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Abstract

Background

This pilot study aimed to investigate medication nonadherence among Taiwanese patients
with diabetes, hypertension, and hyperlipidemia using the Chinese version of the Two-Part
Medication Nonadherence Scale (C-TPMNS) and the National Health Insurance (NHI) Med-
icloud system. The study revealed insights into the factors contributing to nonadherence
and the implications for improving patient adherence to medications for chronic conditions.
However, the small sample size limits the generalizability of the findings. Additionally, the
study identified the need for further research with larger and more diverse samples to vali-
date the preliminary findings.

Methods

The study conducted surveys individuals in central Taiwan who received three-high medica-
tions and those who returned expired medications from chain pharmacies. A structured
questionnaire including the C-TPMNS was administered, and additional data on medical
history and HbA1c, LDL, and blood pressure levels were collected from the NHI Medicloud
system. Data analysis was performed using multiple ordered logistic regression and Wald
test methods. Setting interpretation cutoff point to determine medication nonadherence.

Results

The study found that 25.8% of participants were non-adherent to prescribed medications.
Non-adherent individuals had significantly higher systolic blood pressure (SBP > 140
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mmHg) than adherent participants. Non-adherence was also associated with factors such
as lower education, single status, living alone, abnormal glucose postprandial concentra-
tion, and triglyceride levels. The C-TPMNS demonstrated good reliability (Cronbach’s alpha
=0.816) and validity (area under the ROC curve =0.72).

Conclusion

The study highlighted the complexity of medication nonadherence with diverse determinants
and emphasized the importance of tailored interventions. The findings underscored the
need for region-specific research to comprehensively address medication nonadherence,
especially focusing on adherence to medications for hypertension, hyperlipidemia, and dia-
betes. The study also identified the need for larger, more diverse studies to validate and
expand upon the initial findings and emphasized the importance of pharmacist interventions
and patient empowerment in managing chronic conditions and improving overall health
outcomes.

1. Introduction

The World Health Organization (WHO) defines adherence as “the extent to which the per-
sons’ behavior (including medication-taking) corresponds with the agreed recommendations
from a healthcare provider” [1] MN is a complex, multifaceted healthcare problem that is asso-
ciated with the patient, treatment, and/or healthcare provider. If patients do not adhere to
treatment, they cannot benefit from their medications, consequently leading to increased mor-
tality and morbidity, as well as healthcare costs [2]. In the United States, approximately 30% to
50% of adults failed to take medications prescribed by healthcare providers resulting in an
annual increase in healthcare costs of up to US$100 billion [3] Medication adherence is crucial
for diabetes control, impacting mortality, morbidity, and healthcare costs. Globally, non-com-
municable diseases, especially cardiovascular diseases, pose a significant health challenge [4].
In Taiwan, the three major risk factors for chronic diseases continue to be high blood pres-
sure, high blood sugar, and high cholesterol. Because lifestyle, culture, and health knowledge
vary across different countries and regions [5-7], In 2022, heart disease, cerebrovascular dis-
eases, diabetes, and hypertension-related diseases ranked high among causes of death in Tai-
wan, emphasizing the urgency of addressing health issues, especially diabetes with its 2.27
million diagnosed cases [8]. If not treated properly, diabetes can lead to complications such as
retinopathy, nephropathy, neuropathy, and vascular lesions, causing heart attacks, stroke,
blindness, and even the need for dialysis or amputation. Patients with diabetes must take long-
term medications to control their blood sugar levels but the percentage of medication nonad-
herence (MN) in patients with diabetes is >40%, leading to health deterioration as well as
wasting medical resources and medication. Moreover, poor diabetic control can affect the
patient’s quality of life, thus reducing the MN level among patients with diabetes is crucial. In
Taiwan, diabetes and high blood pressure-related diseases are major causes of death [9] Adher-
ent diabetes patients experience reduced hospitalization rates and healthcare costs [10,11]
Generally, enhanced medication adherence is linked to reduced hospitalization and ICU
admission rates as well as fewer healthcare costs [12]. Using HbA1c level as an indicator,
patients with low adherence had a higher level of HbAlc, particularly those prescribed two or
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more blood pressure medicines [13], and long-term nonadherence can lead to poor blood
sugar control [14], therefore, medication adherence is vital for diabetes control.

The prevalence of MN varies between diseases and ethnic groups, influenced by regimen
complexity, age, and medical knowledge [15], Patients with diabetes, hyperlipidemia, and
hypertension often face challenges in maintaining adherence due to multiple prescribed medi-
cations [16-18] consequently impeding the effort to maintain adherence. A recent study
explored the adherence to blood sugar medications among patients in Singapore [19], reveal-
ing the younger patients had lower adherence due to long working hours, leading to unsatis-
factory blood sugar control as reflected in higher HbAlc levels [20,21]. Another study
identified that patients with adequate diabetes knowledge tended to have better medication
adherence [22,23] thus education programs on disease and medication management may pro-
mote greater disease control [24].

Poor medication adherence (MN), exceeding 40% in diabetes patients, leads to health dete-
rioration, resource wastage, and increased healthcare costs. Taiwan’s National Health Insur-
ance system has exposed a worrying trend 80% of outpatient patients use an average of 3.9
medications, of which 25% of these medications going unused, indicating a serious issue of
medication wastage [8]. This contributes to rising pharmaceutical expenses and poor disease
control, particularly in cases of hypertension, hyperlipidemia, and diabetes. Generally,
enhanced medication adherence is linked to reduced hospitalization and ICU admission rates
as well as fewer healthcare costs [12]. Using HbAlc level as an indicator, patients with low
adherence had a higher level of HbAlc, particularly those prescribed two or more blood pres-
sure medicines [13], and long-term nonadherence can lead to poor blood sugar control [14],
therefore, medication adherence is vital for diabetes control.

This study utilizes the Two-Part Medication Nonadherence Scale (TPMNS) to assess MN
levels in patients with diabetes, high blood pressure, and high lipids, providing practical sug-
gestions for adherence improvement. The Two-Part Medication Nonadherence Scale
(TPMNS) developed by Dr. Corrine Voils was adopted to determine MN [25] levels to offer
practical suggestions for adherence improvement in patients with diabetes, high blood pres-
sure, and high lipids. The TPMNS, developed with support from the National Institute on
Aging in the United States and a freely available tool, was translated into Chinese and used to
explore the MN levels in patients taking medications for diabetes, high blood pressure and
high blood lipids [26].

This study, conducted in central Taiwan, aims to understand adherence in patients with
high blood pressure, high blood sugar, and high cholesterol obtaining medications from com-
munity pharmacies. The other objectives include identifying reasons for medication non-
adherence and evaluating the reliability and validity of C-TPMNS [27]. This research provides
insights for healthcare professionals and pharmacists to enhance medication adherence, laying
the groundwork for tailored health education programs and improvement strategies.

2. Methods
2.1 Study population and implementation period

This pilot study aimed to investigate medication nonadherence among Taiwanese patients
with diabetes, hypertension, and hyperlipidemia using the Chinese version of the Two-Part
Medication Nonadherence Scale (C-TPMNS). The study revealed insights into the factors con-
tributing to nonadherence and the implications for improving patient adherence to medica-
tions for chronic conditions. The data was collected from individuals who returned expired
prescriptions for medications treating high blood pressure, high cholesterol, and diabetes to
community pharmacies. The research execution period is from Aug 13, 2020, to Aug. 28, 2021
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involving a total of 76 participants. The advantage of using a structured questionnaire is that it
allows for the collection of standardized data and compared across participants. It also mini-
mizes the potential for interviewer bias, as all participants are asked the same set of questions
in the same way.

2.2. Inclusion and exclusion criteria

The patients who visited the community pharmacy for their medicines and those who
returned expired medicines. The inclusion criteria were patients with the Diabetes Mellitus,
Hypertension, and Hyperlipidemia aged >20 years, who are conscious, and had been diag-
nosed with the three highs at least 6 months before the study commenced. This study con-
ducted surveys among individuals collecting medications for the three highs and those
returning expired medicines at a central Taiwan pharmacy chain. Those with speech or cogni-
tive impairment were excluded.

2.3 Questionnaire and medical records

2.3.1 Chinese Two-Part Medication Nonadherence Scale (C-TPMNS). The TPMNS
[28] was employed to evaluate medication nonadherence (MN) and was adapted based on the
Chinese version translated by scholars in Singapore. Respondents were also asked to self-
report the reasons for their nonadherence. Initially, a pretest was conducted by distributing 30
questionnaires to assess their reliability and validity, and the content was adjusted accordingly.
Following this, the formal C-TPMNS questionnaire’s reliability and validity were assessed by
the research team.

2.3.2 Medical records in the NHI MediCloud system. In Taiwan, all patient-prescribed
medications are listed in the “MediClound", an online Shared Medication Record accessible by
healthcare professionals across sectors, In Taiwan, all prescribed medications for patients are
listed in "MediCloud," an online shared medication record accessible to healthcare profession-
als across departments. The "National Health Insurance Administration (NHIA) Medical
Information Cloud Query System" is derived from the National Health Insurance Cloud Medi-
cation History System established in 2013. It provides 12 categories of patient medical data for
healthcare personnel to access. Since 2018, the system has also implemented mechanisms for
medical image sharing, diagnosis, biochemical test data, drug interactions, and allergic
medications.

The participants were informed that their data would be collected from the “NHI Medi-
Cloud system” and after they consented, the researchers compiled the following information
with assistance from pharmacists: medical history, and frequencies of outpatient visits, ICU
admission, and hospitalization over the past 3 months. Their physical examination results
associated with the three highs(Hypertension, Hyperlipidemia, Hyperglycemia) HbAlc,Low-
density lipoprotein, high density lipoprotein, Triglycerides, Blood pressure level over the past
6 months were extracted from the aforementioned system [29].

The medication possession ratio (MPR) for each medication for the “three highs” taken by
the participants was recorded and considered a medication adherence indicator, facilitating
validity assessment of C-TPMNS. It has been confirmed that the MPR has desirable validity
for the use of declaration data of National Health Insurance pharmaceutical products, hence a
suitable indicator of medication adherence.MPR refers to the quotient of dividing the number
of doses dispensed by healthcare providers by the days of treatment; the ratio can be acquired
by using the variable duration denominator (VMPR) or fixed duration denominator. In this
study, VMPR was calculated by dividing the sum of days for medication collection by the
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number of days between the first prescription and last prescription dates (including supply
days).

2.4 Data statistics

We used SAS software version 9.4 (SAS Institute Inc., Cary, NC) to perform the data analysis
for this study, with a p-value of < 0.05 considered statistically significant. The mean and stan-
dard deviation were performed correlations between medication adherence and demographic
information of the participants. The odds ratio (aOR) with 95% confidence interval (CI) of
measured for the correlations between medication adherence and the participants’ medical
history and medication history obtained from the NHI Medicloud system.

Multivariable logistic regression was used to estimate the odds ratio (aOR) with 95% confi-
dence interval (CI) of each medication history measured for the medication adherence and the
medication nonadherence group. The scale validity was assessed according to the MPR value
(adherence = MPR>80%) and the area under a receiver operating characteristic (ROC) curve
(Fig 1).

2.5. Data sources and availability

The data consists of two parts: one is the questionnaire and the other is Medical Records. The
The questionnaire data cannot be shared for sensitive patient information and ethical reasons.
For access to the questionnaire data, please contact China Medical University & Hospital
Research Ethics Center (Phone:+886-2-2205-2121# 1941; Email: rrec@mail.cmu.edu.tw or
irb@mail.cmuh.org.tw) or Miss Zhang Yinxuan (Phone:+886—9-72-500761; Email:
y22@ms49.url.com.tw). The medical records database were obtained from the National Health
Insurance and we are not eligible to duplicate and disseminate the database. For further access
to the database for medical records in the health insurance MediCloud system, please contact
the Ministry of Health and Welfare (Email: stcarolwu@mohw.gov.tw) for further assistance.
Taiwan Ministry of Health and Welfare Address: 488 Zhongxiao E. Rd. Sec. 6, Nangang Dist.,
Taipei 115, Taiwan (R.O.C.). Phone: +886-2-8590-6848).

2.6 Ethics statement

This study confirms that all methods were performed in accordance with the relevant

Guidelines and regulations. This study was approved by the Ethics Committee of the Tai-
wan Taichung China Medical University and Hospital approved the use of data for this study
(CMUH- CRREC-108-084(CR-1)). The participants were assured that their answers in this
study would not impact their subsequent benefits. Their personal information such as name,
address, and identification number were collected to be used in the later follow-up studies,
and all data are kept strictly confidential and secured. The data gathered are only used in this
study. Investigators read and explained the informed consent, and all participants gave written
informed consent before the questionnaire began. All participants willingly provided written
informed consent, and the questionnaires were distributed with the assistance of pharmacists
and trained personnel. The collected questionnaires were stored and locked in the office to
ensure data confidentiality. Only participants ID codes were used throughout the study. Data
were not used by a third party. Participants could withdraw at any time without penalty, and
their decision would not affect their rights to seek medical treatment. Participation in the
study was entirely voluntary, and anonymity was highly guaranteed.
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Fig 1. ROC curve illustrating medication adherence with MPR as the reference.

https://doi.org/10.1371/journal.pone.0304442.9001

3 Results
3.1 Analysis of pre-test construct validity

The internal consistency reliability of the medication adherence scale was assessed using Cron-
bach’s o, with a value exceeding 0.7 considered indicative of good reliability. Spearman’s rank
correlation coefficient p) value was employed to explore the correlation between the results of
the medication adherence scale and Medication Possession Ratio. Additionally, the adherence
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scores were dichotomized into adherent and non-adherent groups using different cutoff
points, with MPR (>80%) defining adherence. Sensitivity, specificity, positive predictive value,
and the area under the receiver operating characteristic curve (AUC) were calculated using
MPR as the reference standard, providing an evaluation of construct validity.

3.2 The factors responsible for MN in patients with the three highs

Initially, 76 individuals were recruited, out of which seven patients without the three highs and
an additional three who completed less than 50% of the questions in the first section (level of
MN) of the C-TPMNS (Appendix I) were excluded. Ultimately, this study involved 66 partici-
pants, with 49 participants allocated to the adherence group 18 female and 17 to the nonadher-
ence group, resulting in an MN rate of 26%. The patient demographics (Table 1), the majority
of patients with the three highs 62.1% were male. Most of patients were employed58.5%. The
education level had completed >9 years of education were 51.6%, and were either married or
cohabitating with their partners (76.6%) or family members (80.3%). While most participants
in the adherent group were male, younger, had >9 years of education, and were married or
cohabitating with their partners and family members, no significant differences were observed
between the adherent and no adherent groups. The Wald test for simple logistic regression con-
firmed the lack of significant correlations between demographic variables and MN (Table 1).

According to the medical records extracted from the NHI Medicloud system, patients with-
out diabetes complications and rheumatoid arthritis exhibited higher adherence rates. Addi-
tionally, patients with other diseases tended to display greater adherence compared to those
without such diseases. For instance, when compared to patients with depression, those without
depression demonstrated a medication-nonadherence odds ratio of 2.67 (95% CI; 0.30-23.42).
Similarly, in comparison to patients with kidney disease, those without kidney disease exhib-
ited an odds ratio of 2.23 (95% CI; 0.25-20.02).

To assess the potential impact of regimen complexity on medication adherence, partici-
pants were categorized into two groups based on the number of doses per package. Patients
taking more than five medicines exhibited a slightly higher nonadherence odds ratio (1.1)
compared to those taking four or fewer medicines; however, this difference did not reach sta-
tistical significance.

Following the guidelines outlined by the Health Promotion Administration, participants
were classified into normal and abnormal groups for each indicator related to the three highs,
based on testing results obtained within the past 6 months. Research results show that
HbA1c>6.5 accounts for 26%, pre-meal blood sugar (AC) >126mg/del is as high as 32.5%.
Post-meal blood sugar (PC) >200mg/ accounts for 33.3%.The unmoral systolic blood pressure
>140mmHg and diastolic blood pressure>90mmHg were 47.1% and 10.2%. The total choles-
terol >160 mg/dl were 34% and low-density lipoprotein cholesterol >100 mg/dl were 11%.

Specifically, Table 2 showed participants with abnormal levels of glucose PC, SBP, DBP,
LDL cholesterol, and triglycerides exhibited higher odds of medication nonadherence com-
pared to their counterparts with normal test results. However, only SBP showed a statistically
significant correlation with medication nonadherence.

Furthermore, medication adherence was compared among individuals taking different
medications for the three highs, based on the resulting Medication Possession Ratios (MPRs).
MPRs were 56.6%, 54.6%, and 54% for medications aimed at lowering blood sugar, blood pres-
sure, and blood lipids, respectively (Table 3). Patients displaying high medication adherence
(MPR >80%) constituted only 20% of the total participants, with specific percentages of 18.2%
for patients taking blood sugar medications, 20.0% for those on blood pressure medications,
and 22.6% for patients using medications to manage blood lipids.
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Table 1. Correlations between medication adherence and demographic information of the participants.

Total number of Number of adherent Number of nonadherent Odds ratio P value
participants participants (n = 49) participants (n = 17) (95%CI) #
Sex 1 (%)
Men (reference group) 41(62.1%) 31(63.3%) 10(58.8%) 1.00 0.75
‘Women 25 18 7 1.21(0.39-3.72)
Age (years)
Mean (standard deviation [SD]) 63.4(14.1) 62.2(13.5) 66.9(15.5) 1.03(0.98-1.07) | 0.23
(Median, Q1-Q3) (65,53-74) (64,53-72) (69,55-77)
Height (cm)
Mean (SD) 164.6(7.2) 164.1(7.3) 165.7(7.2) 1.03(0.95-1.12) | 0.44
(Median, Q1-Q3) (167,158-170) (167,158-170) (167,160-170)
Weight (kg)
Mean (SD) 70.9(13.03) 69.4(13.1) 74.9(12.2) 1.03(0.99-1.08) | 0.14
(Median, Q1-Q3) (70,63-80) (70,60-80) (72,70-80)
Missing value 1 1
Occupation 7 (%)
Employed (reference group) 38(58.5%) 28(58.3%) 10(58.8%) 1.00
Retired 27 20 7 0.98(0.32-3.01) | 0.97
Missing value 1 1
Highest academic level n (%)
<9 years of education (reference 31(48.4%) 21(44.7%) 10(58.8%) 1.00
group)
>9 years of education 33 26 7 0.57(0.18-1.74) | 0.32
Missing value 2 2
Marital status 7 (%)
Single/divorced/separated/widowed 15(23.4%) 13(27.7%) 2(11.8%) 1.00
(reference group)
Married/cohabiting 49 34 15 2.89(0.57- 0.20
14.32)
Missing value 2 2
People they live with n (%)
Family members (reference group) 53(80.3%) 38(77.6%) 15(88.2%) 1.00
Nonfamily members 13 11 2 0.46(0.09-2.33) | 0.35
Average monthly income 7 (%)
<NT$30,000 (reference group) 34(55.7%) 25(56.8%) 9(52.9%) 1.00
>NT$30,000 27 19 8 1.17(0.38-3.60) | 0.78
Missing value 5 5

Note: CI = confidence interval.

https://doi.org/10.1371/journal.pone.0304442.t001

3.3 The reliability and validity of the C-TPMNS

Two experts (a health education scholar who is a native English speaker and a senior pharma-
cist) were invited to review the first draft of the questionnaire and provide suggestions on its
Chinese translation and pharmacy-related content to improve the questionnaire validity. The
scale reliability was determined by analyzing the collected responses and was satisfactory
(Cronbach’s alpha = 0.816). In this study, the Area under the ROC Curve (area under the ROC
curve = 0.72) indicates the discriminative ability of the Two-Part Medication Nonadherence
Scale (C-TPMNS) in distinguishing between individuals who are adherent to prescribed medi-
cations and those who are nonadherent. The reliability and validity of the C-TPMNS were
assessed, revealing a moderate predictive power with an AUC of 0.72 in identifying
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Table 2. Correlations between medication adherence and the participants’ medical history and medication history obtained from the NHI Medicloud system.

Total number of Number of adherent Number of nonadherent Odds ratio (95%CI) | P value
participants (n = 66) participants (n = 49) participants (n =17) #
Presence of diabetes n (%)
Yes (reference group) 37(56.1%) 29(59.2%) 8(47.1%) 1.00 0.39
No 29 20 9 1.63(0.54-4.95)
Presence of high blood pressure # (%)
Yes (reference group) 56(84.9%) 41(83.7%) 15(88.2%) 1.00 0.65
No 10 8 2 0.68(0.13-3.59)
Presence of high blood lipids 7 (%)
Yes (reference group) 36(54.6%) 26(53.1%) 10(58.8%) 1.00 0.68
No 30 23 7 0.79(0.26-2.42)
Number of diseases experienced # (%)
One disease (reference group) 21(31.8%) 15(30.6%) 6(35.3%) 1.00
Two diseases 27(40.9%) 21(42.9%) 6(35.3%) 0.71(0.19-2.65) 0.62
All the three highs 18(27.3%) 13(26.5%) 5(29.4%) 0.96(0.24-3.90) 0.96
Medical history n (%)
Presence of medical history
Yes (reference group) 55(83.3%) 40(81.6%) 15(88.2%) 1.00 0.53
No 11 9 2 1.69(0.33-8.73)
Presence of diabetes complications
Yes (reference group) 20(30.3%) 13(26.5%) 7(41.2%) 1.00 0.26
No 46 36 10 0.52(0.16-1.64)
Presence of depression
Yes (reference group) 8(12.1%) 7(14.3%) 1(5.9%) 1.00 0.38
No 58 42 16 2.67(0.30-23.42)
Presence of cancer
Yes (reference group) 2(3.03%) 2(4.1%%) 0(0.0%) 1.00 0.98
No 64 47 17 >999.99
(<0.001,>999.99)
Presence of kidney disease
Yes (reference group) 7(10.6%) 6(12.2%) 1(5.9%) 1.00 0.47
No 59 43 16 2.23(0.25-20.02)
Presence of rheumatoid arthritis
Yes (reference group) 7(10.6%) 5(10.2%) 2(11.8%) 1.00 0.86
No 59 44 15 0.85(0.15-4.86)
Presence of other diseases
Yes (reference group) 34(51.5%) 25(51.0%) 9(52.9%) 1.00 0.89
No 32 24 8 0.93(0.31-2.80)
Number of doses per package n (%)
<4 (reference group) 27(42.9%) 20(43.5%) 7(41.2%) 1.00
>5 36 26 10 1.10(0.36-3.40) 0.87
Missing value 3 3
Frequencies of hospital visits over the past
3 months (by counts)
Outpatient visits
Mean (SD) 2.7(1.4) 2.7(1.5) 2.9(0.8) 1.15(0.78-1.70) 0.49
(Median, Q1-Q3) (3,2-3) (3,2-3) (3,3-3)
Missing value 3 2 1
ICU admission
Mean (SD) 0.1(0.5) 0.1(0.5) 0.0(0.0) 0.006(<0.001,>999.9) | 0.98
(Median, Q1-Q3) (0,0-0) (0,0-0) (0,0-0)
Missing value 47 33 14
Hospitalization
Mean (SD) 0.3(0.5) 0.3(0.5) 0.5(0.6) 2.80(0.31-25.52) 0.36
(Median, Q1-Q3) (0,0-1) (0,0-1) (0.5,0-1)
Missing value 43 30 13
(Continued)
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Table 2. (Continued)

Total number of Number of adherent Number of nonadherent Odds ratio (95%CI) | P value
participants (n = 66) participants (n = 49) participants (n=17) #

Testing results of the three highs
indicators over the past 6 months

HbA1c level (%)

Mean (SD) 6.9(1.3) 6.9(1.3) 6.9(1.3) 0.98(0.58-1.67) 0.94

(Median, Q1-Q3) (6.8,6.2-7.3) (6.8,6.3-7.2) (6.8,5.8-7.6) 1.00 0.72

Missing value 26 21 5 0.78(0.20-3.10)

HbA1lc level n (%) 15(37.5%) 10(35.7%) 5(41.7%)

<6.5 (reference group) 25 18 7

>=6.5 26 21 5

>6.5

Missing value

Glucose AC (mg/dl)

Mean (SD) 121.6(40.2) 121.2(37.4) 123.3(53.0) 1.001(0.98-1.02) 0.89

(Median, Q1-Q3) (118,98-129) (120,100-129) (106.5,91-129) 1.00 0.61

Missing value 26 17 9 0.64(0.11-3.70)

Glucose AC (mg/dl) n (%) 27(67.5%) 21(65.6%) 6(75.0%)

<126 (reference group) 13 11 2

> =125 26 17 9

>125

Missing value

Glucose PC (mg/dl) 162.3(58.5) 135.8(27.9) 215.5(71.3) 1.04(0.99-1.08) 0.07
Mean (SD) (135,120-202) (124,119.5-140) (214.5,166.5-264.5) 1.00 0.05
(Median, Q1-Q3) 54 41 13 21.00(0.96-458.84)

Missing value 8(66.7%) 7(87.5%) 1(25.0%)
Glucose PC (mg/dl) n (%) 4 1 3

<200 (reference group) 54 41 13

> =200

>200
Missing value

SBP (mmHg)

Mean (SD) 134.2(16.8) 131.5(17.3) 141.5(13.3) 1.06(0.99-1.12) 0.07

(Median, Q1-Q3) (138,125-148) (138,122-140) (140,138-150) 1.00 0.04

Missing value 15 12 3 4.11(1.08-15.63)

SBP (mmHg) 1 (%) 27(52.9%) 23(62.2%) 4(28.6%)

<140 (reference group) 24 14 10

> =140 15 12 3

>140

Missing value

DBP (mmHg)

Mean (SD) 78.7(7.1) 77.7(7.2) 81.2(6.6) 1.08(0.98-1.19) 0.13

(Median, Q1-Q3) (80,77-80) (80,71-80) (80,78-80) 1.00 0.12

Missing value 17 14 3 4.50(0.66-30.54)

DBP (mmHg) n (%) 44(89.8%) 33(94.3%) 11(78.6%)

<90 (reference group) 5 2 3

> =90 17 14 3

>90

Missing value

Total cholesterol (mg/dl)

Mean (SD) 161.0(40.5) 161.7(43.1) 158.6(32.2) 0.99(0.98-1.02) 0.86

(Median, Q1-Q3) (152.5,131-177) (154,131-173) (151,148-188) 1.00 0.81

Missing value 34 24 10 0.81(0.15-4.40)

Total cholesterol (mg/dl) n (%) 17(53.1%) 13(52.0%) 4(57.1%)

<160 (reference group) 15 12 3

> =160 34 24 10

>160

Missing value

(Continued)
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Table 2. (Continued)

Total number of Number of adherent Number of nonadherent Odds ratio (95%CI) | P value
participants (n = 66) participants (n = 49) participants (n=17) #
LDL cholesterol (mg/dl)
Mean (SD) 91.0(26.3) 89.1(25.1) 98.7(31.4) 1.01(0.98-1.05) 0.38
(Median, Q1-Q3) (86,72-106) (85,75-101) (93.5,69-131.6) 1.00 0.44
Missing value 30 20 10 1.97(0.36-10.82)
LDL cholesterol (mg/dl) n (%) 25(69.4%) 21(72.4%) 4(57.1%)
<100 (reference group) 11 8 3
> =100 30 20 10
>100
Missing value
Triglycerides (mg/dl)
Mean (SD) 146.7(106.9) 129.1(72.8) 217.0(185.9) 1.007(0.99-1.02) 0.11
(Median, Q1-Q3) (113.5,68-200) (110,67-191.5) (144.5,93-333) 1.00 0.45
Missing value 36 25 11 2.00(0.33-12.24)
Triglycerides (mg/dl) n (%) 19(63.3%) 16(66.7%) 3(50.0%)
<150 (reference group) 11 8 3
> =150
>150
Missing value 36 25 11

Note: CI = confident interval.

https://doi.org/10.1371/journal.pone.0304442.t002

nonadherence from the collected data (Fig 1). Regarding reasons for medication adherence,
the majority of participants reported rarely or never encountering situations that would lead

to nonadherence (Table 4).

Table 3. MPRs (%) of the participants.

(n=66) (n=37) (n=56) (n=36) (n=21) (n=27) (n=18)
Total number | Patients taking Patients taking Patients taking Patients taking Patients taking Patients taking
of participants | medications lower |medications medications medications for only | medications for two | medications for all
(n=66) blood sugar lowering blood lowering blood one of the three of the three highs the three highs
(n=37) pressure (n = 56) lipids (n = 36) highs (n =21) (n=27) (n=18)
MPR(%)
MPR(%) | 54.5%(0.2) 56.0%(0.2) 54.6%(0.2) 54.0%(0.3) 56.8%(0.2) 50.3%(0.2) 59.3%(0.3)
Mean (SD) | (48.0%,42.6%- (48.0%,42.6%- (48.0%,42.6%- (44.9%,42.4%- (49.6%,44.8%-67.3%) | (47.7%,42.0%- (44.9%,42.6%-
(Median, | 63.6%) 63.6%) 60.2%) 74.3%) 5 59.6%) 89.6%)
Q1-Q3) |9 4 6 5 1 3
Missing
value
MPR <0.5 | 34(59.7%) 18(54.5%) 30(60.0%) 20(64.5%) 9(56.2%) 16(61.5%) 9(60.0%)
(%)
MPR <0.5
(%)
0.5< = 13(22.8%) 9(27.3%) 10(20.0%) 4(12.9%) 5(31.3%) 6(23.1%) 2(13.3%)
MPR<0.8
(%)
0.5<
MPR<0.8
(%)
MPR >= | 10(17.5%) 6(18.2%) 10(20.0%) 7(22.6%) 2(12.5%) 4(15.4%) 4(26.7%)
0.8(%)
MPR >0.8
(%)
MPR = medicine possession ratio.
https://doi.org/10.1371/journal.pone.0304442.t003
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Table 4. Reasons for MN in participants with the three highs.

Number of participants (%)

Medication nonadherence reasons None of the A little of the Some of the Most of the Every time | Missing
time time time time value

I was out of my routine 15(22.7%) 26(39.4%) 20(30.3%) 4(6.1%%) 1(1.5%)

I forgot 13(19.7%) 34(51.5%) 9(13.6%) 6(9.1%) 4(6.1%)

The medication caused side effects. 22(33.3%) 24(36.3%) 17(25.8%) 1(1.5%) 2(3.03%)

My irregular eating patterns affected when I took medicines 23(34.9%) 24(36.3%) 13(19.7%) 5(7.6%) 1(1.5%)

I did not have my medicines with me 24(36.3%) 27(40.9%) 10(15.1%) 4(6.1%) 1(1.5%)

The medication was not working 24(36.3%) 29(43.9%) 11(16.7%) 2(3.03%) 0

I did not want others to see my medications 22(33.3%) 30(45.5%) 8(12.1%) 3(4.6%) 3(4.6%)

The medication affected my sex life 15(23.8%) 26(41.3%) 21(33.3%) 0 1(1.6%) 3

The time for medication was too late 37(56.1%) 20(30.3%) 6(9.1%) 2(3.03%) 1(1.5%)

There was no one to help me 45(69.2%) 8(12.3%) 2(3.1%) 3(4.6%) 7(10.8%) |1

Treatment was hard on my family 44(66.7%) 9(13.6%) 3(4.6%) 9(13.6%) 1(1.5%)

I had other medications to take 17(25.8%) 5(7.6%) 3(4.6%) 3(4.6%) 38(57.6%)

I ran out of medication 23(35.4%) 36(55.4%) 4(6.2%) 2(3.1%) 0 1

I was afraid the medication would interact with other 15(22.7%) 34(51.5%) 8(12.1%) 3(4.6%) 6(9.1%)

medications I take

I could not get answers to my questions about the medication 22(33.9%) 38(58.5%) 5(7.7%) 0 0 1

I stopped taking the medication when I felt better 17(25.8%) 30(45.5%) 13(19.7%) 1(1.5%) 5(7.6%)

https://doi.org/10.1371/journal.pone.0304442.t1004

4. Discussion

4.1 Challenges in Participant Recruitment processing

This study focused on individuals aged 20 and above who retrieved or disposed of medica-
tions at chain pharmacies in the central region. Data were collected through face-to-face
surveys. Results revealed that the most commonly discarded medications were those for
hypertension, hyperlipidemia, and diabetes. Residents in the central region were most
informed about medication disposal through promotional efforts in healthcare institutions.
In total, this pilot study recruited 66 participants, of which, 17 (26%) were not adherent to
their prescribed medications. The limited sample size is due to the considerable time
required for questionnaire completion. Some patients are unwilling or lack the patience to
complete the questionnaire fully. As this study relies on voluntary participation, pharma-
cists cannot compel those returning medications to cooperate as well as those collecting the
medications on behalf of the patient. Consequently, their responses might lead to underesti-
mated results of MN, as the respondents might select answers according to social expecta-
tions rather than the actual situation, compromising the credibility of their responses.
Furthermore, the MN conditions among older adults who live alone, have mobility difficul-
ties, and are cared for by foreign caregivers the population of whom is high in Taiwan can-
not be analyzed through a pharmacy-based survey [30,31]. These old people, most prone to
age related memory loss, often forget to take medications without others reminding them.
Older adults with mobility difficulties might not take their medications regularly due to
age-related debility, injuries, and even mild strokes. Despite being looked after by foreign
caregivers, those who have experienced a massive stroke or paralysis, or are bedridden as a
result of illness might have a low level of medication adherence because of language barri-
ers, cultural differences, neglect, and other reasons.
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4.2 Factors influencing medication non-adherence patterns

This study revealed that MN is more likely among individuals with lower education levels
and those who are single, divorced, separated, or widowed, and do not live with family
members. Nonadherent participants had an excessively high level of SBP, glucose PC, and
triglycerides, signifying a tendency of poor disease control. However, differences between
the adherence and nonadherence groups did not reach significance, except for SBP possibly
because of the low sample number, thus lack of statistical power. Taiwan’s population is
aging, which may be related to increased medication use and medication non-adherence.
As in other countries, Taiwanese patients may face barriers to medication adherence such
as forgetfulness, medication side effects, and cost [32-35]. In many countries, including
Taiwan, social support has been found to be an important factor in medication adherence
[36,37]. However, Taiwanese population and those from other Eastern or Western coun-
tries in the context of medication cultural factors in Taiwan may play a different role in
medication compliance than other countries [38]. For example, traditional Chinese medi-
cine may be used together with western medicine, which may affect medication compliance
[39,40].

4.3 Unique and healthcare system factors in Taiwan

The healthcare system in Taiwan is different from those in many Western countries, as it is a
single-payer system with universal coverage [41,42]. This could affect medication adherence in
terms of access to medications and healthcare services. The use of technology in healthcare,
such as telemedicine and remote monitoring, may be more prevalent in some Western coun-
tries than in Taiwan [43,44], which could affect medication adherence interventions.

Opverall, it is important to consider the unique cultural, social, and healthcare system factors
that may affect medication adherence in Taiwan and other countries. By understanding these
factors, healthcare providers can develop more effective interventions to improve medication
adherence and ultimately improve patient [45].

The study highlights the importance of medication adherence in managing chronic condi-
tions such as diabetes, high blood pressure, and high blood lipids. Nonadherence can lead to
poor health outcomes, increased healthcare costs, and reduced quality of life for patients and
found that forgetfulness, feeling better, and medication side effects were the main factors con-
tributing to medication nonadherence among patients in Taiwan. These findings are consis-
tent with previous research on medication adherence. Tables 1-3 of the study. These tables
provide information on the correlations between medication adherence and various demo-
graphic, clinical, and medication-related factors. The study also mentions that the Wald test
for simple logistic regression was used to confirm that the demographic variables were nonsig-
nificant correlated with medication nonadherence. Overall, the study took steps to control for
potential confounding variables and to adjust for differences between groups in the logistic
regression analysis.

The study suggests that healthcare providers should take a more patient-centered approach
to medication management, which involves understanding the patient’s beliefs, values, and
preferences regarding their medications [46]. This approach can help healthcare providers tai-
lor their interventions to the patient’s specific needs and improve medication adherence and
also suggests that healthcare providers should consider using technology-based interventions,
such as reminder systems and mobile health apps, to help patients remember to take their
medications. These interventions have been shown to be effective in improving medication
adherence in previous research.
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4.4 Study limitations and considerations for future research

There were several limitations in this study. First, we could not perform the study to compare
the adherence of patients with 3highs by community pharmacy or not, because control group
without community management was difficulty to be found in Taiwan [47]. Second the study
relied on a pharmacy-based survey because it only included individuals who visited pharma-
cies, which could lead to selection bias. As a pilot study, it was relatively narrow in scope and
focused on individuals with specific medical conditions and specific region [48]. Third the
cross-sectional design of this study makes it challenging to establish causal relationships
between MN and identified factors [49], and the use of self-reported data and potential recall
bias may affect the accuracy of the information collected [50]. Fourth the region’s cultural and
sociodemographic differences may not have been fully represented, limiting the broader appli-
cability of the findings.

5 Conclusion

Improving medication compliance in chronic disease patients requires proactive efforts from
pharmacists, including regular consultations and education for consistent monitoring of vital
indicators. The study confirms the reliability and validity of the C-TPMNS questionnaire, a
valuable tool for researchers in similar studies. These interventions, coupled with guidance
from healthcare providers, empower patients in managing chronic conditions and improving
overall health outcomes.

The study emphasizes the pivotal role of pharmacist consultation and education in enhanc-
ing medication compliance, with significant implications for patient outcomes and healthcare
costs. Pilot studies are crucial in providing preliminary data and informing larger study
designs, laying the groundwork for future research on medication nonadherence in chronic
diseases.

Successful government promotion of medication recycling strategies can optimize pharma-
ceutical resources, reducing health insurance costs and preventing environmental pollution
from medication disposal. The severe issue of medication disposal in Taiwan signifies poor
adherence among patients, impacting both health control and insurance expenditures. Study
participants from central region pharmacies collaborated with pharmacists to access compre-
hensive medical records through the National Health Insurance system, although the question-
naire process was time-consuming, resulting in a smaller sample. Despite this, our study
provides preliminary findings, indicating the importance of future research with a larger sam-
ple, especially focusing on adherence to medications for hypertension, hyperlipidemia, and
diabetes. This study highlights the collaborative role of health care providers, including doctors
and nurses as well as pharmacists, in supporting patients with chronic conditions. Recommen-
dations that pharmacists can implement to improve medication compliance mention the
importance of a personalized medication management plan, regular follow-up visits, and effec-
tive communication with patients.

Supporting information

S1 Appendix. Chinese Two-Part Medication Nonadherence Scale (C-TPMNS).
(DOCX)

S1 File.
(DOC)

PLOS ONE | https://doi.org/10.1371/journal.pone.0304442  July 10, 2024 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304442.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304442.s002
https://doi.org/10.1371/journal.pone.0304442

PLOS ONE

Chinese medication nonadherence study: Expired medication recycling

Acknowledgments

The authors would like to thank Dr. Corrine Voils Two-part Medication Nonadherence Scale
and This study thanks all study participants for participating.

Author Contributions
Conceptualization: Ya-Wen Lin, Ming-Hung Lin.

Data curation: Ya-Wen Lin, Pei-Chun Chen.

Formal analysis: Pei-Chun Chen.
Methodology: Ya-Wen Lin.

Supervision: Che-Huei Lin, Ming-Hung Lin.

Validation: Ya-Wen Lin, Che-Huei Lin.

Writing - original draft: Che-Huei Lin.

Writing - review & editing: Ming-Hung Lin.

References

1.

10.

1.

12

13.

14.

Wai Yin Lam and Paula Fresco. Medication adherence measures: An Overview. BioMed Research
International, 2015, Article ID217047, 12 pages.

Jacqueline G Hugtenburg, Lonneke Timmers, Elders Petra JM, Marcia Vervloet, and Liset van Dijk. Def-
initions, variants, and causes of nonadherence with medication: a challenge for tailored interventions,
2013; 7:675-682. https://doi.org/10.2147/PPA.S29549 PMID: 23874088

Zachary A. Marcum, Sevick Mary Ann, and Steven M. Handler. Medication nonadherence: A diagnos-
able and treatable medical condition. JAMA, 2013; 309(20): 2105-2106. https://doi.org/10.1001/jama.
2013.4638 PMID: 23695479

WHO, Non-communicable disease 2018. Available at: https://www.who.int/news-room/fact-sheets/
detail/noncommunicable-diseases. Accessed November 12, 2018.

Global Burden of Metabolic Risk Factors for Chronic Diseases Collaboration. Cardiovascular disease,
chronic kidney disease, and diabetes mortality burden of cardiometabolic risk factors from 1980 to
2010: a comparative risk assessment. Lancet Diabetes Endocrinol. 2014; 2(8):634-647. https://doi.
org/10.1016/S2213-8587(14)70102-0 PMID: 24842598

Hwang LC, Bai CH, Chen CJ. Prevalence of obesity and metabolic syndrome in Taiwan. J Formos Med
Assoc. 2006; 105(8):626-635. https://doi.org/10.1016/S0929-6646(09)60161-3 PMID: 16935763

Lin CY, Hung HJ, Chung CJ, Huang CT, Wu TN, Chen CY. Ethnic disparity in metabolic syndrome and
related obesity and health behavior: a community study in Taiwan. Diabetol Metab Syndr. 2021; 13
(1):134. Published 2021 Nov 17. https://doi.org/10.1186/s13098-021-00751-3 PMID: 34789325

Health Promotion Administration, Ministry of Health and Welfare, https://www.mohw.gov.tw/.

Ministry of Health and Welfare, Leading Causes of Death in Taiwan for 2022. Available at: https://www.
mohw.gov.tw/cp-16-74869-1.html.

Magaly Perez-Nieves Kristina S. Boyne, Kiljanski Jacek, Cao Dachung, Lage Maureen J. Adherence to
basal insulin therapy among people with type 2 diabetes: A retrospective cohort study of costs and
patient outcomes. Diabetes Therapy, 2018; 9(3): 1099-1111. https://doi.org/10.1007/s13300-018-
0421-5 PMID: 29644618

William H Polonsky and Robert R Henry. Poor medication adherence in type 2 diabetes: recognizing
the scope of the problem and its key contributors. Patient Prefer Adherence, 2016; 10: 1299—-1307.
https://doi.org/10.2147/PPA.S106821 PMID: 27524885

Hepke Kera L., Martus Mary T., and Share David A. Costs and utilization associated with pharmaceuti-
cal adherence in a diabetic population. The American Journal of Managed Care, 2004.

Cohen HW, Shmukler C, Ullman R, Rivera CM, Walker EA. Measurements of medication adherence in
diabetic patients with poorly controlled HbA(1c). Diabetic Medicine, 2010; 27: 210-216. https://doi.org/
10.1111/j.1464-5491.2009.02898.x PMID: 20546266

Aikens JE, Piette JD. Longitudinal association between medication adherence and glycemic control in
Type 2 diabetes. Diabetic Medicine, 2013; 30(3): 338-344.

PLOS ONE | https://doi.org/10.1371/journal.pone.0304442  July 10, 2024 15/17


https://doi.org/10.2147/PPA.S29549
http://www.ncbi.nlm.nih.gov/pubmed/23874088
https://doi.org/10.1001/jama.2013.4638
https://doi.org/10.1001/jama.2013.4638
http://www.ncbi.nlm.nih.gov/pubmed/23695479
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://doi.org/10.1016/S2213-8587%2814%2970102-0
https://doi.org/10.1016/S2213-8587%2814%2970102-0
http://www.ncbi.nlm.nih.gov/pubmed/24842598
https://doi.org/10.1016/S0929-6646%2809%2960161-3
http://www.ncbi.nlm.nih.gov/pubmed/16935763
https://doi.org/10.1186/s13098-021-00751-3
http://www.ncbi.nlm.nih.gov/pubmed/34789325
https://www.mohw.gov.tw/
https://www.mohw.gov.tw/cp-16-74869-1.html
https://www.mohw.gov.tw/cp-16-74869-1.html
https://doi.org/10.1007/s13300-018-0421-5
https://doi.org/10.1007/s13300-018-0421-5
http://www.ncbi.nlm.nih.gov/pubmed/29644618
https://doi.org/10.2147/PPA.S106821
http://www.ncbi.nlm.nih.gov/pubmed/27524885
https://doi.org/10.1111/j.1464-5491.2009.02898.x
https://doi.org/10.1111/j.1464-5491.2009.02898.x
http://www.ncbi.nlm.nih.gov/pubmed/20546266
https://doi.org/10.1371/journal.pone.0304442

PLOS ONE

Chinese medication nonadherence study: Expired medication recycling

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Krass |, Schieback P, Dhippayom T. Adherence to diabetes medication: a systematic review. Diabetic
Medicine, 2015; 32(6): 725—737. https://doi.org/10.1111/dme.12651 PMID: 25440507

Feingold KR. Oral and Injectable (Non-Insulin) Pharmacological Agents for the Treatment of Type 2
Diabetes. In: Feingold KR, Anawalt B, Blackman MR, et al., eds. Endotext. South Dartmouth (MA):
MDText.com, Inc.; August 26, 2022.

Peron EP, Ogbonna KC, Donohoe KL. Antidiabetic medications and polypharmacy. Clin Geriatr Med.
2015; 31(1):17vii. https://doi.org/10.1016/j.cger.2014.08.017 PMID: 25453298

Dobrica EC, Gaman MA, Cozma MA, Bratu OG, Pantea Stoian A, Diaconu CC. Polypharmacy in Type
2 Diabetes Mellitus: Insights from an Internal Medicine Department. Medicina (Kaunas). 2019; 55
(8):436. Published 2019 Aug 3. https://doi.org/10.3390/medicina55080436 PMID: 31382651

Lin LK, Sun 'Y, Heng BH, Chew DEK, Chong PN. Medication adherence and glycemic control among
newly diagnosed diabetes patients. BMJ Open Diabetes Res Care. 2017; 5(1):e000429. Published
2017 Jul 31. https://doi.org/10.1136/bmjdrc-2017-000429 PMID: 28878942

SeoE, Lee Y, Mun E, et al. The effect of long working hours on developing type 2 diabetes in adults with
prediabetes: The Kangbuk Samsung Cohort Study. Ann Occup Environ Med. 2022; 34:e4. Published
2022 Mar 14. https://doi.org/10.35371/aoem.2022.34.e4 PMID: 35425614

Davies MJD’Alessio DA, Fradkin J, et al. Management of Hyperglycemia in Type 2 Diabetes, 2018. A
Consensus Report by the American Diabetes Association (ADA) and the European Association for the
Study of Diabetes (EASD). Diabetes Care. 2018; 41(12):2669-2701. https://doi.org/10.2337/dci18-
0033 PMID: 30291106

Tiv M, Viel JF, Mauny F, et al. Medication adherence in type 2 diabetes: the ENTRED study 2007, a
French Population-Based Study. PLoS One. 2012; 7(3):€32412. https://doi.org/10.1371/journal.pone.
0032412 PMID: 22403654

Al-Qazaz HKh, Sulaiman SA, Hassali MA, et al. Diabetes knowledge, medication adherence and glyce-
mic control among patients with type 2 diabetes. Int J Clin Pharm. 2011; 33(6):1028—1035. https://doi.
org/10.1007/s11096-011-9582-2 PMID: 22083724

Ruiz-Ramirez JA, Olarte-Arias YA, Glasserman-Morales LD. Educational Processes for Health and
Disease Self-Management in Public Health: A Systematic Review. Int J Environ Res Public Health.
2021; 18(12):6448. Published 2021 Jun 15. https://doi.org/10.3390/ijerph18126448 PMID: 34203594

Dr. Corrine Voils Two-part Medication Nonadherence Scale https://www.surgery.wisc.edu/research/
researchers labs/corrinevoilsphd/selfreportedmedication nonadherence measurement/.

Voils Corrine |., Maciejewski Matthew L., Hoyle Rick H., Reeve Bryce B., Gallagher Patrick, Bryson
Christopher L., et al. Initial validation of a self-report measure of the extent of and reasons for medica-
tion nonadherence. Available in PMC 2013 Dec 1.

Backes C, Moyano C, Rimaud C, Bienvenu C, Schneider MP. Digital Medication Adherence Support:
Could Healthcare Providers Recommend Mobile Health Apps?. Front Med Technol. 2021; 2:616242.
Published 2021 Feb 17. https://doi.org/10.3389/fmedt.2020.616242 PMID: 35047896

Dolder CR, Lacro JP, Warren KA, Golshan S, Perkins DO, Jeste DV. Brief evaluation of medication influ-
ences and beliefs: development and testing of a brief scale for medication adherence. J Clin Psychophar-
macol. 2004; 24(4):404—409. https://doi.org/10.1097/01.jcp.0000130554.63254.3a PMID: 15232332

Bjarnadottir MV, Czerwinski D, Onukwugha E. Sensitivity of the Medication Possession Ratio to Model-
ling Decisions in Large Claims Databases. Pharmacoeconomics. 2018; 36(3):369-380. https://doi.org/
10.1007/s40273-017-0597-y PMID: 29230712

Chiu JL. Analysis of Older Adults under Home Care in Taiwan’s Ageing Society. Comput Intell Neurosci.
2022; 2022:8687947. Published 2022 Jun 21. https://doi.org/10.1155/2022/8687947 PMID: 35774435

Chi Y-C, Wu C-L, Liu H-T. Assessing Quality of Life with Community Dwelling Elderly Adults: A Mass
Survey in Taiwan. International Journal of Environmental Research and Public Health. 2022; 19
(22):14621. https://doi.org/10.3390/ijerph192214621 PMID: 36429340

Wu TY, Majeed A, Kuo KN. An overview of the healthcare system in Taiwan. London J Prim Care
(Abingdon). 2010; 3(2):115-119. hitps://doi.org/10.1080/17571472.2010.11493315 PMID: 25949636

Rabin R. The use of race as a variable in public health research. Am J Public Health. 1999; 89(5):783—
784. https://doi.org/10.2105/ajph.89.5.783-a PMID: 10225000

Shih Cl, Weng CC, Chen W, Yang HF, Fan SY. Consideration factors of older adults seeking medical
treatment at outpatient services in Taiwan. BMC Health Serv Res. 2021; 21(1):1216. Published 2021
Nov 9. https://doi.org/10.1186/s12913-021-07251-0 PMID: 34753473

National Health Insurance Administration. (2018). NHI MedIcloud system application and results. In:
National Health Insurance Administration, Taiwan. 2018. http://www.tbi.org.tw/big-data-conf-2018/
speech/S05A-2_Dr%E8%94%A1%E6%B7. . .6%B7%91%E9%88%B4.pdf Accessed 15 May 2021.

PLOS ONE | https://doi.org/10.1371/journal.pone.0304442  July 10, 2024 16/17


https://doi.org/10.1111/dme.12651
http://www.ncbi.nlm.nih.gov/pubmed/25440507
http://MDText.com
https://doi.org/10.1016/j.cger.2014.08.017
http://www.ncbi.nlm.nih.gov/pubmed/25453298
https://doi.org/10.3390/medicina55080436
http://www.ncbi.nlm.nih.gov/pubmed/31382651
https://doi.org/10.1136/bmjdrc-2017-000429
http://www.ncbi.nlm.nih.gov/pubmed/28878942
https://doi.org/10.35371/aoem.2022.34.e4
http://www.ncbi.nlm.nih.gov/pubmed/35425614
https://doi.org/10.2337/dci18-0033
https://doi.org/10.2337/dci18-0033
http://www.ncbi.nlm.nih.gov/pubmed/30291106
https://doi.org/10.1371/journal.pone.0032412
https://doi.org/10.1371/journal.pone.0032412
http://www.ncbi.nlm.nih.gov/pubmed/22403654
https://doi.org/10.1007/s11096-011-9582-2
https://doi.org/10.1007/s11096-011-9582-2
http://www.ncbi.nlm.nih.gov/pubmed/22083724
https://doi.org/10.3390/ijerph18126448
http://www.ncbi.nlm.nih.gov/pubmed/34203594
https://www.surgery.wisc.edu/research/researchers
https://www.surgery.wisc.edu/research/researchers
https://doi.org/10.3389/fmedt.2020.616242
http://www.ncbi.nlm.nih.gov/pubmed/35047896
https://doi.org/10.1097/01.jcp.0000130554.63254.3a
http://www.ncbi.nlm.nih.gov/pubmed/15232332
https://doi.org/10.1007/s40273-017-0597-y
https://doi.org/10.1007/s40273-017-0597-y
http://www.ncbi.nlm.nih.gov/pubmed/29230712
https://doi.org/10.1155/2022/8687947
http://www.ncbi.nlm.nih.gov/pubmed/35774435
https://doi.org/10.3390/ijerph192214621
http://www.ncbi.nlm.nih.gov/pubmed/36429340
https://doi.org/10.1080/17571472.2010.11493315
http://www.ncbi.nlm.nih.gov/pubmed/25949636
https://doi.org/10.2105/ajph.89.5.783-a
http://www.ncbi.nlm.nih.gov/pubmed/10225000
https://doi.org/10.1186/s12913-021-07251-0
http://www.ncbi.nlm.nih.gov/pubmed/34753473
http://www.tbi.org.tw/big-data-conf-2018/speech/S05A-2_Dr%E8%94%A1%E6%B76%B7%91%E9%88%B4.pdf
http://www.tbi.org.tw/big-data-conf-2018/speech/S05A-2_Dr%E8%94%A1%E6%B76%B7%91%E9%88%B4.pdf
https://doi.org/10.1371/journal.pone.0304442

PLOS ONE

Chinese medication nonadherence study: Expired medication recycling

36.

37.

38.

39.

40.

4.

42,

43.

44,

45.

46.

47.

48.

49.

50.

Yoon S, Kwan YH, Yap WL, et al. Factors influencing medication adherence in multi-ethnic Asian
patients with chronic diseases in Singapore: A qualitative study. Front Pharmacol. 2023; 14:1124297.
Published 2023 Mar 9. https://doi.org/10.3389/fphar.2023.1124297 PMID: 36969865

Berthenet M, Vaillancourt R, Pouliot A. Evaluation, Modification, and Validation of Pictograms Depicting
Medication Instructions in the Elderly. J Health Commun. 2016; 21 Suppl 1:27-33. https://doi.org/10.
1080/10810730.2015.1133737 PMID: 27043755

Xu'Y, Toobert D, Savage C, Pan W, Whitmer K. Factors influencing diabetes self-management in Chi-
nese people with type 2 diabetes. Res Nurs Health. 2008; 31(6):613-625. https://doi.org/10.1002/nur.
20293 PMID: 18613066

Ren W, Wang M, Liao J, et al. The Effect of Chinese Herbal Medicine Combined With Western Medicine
on Vascular Endothelial Function in Patients With Hypertension: A Systematic Review and Meta-Analy-
sis of Randomized Controlled Trials. Front Pharmacol. 2020; 11:8283. Published 2020 Jun 16. https://
doi.org/10.3389/fphar.2020.00823 PMID: 32612527

Huang CD, Liao KC, Chung FT, et al. Different perceptions of narrative medicine between Western and
Chinese medicine students. BMC Med Educ. 2017; 17(1):85. Published 2017 May 10. https://doi.org/
10.1186/s12909-017-0925-0 PMID: 28490362

Wu TY, Majeed A, Kuo KN. An overview of the healthcare system in Taiwan. London J Prim Care
(Abingdon). 2010; 3(2):115-119. https://doi.org/10.1080/17571472.2010.11493315 PMID: 25949636

Ho Chan WS. Taiwan’s healthcare report 2010. EPMA J. 2010; 1(4):563-585. https://doi.org/10.1007/
s13167-010-0056-8 PMID: 23199110

Wu TC, Ho CB. Barriers to Telemedicine Adoption during the COVID-19 Pandemic in Taiwan: Compari-
son of Perceived Risks by Socioeconomic Status Correlates. Int J Environ Res Public Health. 2023; 20
(4):3504. Published 2023 Feb 16. https://doi.org/10.3390/ijerph20043504 PMID: 36834205

Shah A.Q., Noronha N., Chin-See R. et al. The use and effects of telemedicine on complementary,
alternative, and integrative medicine practices: a scoping review. BMC Complement Med Ther 23, 275
(2023). https://doi.org/10.1186/s12906-023-04100-x PMID: 37533042

Neiman AB, Ruppar T, Ho M, et al. CDC Grand Rounds: Improving Medication Adherence for Chronic
Disease Management—Innovations and Opportunities. MMWR Morb Mortal Wkly Rep 2017; 66. http:/
dx.doi.org/10.15585/mmwr.mm6645a2externalicon. PMID: 29145353

Kennedy BM, Rehman M, Johnson WD, Magee MB, Leonard R, Katzmarzyk PT. Healthcare Providers
versus Patients’ Understanding of Health Beliefs and Values. Patient Exp J. 2017; 4(3):29-37. PMID:
29308429

Zhang'Y, Li X, Mao L, et al. Factors affecting medication adherence in community-managed patients
with hypertension based on the principal component analysis: evidence from Xinjiang, China. Patient
Prefer Adherence. 2018; 12:803—-812. Published 2018 May 11. https://doi.org/10.2147/PPA.S158662
PMID: 29785095

In J. Introduction of a pilot study. Korean J Anesthesiol. 2017; 70(6):601-605. https://doi.org/10.4097/
kjae.2017.70.6.601 PMID: 29225742

Althubaiti A. Information bias in health research: definition, pitfalls, and adjustment methods. J Multidis-
cip Healthc. 2016; 9:211-217. Published 2016 May 4. https://doi.org/10.2147/JMDH.S104807 PMID:
27217764

Setia MS. Methodology Series Module 3: Cross-sectional Studies. Indian J Dermatol. 2016; 61(3):261—
264. https://doi.org/10.4103/0019-5154.182410 PMID: 27293245

PLOS ONE | https://doi.org/10.1371/journal.pone.0304442  July 10, 2024 17/17


https://doi.org/10.3389/fphar.2023.1124297
http://www.ncbi.nlm.nih.gov/pubmed/36969865
https://doi.org/10.1080/10810730.2015.1133737
https://doi.org/10.1080/10810730.2015.1133737
http://www.ncbi.nlm.nih.gov/pubmed/27043755
https://doi.org/10.1002/nur.20293
https://doi.org/10.1002/nur.20293
http://www.ncbi.nlm.nih.gov/pubmed/18613066
https://doi.org/10.3389/fphar.2020.00823
https://doi.org/10.3389/fphar.2020.00823
http://www.ncbi.nlm.nih.gov/pubmed/32612527
https://doi.org/10.1186/s12909-017-0925-0
https://doi.org/10.1186/s12909-017-0925-0
http://www.ncbi.nlm.nih.gov/pubmed/28490362
https://doi.org/10.1080/17571472.2010.11493315
http://www.ncbi.nlm.nih.gov/pubmed/25949636
https://doi.org/10.1007/s13167-010-0056-8
https://doi.org/10.1007/s13167-010-0056-8
http://www.ncbi.nlm.nih.gov/pubmed/23199110
https://doi.org/10.3390/ijerph20043504
http://www.ncbi.nlm.nih.gov/pubmed/36834205
https://doi.org/10.1186/s12906-023-04100-x
http://www.ncbi.nlm.nih.gov/pubmed/37533042
http://dx.doi.org/10.15585/mmwr.mm6645a2externalicon
http://dx.doi.org/10.15585/mmwr.mm6645a2externalicon
http://www.ncbi.nlm.nih.gov/pubmed/29145353
http://www.ncbi.nlm.nih.gov/pubmed/29308429
https://doi.org/10.2147/PPA.S158662
http://www.ncbi.nlm.nih.gov/pubmed/29785095
https://doi.org/10.4097/kjae.2017.70.6.601
https://doi.org/10.4097/kjae.2017.70.6.601
http://www.ncbi.nlm.nih.gov/pubmed/29225742
https://doi.org/10.2147/JMDH.S104807
http://www.ncbi.nlm.nih.gov/pubmed/27217764
https://doi.org/10.4103/0019-5154.182410
http://www.ncbi.nlm.nih.gov/pubmed/27293245
https://doi.org/10.1371/journal.pone.0304442

