76

0.60 0.64

0.67 0.60

MARS, Medication adherence report scale; CITC, Corrected Item—Total correlation.
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P P
—-0.59° 0.56
1.51 0.22
0.85 0.65
6.19 0.05
543 0.14
0.05 0.82
0.20 0.66
0.29 0.87
0.10 0.61
—4.04* 0.00

Cronbach’s o

0.75
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I T T T
item 1 item2 item3 item4

FIGURE 1
The distributions of scores for each item of MARS-4.

Psychometric evaluation

MARS-4 reliability

The MARS-4 showed good internal consistency, with a
Cronbach’s alpha coefficient of 0.75. When deleting one item
at a time, we found a Cronbach’s alpha that varied between
0.60-0.76 (Table 2). To assess test-retest reliability testing,
30 questionnaires were completed and returned. We found
excellent agreement between the test and retest, with an ICC
of 0.73 (95% CI 0.51-0.86).

MARS-4 validity

The construct validity of the MARS-4 was evaluated using
EFA. The Kaiser-Meyer-Olkin measure of sampling adequacy
(KMO = 0.72) and Bartlett’s test of sphericity (y2 = 118.35, df=6,
p < 0.00) indicated that the data were appropriate for factor
analysis. The results of the factor analysis revealed a single factor
that accounted for 57.70% of the variance, which indicated good
construct validity as they clearly measured one construct i.e. non-
adherence.

Medication adherence

The mean (SD) medication adherence score of 119 children
with IBD was 18.04 (1.99), 33 (27.73%) and 86 (72.27%) had low
and high adherence, respectively. The distributions of scores for
each item of MARS-4 are summarized in Figure 1. Unintentional
non-adherence was evident with 83 (69.75%) of participants
having forgotten to take IBD medications sometimes, often, or
always. Intentional non-adherence was also common, with 45
(37.82%) of the participants reporting that they decided to miss
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doses, while 29 (24.37%) reported that they had stopped taking
their IBD medications sometimes, often, or always. However,
only 16 (13.45%) participants reported that they altered the dose
of IBD medications. In addition, there were 68 children
(=12 years old) completed the MARS-4 while 51 parents
completed it. Parent reported non-adherence (31.37%) was
higher than child self-reported non-adherence (25.00%), the
difference being not statistically significant. Unintentional
non-adherence was evident, with a parent-reported score of
4.06 (0.93), higher than a child-reported score of 3.96 (0.74),
but there was no statistical significant difference between them.
And for intention non-adherence, including items 2 to 4, child-
reported scores tended to be higher than parent-reported scores,
but again, the differences were not statistically significant.
Furthermore, there was no statistical difference between child-
reported total score of 18.07 (1.74) and parent-reported total
score of 18.00 (2.29) (Table 3).

Parental knowledge about IBD

CCKNOW scores ranged from 0 to 24; higher scores
indicated higher level of knowledge about IBD of the parents.
Table 4 shows the correct answer rate for the overall level of
CCKNOW and for each item and category. The lowest correct
answer rate was in the category of drug knowledge (28.24%),
followed by complication knowledge (30.81%), general
knowledge (36.13%), and the highest in diet knowledge
(46.64%), while the overall correct answer rate was 34.03%.
The total score of the CCKNOW was 8.00 (5.00-10.00).
Table 5 shows the results of the correlation between parental
knowledge scores of the four categories and children’s
medication adherence, drug knowledge scores (r = 0.36, p <
0.00) and complication knowledge scores (r = 0.24, p = 0.01) were
positively correlated with medication adherence.

Predictors of medication non-adherence

Compared with participants with high medication adherence
(n = 86), those with non-adherence (n = 33) had longer disease
duration (p < 0.05), and their parents had lower CCKNOW
scores (p < 0.01) (Table 1). When adjusted for variables that were
significant in univariate analysis as well as other variables defined
a priori (age, gender, disease severity: remission vs. flare, number
of IBD medications, medication frequency and economic level of
family), we found that disease duration and parents’ CCKNOW
scores were also independent predictors of medication non-
adherence in children with IBD. The incidence of medication
non-adherence in children with IBD course of 3 years and above
[OR 4.82 (95% CI: 1.47-15.88); p = 0.01] was significantly higher
than that in children with course of 3 months to 1 year.
Furthermore, children with higher parental CCKNOW scores
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TABLE 3 The scores for the MARS questionnaires completed by participating parents and children.

Measure N Score mean (SD)

Item 1 Item 2 Item 3 Item 4 Total
MARS-4 (completed by parent) 51 4.06 (0.93) 4.80 (0.45) 4.65 (0.72) 4.49 (0.76) 18.00 (2.29)
MARS-4 (completed by child) 68 3.96 (0.74) 4.90 (0.31) 4.69 (0.61) 4.51 (0.70) 18.07 (1.74)

MARS, Medication adherence report scale.

TABLE 4 The correct answer rate for the overall level of CCKNOW and for each item and category.

The item and
category of CCKNOW

General knowledge (11 questions)

Item 3: Proctitis: is a form of colitis that affects the rectum or back passage only

Item 4: Patients with inflammatory bowel disease are probably cured if they have been symptom free for 3 years: False
Item 5: Inflammatory bowel disease runs in families: True

Item 8: The terminal ileum: is a section of the bowel just before the large intestine

Item 9: During a flare up of inflammatory bowel disease: The platelet count in the blood rises

Item 15: Which one of the following statements is false? Ulcerative colitis is least common in Europeans and North Americans
Item 17: The length of the small bowel is approximately: 20 feet

Item 18: The function of the large bowel is to absorb: water

Item 19: Another name for an ileorectal anastomosis operation with formation of a reservoir is: pouch

Item 22: There are millions of tiny “hairs” in the small bowel to increase the absorptive surface. They are called: Villi
Item 23: Which one of the following is not a common symptom of inflammatory bowel disease? Headache

Diet knowledge (2 questions)

Item 1: People with inflammatory bowel disease are not allowed to eat dairy products: False

Item 2: Elemental feeds are sometimes used to treat Crohn’s disease and ulcerative colitis. They: are very easy to digest
Drug knowledge (5 questions)

Ttem 10: Steroids (such as prednisolone/prednisone/budesonide/hydrocortisone): can be given in the form of an enema into the
back passage

Item 11: Immunosuppressive drugs are given to inflammatory bowel disease patients to: reduce inflammation in the bowel
Item 12: Sulfasalazine: can be used to reduce the frequency of flare ups

Item 13: An example of an immunosuppresive drug used in inflammatory bowel disease is: Azathioprine

Item 16: Male patients who take sulphasalazine: have reduced fertility levels that are reversible

Complication knowledge (6 questions)

Item 6:Patients with inflammatory bowel disease can get inflammation in other parts of the body as well as the bowel: True
Item 7:A fistula: is an abnormal track between 2 pieces of bowel or between the bowel and skin

Item 14: If a woman has Crohn’s disease: her pregnancy will always have complications

Item 20: If a part of the bowel called the terminal ileum is removed during surgery the patient will have impaired absorption of:
Vitamin B12

Item 21: Patients with IBD need to be screened for cancer of the colon. Which one of the following statements about screening is
true? Screening should be offered to all patients with ulcerative colitis which has lasted for 8-10 years

Item 24: If a child has inflammatory bowel disease; he/she probably will not: be as tall as his or her friends
Total

“The correct answer rate of knowledge in this category.

The correct answer rate of knowledge in all question items.

“Person-time, One person answered correctly for one time was defined as one person-time.
CCKNOW, The Crohn’s and Colitis Knowledge questionnaire; IBD, Inflammatory bowel disease.
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Number

(%) of non-adherence

16 (31.37)
17 (25.00)

Parents who answered

correctly (%)

473 (person-time) (36.13)*
0 (33.61)
9 (66.39)
21 (17.65)
4 (28.57)
28 (23.53)
56 (47.06)
31 (26.05)
44 (36.97)
8 (6.72)
47 (39.50)
85 (71.43)
111 (person-time) (46.64)*
72 (60.50)
39 (32.77)
168 (person-time) (28.24)*
14 (11.76)

74 (62.18)

11 (9.24)

54 (45.38)

15 (12.61)

220 (person-time) (30.81)*
66 (55.46)

29 (24.37)

10 (8.40)

9 (7.56)

19 (15.97)

87 (73.11)
972 (person-time) (34.03)"
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TABLE 5 Correlation between medication adherence and parental CCKNOW scores of children with IBD (n = 119).

General knowledge

Medication adherence 0.11 0.03
CCKNOW, Crohn’s and Colitis Knowledge questionnaire.

*p values < 0.01 were considered statistically significant (two-tailed).

Diet knowledge

TABLE 6 Independent predictors for medication non-adherence in children with IBD.

Predictors B S. E
Disease duration
3 months -1 year NA NA
1-3 years 0.28 0.52
3 years and above 1.57 0.61
Parents’ CCKNOW score -0.27 0.07

The reference category for disease duration was the first tertile (3 months -1 year).
IBD: Inflammatory Bowel Disease.

CCKNOW, Crohn’s and Colitis Knowledge questionnaire.

NA, Not applicable.

[OR 0.767 (95% CI: 0.67-0.88); p = 0.00] had significantly lower
incidence of medication non-adherence than those with lower
parental CCKNOW scores. (Table 6).

Discussion

IBD is a chronic disease requiring lifelong treatment

regimens to maintain remission. Unfortunately, poor
adherence to oral medication is quite prevalent. Objective
studies reveal medication non-adherence rates up to 93% in
pediatric patients with IBD (Oliva-Hembker et al., 2007; Hommel
et al., 2009; Ingerski et al., 2010; Spekhorst et al., 2016). The
assessment and promotion of oral medication adherence is very
complex. MARS could be used as a simple and effective screening
tools for medication non-adherence in patients with IBD in
clinical practice (Selinger et al., 2019). To our knowledge, this
study is the first to demonstrate the reliability and validity of the
Chinese version of the MARS-4 in assessing medication
adherence in Chinese children with IBD. The study shows
that the internal consistency reliability, test-retest reliability,
and structural validity of the scale are relatively good,
indicating that it can be used to measure medication
adherence in Chinese children with IBD. However, it is worth
mentioning that Item 2 has an item-total correlation below 0.5,
this result is consistent with that of a previous study (Jacobsen
et al., 2009). The reason for this may be that fewer patients

changed the dose. Further, patients had access to a WeChat
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Drug knowledge Complication Total score
knowledge of CCKNOW
036" 0.24° 0.26"
Wald P OR
(95%CI)
NA NA 1
0.29 0.59 1.33 (0.48-3.71)
6.70 0.01 4.82 (1.47-15.88)
13.79 0.00 0.77 (0.67-0.88)

group with their children’s doctors, allowing them to get clear
and timely answers when they had any questions regarding the
medication use of their children at home, rather than arbitrarily
changing the drug dosage themselves. This may be the reason
why item 2 has a lower item-total correlation. Despite this, when
this item was deleted, the Cronbach’s o only has a very small
improvement with 0.006, and the internal consistency reliability
of the Chinese version of the MARS-4 remains good. Based on
this, MARS-4 was used in this study to assess children’s
medication adherence. We found that nearly 70% of them
forgot to take medication, while few changed the medication
dosage, which were similar to the findings of (Ingerski et al.,
2010), (Schurman et al.,, 2011). The most commonly reported
medication adherence barrier was forgetfulness, for which some
scholars have adopted a variety of reminder systems, both
traditional, such as pill boxes, and novel, such as email and
telephone alerts, have been considered as useful behavioral
interventions for unintentional non-adherence (Bermejo et al.,
2010). Therefore, in future research, we can adopt medication
reminder systems, which may be able to promote children’s
medication adherence.

This is the first study to investigate medication adherence
and analyze the predictors of non-adherence to medication in
Chinese children with IBD. Our results showed that about a
quarter of children with IBD have poor medication adherence,
which is higher than the rate in the United States (14.61%-
17.47%) (Greenley et al., 2015), but similar to that in South Korea
(31.2%) (Lim et al., 2020), lower than that in Jordan and the
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United Kingdom (36.2%) (Alsous et al., 2020), and much lower
than that in Japan (43.0%) (Tanaka et al., 2021). Non-adherence
to medication in children with IBD is common worldwide. To
our surprise, parent reported non-adherence (31.37%) was
higher than Child self-reported non-adherence (25.00%) in
this study, however, the difference being not statistically
significant. This was different from the findings of (Alsous
et al,, 2020), (Reed-Knight et al, 2011), but (Ingerski et al,
2010). Furthermore, it revealed that children reported lower
scores for unintentional non-adherence and tended to have
higher scores for intentional non-adherence, compared with
parent-reported results, but the differences between them were
not statistically significant. This may be why parents reported a
higher proportion of non-adherence than children reported
outcomes, children may gained an advantage in intentional
the
unintentional non-adherence. On the other hand, it may also

non-adherence over advantage parents gained in
be due to the small sample size, which needs to be increased in the
future.

In this study, we found that longer disease duration (3 years
and above) and parents with poor knowledge about the disease
were independent risk factors for poor medication adherence,
while other factors, such as age, family economic level,
medication frequency, and treatment with monotherapy or
multiple medications did not show a significant effect, similar
to and different from previous findings. Kitney et al. (2009) also
found that
significantly associated with longer disease duration, and Lim
etal. (Tanaka et al., 2021) showed that patients” knowledge about

previously prescribed medications taken was related to good

medication non-adherence in children was

adherence. However, several studies have reached different
conclusions. Greenley et al. (2010) showed that children
whose regimen involved >1 daily medication administration
reported poorer adherence than those whose regimen involved
1 or <1 daily medication administration time, and children on
monotherapy reported better adherence than those on multiple
medications. LeLeiko et al. (2013); Kitney et al. (2009) found that
the medication adherence of children aged >15 years was poorer
than that of children aged <15 years. In our study, we did not find
the same, possibly due to the small sample size. For example, in
this study, only eight of the 119 children with IBD were treated
with multiple medications, which was not sufficient for a
statistically significant analysis, and needed to be re-evaluated
with a larger sample size.

In this study, the total score of the parental CCKNOW was
only 8.0 (5.0-10.0), which is highly consistent with the findings of
(Colombara et al., 2015). It revealed that the parental knowledge
about IBD was sub-optimal and still needs to be improved. In this
study, we found that parental knowledge about IBD might be a
predictor for medication adherence in children with IBD, and the
innovation of the current research lies in that we further analyzed
the correlation between the different categories of parental
knowledge and medication adherence in children with IBD.
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To our surprise, both drug and complication knowledge

categories were significantly associated with medication
adherence in children with IBD, which had not been explored
in previous studies. Previously, some scholars (Quan et al., 2003;
Colombara et al., 2015) also found that the IBD patients appeared
to even more lack knowledge about drugs and complications, but
did not explored the correlation with medication adherence. In
addition, a number of previous studies have shown that
providing knowledge about medication and disease to patients
effectively increased treatment adherence (Robinson et al., 2001;
Taeetal., 2016; Tiao et al., 2017; Lim et al., 2020; Vernon-Roberts
et al,, 2020). Interventions including parent education seminar
(Vernon-Roberts et al., 2020), Pharmacist Counseling (Tiao et al.,
2017), self-management training (Robinson et al., 2001) and so
on. However, only (Reed-Knight et al, 2011) revealed that
neither adolescents’ nor parents’ report of medication
knowledge were significantly associated with medication
adherence in children with IBD. It might be due to the small
sample size and different knowledge assessment tools. Therefore,
in future research, we should incorporate knowledge about IBD,
especially the drug knowledge and complication knowledge as
key components of implementing targeted strategies to improve
medication adherence in children with IBD.

The power of health insurance status as a predictor of
medication adherence has not been previously studied, but it
could be a risk factor for medication adherence. The actual
cost of medicines varies depending on the type of health
insurance, which may affect medication adherence in
children with IBD, particularly when taking expensive
medicines. Ediger et al. (2007) had previously reported the
medication cost was the most prominent issue, with 25% of
patients reporting that cost often made it difficult for them to
take their medication regularly. However, health insurance
status was not a significant predictor in this study, and was not
significantly different between the adherent and non-adherent
groups, this could be due to a lack of statistical power as the
small sample size. It may also be that oral medication, such as
mercaptopurine and mesalazine, are not as expensive as
biologics, so the type of health insurance has no obvious
impact on patients’ cost and thus on medication adherence.
Similarly, (Nahon et al., 2011) found that deprivation was not
a predictor of medication non-adherence in IBD patients due
to the ease of access medication in France where IBD patients
qualify for payment exemption. The above studies were
conducted in adults with IBD, data in children are limited.
Current researches are more focused on exploring whether
non-adherence will lead to increased medical costs (Kane and
Shaya, 2008; Higgins et al., 2009; Elkjaer et al., 2010), while
relatively limited research reports on whether cost, such as
drug prices and health insurance types, are predictors of non-
adherence in IBD patients. However, this potential risk factor
deserves more time for further investigation with different

medicine, such as biologics, in future studies.
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Limitations

This single-center, cross-sectional study was conducted at a
children’s hospital. However, the demographics of these patients
reflect only the epidemiology of IBD in Chinese children, meaning
that the results may not be generalizable to other nationalities. In
addition, this study only used a subjective adherence assessment
tool with no objective tool for more comprehensive information,
which needs to be supplemented in our next step for more
exploration. Further, relatively small sample size may not have
provided sufficient statistical power to identify some factors; we
will expand the sample size in the future. However, the usual rule
of thumb for sample size in binary logistic regression of 5-10 cases
per variable was met in our study, and we adopted forward
stepwise logistic regression analysis. In addition, about one-
third of the children had intentional dose omissions, while
about one-quarter experienced self-discontinuation behavior in
our study, which suggests that it is necessary to analyze the
potential causes of children’s intentional non-adherence. In the
future, we will perform further studies to address these limitations.

Conclusion

We report the Chinese version of the MARS-4 as a useful
medication adherence tool in children with IBD of China and
further describe the prevalence and predictors of medication
non-adherence in these populations. Poor medication adherence
was common in children with IBD in China, and subjective
forgetting to take medication was the main barrier. Disease
duration and the level of parental knowledge about IBD were
independent predictors of medication non-adherence. Future
studies should be carried out to focus on the interventions of
disease-related knowledge education, especially drug and
complication knowledge education, and medication reminders
to promote medication adherence in children with IBD. In
addition, identifying the adherence threshold necessary for
medication efficacy will be of great value in clinical practice, it
will provide a basis for when to initiate interventions.
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