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Economic implications of polypharmacy in Nepal: Multicenter community-based study

Abstract

Aims: Improper management of polypharmacy in community and hospital pharmacies may lead to adverse effects and drug interactions in patients of all age groups, especially children and elderly. This study sought to determine scenario of polypharmacy at multiple communities in Nepal and costs implicated. 
Methods: Multi-center community-based cross-sectional study was conducted to explore scenario of polypharmacy at multiple communities in Nepal and their cost implications for individual. Total 400 patients of all age groups, who were consuming medicines and fulfilling inclusion criteria (i.e., prescribed with ≥4 medications) from May 2017 to August 2018 were recruited. Semi-structured questionnaire, based on prescription optimization method, was used. Multinomial logistic regression was performed to analyze statistical significance of polypharmacy with various predictors, considering p-value <0.05 as statistically significant. 
Results: Overall, 79 (97.5%) patients aged 22-31 years, 208 (95%) female, 219 (98.2%) illiterate, 202 (99%) from Siraha district, 113 (97.4%) taking medications for common cold, cough, fever problems and 303 (96.5%) expending USD 1.01 - 11 experienced moderate polypharmacy. There were 216 patients (54%) with prescriptions of five medicines (i.e., moderate polypharmacy), with total number of medicines consumed by 400 patients 2269 (mean = 5.67) and total expenditure USD 3409.54 (mean = 8.66). 
Conclusion: The present study analyzed economic aspect of polypharmacy at multiple communities in Nepal and found that both moderate and severe polypharmacy were significantly related with almost all age groups, education levels and total cost of medications. Economic implications and health consequences of polypharmacy are to be considered to avoid preventable polypharmacy.
KEYWORDS
adverse effects, community, economic implication, Nepal, polypharmacy

What is already known about this subject

Few hospital-based studies have been carries out in Nepal to explore polypharmacy status in Nepal but large multicentric community-based studies are yet to be conducted. Polypharmacy are to be avoided as far as possible to prevent untoward health consequences with adverse medication events, drug interactions and economic burden.

What this study adds

In Nepal, very few polypharmacy-related studies have been conducted to explore their clinical, economic and health consequences. This research would provide an evidence base in Nepalese communites to bridge the gap in polypharmacy cases and their economic implications. 

1. INTRODUCTION
Polypharmacy is not an entity with unanimously accepted definition1-3 as there are many viewpoints that the concomitant use of multiple (>4) medications by a patient is regarded as polypharmacy.4-8 Even worse is the excessive polypharmacy with ≥10 medications.3,4 Prevalence of polypharmacy was 7% in the USA and 1.2% in Denmark.3,9 Problems of polypharmacy may be encountered in all health care settings, including inpatients, an outpatient unit, discharge patients, long-term care facilities (LTCFs) such as nursing homes.6 Polypharmacy cases are yet the under-researched domains in the developing countries, including Nepal. Major risk factors for polypharmacy can be grouped into demographic (eg, advancing age, education), health status (eg, depression, hypertension, anemia, asthma, angina, osteoarthritis, gout, diabetes mellitus), and access to health care(eg, health care visits, health insurance).1 Therapeutic errors of treating ADRs of a medicine as a separate diagnosis further potentiate polypharmacy.6 
Polypharmacy poses a huge economic impact and significantly deteriorates patients’ quality of life (QoL) via the potential therapeutic failure. In 2012, the US Institute for Healthcare Informatics found that preventable polypharmacy contributes to 4% of the costs that is equivalent to USD 18 billion worldwide. Conducting pharmacoeconomic evaluations and implementing their findings can reduce the health care burden posed by polypharmacy.10 Other complications such as adverse drug reactions (ADRs), interactions, non-adherence, and geriatric syndromes of organ dysfunction are also attributed to polypharmacy.4,6-8,11 Jansen and Brouwers concluded that pharmacists and geriatricians can play a pivotal role to optimize polypharmacy in the elderly.6 Rozenfeld et al. studied medicines utilization by 800 retirees of the Brazilian Institute of Social Security aged ≥60 years with the average age 72.27 (64.5–80) years, and observed that muscle relaxants, antihistamines, and long-acting benzodiazepines led to anticholinergic adverse effects (eg, sedation, weakness, falls, and fractures).12 
Research conducted by Basnet et al. in Nepal showed that 225 geriatric in-patients (aged ≥65 years) were prescribed with average of 1844 medicines during hospital stay, with an average of 8.19±3.5 per person.13 Similarly, Lohani et al. studied the prescribing pattern among geriatric in-patients (≥65 years) at Tribhuvan University Teaching Hospital (TUTH), Nepal from July 2002 to June 2003 and found an average of 10.73 medicines prescribed, 89% of patients prescribed with >5 medicines.14 In Nepal, rural people have more tendencies to go to local clinics and pharmacies for their ailments, where they may get more number of medicines from the prescribers there. Since the patients have to pay out-of-pocket (OOP) in the Nepalese community settings15 including clinics and local pharmacies, this may have direct economic impact to their business at the cost of local people. The World Bank reported that the adjusted net national income per capita in Nepal was USD 919.107 in 2018.16 The total income in Nepal could be categorized into agricultural, non-agricultural, remittances and capital income (including housing and non-agricultural rental income, and other miscellaneous).17 Government of Nepal established Health Insurance Board (HIB) and initiated health insurance system on April 7, 2016 for the first time in Nepal at Kailali district to cover up to USD 450 (equivalent to NRs. 50,000) per year for overall health related costs from diagnosis to final treatment for a family of up to five members at an annual premium of USD 20 (equivalent to NRs. 2500). Later, this was increased to cover up to USD 900 (equivalent to NRs. 100,000) per year at an annual premium of USD 30 (equivalent to NRs. 3500).[15] Still, many large-scale community-based prescription audits, medical audits and prescription even monitoring (PEM) are to be conducted in Nepal to depict the clear picture of polypharmacy scenario in the nation. Therefore, the present study was intended to explore polypharmacy with demographics and costs incurred with these in select Nepalese communities. 
2. METHODS
2.1 Study design and study variables
Multi-center community-based cross-sectional study was conducted by collecting various predictor variables such as age, gender, education level, occupation, disease condition, and total cost of medications associated with polypharmacy as the known determinants of polypharmacy. Outcome variable such as status of polypharmacy based on number of simultaneous medications used was taken into consideration.
2.2 Study area and study site
The study was conducted in local pharmacies of nine districts namely Kathmandu, Bhaktapur, Lalitpur, Nuwakot, Makawanpur, Chitwan, Dhanusha, Sunsari, and Siraha. The population distribution among the districts aforementioned was 435,544, 68,557, 109,505, 59,194, 86,045, 132,345, 138,225, 162,279 and 117,929 and altogether 1,309,623, as the national census 2011 and the next census would be done in 2021.18 The districts and study sites (ie, local pharmacies) were conveniently selected.
2.3 Ethics approval
Ethics approval was taken from the Nobel College Institutional Review Committee (IRC), Sinamangal, Kathmandu (NIRC 0103/2017). Both verbal and written informed consents were received from the respondents. However, the interview session was not electronically recorded, and was only manually recorded in the semi-structured questionnaire. In case of vulnerable age group respondents, such as children <16 years old, written informed consent was obtained from their family guardians, and they were interviewed on their behalf. 
2.4 Inclusion and exclusion criteria

The study included both the uneducated and the educated patients of all age groups, who were prescribed with polypharmacy. The present study regarded the upper limit of the mild polypharmacy cases (i.e., concomitant use of ≥4 medications) as the definition of polypharmacy. Data were collected for nine months, starting from May 2017, and one pharmacy for a month. People who came to the community pharmacy for medicines but showed unwillingness to participate in the study, as well as those not taking medicines for their health problems, were excluded.
2.5 Sample size

Altogether 400 patients from nine districts were purposively selected based on the established formula:
n = z2 p(1-p)/d2
where, z = 1.96 at 95% confidence interval; p = 0.5 (since it was unknown); d = 0.05

Calculating the parameters, n = 385 (rounding to 400) was taken for the study.

2.6 Data collection tools
Semi-structured data collection sheet based on the prescribing optimization method, developed for appropriate prescribing,11 was used for data collection. Although the prescribing optimization method proposed by Maanen et al. (2009) originally included following six open questions, the present data collection sheet used modified versions of its components: i) Is the patient undertreated and is additional medication indicated? ii) Does the patient adhere to his/her medication schedule? iii) Which drug(s) can be withdrawn or which drug(s) is/are inappropriate for this patient? iv) Which adverse effects are present? v) Which clinically relevant interactions are to be expected? vi) Should the dose, dose frequency and/or form of the drug be adjusted?11 
Researchers interviewed the respondents (originally in the Nepali language and later transcribed in the English) along with a review of their prescriptions as well as over-the-counter (OTC) and prescription-only medications (POM) they were taking during the study period. The output of the interview was manually recorded in the data collection sheet. The sheet filled were checked and initially processed (ie, edited, coded/decoded; later classified and tabulated during data analysis) at the field level on the same day of the data collection. Medicines prescribed were classified according to the ATC (Anatomic Therapeutic Chemical) classification proposed by the WHO.19 (Annex 1 and Annex 2) Information about the cost of the medicines was taken from the maximum retail prices (MRPs) of the medications at the local pharmacies, where the study was performed. Categorization of the OTC or POM medications was based on the University of Maryland Health Partners (UMHP) OTC Drug List (updated on May 2018)20 and verified with the Nepalese Drug Act 1978.21 
2.7 Reliability and validity

Pretesting of the sheet was done in 10% of the total sample size estimated (ie, 40) in a similar setting as of the final study. The pretested data were utilized only for the modification of the sheet and were not included in the final data analysis. Internal validity (ie, confidence in concluding outcome due to the predictor variables) as well as external validity (ie, generalizability) was assured with the extensive literature review and timely pre-testing.
2.8 Data analysis 
Data were entered in the Statististical Package for Social Sciences (SPSS) version 2622 and analyzed with the R programming 4.0.3.23 Descriptive analysis was performed by mean, standard deviation, frequency distribution and percentage. Multinomial logistic regression analysis was performed to analyze the statistical significance status of polypharmacy with various predictor variables (eg, age, gender, education level, occupation, disease condition, total cost of medicines). The p-value<0.05 was considered statistically significant at 95%confidence interval. Status of polypharmacy was assessed as follows: mild: 1–4 medications, moderate: 5–9 medications, and severe polypharmacy: ≥10 medications24 based on the number of medications prescribed and/or consumed. 
3. RESULTS
Seventy nine (97.5%) patients aged 22-31 years, 208 (95%) female, 219 (98.2%) illiterate, 216 (95.2%) non-occupation holders, 202 (99%) patients from various locations of Siraha district, 113 (97.4%) patients taking medications for common cold, cough, fever problems and 303 (96.5%) patients expending USD 1.01 - 11.00 experienced moderate polypharmacy in the present research. (Table 1) There were 216 patients (54%) with prescriptions of five medicines (i.e., moderate polypharmacy). (Table 2) 
The multinomial logistic regression analysis showed that with every unit increment of age in the range 2-11 years and 72-81 years, there were 59.94 and 23.49 times increments in the moderate polypharmacy, whereas the risk of the same decreased in the age range between these. The odd of a male suffering from moderate polypharmacy with respect to mild one was 1/0.66 = 1.51 times the odds for a female. Similarly, with increased education level from higher secondary to postgraduate level, the risk of moderate polypharmacy seemed to decrease by 1.99, 2.32 and 0.95 times respectively whereas it was found to be increased by 27.13 and 150.42 times in case of primary and secondary education, respectively. Disease-wise, migraine, hyperthyroidism and ear problems were seemed to be at risk of moderate polypharmacy by 250.71, 129.88 and 103.23 times respectively. There was 138.64 times more risk of expending USD 31.01 - 41for moderate polypharmacy whereas the total cost was found to be less by 97.24, 97.7 and 98.51 times in case of cost ranges 1.01 - 11, 11.01 - 21 and 21.01 - 31 respectively. (Table 3)
Proton pump inhibitors were the most frequently prescribed categories of medicines (239, 10.5%), followed by non-steroidal anti-inflammatory drugs (NSAIDs) (212, 9.4%). (Annex 1) Pantoprazole was the most frequently prescribed medicine (177, 7.8%) and azithromycin (118, 5.2%) the commonest antibiotic prescribed. A combination of simeticone, aluminium hydroxide and sodium carboxymethyl cellulose was the commonest combination medicine (75, 3.3%) used. Total number of medicines consumed by all 400 patients was 2269, with mean 5.67 (SD = 1.08). (Annex 2) 
4. DISCUSSION
To our knowledge based on the literature review from PubMed, ResearchGate and Google Scholar, the present study was probably the first of its kind at multiple communities in Nepal to explore the polypharmacy status and costs implicated with them. Maximum patients (ie, 382, 95.5%) experienced moderate polypharmacy (5-9 medications) in the present research. Both moderate and severe polypharmacy cases were significantly related with age (except severe polypharmacy cases in the age range 32 - 41), education (except undergraduate education in case of moderate polypharmacy) and total cost of medications (except severe polypharmacy in the cost range 11.01 - 21.00). A survey carried out in the USA showed the trend of polypharmacy among the patients aged 65 years as 42% (taking ≥5 medications), and 13% (taking ≥10 medications).25 Various researches confirmed that the prevalence of polypharmacy increases with advancing age.3,20,24 Maanen et al. reported the majority of polypharmacy cases among patients aged >70 years.11 Jansen and Brouwers also  reported the reduced incidence of polypharmacy among the frail community-dwellers aged >85 years due to the underuse of medications for chronic diseases.6 However, the present research finding denied this as the sole fact because the middle age group people aged 22 - 31 years (79, 97.5%) reported slightly more moderate polypharmacy cases with statistically relationship with polypharmacy. Such discrepancy might sensitize the policymakers and clinical practitioners that any age group can be the victims of polypharmacy repercussions.
Rozenfeld et al. reported that 37.2% of women and 25.8% of men used ≥5 medicines in Brazil.12 The studies conducted in different countries such as Oman26, Saudi Arabia27, UK28, and Brazil29 showed that gender had no significant impact on polypharmacy. However, research conducted in Kuwait showed significant relation of gender with polypharmacy.30 The study also reported that education beyond primary education significantly decreased polypharmacy as the case in the present study i.e, the lower the education, the higher was the incidence of polypharmacy.26,30-32 Such discrepancy in the output with the demographic characteristics might be one of the beauties of epidemiologic research with a diverse population. 
The present study reported that maximum patients (113, 97.4%) were subject to moderate polypharmacy for common cold, cough, fever problems, which were self-limiting in majority of the conditions, if not further deteriorated. This indicated the space for further intervention to prevent avoidable polypharmacy. Similarly, other avoidable polypharmacy cases seemed to be fever, headache, joint pain (16, 4%), constipation (15, 3.8%), nausea, vomiting, abdominal pain (11, 2.8%), cough, fever, headache, tonsillitis (15, 3.8%) and muscle pain, weakness (23, 5.8%) in the present research. These all contributed to augmented healthcare burden and costs associated, that could be otherwise prevented. However, Rozenfeld et al. analyzed both the quantitative and qualitative implications of polypharmacy and found that polypharmacy could not be totally avoided in every instance because of the advancing diseases such as hypertension and diabetes mellitus (highly prevalent among the elderly), requiring necessity for polypharmacy.12 Mukete and Ferdinand found that the hypertensive adults were more likely to be the victims of polypharmacy, and the associated complications namely increased risk of adverse events (fall injury, hyperkalemia and hypokalemia, heart failure, and blood pressure exacerbation), drug-drug interaction, and augmented costs.33 Salih et al. reported significant relationship of eight different diagnoses such as dyslipidemia, hypertension, diabetes mellitus, osteoarthritis, bronchial asthma, osteoporosis, heart failure and coronary artery disease with the polypharmacy.26 Similarly, the study by Al-Hashar et al. also reported that polypharmacy was significantly correlated with the number of comorbidities as well as with the cardiovascular disease as the admitting diagnosis.27 These differences in the disease profiles in the patients might be due to the trend of disease patterns with the geography, weather and other patient-related conditions.
The current study reported that moderate polypharmacy increased cost burden to the patients 138.64 times in the range USD 31.01 - 41, whereas severe ones increased costs by 176.97 times in the range of USD 21.01 - 31. The estimated direct and indirect costs of treatment of hypertension might rise to USD 274 billion by 2030 from USD 46.4 billion in 2010. Control in polypharmacy could avoid USD 900 million to USD 1.7 billion unwanted expenses in medicines.33  Rational prescribing and dispensing is the essence of cost-effective health care as it helps reduce health care burden and future potential complications. The prescribing indicators developed by the WHO in collaboration with the International Network for Rational Use of Drugs (INRUD) can be used to detect and solve prescribing problems, including polypharmacy.34 Both prescription and non-prescription medications (and even those brought by the patients during all health care visits for review) should be considered during detection of polypharmacy cases.1,12 The Beers Criteria was developed to explore a list of potentially harmful medications in the community-dwelling elderly.35 Unnecessary use of medicines can be reduced by adhering to the guidelines; avoiding prescribing to relieve the common self-limiting ailments; regular medication reviews; prescription audits; and with the computerized alert systems.12 
The present research explored that pantoprazole was the commonest medicine (177, 7.8%), and azithromycin (118, 5.2%) the commonest antibiotic prescribed. Combined antacid preparation was the commonest combination medicine (75, 3.3%) used. Hajjar et al. reported that the most frequently prescribed medications were estrogen products, levothyroxine, hydrochlorothiazide, atorvastatin, and lisinopril. Most widely used non-prescription medications were pain medications (acetaminophen, ibuprofen, acetylsalicylic acid), cold and cough medications (eg, pseudoephedrine, diphenhydramine), and vitamin or nutrient products (eg, multivitamins, vitamins E and C, ginseng, Ginkgo biloba extract).1 The data collected by National Health and Nutrition Examination Surveys (NHANES) from 1988-1994, 1999-2004 and 2005-2010 confirmed that an increased number of antihypertensives were used by older Americans. They explored the reasons and found that advancing age was leading to a decline in hypertension control.[36] Discrepancies in the medications consumption patterns in the present research and other might be due to the nature of disease and common practice of taking proton pump inhibitors with each medication in Nepal to reduce the propensity of gastric acid secretion.
Mismanagement of polypharmacy in community and hospital pharmacies may contribute to ADR development and drug-drug interaction in patients of all age groups, especially children and the elderly. Pharmacists’ interventions on irrational and avoidable polypharmacy minimization can improve patients’ economic, clinical and humanistic outcomes (ECHO) in health care settings.37,38 Responsible use of medicines can eliminate at least USD 213 billion by addressing six key areas namely non-adherence, delayed evidence-based therapy, antibiotic misuse, medication errors, suboptimal generic use, and mismanaged polypharmacy.25 
4.1 Strengths and limitations of this study:

· The present study was one of the largest community-based researches in Nepal to explore polypharmacy cases and costs associated with polypharmacy.

· Still, the few communities might not represent the whole country and the whole population so that external validity on polypharmcy issues might be somehow limited in the wider arena. 
· Nevertheless, it might serve as a beacon to explore the polypharmacy cases in the similar settings. Prospective cohort studies could be conducted later based on the findings of the present study.

5. CONCLUSION
The research explored the polypharmacy status at multiple communities for the first time in Nepal and found that both moderate and severe polypharmacy cases were significantly related with almost all age groups, education levels and total cost of medications. Economic implications and health hazards associated with the polypharmacy cases would help the practitioners avoid the polypharmacy as far as possible. 
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TABLE 1 Distribution of status of polypharmacy with demographic characteristics of study population (n = 400) 
	Study variables
	Status of polypharmacy
	Total (n,%)

	
	Mild (n,%)
	Moderate (n,%)
	Severe (n,%) 
	

	Age (in years): (Mean = 38.45, SD = 19.65)

	<= 1
	0
	7 (100)
	0
	7 (100)

	2 - 11
	0
	32 (100)
	0
	32 (100)

	12 - 21
	1 (2.5)
	39 (97.5)
	0
	40 (100)

	22 - 31
	2 (2.5)
	79 (97.5)
	0
	81 (100)

	32 - 41
	4 (5.3)
	71 (94.7)
	0
	75 (100)

	42 - 51
	7 (11.9)
	51 (86.4)
	1 (1.7)
	59 (100)

	52 - 61
	1 (2.2)
	44 (97.8)
	0
	45 (100)

	62 - 71
	1 (2.6)
	37 (94.9)
	1 (2.6)
	39 (100)

	72 - 81
	0
	18 (100)
	0
	18 (100)

	82+
	0
	4 (100)
	0
	4 (100)

	Gender:
	
	
	
	

	Male
	7 (3.9)
	174 (96.1)
	0
	181 (100)

	Female
	9 (4.1)
	208 (95)
	2 (0.9)
	219 (100)

	Education level: 
	
	
	
	

	Illiterate (cannot read and write)
	3 (1.3)
	219 (98.2)
	1 (0.4)
	223 (100)

	Primary education (class 1 to 8)
	0
	18 (100)
	0
	18 (100)

	Secondary education (class 9-10)
	0
	13 (100)
	0
	13 (100)

	Higher secondary education (class 11-12)
	12 (9)
	121 (90.3)
	1 (0.7)
	134 (100)

	Undergraduate education
	1 (9.1)
	10 (90.9)
	0
	11 (100)

	Postgraduate education (Masters level)
	0
	1 (100)
	0
	1 (100)

	Occupation:
	
	
	
	

	None
	9 (4)
	216 (95.2)
	2 (0.9)
	227 (100)

	Farmer
	6 (4.7)
	123 (95.3)
	0
	129 (100)

	Business
	1 (3.4)
	28 (96.6)
	0
	29 (100)

	Military
	0
	12 (100)
	0
	12 (100)

	Engineering
	0
	3 (100)
	0
	3 (100)

	District of data collection:

	Siraha
	2 (1)
	202 (99)
	0
	204 (100)

	Kathmandu
	5 (5.7)
	83 (94.3)
	0
	88 (100)

	Lalitpur
	2 (4.5)
	42 (95.5)
	0
	44 (100)

	Bhaktapur
	2 (9.5)
	19 (90.5)
	0
	21 (100)

	Makawanpur
	1 (14.3)
	6 (85.7)
	0
	7 (100)

	Dhanusha
	0
	6 (100)
	0
	6 (100)

	Chitwan
	0
	4 (66.7)
	2 (33.3)
	6 (100)

	Nuwakot
	3 (16.7)
	15 (83.3)
	0
	18 (100)

	Sunsari
	1 (16.7)
	5 (83.3)
	0
	6 (100)

	Disease conditions:
	
	
	
	

	Abdominal pain, Cholelithiasis
	1 (2.9)
	33 (97.1)
	0
	34 (100)

	Common cold, cough, fever
	3 (2.6)
	113 (97.4)
	0
	116 (100)

	Constipation
	1 (3.3)
	29 (96.7)
	0
	30 (100)

	COPD
	3 (4.5)
	63 (94)
	1 (1.5)
	67 (100)

	Ear problem
	0
	20 (100)
	0
	20 (100)

	Enteric fever
	1 (50)
	19 (95)
	0
	20 (100)

	Epistaxis
	1 (6.3)
	14 (87.5)
	1 (6.3)
	16 (100)

	HTN, Muscle pain
	4 (8.9)
	41 (91.1)
	0
	45 (100)

	Hyperthyroidism
	0
	20 (100)
	0
	20 (100)

	Hyperuricemia, Arthritis
	2 (10)
	18 (90)
	0
	20 (100)

	Migraine
	0
	12 (100)
	0
	12 (100)

	Total cost of medicines (USD): (Total expenditure by 400 patients: USD 3409.54) (Mean = 8.66, SD = 6.04) (Mean expenditure per medicine: USD 1.5) 

	1.01 - 11.00
	11 (3.5)
	303 (96.5)
	0
	314 (100)

	11.01 - 21.00
	4 (5.6)
	68 (94.4)
	0
	72 (100)

	21.01 - 31.00
	1 (9.1)
	8 (72.7)
	2 (18.2)
	11 (100)

	31.01 - 41.00
	0
	1 (100)
	0
	1 (100)

	61.01+
	0.0%
	100.0%
	0.0%
	100.0%


TABLE 2 Number of medicines used simultaneously (Mean = 5.67, SD = 1.08) (Total no. of medicines consumed by all 400 pts: 2269) (n = 400)
	Number of medicines
	n (%)
	Status of polypharmacy 

	4
	16 (4)
	Mild (1 to 4 medicines) (16, 4%)

	5
	216 (54)
	Moderate (5 to 9 medicines) (382, 95.5%)

	6
	96 (24)
	

	7
	35 (8.8)
	

	8
	32 (8)
	

	9
	3 (0.8)
	

	10
	1 (0.2)
	Severe (≥10 medications) (2, 0.5%)

	11
	1 (0.2)
	

	Total
	400 (100)
	


TABLE 3 Multinomial logistic regression of status of polypharmacy with various predictors (Reference: mild polypharmacy) (n = 400) 
	Predictors
	Moderate polypharmacy
	Severe polypharmacy

	
	Beta (SE)
	p-value
	95% CI for OR 
[lower & upper]
	Beta (SE)
	p-value
	95% CI for OR 
[lower & upper]

	Intercept
	154.33 (0.94)
	<0.001
	1.05e+67 [1.66e+66, 6.74e+67]
	-52.14 (253.41)
	0.83
	2.25e-23 [4.42e-239, 1.15e+193]

	Age (in years): (Mean = 38.45, SD = 19.65)

	2-11 
	59.94 (5.63e-05)
	<0.001
	1.07e+26 [1.07e+26, 1.07e+26]
	117.09 (5.63e-05)
	<0.001
	7.14e+50 [7.14e+50, 7.14e+50]

	12 - 21
	-51.83 (10.08)
	<0.001
	3.08e-23 [4.26e-24, 2.22e-22]
	-12.63 (2.15e-17)
	<0.001
	3.26e-06 [3.26e-06, 3.26e-06]

	22 - 31
	-51.76 (0.73)
	<0.001
	3.29e-23 [7.73e-24, 1.40e-22] 
	-16.90 (2.73e-24)
	<0.001
	4.55e-08 [4.55e-08, 4.55e-08]

	32 - 41
	-52.47 (0.59)
	<0.001
	1.62e-23 [5.05e-24, 5.24e-23]
	21.44 (253.41)
	0.93
	2.05e+09 [4.02e-207, 1.04e+225]

	42 - 51
	-53.01 (0.55)
	<0.001
	9.46e-24 [3.17e-24, 2.81e-23] 
	-73.23 (3.20e-25)
	<0.001
	1.56e-32 [1.56e-32, 1.56e-32]

	52 - 61
	-51.25 (0.96)
	<0.001
	5.51e-23 [8.27e-24, 3.67e-22]
	-212.57 (1.04e-27)
	<0.001
	4.76e-93 [4.76e-93, 4.76e-93]

	62 - 71
	-52.51 (0.99)
	<0.001
	1.56e-23 [2.21e-24, 1.10e-22]
	-17.63 (1.41e-24)
	<0.001
	2.19e-08 [2.19e-08, 2.19e-08]

	72 - 81
	23.49 (7.0e-13)
	<0.001
	1.59e+10 [1.59e+10, 1.59e+10]
	85.62 (6.94e-13)
	<0.001
	1.53e+37 [1.53e+37, 1.53e+37]

	82+
	114.49 (-)
	-
	5.29e+49 [-]
	17.18 (1.04e-44)
	<0.001
	2.91e+07 [2.91e+07, 2.91e+07]

	Gender:
	
	
	
	
	
	

	Female
	-0.41 (0.61)
	0.50
	0.66 [0.19, 22.25]


	76.33 (253.41)
	0.76
	1.41e+33 [2.77e-183, 7.21e+248]

	Education:
	
	
	
	
	
	

	     Primary
	27.13 (5.63e-05)
	<0.001
	6.06e+11 [6.06e+11, 6.06e+11]
	64.80 (5.63e-05)
	<0.001
	1.38e+28 [1.38e+28, 1.38e+28]

	     Secondary
	150.42 (-)
	-
	2.13e+65 [-]
	-63.99 (2.03e-38)
	<0.001
	1.61e-28 [1.61e-28, 1.61e-28]

	     Higher secondary
	-1.99 (0.87)
	0.02
	0.13 [0.02, 0.75]
	-52.33 (2.06e-17)
	<0.001
	1.85e-23 [1.85e-23, 1.85e-23]

	     Undergraduate
	-2.32 (13.86)
	0.09
	0.09 [0.006, 14.84]
	-18.01 (1.44e-37)
	<0.001
	1.49e-08 [1.49e-08, 1.49e-08]

	     Postgraduate
	-0.95 (1.18e-13)
	<0.001
	0.38 [0.38, 0.38]        
	6.40 (1.99e-132)
	<0.001
	604.36 [604.36, 604.36]

	Disease conditions:

	     Common cold,  cough, fever
	-0.63 (12.69)
	0.61
	0.53 [0.04, 63.82]
	-51.68 (2.53e-29)
	<0.001
	3.59e-23 [3.59e-23, 3.59e-23]

	     Constipation
	-0.92 (15.68)
	0.55
	0.39 [0.01, 85.92]
	-6.00 (1.45e-18)
	<0.001
	0.002 [0.002, 0.002]

	     COPD
	-0.47 (12.28)
	0.70
	0.62 [0.05, 69.45]
	0.55 (2.55e-08)
	<0.001
	1.74 [1.74, 1.74]

	     DM
	0 (0)       
	-
	1 [1, 1]
	0 (0)       
	-
	1 [1, 1]

	     Ear problem
	103.23 (253.41)
	0.68
	6.80e+44 [1.33e-171, 3.47e+260]
	122.90 (253.41)
	0.62
	2.37e+53 [4.65e-163, 1.21e+269]

	     Enteric fever
	0.33 (15.70)
	0.83
	13.93 [0.06, 30.29]
	-84.12 (3.28e-30)     
	<0.001
	2.92e-37 [2.92e-37, 2.92e-37]

	     Epistaxis
	0.44 (16.35)
	0.78
	15.57 [0.06, 38.42]
	-90.19 (1.73e-31)
	<0.001
	6.75e-40 [6.75e-40, 6.75e-40]

	     Fungal infection, Itching
	0 (0)
	-
	1 [1, 1]
	0 (0)
	-
	1 [1, 1]

	     Gastritis, N,V&D
	0 (0)
	-
	1 [1, 1]
	0 (0)
	-
	1 [1, 1]

	     Backache, Bone pain
	0 (0)
	-
	1 [1, 1]
	0 (0)
	-
	1 [1, 1]

	     Hyperlipidemia, HTN, DM
	0 (0)
	-
	1 [1, 1]
	0 (0)
	-
	1 [1, 1]

	     HTN, DM, Asthma
	0 (0)
	-
	1 [1, 1]
	0 (0)
	-
	1 [1, 1]

	     HTN, Muscle pain
	0.07 (12.88)
	0.95
	10.73 [0.08, 13.40]
	-205.39 (3.17e-49)
	<0.001
	6.26e-90  [6.26e-90, 6.26e-90]

	     Hyperthyroidism

 
	129.88 (4.37e-25)
	<0.001
	2.55e+56 [2.558e+56, 2.55e+56]
	114.57 (4.37e-25)
	<0.001
	5.75e+49 [5.75e+49, 5.75e+49]

	     Hyperuricemia, Arthritis
	-0.63 (13.44)
	0.63
	0.52  [0.03, 73.67]
	85.52 (5.63e-05)
	<0.001
	1.39e+37 [1.39e+37, 1.39e+37]

	     Urolithiasis, Urine problem
	0 (0)
	-
	1 [1, 1]
	0 (0)
	-
	1 [1, 1]

	     Migraine 
	250.71 (2.67e-84)
	<0.001
	7.65e+108 [7.65e+108, 7.65e+108]
	-36.0 (2.67e-84)       
	<0.001
	2.31e-16 [2.31e-16, 2.31e-16]

	Total cost of medications (USD): (Mean = 8.66, SD = 6.04)

	     1.01 - 11.00
	-97.24 (0.54)
	<0.001
	5.83e-43 [2.0e-43, 1.69e-42]
	-99.94 (5.63e-05)
	<0.001
	3.94e-44 [3.94e-44, 3.94e-44]

	     11.01 - 21.00
	-97.70 (0.63)
	<0.001
	3.69e-43 [1.07e-43, 1.27e-42]
	-77.60 (253.41)
	0.75
	1.98e-34 [3.89e-250, 1.01e+182]

	     21.01 - 31.00
	-98.51 (10.08)
	<0.001
	1.64e-43 [2.28e-44, 1.18e-42]
	176.97 (3.21e-25)
	<0.001
	7.23e+76 [7.23e+76, 7.23e+76]

	     31.01 - 41.00
	138.64 (1.05e-103)
	<0.001
	1.64e+60 [1.64e+60, 1.64e+60]
	-38.68 (0)
	<0.001
	1.58e-17 [1.58e-17, 1.58e-17]

	     41.01 - 51.00
	0 (0)
	-
	1 [1, 1]
	0 (0)
	-
	1 [1, 1]

	     51.01 - 61.00
	0 (0)
	-
	1 [1, 1]
	0 (0)
	-
	1 [1, 1]

	     61.01+
	309.14 (0)
	<0.001
	1.81e+134 [1.81e+134, 1.81e+134]
	-12.89 (0)
	<0.001
	2.51e-06 [2.51e-06, 2.51e-06]

	DM: diabetes mellitus; HTN: hypertension; OR: Odds ratio; RTI: Respiratory tract infection; TB: tuberculosis; mild polypharmacy: 1–4 medications; moderate polypharmacy: 5–9 medications; severe polypharmacy: ≥10 medications

Model: P(Status of Polypharmacy) = 1/{1 + e-(a + b1Age + b2Gender + b3Education level + b4Disease + b5Total cost of medicines (USD))}





1

