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Introduction: Most type 2 diabetes mellitus (T2DM) patients with chronic conditions require multiple medications to achieve and maintain good glycemic control.
Objective: This study assessed medication burden, regimen complexity, and adherence among T2DM patients and evaluate its association with glycemic control.
Method: We analyzed data of 2,696 T2DM patients at public health clinics in Malaysia from January 2018 until May 2019. Medication burden was based on medication count, regimen complexity was measured using the validated Medication Regimen Complexity Index (MRCI) tool, and adherence was measured using proportion of days covered (PDC) formula. Logistic regression models were used to compute unadjusted and adjusted odds ratio (aOR) with 95% confidence interval (CI) for association between the medication parameters and glycemic control (HbA1c ≤ 7.0%) over a 90-day period.
Results: The cohort mean age was 60.4 years old (±10.8) and 62.9% were female. Overall, the average medication count was 4.8 with MRCI score of 15.1. Mean adherence score (PDC) was 90%. High medication count and MRCI scores were associated with lower odds of achieving good glycemic control (aOR 0.88; 95% CI 0.82, 0.94 and aOR 0.89; 95% CI 0.87, 0.92, respectively) while inverse association was observed between adherence and HbA1c level (aOR 2.7, 95% CI 1.66, 5.19). Similar findings were observed for diabetes-specific measures.
Conclusions: High medication count, high regimen complexity, and low medication adherence were associated with poor glycemic control over the 3-month follow-up period. These parameters could be used to identify patients with complex pharmacotherapy regimens so that targets for intervention can be taken to achieve optimum outcomes and ease of self-care.
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INTRODUCTION
Diabetes is a chronic illness that requires long-term medical care and patients are usually prescribed medications when attempts at lifestyle modifications alone fail to achieve or maintain adequate glycemic control. Patients with type 2 diabetes mellitus (T2DM) often requires more than one medication, which grows in complexity as the disease progresses and complications arise (Peron et al., 2015). The prevalence of multiple comorbidities among patients with established T2DM also increases the need for more medications and further complicates the treatment regimen. Besides medication count, other contributing attributes to the complexity of a medication regimen including dosage forms, dosing frequencies, complicated schedules, and special administration directions present challenges for patients with T2DM (Advinha et al., 2014). Studies have reported that complex treatment regimens are associated with worse outcomes, including medication non-adherence, poor control of medical conditions, and increased health resources utilization (Claxton et al., 2001; Ingersoll and Cohen, 2008; Pollack et al., 2010; Pantuzza et al., 2017; Ayele et al., 2019).
In Malaysia, the number of patients with T2DM is steadily increasing; the National Health and Morbidity Survey 2019 estimated that four million adult population had diabetes (Institute for Public Health, 2020). Previous data suggest that on average, patients with chronic condition take five medications per day (Hasan et al., 2017). Among patients with T2DM who attended primary care clinics in Malaysia, 60% reported taking more than three medications (Ahmad et al., 2013). Of note, it was reported that less than 25% of the patients with T2DM achieved the targeted HbA1c levels despite the evidence of improving processes of diabetes care in Malaysia (Mafauzy et al., 2016). One of the possible contributing factors is the medication burden imposed on the patients which resulted in poor adherence and subsequently suboptimal glycemic control (Sav et al., 2015). This has become the main focus in the development of diabetes management strategies, which included simplification of dosing regimens to promote better medication adherence among patients with T2DM (Nieuwlaat et al., 2014). A better understanding of treatment profiles is therefore urgently needed, before proper interventions can be tailored to improve the medication-taking behavior of T2DM patients.
Medication regimen complexity can be quantified using a validated tool, the Medication Regimen Complexity Index (MRCI) (George et al., 2004). The complexity level is based on the medication attributes of the regimen such as the number of medications, prescribed dosage forms, dosage frequency and administration instructions. The MRCI tool has demonstrated good evidence in classifying medication regimen complexity over a simple medication count (Mansur et al., 2012), by discriminating between regimens with the same number of medications but of different complexity. This tool was subsequently expanded and validated to include not only disease-specific prescription medications but also other prescription and over-the-counter (OTC) medications (Libby et al., 2013). The expanded tool, which is referred to as patient-level MRCI, provides a better perspective when patients are at greatest risk for failing to achieve desired outcomes.
To the best of our knowledge, detailed assessment of medication regimen complexity on T2DM has not been evaluated in the primary care settings in Malaysia. Understanding the association between these parameters and glycemic control may help to inform future strategies for developing interventions to improve therapeutic outcomes. The objective of this study was to determine medication burden, regimen complexity, and medication adherence among patients with T2DM and evaluate its effect on the level of glycemic control.
METHODS
Ethical approval was granted by the Medical Research and Ethics Committee, Ministry of Health Malaysia (NMRR-17-267-34768) in compliance with the Declaration of Helsinki. Waiver of consent was also obtained. Medical records were reviewed retrospectively and all data was anonymized before use in the analysis.
Study Design and Setting
This cohort study was a retrospective analysis of data from a larger study—“The EnPHC interventions and evaluation study (EnPHC-Eva: Facility)”. Pharmacy database from public primary care clinics in Malaysia was also utilized.
Primary care services in Malaysia are provided by a dual healthcare system: government-funded public health clinics and private clinics that operate on a fee-for-service model. Care for chronic diseases is largely concentrated in public health clinics while encounters in private clinics are mostly for acute and minor conditions (Khoo et al., 2015; Sivasampu et al., 2016). Workforce in public clinics encompasses a diverse skill mix including doctors, nurses, pharmacists, assistant medical officers, and other allied health professionals whereas the majority of private clinics are single medical practitioner practices. In public clinics, each clinic has an outpatient pharmacy that supplies and maintain records of medication supply for all patients seen at the respective clinics. Generally, the prescription is valid for the duration until the next scheduled appointment with the doctor. Patients visit the clinics’ pharmacy directly for any prescription refills and the maximum period of each supply is usually limited to 1 month. For late refills, medications can only be dispensed if the prescription is still valid. Patients seeking care at public clinics may also request doctors to prescribe for them to get medications at the private pharmacies, but the proportion is low due to the additional cost incurred.
Data Sources
Patient and outcome data were obtained from the EnPHC cohort that includes patient demographic and diagnosis at baseline, as well as laboratory parameters collected during subsequent follow-up(s). Details on medication were retrieved from the pharmacy dispensing records. The two databases were linked using a unique patient identifier. Details of the databases are described below.
The EnPHC Interventions and Evaluation Study (EnPHC-Eva: Facility)
The project “Evaluation of ‘Enhanced Primary Health Care (EnPHC)’ interventions in public health clinics was a quasi-experimental controlled study to assess the effectiveness of an intervention package on the process of care and intermediate clinical outcomes at 40 selected public primary care clinics in Malaysia. The clinics were selected by the study team based on their setup and size that reflects care services provided across public health clinics, along with budget and capacity to implement the EnPHC package. Details about the EnPHC project have been described and published elsewhere (Sivasampu et al., 2020). In summary, patients aged 30 years and older with a recorded diagnosis of T2DM or hypertension were sampled from the participating clinics. Their medical records were reviewed retrospectively and the following data were collected at several time points between November 2016 to June 2019: patient demographic (age, gender, ethnicity), risk factors (comorbidities, disease duration), physical examination (e.g., blood pressure (BP), body mass index), and laboratory investigations (e.g., HbA1c, lipid profile).
Pharmacy Dispensing Record
The Pharmacy Information System (PhIS) is an electronic medication management system implemented in public primary care clinics throughout Malaysia. The database contains details of medications supplied to patients including prescription date and duration, dispensed date and quantity, medication name, dosage, route, and frequency. Prescription and dispensing data are available from 1 January 2018 onwards.
Study Population
The present study selected patients with matched records from the two data sources for the period from 1 January 2018 until 31 May 2019. We included patients with T2DM, treated with at least one antidiabetic medication, and had at least one HbA1c reading recorded during this period. All medications prescribed and supplied to patients during the study period were assessed and medications for the treatment of chronic conditions were identified for inclusion in the analysis. Chronic medications were defined as medications with prescriptions filled for a supply duration of 90 days or more (U.S. National Center for Health Statistics, 2018). Patients were excluded if there was no data on medication(s) prescribed for the period before the last HbA1c measurement. The final cohort consisted of 2,696 patients.
Outcome Measures
Medications were categorized according to the Anatomical Therapeutic Chemical (ATC) classification system recommended by the World Health Organization (WHO) (WHO Collaborating Centre for Drug Statistics Methodology, 2021). Medication regimens for all patients included in the analysis were assessed over 90 days preceding the latest HbA1c measurement. Analysis of medications was carried out at two levels: 1) diabetes-specific which included only antidiabetic medications, and 2) patient-level which included all chronic medications.
Medication Burden
Medication burden was quantified by simple medication count and calculated as the mean number of chronic medications dispensed per patient, per day. Based on the medication count, patients were grouped into the following categories: 1) one to two medications, 2) three to four medications, 3) five to six medications and 4) ≥ 7 medications.
Medication Regimen Complexity
Medication regimen complexity was computed using the MRCI tool (George et al., 2004). The validated tool consisted of three sections: dosage forms, dosing frequencies, and additional directions. MRCI score was calculated based on pre-assigned weights for these elements in which a higher MRCI score indicates a more complex medication regimen. Directions for use that were not recorded in the system (e.g. take with food) were identified from medication package insert or drug reference tool (Facts and Comparisons 2016).
Medication Adherence
Adherence to medications was measured by calculating the proportion of days covered (PDC) over a fixed time interval. PDC is defined as the number of days covered with medications divided by days of observation (Raebel et al., 2013; Pednekar et al., 2019) i.e.,
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PDC was dichotomized using the convention threshold of 0.8 (Andrade et al., 2006). Patients were considered adherent if they have PDC ≥0.8 (80%).
Glycemic Control
The main outcome measure was the HbA1c level. Patients’ latest readings of HbA1c were used to categorize them into two groups: controlled = HbA1c ≤ 7.0% and uncontrolled = HbA1c >7.0%. The level was selected based on guideline recommendations of HbA1c target ranges for the general population in Malaysia (Ministry of Health Malaysia, 2015).
Statistical Analysis
Patient demographics, clinical characteristics, and treatment characteristics were reported descriptively. Association between independent variables (medication burden, medication regimen complexity, and adherence) and dependent variable (glycemic control) were analyzed using binary logistic regression with a dichotomous outcome (HbA1c level ≤7.0% or >7.0%). In multivariable regression analysis, covariates included for adjustment were age, gender, ethnicity, presence of key comorbidities (hypertension, hyperlipidemia), body mass index (BMI), duration since diabetes diagnosis, and location of clinic (urban vs. rural). Covariates included for adjustment in the multivariable model were identified based on univariable analysis and clinical importance. Analysis was carried out using a complex survey design to account for the clustering effect within clinics. Complete case analysis was performed for the regression. Multicollinearity of the covariates was checked.
Sensitivity analysis was conducted to assess the robustness of the results. In the first sensitivity analysis, the HbA1c level was analyzed as a continuous outcome variable and the association was measured using multivariate linear regression. The second sensitivity analysis used a higher HbA1c level of ≤7.5% to dichotomize the outcome of good glycemic control versus poor (HbA1c >7.5%) for measurement of association using logistic regression. The odds ratio (unadjusted and adjusted) and the corresponding 95% confidence intervals (CI) were reported. A p-value of <0.05 was considered statistically significant. All statistical analysis was performed using Stata statistical software version 15 (StataCorp, 2017).
RESULTS
A total of 2,696 patients who met the inclusion criteria were included in the final analysis. Table 1 shows the characteristics of the study population. The mean age of the patients was 60.4 years (range: 30–93 years), 62.9% were females, and 75.1% were of Malay ethnicity. Approximately half of the patients were obese with BMI scores above 27.5 kg/m2. Comorbidities of hypertension and hyperlipidemia were present in 85.8% and 74.6% of the patients, respectively. Almost one-third of the patients were treated with a combination of oral antidiabetics with insulin. Only 34.5% had HbA1c below 7.0%.
TABLE 1 | Demographic characteristic of study cohort from “EnPHC-Eva: Facility” Malaysia, 2018-2019 (N = 2,696).
[image: Table 1]Table 2 describes treatment characteristics of the patients for three components: medication burden, regimen complexity, and adherence. On average, patients were taking 4.8 chronic medications per day. There were 17% of patients with seven or more medications daily. Antidiabetic medication accounted for approximately 27.1% of the mean total medication burden, with the average antidiabetic medication burden of 1.3. The complexity of the medication regimen was presented as MRCI scores in Table 2 for all chronic medications (patient-level) and antidiabetic medications (diabetes-specific). Breakdown of the individual components of the MRCI was also provided. The overall mean scores of patient-level MRCI and diabetes-specific MRCI were 15.1 and 7.9, respectively. Antidiabetic medications accounted for 52.3% of the overall patient-level MRCI scores. The main contributing attributes to the final score of medication regimen complexity were dosing frequency and the additional instructions given for taking the medications, followed by the dosage forms. In terms of medication adherence, the average PDC was 0.90 at the patient-level and 0.91 for diabetes-specific. Nonetheless, there were 19% of patients with PDC levels below 80% indicating poor adherence.
TABLE 2 | Treatment characteristics of study cohort from “EnPHC-Eva: Facility” Malaysia, 2018-2019 (N = 2,696).
[image: Table 2]Table 3 depicts the association between the treatment profiles and good glycemic control (attainment of HbA1c ≤7.0%). Each model was run separately and adjusted for the covariates. For measurement at patient-level (chronic medications), increasing medication count (adjusted OR 0.88; 95% CI 0.82–0.94) and regimen complexity (adjusted OR 0.89: 95% CI 0.87–0.92) was associated with lower odds of achieving HbA1c below 7.0%. On the other hand, increasing adherence was associated with greater odds of achieving target HbA1c (adjusted OR 2.66; 95% CI 1.66–5.19). Similar findings were observed when the analysis was conducted for the diabetes-specific measures. However, the association between adherence and HbA1c level did not reach statistical significance for the diabetes-specific (adjusted OR 1.76; 95% CI 0.86–3.60). Estimates from sensitivity analyses were consistent with the main results (Supplementary Table S1, S2).
TABLE 3 | Association between medication parameters and HbA1c level (≤7.0%) of study cohort from “EnPHC-Eva: Facility” Malaysia, 2018-2019.
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In this study, we used a validated MRCI tool to quantify the complexity of a medication regimen among patients with T2DM. We found that almost two-thirds of the patients had an average of at least five medications prescribed per day. The diabetes-specific MRCI accounted for 52.9% of the patient-level MRCI score. In our cohort of T2DM patients at public primary care clinics in Malaysia, high medication count, high regimen complexity, and low medication adherence were associated with poor glycemic control over the 3-month follow-up period.
On average, approximately two-thirds of the patients in this study were taking a minimum of five medications per day. This finding is not surprising as approximately 90% of patients with T2DM in our study had at least one other condition such as hypertension, hyperlipidemia or cardiovascular disorders which contributed to the additional medications. Despite the large proportion of patients with a high medication burden, a good medication adherence rate was observed in this study. Several reasons could account for this observation. First, it is possible that the adherence observed in this current study is still good until a certain threshold of medication burden is achieved before it starts to decline. Prior studies suggested that there is a limit to the number of medications a patient can consistently adhere to as prescribed (Shalansky and Levy, 2002; Kim et al., 2019). Second, the adherence measure (PDC) which we have calculated based on medication dispensing data is merely reporting on the rate of medication possession. This limitation may overestimate adherence to treatment for some patients. Finally, good adherence may be partly attributed to patients’ health beliefs in effective disease management (Rosenstock, 2005). In this Health Belief Model, patients who believe that they are ill are likely to make additional efforts to take the medications as prescribed to maintain their health. Of note, medication adherence is a complex behavior. It can be influenced not only by patients’ personal beliefs and knowledge about the necessity of their prescribed medication but also by patient characteristics and how patients make an effort to remember to take their medications (Ownby et al., 2006). Nevertheless, elevated medication burden also increases risk for medication interactions (Palleria et al., 2013) and potentially inappropriate medication use (Nothelle et al., 2017). Therefore, efforts to alleviate medication burden namely by the selection of medications that treat more than one underlying condition, combined indications with single medication or fixed-dose combination medications (FDC), when possible, should be considered.
The overall MRCI score in this study was comparable to that of a previous study specific to patients with T2DM with similar criteria where only those chronic medications filled for at least 90 days were considered in the analysis (Boye et al., 2020). The diabetes-specific MRCI accounted for 52.3% of the overall MRCI score in this present study. Similar results was found in prior studies (Libby et al., 2013; Rettig et al., 2013) where the MRCI score was found to be greater for the group with diabetes than for the group with hypertension despite no difference in the mean number of medications. This indicates that to a certain extent, the complexity components for antidiabetic medications contribute much more to regimen complexity than sheer medication count. Antidiabetic regimens can be a mixture of oral and injection; inclusion of insulin in the treatment regimen adds to the score of regimen complexity. The application of MRCI tool to quantify pharmacotherapy complexity has been previously demonstrated; however, there are still inconclusive evidence on the appropriate cut-points of MRCI score to distinguish level of regimen complexity (Ferreira et al., 2015; Wimmer et al., 2016; Morillo-Verdugo et al., 2019). As such, meaningful comparisons across studies are difficult until the range of plausible MRCI is established.
The findings that the MRCI score was inversely associated with good glycemic control in the current study are consistent with those of previous reports specific to patients with T2DM (Pollack et al., 2010; Yeh et al., 2017; Ayele et al., 2019). However, it is important to take note that approximately 45% of the patient-level score was derived from non-antidiabetic medications such as antihypertensive medications and lipid-lowering agents. Despite the increase of the patient-level MRCI score by these medications, some of these medications may be associated with secondary effects on the glycemic levels. For instance, non-antidiabetic medications such as beta-blockers, salicylates and angiotensin-converting enzyme inhibitors have been reported to contribute to medication-induced hypoglycemia, even in individuals without diabetes (Vue and Setter, 2011). As expected, we found a positive association between good medication adherence and improvement in glycemic control. This is in keeping with those reported in several studies that greater adherence was associated with improved glycemic control (Schectman et al., 2002; Ho et al., 2006; Lin et al., 2017). One of the viable strategies that can be employed to reduce the regimen complexity is by reducing the frequency of the prescribed medications. It has been reported that simplification of medication dosing has a significant positive effect on adherence (Coleman et al., 2012; Weeda et al., 2016). However, increased medication burden may be unavoidable in most chronic conditions (Ong et al., 2020). Therefore, it is vital to have a regular review of patients’ medication regimens to ensure that unnecessary and redundant medications are discontinued.
The findings of this study have to be considered within several limitations. First, this study focused on T2DM patients treated at public primary clinics and hence may not present the entire population of individuals with T2DM. However, a large proportion of diabetes patients seek treatment at public health facilities (Hussein et al., 2015; Sivasampu et al., 2016) and the population included in the current study may reflect most of the target population, albeit not the whole. Second, the analysis did not consider over-the-counter medications, vitamins or supplements when examining patient medication regimens. These medications may or may not have the potential to contribute significantly to the overall complexity. Thus, the overall MRCI might be underestimated. Third, medication use was proxied by medication dispensing data. As such, we were unable to confirm whether patients were taking the medications when a prescription was filled. Further, refilling a prescription on time does not necessarily mean that a patient is taking the drug correctly. This may overestimate adherence to treatment for some patients. Another limitation was that only one HbA1c measurement was used for the assessment of the relationship between medication regimen complexity measure and medication adherence. Nevertheless, we are confident with the findings because most of the study findings are consistent with many other related studies.
CONCLUSION
High medication count and regimen complexity were associated with lower odds of attaining good glycemic control while inverse association was observed between medication adherence and HbA1c level. These findings also suggest that medication adherence is likely the mediator in the association between regimen complexity and glycemic control. Our study showed that MRCI can be utilized as an objective proxy in addressing the complexity inherent within a medication prescription. Thus, it can be used to help with clinical decision support by identifying patients with complex pharmacotherapy regimens who can then be evaluated further before remedial action can be taken. This includes medication regimen simplification, reducing pill burden, medical reminder devices, closer clinical monitoring and clinical interventions if required as well as boosting patients’ understanding of prescribed medications to improve adherence and achieve optimum outcomes in patients with T2DM and ease of self-care.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Materials, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
This study was approved by the Medical Research and Ethics Committee, Ministry of Health Malaysia and complies with the Declaration of Helsinki. This included a waiver of informed consent. All medical records were reviewed retrospectively and data were anonymized before being used in the analysis.
AUTHOR CONTRIBUTIONS
NA: Conceptualization, Methodology, Formal analysis, Visualization, Writing—review and editing. ML: Conceptualization, Methodology, Formal Analysis, Writing—original draft, Writing-review and editing. ST: Data curation, Writing—review and editing. NH: Data curation, Writing—review and editing. SS: Conceptualization, Methodology, Writing—review and editing, Project Supervisor, Funding acquisition.
FUNDING
This study was supported by a grant from the Ministry of Health, Malaysia (NMRR-17-267-34768) under the Malaysian Health Systems Research initiative. The funders had no role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
ACKNOWLEDGMENTS
The authors would like to thank the Director-General of Health Malaysia for the permission to publish this paper. We would also like to thank the patients and health providers who participated in the EnPHC-EVA: Facility study as well as the EnPHC-EVA: Facility study investigators.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2022.808190/full#supplementary-material
REFERENCES
 Advinha, A. M., de Oliveira-Martins, S., Mateus, V., Pajote, S. G., and Lopes, M. J. (2014). Medication Regimen Complexity in Institutionalized Elderly People in an Aging Society. Int. J. Clin. Pharm. 36 (4), 750–756. doi:10.1007/s11096-014-9963-4
 Ahmad, N. S., Ramli, A., Islahudin, F., and Paraidathathu, T. (2013). Medication Adherence in Patients with Type 2 Diabetes Mellitus Treated at Primary Health Clinics in Malaysia. Patient Prefer Adherence 7, 525–530. doi:10.2147/ppa.s44698
 Andrade, S. E., Kahler, K. H., Frech, F., and Chan, K. A. (2006). Methods for Evaluation of Medication Adherence and Persistence using Automated Databases. Pharmacoepidemiol Drug Saf. 15 (8), 565–574; discussion 575–567. doi:10.1002/pds.1230
 Ayele, A. A., Tegegn, H. G., Ayele, T. A., and Ayalew, M. B. (2019). Medication Regimen Complexity and its Impact on Medication Adherence and Glycemic Control Among Patients with Type 2 Diabetes Mellitus in an Ethiopian General Hospital. BMJ Open Diabetes Res. Care 7 (1), e000685. doi:10.1136/bmjdrc-2019-000685
 Boye, K. S., Mody, R., Lage, M. J., Douglas, S., and Patel, H. (2020). Chronic Medication Burden and Complexity for US Patients with Type 2 Diabetes Treated with Glucose-Lowering Agents. Diabetes Ther. 11 (7), 1513–1525. doi:10.1007/s13300-020-00838-6
 Claxton, A. J., Cramer, J., and Pierce, C. (2001). A Systematic Review of the Associations between Dose Regimens and Medication Compliance. Clin. Ther. 23 (8), 1296–1310. doi:10.1016/s0149-2918(01)80109-0
 Coleman, C. I., Limone, B., Sobieraj, D. M., Lee, S., Roberts, M. S., Kaur, R., et al. (2012). Dosing Frequency and Medication Adherence in Chronic Disease. J. Manag. Care Pharm. 18 (7), 527–539. doi:10.18553/jmcp.2012.18.7.527
 Ferreira, J. M., Galato, D., and Melo, A. C. (2015). Medication Regimen Complexity in Adults and the Elderly in a Primary Healthcare Setting: Determination of High and Low Complexities. Pharm. Pract. (Granada) 13 (4), 659. doi:10.18549/PharmPract.2015.04.659
 George, J., Phun, Y. T., Bailey, M. J., Kong, D. C., and Stewart, K. (2004). Development and Validation of the Medication Regimen Complexity index. Ann. Pharmacother. 38 (9), 1369–1376. doi:10.1345/aph.1D479
 Hasan, S. S., Kow, C. S., Verma, R. K., Ahmed, S. I., Mittal, P., and Chong, D. W. K. (2017). An Evaluation of Medication Appropriateness and Frailty Among Residents of Aged Care Homes in Malaysia: A Cross-Sectional Study. Medicine (Baltimore) 96 (35), e7929. doi:10.1097/md.0000000000007929
 Ho, P. M., Rumsfeld, J. S., Masoudi, F. A., McClure, D. L., Plomondon, M. E., Steiner, J. F., et al. (2006). Effect of Medication Nonadherence on Hospitalization and Mortality Among Patients with Diabetes Mellitus. Arch. Intern. Med. 166 (17), 1836–1841. doi:10.1001/archinte.166.17.1836
 Hussein, Z., Taher, S. W., Gilcharan Singh, H. K., and Chee Siew Swee, W. (2015). Diabetes Care in Malaysia: Problems, New Models, and Solutions. Ann. Glob. Health 81 (6), 851–862. doi:10.1016/j.aogh.2015.12.016
 Ingersoll, K. S., and Cohen, J. (2008). The Impact of Medication Regimen Factors on Adherence to Chronic Treatment: a Review of Literature. J. Behav. Med. 31 (3), 213–224. doi:10.1007/s10865-007-9147-y
 Institute for Public Health (2020). National Health and Morbidity Surevy (NHMS) 2019: Non-communicable Disease, Healthcare Demand, and Health Literacy - Key Findings. Selangor, Malaysia. 
 Khoo, E. M., Cheong, A. T., Liew, S. M., Lee, W. K., Abdul Samad, A., Mohd Hanafiah, A. N., et al. (2015). The Changing Face of Primary Care: A Cross Sectional Study in Malaysia. Sains Malaysiana 44 (5), 741–746. doi:10.17576/jsm-2015-4405-14
 Kim, S. J., Kwon, O. D., Han, E. B., Lee, C. M., Oh, S. W., Joh, H. K., et al. (2019). Impact of Number of Medications and Age on Adherence to Antihypertensive Medications: A Nationwide Population-Based Study. Medicine (Baltimore) 98 (49), e17825. doi:10.1097/md.0000000000017825
 Libby, A. M., Fish, D. N., Hosokawa, P. W., Linnebur, S. A., Metz, K. R., Nair, K. V., et al. (2013). Patient-level Medication Regimen Complexity across Populations with Chronic Disease. Clin. Ther. 35 (4), 385–e1. doi:10.1016/j.clinthera.2013.02.019
 Lin, L. K., Sun, Y., Heng, B. H., Chew, D. E. K., and Chong, P. N. (2017). Medication Adherence and Glycemic Control Among Newly Diagnosed Diabetes Patients. BMJ Open Diabetes Res. Care 5 (1), e000429. doi:10.1136/bmjdrc-2017-000429
 Mafauzy, M., Zanariah, H., Nazeri, A., and Chan, S. P. (2016). DiabCare 2013: A Cross-Sectional Study of Hospital Based Diabetes Care Delivery and Prevention of Diabetes Related Complications in Malaysia. Med. J. Malaysia 71 (4), 177–185. http://www.e-mjm.org/2016/v71n4/diabetes-care.pdf
 Mansur, N., Weiss, A., and Beloosesky, Y. (2012). Looking beyond Polypharmacy: Quantification of Medication Regimen Complexity in the Elderly. Am. J. Geriatr. Pharmacother. 10 (4), 223–229. doi:10.1016/j.amjopharm.2012.06.002
 Ministry of Health Malaysia (2015). Malaysian Clinical Practice Guidelines Management of Type 2 Diabetes Mellitus. 5th Edition. 
 Morillo-Verdugo, R., Robustillo-Cortés, M. A., Abdel-Kader Martín, L., Álvarez de Sotomayor Paz, M., Lozano de León Naranjo, F., and Almeida González, C. V. (2019). Determination of a Cutoff Value for Medication Regimen Complexity index to Predict Polypharmacy in HIV+ Older Patient. Rev. Esp Quimioter 32 (5), 458–464. https://seq.es/abstract/september-17-2/
 Nieuwlaat, R., Wilczynski, N., Navarro, T., Hobson, N., Jeffery, R., Keepanasseril, A., et al. (2014). Interventions for Enhancing Medication Adherence. Cochrane Database Syst. Rev. 2014 (11), Cd000011. doi:10.1002/14651858.CD000011.pub4
 Nothelle, S. K., Sharma, R., Oakes, A. H., Jackson, M., and Segal, J. B. (2017). Determinants of Potentially Inappropriate Medication Use in Long-Term and Acute Care Settings: A Systematic Review. J. Am. Med. Dir. Assoc. 18 (9), 806–e17. doi:10.1016/j.jamda.2017.06.005
 Ong, K. Y., Lee, P. S. S., and Lee, E. S. (2020). Patient-centred and Not Disease-Focused: a Review of Guidelines and Multimorbidity. Singapore Med. J. 61 (11), 584–590. doi:10.11622/smedj.2019109
 Ownby, R. L., Hertzog, C., Crocco, E., and Duara, R. (2006). Factors Related to Medication Adherence in Memory Disorder Clinic Patients. Aging Ment. Health 10 (4), 378–385. doi:10.1080/13607860500410011
 Palleria, C., Di Paolo, A., Giofrè, C., Caglioti, C., Leuzzi, G., Siniscalchi, A., et al. (2013). Pharmacokinetic Drug-Drug Interaction and Their Implication in Clinical Management. J. Res. Med. Sci. 18 (7), 601–610. 
 Pantuzza, L. L., Ceccato, M. D. G. B., Silveira, M. R., Junqueira, L. M. R., and Reis, A. M. M. (2017). Association between Medication Regimen Complexity and Pharmacotherapy Adherence: a Systematic Review. Eur. J. Clin. Pharmacol. 73 (11), 1475–1489. doi:10.1007/s00228-017-2315-2
 Pednekar, P. P., Ágh, T., Malmenäs, M., Raval, A. D., Bennett, B. M., Borah, B. J., et al. (2019). Methods for Measuring Multiple Medication Adherence: A Systematic Review-Report of the ISPOR Medication Adherence and Persistence Special Interest Group. Value Health 22 (2), 139–156. doi:10.1016/j.jval.2018.08.006
 Peron, E. P., Ogbonna, K. C., and Donohoe, K. L. (2015). Antidiabetic Medications and Polypharmacy. Clin. Geriatr. Med. 31 (1), 17–vii. doi:10.1016/j.cger.2014.08.017
 Pollack, M., Chastek, B., Williams, S. A., and Moran, J. (2010). Impact of Treatment Complexity on Adherence and Glycemic Control: an Analysis of Oral Antidiabetic Agents. JCOM 17 (6), 257–265. 
 Raebel, M. A., Schmittdiel, J., Karter, A. J., Konieczny, J. L., and Steiner, J. F. (2013). Standardizing Terminology and Definitions of Medication Adherence and Persistence in Research Employing Electronic Databases. Med. Care 51 (8 Suppl. 3), S11–S21. doi:10.1097/MLR.0b013e31829b1d2a
 Rettig, S. M., Wood, Y., and Hirsch, J. D. (2013). Medication Regimen Complexity in Patients with Uncontrolled Hypertension And/or Diabetes. J. Am. Pharm. Assoc. (2003) 53 (4), 427–431. doi:10.1331/JAPhA.2013.13003
 Rosenstock, I. M. (2005). Why People Use Health Services. Milbank Q. 83 (4), Online–only. doi:10.1111/j.1468-0009.2005.00425.x
 Sav, A., King, M. A., Whitty, J. A., Kendall, E., McMillan, S. S., Kelly, F., et al. (2015). Burden of Treatment for Chronic Illness: a Concept Analysis and Review of the Literature. Health Expect. 18 (3), 312–324. doi:10.1111/hex.12046
 Schectman, J. M., Nadkarni, M. M., and Voss, J. D. (2002). The Association between Diabetes Metabolic Control and Drug Adherence in an Indigent Population. Diabetes Care 25 (6), 1015–1021. doi:10.2337/diacare.25.6.1015
 Shalansky, S. J., and Levy, A. R. (2002). Effect of Number of Medications on Cardiovascular Therapy Adherence. Ann. Pharmacother. 36 (10), 1532–1539. doi:10.1345/aph.1C044
 Sivasampu, S., Teh, X. R., Lim, Y. M. F., Ong, S. M., Ang, S. H., Husin, M., et al. (2020). Study Protocol on Enhanced Primary Healthcare (EnPHC) Interventions: a Quasi-Experimental Controlled Study on Diabetes and Hypertension Management in Primary Healthcare Clinics. Prim. Health Care Res. Dev. 21, e27. doi:10.1017/s1463423620000250
 Sivasampu, S., Wahab, Y., Ong, S. M., Ismail, S. A., Goh, P. P., and Sinnadurai, J. (2016). National Medical Care Statistics (NMCS) 2014. Kuala Lumpur, Malaysia: National Clinical Research Centre. 
 StataCorp (2017). Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC. 
 U.S. National Center for Health Statistics (2018). Definition of Chronic Disease. [Online]. Available: https://www.medicinenet.com/chronic_disease/definition.htm (Accessed August 15, 2021). 
 Vue, M. H., and Setter, S. M. (2011). Drug-Induced Glucose Alterations Part 1: Drug-Induced Hypoglycemia. Diabetes Spectr. 24 (3), 171–177. doi:10.2337/diaspect.24.3.171
 Weeda, E. R., Coleman, C. I., McHorney, C. A., Crivera, C., Schein, J. R., and Sobieraj, D. M. (2016). Impact of once- or Twice-Daily Dosing Frequency on Adherence to Chronic Cardiovascular Disease Medications: A Meta-Regression Analysis. Int. J. Cardiol. 216, 104–109. doi:10.1016/j.ijcard.2016.04.082
 WHO Collaborating Centre for Drug Statistics Methodology, (2021). WHOCC - ATC/DDD Index [Online]. Available: https://www.whocc.no/atc_ddd_index/(Accessed August 15, 2021).
 Wimmer, B. C., Bell, J. S., Fastbom, J., Wiese, M. D., and Johnell, K. (2016). Medication Regimen Complexity and Number of Medications as Factors Associated with Unplanned Hospitalizations in Older People: A Population-Based Cohort Study. J. Gerontol. A. Biol. Sci. Med. Sci. 71 (6), 831–837. doi:10.1093/gerona/glv219
 Yeh, A., Shah-Manek, B., and Lor, K. B. (2017). Medication Regimen Complexity and A1C Goal Attainment in Underserved Adults with Type 2 Diabetes. Ann. Pharmacother. 51 (2), 111–117. doi:10.1177/1060028016673652
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Ab Rahman, Lim, Thevendran, Ahmad Hamdi and Sivasampu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-808190-t003.jpg
Unadjusted Adjusted
OR(95% C)  OR(95%Cl) p-value R®
Patient-level
Medication count  0.92 (0.87,096) 0.88 (082, 0.94)  <0.001  0.0862
MRCI score 091(089,092) 0.89 (0.87,092) <0.001 0.1126
Adherence (PDC)  1.91 (1.10, 3.31)  2.66 (166, 5.19)  0.004  0.0840
Digbetes-specific
Medication count 054 (0.48, 0.61) 059 (0.52,066) <0.001 ~ 0.1003
MRCI score 068 (066, 0.71)  0.70 (0.67, 0.74)  <0.001  0.1900
Adherence (PDC) 1.1 (0.65,1.89)  1.76 (086, 360)  0.123  0.0819

Note: Model was run separately for () medlication count, (i) MARCI, score, and i)
acherence. Estimation using univariate (unadjusted) and multiple logistic regression
adjusted for age (years), gender (male/female), ethnicity (Malay/Chinese/indian/others),
hypertension (no/yes), hyperlpidaemia (no/yes), body mass index (kg/m2), location of
primary care cinic (rurallurban), duration of diabetes (years). p-value significant at <0.05.
The variance inflation factors (VIFs) for all variables were less than two in all models.
Abbreviations: OR, odds ratio; Ci, confidence interval; MRCI, medication regimen
complexity index: PDC, proportion days covered,





OPS/images/math_qu1.gif
Number of days’ covered
PDC = — o eration period





OPS/xhtml/nav.xhtml
Contents

		Cover

		Medication Regimen Complexity and Medication Burden Among Patients With Type 2 Diabetes Mellitus: A Retrospective Analysis		Introduction

		Methods		Study Design and Setting

		Data Sources

		The EnPHC Interventions and Evaluation Study (EnPHC-Eva: Facility)

		Pharmacy Dispensing Record

		Study Population

		Outcome Measures

		Medication Burden

		Medication Regimen Complexity

		Medication Adherence

		Glycemic Control

		Statistical Analysis





		Results

		Discussion

		Conclusion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Funding

		Publisher’s Note

		Acknowledgments

		Supplementary Material

		References









OPS/images/cover.jpg
* frontiers
in Pharmacology

Medication Regimen Complexity
and Medication Burden Among
Patients With Type 2 Diabetes
Mellitus: A Retrospective
Analysis





OPS/images/fphar-13-808190-t001.jpg
Characteristics

Age (years), mean (SD)
<65 years
265 years
Gender
Male
Female
Ethnicity
Malay
Chinese
Indian
Others
Location of primary care ciinic
Rural
Urban
BMI (kg/m?), mean (SD) (N = 2,610)
BMI 227.5 kg/m?
Comorbidity
Hypertension
Hyperlipidaemia
Duration of diabetes (years), mean (SD)
Duration of hypertension (years), mean (SD) (N = 2,312)
Duration of hyperlipidaemia (years), mean (SD) (N = 2011)
Antidiabetic medication
Oral anti-diabetic drugs
Oral anti-diabetic drugs + Insulin
Antiypertensive medication
Free combination antinypertensive drugs
Fixed dose combination
Lipid lowering medication
Statin
HbA1c (%), mean (SD)
Median (IQR)
HbAtc < 7.0%
HbATc > 7.0%

“Denominator not equal to 2,696 due to missing data.

n (%)

60.4 (10.8)
1,744 (64.7)
952 (35.3)

1,000 (37.1)
1,696 (62.9)

2,025 (75.1)
368 (13.7)
278 (103)

25(0.9)

1,330 (49.3)
1,366 (50.7)
28.4 (5.5)
1,367 (52.4)

2312 (85.8)
2011 (74.6)
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Abbreviations: BMI, body mass index; HbATC, glycated haemoglobin; PDC, proportion
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