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Purpose: This study aims to identify the novel risk predictors of low medication adherence of cirrhosis patients in a large cohort and
construct an applicable predictive model to provide clinicians with a simple and precise personalized prediction tool.

Patients and Methods: Patients with cirrhosis were recruited from the inpatient populations at the Department of Infectious Diseases of
Tangdu Hospital. Patients who did not meet the inclusion criteria were excluded. The primary outcome was medication adherence, which
was analyzed by the medication possession ratio (MPR). Potential predictive factors, including demographics, the severity of cirrhosis,
knowledge of disease and medical treatment, social support, self-care agency and pill burdens, were collected by questionnaires. Predictive
factors were selected by univariable and multivariable logistic regression analysis. Then, a nomogram was constructed. The decision curve
analysis (DCA), clinical application curve analysis, ROC curve analysis, Brier score and mean squared error (MSE) score were utilized to
assess the performance of the model. In addition, the bootstrapping method was used for internal validation.

Results: Among the enrolled patients (460), most had good or moderate (344, 74.78%) medical adherence. The main risk factors for
non-adherence include young age (<50 years), low education level, low income, short duration of disease (<10 years), low Child-Plush
class, poor knowledge of disease and medical treatment, poor social support, low self-care agency and high pill burden. The
nomogram comprised these factors showed good calibration and good discrimination (AUC = 0.938, 95% CI = 0.918-0.956; Brier
score = 0.14). In addition, the MSE value was 0.03, indicating no overfitting.

Conclusion: This study identified predictive factors regarding low medication adherence among patients with cirrhosis, and
a predictive nomogram was constructed. This model could help clinicians identify patients with a high risk of low medication
adherence and intervention measures can be taken in time.
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Introduction
Liver cirrhosis accounts for over 2 million deaths annually and increasingly becomes a severe health burden worldwide.'
It is the end-point of many chronic liver diseases and is characterized by a long period of chronic injury and persistent
inflammatory and liver fibrogenesis activation. Previous studies indicated many etiologies.” The causes of liver cirrhosis
include alcoholic liver disease, Hepatitis B (HBV) and hepatitis C-related viral (HCV) hepatitis, nonalcoholic steatohe-
patitis, and autoimmune and genetic disorders.’ According to its symptoms, cirrhosis can be classified into two
categories, namely compensated (CC) and decompensated (DC).* Patients with DC are usually accompanied by various
life-threatening complications, including hepatic encephalopathy, hepatorenal syndrome, varicose bleeding and ascites.’
In addition, the median survival time of CC patients is 12 years, whereas the median survival time of DC patients is two
years and nearly 30% of patients might die within one year.®

Nowadays, the development of antiviral medications and antibiotics has efficiently prevented disease deterioration and
significantly improved the prognosis of cirrhosis patients.” For example, pegylated interferon and nucleos(t)ide analogues,
such as lamivudine, adefovir and entecavir, could improve liver inflammation and fibrosis and suppress the replication of HBV

DNA.® Long-term antibiotics such as norfloxacin could effectively prevent infection and sepsis.” Apart from antibiotics and
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antivirals, other drugs, including P blockers,'® loop diuretics,'' spironolactone,'? lactulose,’ rifaximin'? and oral nutritional
supplements,'* have shown great therapeutic efficacy. However, the oral drugs have no direct action on the cccDNA of the
HBV-infected hepatocytes and a prolonged medication procedure is needed. Unfortunately, the long treatment period is often
affected by increasing cost, side effects and loss-of-follow-up, which usually leads to low medication adherence and
significantly influences the therapeutic effects.'®

Medication adherence is critical in symptom control of cirrhosis.'® According to a case—control study conducted by
Fu et al,'” the likelihood of complicated cirrhosis is significantly lower in more adherent patients and adherence to oral
drug therapy is negatively related to decompensation and mortality. However, the medication adherence of cirrhosis
patients is still low. Fu et al'” indicated that the 1-year medication possession ratio (MPR) is 0.65 in CC and 0.57 in DC
patients. MPR represents the ratio of the number of days of medication supplied within the follow-up period and most
studies use 0.80 as a cut-off point for determining good adherence. Polis'® evaluated the medication adherence of
cirrhosis by using the Morisky adherence tool, which focuses on medication adherence in the last 30 days. Their study
indicated that the proportion of low medication adherence was 25%. Similar results were reported by a survey conducted
by Hayward et al,'” in which the low medication adherence proportion was 22%.

20,21 L
921 guch as medication

Previous studies have reported several risk factors associated with low medication adherence,
beliefs, underlying diseases and disease-related knowledge levels. Nevertheless, these studies were based on a relatively
small cohort and the relevant risk factors were still largely unknown. Moreover, these factors could hardly be applied in
clinical practice and there were no applicable predictive models. Thus, improving medication adherence is still challen-
ging in cirrhosis management and treatment.*?

Therefore, this study aims to identify the novel risk predictors of low medication adherence of cirrhosis patients in
a large cohort and construct an applicable predictive model to provide clinicians with a simple and precise personalized

prediction tool.

Materials and Methods
Study Design and Participants

The study was observational, and the predictive model was constructed following the transparent reporting of
a multivariable prediction model for individual prognosis or diagnosis (TRIPOD) checklist.”® After the approval of the
ethics committee of Tangdu Hospital, participants attending the Department of Infectious Diseases from 2022.06 to
2023.06 were recruited. All participants provided informed consent in accordance with the Declaration of Helsinki. The
inclusion criteria were as follows: (1) Patients diagnosed with cirrhosis with a Child-Pugh score between 5 and 9; (2)
Patients aged over 18 years; (3) Patients who had at least one hospital admission and had complete clinical data; (4)
Patients with no major comorbidities, such as cardiac disease, renal disease, cognitive impairment (eg, dementia) or
carcinoma; (5) Patients with no psychological disorders (eg, anxiety disorders, mood disorders, impulse-control dis-
orders, and substance use disorders) and no description of anti-depression or other drugs which may influence the
medication adherence; (6) Patients with no hepatic encephalopathy; (7) Patients must have been on medication for
a minimum of 3 months.

Data Collection
Demographics include age, gender, etiology of cirrhosis, educational level, income and duration of disease (time since
cirrhosis diagnosis). The education levels include high school and below and college and above. According to the data
from the Chinese national statistics bureau,* incomes were classified into three degrees according to family per capita
monthly income: <2000 yuan (275 USD), 2000-5000 yuan (275-687 USD) and >5000 yuan (687 USD). Duration of
disease was classified into two degrees: <10 years and >10 years.
The severity of cirrhosis was evaluated using the Child-Pugh score determined by senior medical officers.”” The
classification system categorized enrolled patients into mild hepatic impairment (5—6) and moderate hepatic impairment (7-9).
Knowledge of disease and medical treatment was evaluated by the questionnaire developed by Polis et al,'® and some
modifications were made. This questionnaire was developed based on evidence from the literature, patient experiences
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and consultation with experts in hepatology nursing. In this study, the items were modified to make them more accessible
to our patients. The patients with accuracy higher than 70% were classified as having good knowledge of disease and
medical treatment.

The Oslo Social Support Scale (OSSS-3) was used to measure social support.”® This scale includes three items; the
total score is 3—14. Based on the score, patients were divided into three categories: poor support (3—8), moderate support
(9-11) and strong support (12—-14).

The Exercise of Self-Care Agency (ESCA) scale developed by Kearney et al*’ was used in evaluating patients’ self-
care agency. The scale comprised 43 items categorized into four dimensions: self-concept, self-nursing responsibility,
self-care skills and health knowledge level. Each item has a 5-point Likert scale, ranging from 0 (very uncharacteristic of
me) to 4 (very characteristic of me). Patients were classified according to the total score (172 points): low (<56 scores),
moderate (57—-114) and high (>115).

Pill burdens were collected from patient self-reports and confirmed using medical records.

Medication adherence was evaluated by medication possession ratio (MPR = total days’ supply/study time) of 3
months. High medication adherence was defined as MPR value of 0.8 or higher.”® Compared with subjective evaluation
tools, such as self-report, MPR is more objective and is a standard measure of possession of filled prescription
medication over time.”’

Details of the knowledge of disease and medical treatment questionnaire, Oslo Social Support Scale and Exercise of
Self-Care Agency scale were provided in the Supplementary Material 1-3. Filled questionnaires were checked immedi-

ately for completeness and accuracy. In addition, all cases with missing data were deleted.

Predictors and Outcome

Potential predictors were determined by previous studies and clinical practice.'® The predictors include demographics,
the severity of cirrhosis, knowledge of disease and medical treatment, social support, self-care agency and pill burdens.
The primary outcome measure was medication adherence evaluated by MPR.

Sample Size Calculation
As the guideline recommended,*® 10 events per variable rules were used to calculate the sample size. In this study,
approximately ten variables were included and at least 100 samples were needed for prediction model construction.

Statistical Analysis

Statistical analyses were performed using the R software (4.2.1). All medical adherence-related factors were evaluated by
univariable logistic regression analysis. Variables with P value < 0.05 were considered candidate factors and were included in
the multivariate logistic regression analysis. The collinearity of variables was determined by the Least Absolute Shrinkage and
Selection Operator (LASSO) tests and variables with collinearity were excluded from model construction. A low medication
adherence predictive nomogram was constructed using the R package “RMS”. The accuracy of the prediction model was
evaluated by the Brier score and the calibration curve. The decision curve analysis (DCA) and clinical application curve analysis
assessed the benefits of prediction model application at different thresholds. The mean squared error (MSE) was calculated to
determine if overfitting occurs. The enumerative data were expressed as rates and percentages, whereas the quantitative
variables were expressed as mean and standard deviation. For comparison, the chi-square test was used in enumerative data,
and the student-7 test was used in quantitative data. If not otherwise stated, P < 0.05 was considered statistical significance.

Results

Patient Characteristics

From 2022.06 to 2023.06, 540 patients with cirrhosis were admitted to the Department of Infectious Diseases of Tangdu
Hospital. According to the inclusion and exclusion criteria, 460 eligible patients with complete information were selected.
Patient characteristics are shown in Table 1; most were male (82.39%) and had an educational level of high school and below.
For the etiology of cirrhosis, HBV infection was the leading cause of cirrhosis, followed by alcohol-associated liver disease,
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Table 1 Demography and Medication Characteristics of Study Participants (N = 460)

Variable MeantSD N %
Age 49.61+8.496 460
Gender

Female 8l 17.61

Male 379 82.39
Etiology of cirrhosis

HBV 254 55.22

Alcohol-associated liver disease 105 22.82

HCV 36 7.83

Nonalcoholic steatohepatitis 28 6.09

Autoimmune disease 22 4.78

Others 15 3.26
Educational level

High school and below 408 88.70

College and above 52 11.30
Incomes

<2000 276 60.00

2000-5000 138 30.00

>5000 46 10.00
Duration of disease

<10 years 300 65.22

>10 years 173 37.61
Child-Pugh class

Mild 186 40.43

Moderate 274 59.57
Knowledge of disease and medical treatment 6.99+1.45

Poor 190 41.30

Good 271 5891
Social support 9.23£1.65

Poor 148 32.17

Moderate 270 58.70

Strong 4?2 9.13
Self-Care Agency 88.41+23.80

Low 64 1391

Moderate 327 71.09

High 69 15.00
Medications

Tenofovir alafenamide fumarate 153 33.26

Entecavir 74 16.09

Telbivudine 65 14.13
Pill burden 3.89+2.31

<3 per day 235 51.09

>3 per day 225 4891
Medical adherence 6.50+1.38

Good and moderate 344 74.78

Poor 116 25.21

HCYV, nonalcoholic steatohepatitis and autoimmune disease. Meanwhile, 60% of patients were classified as low-income
(<2000 yuan/275 USD per month). For disease characteristics, 65% of patients had mild cirrhosis according to the Child-Pugh
score, and 65.22% had a disease duration of less than ten years. In this cohort, the mean score of knowledge of disease and
medical treatment was 6.99 + 1.45, and 190 (41.30%) patients were categorized as “poor”. The mean social support score was
9.23 + 1.65, and 148 (32.17%) patients had poor social support. The mean score of self-care agency was 88.41 +23.80, and 64
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(13.91%) patients had poor self-care agency. In addition, patients reported taking 3.89 + 2.31 pills per day. Regarding
medication adherence, most patients had good or moderate (344, 74.78%) medical adherence. However, the proportion of low
adherence was not low (116 patients, 25.22%), indicating that this problem was still prominent.

Predictive Factors Selection

As shown in Table 2, compared with the low adherence group, patients with high adherence were more likely to have
a higher age, education level, income, duration of disease, Child-Pugh score, knowledge of disease and treatment, social
support, and self-care agency. In addition, they usually took fewer pills per day. However, no significant differences in
gender and medication type were found between the two groups. Then, potential predictive variables were included in
multivariable logistic regression analysis. The following factors were identified as final predictors of low medication
adherence, shown in Figure 1. The protective factors include age (0.552, 0.378—0.807), education level (0.306, 0.124
—0.757), income (0.479, 0.343—0.670), duration of disease (0.358, 0.231—-0.555), Child-Pugh class (0.458, 0.314—-0.668),
knowledge of disease and medical treatment (0.146, 0.095—0.224), social support (0.404, 0.292—0.559) and self-care
agency (0.278, 0.199-0.389). The risk factor was pill burden (1.591, 1.094-2.315).

Table 2 Correlations of Demography, Disease Characteristics, Knowledge of Disease and Medical
Treatment, Social Support, Self-Care Agency and Pill Burden with Medication Adherence

Variable Adherence t/x? P
Low (N=116) | High (N=344)

Age 47.84+8.59 50.21+8.39 —2.62 <0.01
<50 72 173 4.83 0.03
>50 44 171

Gender
Female 21 60 0.03 0.87
Male 95 284

Etiology of cirrhosis
HBV 62 192 2.09 0.84
Alcohol-associated liver disease 26 8l
HCV 8 28
Nonalcoholic steatohepatitis 7 21
Autoimmune disease 6 16
Others 6 9

Educational level
High school and below 110 301 4.89 0.03
College and above 6 43

Incomes
<2000 83 193 10.25 <0.01
2000-5000 28 110
>5000 5 41

Duration of disease
<10 years 88 212 7.75 <0.01
>10 years 28 132

Child-Pugh class
Mild 58 128 5.89 0.02
Moderate 58 216

Knowledge of disease and medical treatment 5.64x1.29 7.07£1.27 —10.47 <0.01
Poor 87 103 72.65 <0.01
Good 29 24|

(Continued)
Patient Preference and Adherence 2023:17 https: 2753

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al

Dove

Table 2 (Continued).

Variable Adherence t/x? P
Low (N=116) | High (N=344)

Social support 8.44+1.56 9.50+1.60 —6.19 <0.01
Poor 6l 87 31.31 <0.01
Moderate 51 219
Strong 4 38

Self-Care Agency 70.714£22.14 94.38+21.26 -10.27 <0.01
Low 41 23 67.14 <0.01
Moderate 71 256
High 4 65

Medications
Tenofovir alafenamide fumarate 42 113 1.08 0.58
Entecavir 17 57
Telbivudine 20 45

Pill burden 4.51+2.63 3.68+2.16 3.38 <0.01
<3 per day 46 189 8.11 <0.01
>3 per day 70 155

Abbreviations: AUC, area under the curve; CC, compensated cirrhosis; DC, decompensated cirrhosis; DCA, decision curve
analysis; ESCA, Exercise of Self-Care Agency scale; HBV, hepatitis B virus; HCV, hepatitis C virus; MPR, medication possession
ratio; OSSS-3, Oslo Social Support Scale; TRIPOD, transparent reporting of a multivariable prediction model for individual

prognosis or diagnosis.

Nomogram Construction and Performance
In the LASSO regression test, no significant collinearity was found between the screened predictive factors. A nomogram

was constructed, thereby providing a personalized and convenient tool for low medication adherence. As shown in

Figure 2A, the total score of each patient was calculated by adding the scores of each item. The equation of each variable
as follows: total point = age (>50 = 0, <50 = 21.65551) + educational level (college and above = 0, high school and
below = 27.72299) + incomes (>5000 yuan/687 USD = 0, 2000-5000/275-687 USD = 27.88395, <2000 yuan/275 USD

Age (<50 vs. >50)

Educational level (high school and below vs. college and above)
Incomes (<2000 vs. 2000—5000 vs. >5000)

Duration of disease(<10 vs. >10)

Child—Pugh class (mild vs. moderate)

Knowledge of disease and medical treatment (poor vs. good)
Social support (poor vs. moderate vs. strong)

Self—Care Agency (low vs. moderate vs. high)

Pill burden (<3 vs. >3)

Figure | Multivariable logistic regression analysis.
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Figure 2 (A) Nomogram; (B) calibration curves of the nomogram; (C) decision curve of the nomogram; (D) clinical impact curve.

= 55.76789) + duration of disease (>10 = 0, <10 = 34.56261) + Child—Pugh class (moderate = 0, mild = 29.80692)
knowledge of disease and medical treatment (good = 0, poor = 66.65692) + social support (strong = 0, moderate
33.82919, poor = 67.65838) + self-care agency (high = 0, moderate = 50, low = 100) + pill burden (<3 = 0, >3
15.21446). Then, the risk of low medication adherence could be calculated by the following equation: Risk of low
medication adherence = —9.01e-07 * points *3 + 0.000765903 * points "2 - 0.204991306 * points + 17.596724457°.
Calibration curves of the nomogram are shown in Figure 2B; the performance of the model represented by the solid

+

line was very close to an ideal model represented by the diagonal dotted line. In addition, the Brier score of the model
was 0.14, with a reliability of 0.001 and a resolution of 0.015. A Brier score closer to 0 (and similar reliability and
resolution) provided measurements of better calibration. The decision curve is shown in Figure 2C. The results indicated
that using the nomogram to predict low medication adherence adds more benefit than the scheme. The clinical impact
curve of the nomogram is shown in Figure 2D, the red curve represents the number of patients predicted by the
nomogram, and the blue curve represents the number of patients who were actually low medication adherence. The
results indicated that when the risk threshold exceeded 0.3, the estimated number was close to the actual number. In
addition, the MSE value was 0.03, indicating no overfitting.
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Figure 3 The ROC curve of the nomogram.

ROC Curve Analysis

According to the nomogram, the total score of each patient was calculated and the ROC curve was plotted (Figure 3).
The area under the curve was 0.938 (0.918-0.956, red line). Then, the model was validated by the bootstrapping method,
and the AUC of the validation cohort was 0.935 (0.922-0.952, blue line). These results indicated that the nomogram had
an excellent prediction capability.

Discussion

This study found that higher age, higher education level, higher income, longer duration of disease, higher Child-Pugh
score, higher knowledge of disease and treatment, higher social support, higher self-care agency and lower pill burden
could predict higher medication adherence. Combined with these predictive factors, a predictive model was constructed
and exhibited good prediction capability. These findings were partially consistent with previous studies that illustrated
predictive factors’ role in medication adherence.

Age could affect medication adherence, but the results vary in different studies. Simeonova et al®' reported that older
patients were more likely to adhere to medication and change their lifestyle than younger patients. Aggarwal et al*Z noted
that younger age could predict non-adherence to cholesterol and anti-hypertensive drugs. However, opposite results were
reported by Panahi et al’* and Kimura et al.** The reason for the discrepancy could be explained as follows. The younger
population usually thought they had a low risk of severe diseases, but they wished to keep their illness and treatment
a secret.>> The older population usually be troubled by memory loss, but they are more likely to pay attention to health
maintenance.*® These factors make it difficult to evaluate the impact of age on medication adherence. In addition, other
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factors, such as income, social status and family support, could also work as confounding factors. Although the findings
suggested that younger age was associated with low adherence, health education should be applied to patients of all ages.
Educational level is another medication adherence-related factor. Higher-educated people understand the complications
of not taking medication and not receiving medical instructions, which explains why education affects treatment
adherence.>” Nevertheless, it is worth noticing that the medication and treatment procedure must be fully explained to
these populations, preventing low adherence caused by fear of side effects.”® Lower income was associated with low
medication adherence in our study. The result could be explained as follows. A lower-income patient may perceive it as
a secondary concern compared with other problems or cannot afford to pay for their medication.***° Raffaa et al*' also
indicated that patients with low income or without insurance showed less treatment adherence to heart failure medica-
tions. Medication adherence is a tracking problem in chronic disease due to the long duration of the disease. However,
this study found that patients with a longer disease duration exhibited better medication adherence. It could be explained
that patients with a long disease course are already accustomed to the lifestyle and have more disease-related
knowledge.** The Child—Pugh grading system was widely used to quantitatively evaluate liver reserve function in
patients with cirrhosis. This study found that patients with better liver function showed worse medication adherence,
indicating that the disease’s improvement might prompt them to change their medicine habits.*®

The factors above were related to demography and disease, which are hard to interfere with. However, the findings
could indicate the high-risk population. In addition, correlations between medication adherence and the knowledge of
disease and medical treatment, social support, self-care agency and pill burden were found in this study. Previous studies
indicated that targeted intervention of these factors could improve adherence to medication.***> A patient’s disease
knowledge is thought to influence medication adherence, since patients who lack adequate knowledge of their disease or

prescribed medications may not consistently adhere to their medication regimen. Volk et al*®

reported that simple
interventions by improving patient knowledge of cirrhosis can be an effective way for management of the disease.
A positive correlation was found between social support and medication adherence, which is consistent with previous
research. With adequate social support, patients are more likely to receive external objective support from family
members, relatives, or institutions, which could promote their health and help them improve medication adherence.*’
In addition, the HBV virus, the leading cause of cirrhosis, is highly infectious and HBV patients may receive social
isolation and discrimination.** Thus, these patients tend not to use social support networks well and may obtain less

support subsequently. A lack of self-care agency also influenced medication adherence. Bible et al*®

reported that more
self-care activities were performed by patients with a higher level of self-care ability, resulting in greater well-being and
improved medication adherence. Chen et al** found that self-management education increased the likelihood of receiving
appropriate health care and engaging in beneficial activities. This study also indicated that a high pill burden was
associated with low medication adherence. The same conclusion was found in medical conditions such as hypertension,
diabetes mellitus type 2, cardiovascular diseases, and HIV.>® By simplifying medication regimens and using pill
management systems, medication non-adherence and errors can be reduced.’'*> However, only associations have been
investigated in this study, so it is unclear if a lower pill burden will result in higher adherence.

After the identification of predictive factors, a nomogram was constructed. The results of DCA, clinical impact,
calibration curves and ROC curves indicated that this model was precise and reliable. The nomogram was a widely used
predictive model, and it was reported in the prediction of non-adherence in chronic kidney disease,” hemodialysis,>*
type 2 diabetes>> and rheumatoid arthritis.>® Our model had a higher AUC value than other disease models, indicating
that the patients might benefit more from this model.

This study also had some limitations. Firstly, this was a single-center study. A multi-center might improve the
generalizability of our findings. Secondly, the model was only validated by the bootstrapping method. Thus, an external
cohort was still needed to verify the conclusions. Thirdly, the number of participants was relatively small, and large-scale
validation studies were required. Fourthly, HBV was the primary etiology of cirrhosis. However, the severe acute
exacerbation of chronic hepatitis B, which could occur with fatal consequences, was not scrutinized. Fifthly, this study
did not elucidate whether variables correspond to positive or negative effects and did not ascertain the relative

importance of different variables’ effects. Despite these limitations, this was still the first study that reported the
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application of a predictive model in cirrhosis. We hope that the limitations could be solved by our further studies, thus
providing an applicable tool to improve the medication adherence of cirrhosis patients.

Conclusion

This study found that higher age, higher education level, higher income, longer duration of disease, higher Child-Pugh
score, higher knowledge of disease and treatment, higher social support, higher self-care agency and lower pill burden
could predict higher medication adherence. In addition, a predictive nomogram was constructed. This model could help
clinicians identify patients with a high risk of low medication adherence, and intervention measures can be taken in time.
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